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SUMMARY 
 

Prostate secretory protein 94 (PSP94) is an antimicrobial protein (AMP) synthesized by the 
prostate which kills fungi and reduces prostate cancer risk in a dose-dependent manner. 
This book reviews the scientific evidence linking PSP94 to prostate disease. It reveals five 
important insights which have not been previously reported in the literature: 

1. PSP94 is fungicidal within cells, due to the absence of calcium ions in the cytosol. 
2. Men suffering from benign prostatic hyperplasia (BPH) produce an incomplete 

version of PSP94 which is not fungicidal, while non-BPH men only produce the 
complete fungicidal version. 

3. Low prostatic fungicide concentration increases prostate cancer risk by ~57%. 
4. Epidemiological data strongly support the existence of a sexually transmissible 

infection which is causing prostate cancer. This putative infection is usually 
asymptomatic, can’t be cleared by the immune system, and is present in most 
American men by age 30. 

5. PSP94’s gene is expressed in all late onset cancers sites, representing 75% of 
cancer cases in developed countries. 

Inflammation can be observed in over 80% of elderly men’s prostates. The causes of BPH, 
prostate cancer and prostatic inflammation have yet to be determined. Epidemiologists 
have been predicting for more than a decade that a sexually transmissible infection is 
causing prostate cancer. The search for prostatic microbes has resulted in dozens of 
studies, yet disease-causing infectious agents continue to elude researchers. Research has 
focused on known sexually transmissible infections and bacteria only—no studies have 
investigated fastidious fungi in the prostate. This oversight has led to an important gap in 
prostate cancer research. 
Taken together, these facts suggest PSP94’s primary purpose is to defend human cells 
from an intracellular microbe which is causing prostate cancer and BPH. Many fungicidal 
drugs target the same type of microbial cell membrane as PSP94, suggesting a prophylactic 
cure for prostate cancer may already be in production*. Though this hypothesis is 
consistent with the scientific literature, it is not currently possible to know if it is correct 
due to a lack of comprehensive prostate microbiome studies. Since recent advances in 
DNA sequencing technology have enabled universal microbe detection assays, studies of 
microbes in prostatic secretion and tissue should be run to test this hypothesis. 

                                                
* When Barry Marshall and Robin Warren discovered bacterium Helicobacter pylori and linked it to stomach 
cancer in the 1980s, they quickly realized that antibiotics capable of clearing this infection (and thus prevent 
cancer) had been in production for decades. Hopefully drugs capable of preventing prostate cancer have 
already been developed and FDA approved for other conditions, enabling the rapid deployment of a cure. 
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FOREWORD 
Prior beliefs and information cascades 

The edifice of scientific knowledge has been built by standing on the shoulders of giants. 
The modern landscape of scientific discovery is studded with ever higher mountains: it is 
now impossible for even the most brilliant person to rediscover all scientific theories, or 
even just those pertaining to her narrow field—the amount of accumulated human 
knowledge is simply too vast. Indeed, it takes twenty years of formal education, absorbing 
vast swathes of knowledge without much questioning, just to get a nuance free summary of 
the current worldview. 
This is a rational trade-off. Given the choice between questioning everything and 
questioning nothing, most will lead more efficient lives questioning nothing. This is 
rational in large part because the body of science accumulated over the last four centuries 
has been refined to the point where it is essentially correct. Even theories known to be 
flawed, like Newtonian gravity, work well enough that anyone not dealing with very fast 
or very massive objects can use the equations published in 1687. 
This is a good thing for human advancement as a whole, but it is nonetheless a trade-off: as 
more knowledge accumulates, it becomes instinctively harder to question portions of it. 
The fallback is to simply assume that everything we believe is correct. Indeed, humans can 
become irrationally attached to a worldview they have come to accept, even on completely 
arbitrary matters. There are many for whom Pluto will always be a planet. 

Past a certain age, when confronted with new evidence, we find it increasingly difficult to 
question our prior beliefs. Fortunately for the advancement of knowledge, the young do 
this all the time: this is in part why no teenager believes in Santa Claus, despite every 
trustworthy adult in our childhood having reassured us of the contrary—the evidence is 
just too compelling. Unfortunately this lack of confrontation is present within the scientific 
establishment, in part due to the age of its members. Yet this is the group that should be 
most open to questioning and overturning an existing theory if a better one is found: after 
all, this is the essence of science. However, this does not seem to occur in practice. Max 
Planck once said “Science advances one funeral at a time.”* This rings particularly true in 
medicine where false beliefs often result in otherwise preventable suffering or death. 

Dismissing a new theory which eventually turns out to be correct can cause immense 
damage to society. Pundits who spot the few most likely correct theories among a large 
number of unverified ones are important drivers of progress, yet their opinions are nearly 
indistinguishable from those who dismiss all new theories en masse. Since most new 
theories are wrong, pundits who dismiss them all can boast having been right most of the 
time; while this is technically true, it glosses over the damage they inflicted by 
marginalizing theories that turned out to be valid, significantly delaying scientific progress. 

                                                
* The less succinct but somewhat clearer original quote was: “A new scientific truth does not triumph by convincing its 
opponents and making them see the light, but rather because its opponents eventually die, and a new generation grows up 
that is familiar with it.” 
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Given the scope of modern scientific undertakings, we often rely on others to assemble 
parts of the puzzle. The danger here becomes one of information cascades: rationally, we 
take into account others’ beliefs on subjects we are uncertain about, especially if they are 
experts in the field. Inevitably, if the cascade is strong enough, we converge on a single 
viewpoint, regardless of its correctness. Breaking this gridlock requires the simultaneous 
questioning of beliefs in many different fields, a difficult endeavor especially since fields 
of science are becoming ever more specialized. 
There are institutional incentives as well. Scientific research requires funding, which in 
turn requires convincing your peers that your project has a reasonable chance of success. It 
is thus more difficult to secure funding when you are exploring a path that few have 
considered before. At the very least, you are implicitly telling your colleagues you believe 
they may be on the wrong track. In the worst case, you are wasting time, money and 
credibility on farfetched theories. 
In practice, there is a huge difference between being 100% sure of our beliefs and 99% 
sure, especially when contradictory evidence emerges. If I drop my coffee mug, I’m 100% 
certain that it will fall to the ground—it would take a lot to make me question gravity, even 
if the mug somehow never reached the ground. In contrast, it would be much easier to 
convince me that quantum mechanics requires a rewrite. In recent times, many medical 
dogmas have been overturned by new findings, demonstrating that previous studies were 
flawed and conventional wisdom was wrong. For example, lowering dietary intake of 
saturated fats does not have a significant impact on heart disease risk, as was previously 
believed1-3. It thus seems unwise to claim 100% certainty in the understanding of complex 
processes in the life sciences, even under apparent consensus or endorsement by experts4. 
Recent advances in biology (especially high-throughput DNA sequencing) have enabled 
the Human Microbiome Project to detect many microbes present in humans which had 
hitherto eluded researchers*. During the last four decades, investigations of novel 
infectious agents in humans were marginalized: a series of high-profile victories over 
gonorrhea, tuberculosis, smallpox and other infectious agents led to the consensus view 
that such microbes had all been found and tamed. While holding the position of US 
Surgeon General in 1967, William Stewart putatively stated5 that it was “time to close the 
book on infectious diseases, declare the war against pestilence won, and shift national 
resources to such chronic problems as cancer and heart disease”. At the time, no one knew 
that unrecognized infectious agents caused substantially all cases of stomach, cervical and 
anal cancers—prior beliefs were strongly opposed to such hypotheses. Based on these 
facts, it appears surprising that a concerted effort has not yet been made to assess the 
microbiome of chronically inflamed organs using state-of-the-art technology, especially 
organs from which cancer often originates. The technology required to perform such 
studies has been commercially available since 2005 (see Appendix B). 

                                                
* The health consequences of newly discovered microbes are not fully understood. 
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This book’s main thread is a review the scientific literature linking PSP94 to disease, most 
notably prostate cancer and benign prostatic hyperplasia (BPH); it concludes that an 
unrecognized sexually acquired microbe may be the root cause of several idiopathic 
conditions, including these two common diseases of the prostate. While not explicitly 
contradicting existing theories, it is somewhat at odds with mainstream medicine which 
assumes all important sexually acquired infections have been identified. Yet, this is not the 
first time such a hypothesis has been proposed: several researchers have already concluded 
that the existence of an unrecognized sexually acquired microbe* is plausible based on 
epidemiological evidence related to prostate cancer6 and multiple sclerosis7, somewhat 
weakening any strong prior beliefs against the existence of such a microbe. This book 
reveals compelling new molecular and epidemiological evidence which lend credibility to 
the hypothesis of an as-yet-unrecognized sexually acquired microbe, pushing it further 
along the “plausible → probable → correct” axis. 
I’m not a biologist, so it is difficult for me to exactly quantify how likely it is that this will 
lead to a preventative cure for prostate cancer and BPH. As an engineer with a firm grasp 
of Bayesian statistics, however, I can say that anyone who thinks this shouldn’t be pursued 
should either absorb the evidence in this book and present a firm counter-argument, or 
should question the strength of his prior beliefs. Assuming the odds of this being correct 
are at least 1%, the simple asymmetric cost-benefit ratio would justify millions of dollars 
of funding to pursue this lead. Dozens of research groups have already performed studies 
attempting to detect infectious agents in the prostate using dated non-comprehensive 
microbiome assays such as cell culture and consensus PCR: comprehensive studies of the 
prostate microbiome using newly developed assays are clearly warranted based on 
this fact alone (see Appendix B). The significance of finding a microbe involved in 
prostate disease, if it exists, would be even greater than finding the link between HPV and 
cervical cancer. The public health benefits of the HPV/cervical cancer link are huge, yet 
incidence and deaths from prostate cancer are more numerous than from cervical cancer. 
I am an optimist when it comes to human knowledge. If we figured out how to split the 
atom, we will certainly find out if prostate cancer has an infectious cause—it’s just a 
matter of time. However, time is not just an abstraction: each year, three hundred thousand 
men die of prostate cancer8. Some of these lives could be saved if we knew how to prevent 
or clear the putative causative infection. It took a decade for the medical establishment to 
verify that Helicobacter pylori was the main causative agent for stomach ulcers and 
cancer; during this time hundreds of thousands of people died from these easily 
preventable stomach diseases. How long will it take before an infectious cause for prostate 
cancer is thoroughly investigated? 

— Thomas Awad, July 3rd 2014 

                                                
* A very similar hypothesis had been proposed for cervical and anal cancers based on sexual risk factors; this 
hypothesis was demonstrated to be correct in the 1980s and 1990s once different HPV strains could be 
distinguished due to improvements in microbe detection technology. 
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« The first principle is that you must not fool yourself —  

and you are the easiest person to fool*. » – Richard Feynman 

                                                
* You may prefer: « If you torture the data long enough, it will confess to anything. » – Darrell Huff 
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PREFACE TO THE FIFTH EDITION 
 

Since the publication of the forth edition in October 2016—which was intended to be the 
final edition—several important studies have turned up, warranting a fifth edition. 

Two common infections which conclusively cause adult onset cancers are currently 
known: HPV and Helicobacter pylori. Although their existence means an infectious cause 
for prostate cancer is at least plausible, these two infections are respectively a virus and a 
bacterium, and this books’ main hypothesis is that a fungus causes prostate cancer. While 
reading up on IL-17, I stumbled upon a study linking AIRE mutations to cancer. These 
mutations impair the IL-17 pathway, causing chronic oral mycoses and increasing oral 
cancer risk9, 10. There is thus a precedent for a fungal infection causing cancer after decades 
of chronic inflammation, making this book’s main hypothesis much more plausible. 

Fungi produce melanin as a defense mechanism against antifungal compounds, which 
could explain why cells shown in Section 8 darken when exposed to PSP94. Interestingly, 
there are reports of melanin within prostate epithelial cells which appear as dark brown 
granules11. Though melanin can be produced by human skin cells, it is not immediately 
obvious why prostate cells would synthesize it (no sunlight reaches the prostate). If 
prostatic melanin is not indigenous, this would be strongly suggestive of an intracellular 
fungal infection which is protecting itself from PSP94 using melanin (see Section 4.1.6). 
Evidence linking psoriasis to fungi is now more compelling. Patch tests with Malassezia 
antigens cause psoriasis-like symptoms12, and YKL-40 (an innate immune defense protein 
which recognizes the fungal cell wall component chitin) and antibodies against fungi are 
both associated with psoriasis (see Section 5.4.16). The severity of psoriasis symptoms 
seems proportional to plasma YKL-40 levels13.  

A 2016 study14 provided strong evidence linking seronegative spondyloarthritis to fungi: in 
ankylosing spondylitis patients, peripheral reactive arthritis-like symptoms are much more 
likely if antibodies against fungi are present (see Section 5.2). 
A novel mechanism through which the Epstein–Barr virus (EBV) may increase multiple 
sclerosis risk was found15: EBV infected memory B cells recognize commensal microbe 
antigens collocated with EBV virions (mainly in the mouth and genitals). In multiple 
sclerosis, EBV would induce memory B cell recognition of fungal antigens, either through 
exposure to commensal fungi such as Candida species or to the putative fungal STI. 
Thereafter these memory B cells enter circulation and provide long-term immunity. In this 
case the antigen they recognize is also present in the brain, so when circulating memory B 
cells reach this site, MS-causing inflammation ensues (see Section 5.4.14). Under this 
scenario EBV infected memory B cells should be found in the brain, but EBV is generally 
not detectable there. Fortunately, a 2007 study demonstrated that EBV episome replication 
in memory B cells is inefficient, meaning that after a few dozen divisions some of these 
memory B cells will become EBV free16, while continuing to recognize the same MS-
causing antigen. 
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After studying multiple sclerosis in depth, I realized that it shared a second important risk 
factor with cervical cancer beyond HSV-2 seropositivity: smoking increases multiple 
sclerosis risk 1.5-fold17, and approximately doubles cervical cancer risk18, 19. Once HPV is 
controlled for, the association between smoking and cervical cancer vanishes because 
smoking is associated with STI exposure, and is acting as a surrogate for HPV in cervical 
cancer (see Section 5.4.12). In multiple sclerosis, smoking could well be acting as a 
surrogate for exposure to the putative fungal STI. When thinking about smoking as a risk 
factor for disease, the first model to come to mind is lung cancer, where airway carcinogen 
exposure causes an approximately ten-fold increase in risk. When the mechanisms linking 
smoking to disease have not been found, assuming carcinogens are the main culprit is 
premature, as was demonstrated in cervical cancer—especially when the relative risk is 
low (OR<2.5). Smoking is also a moderate risk factor of ankylosing spondylitis 
(OR=~2.0)20 and a weak risk factor of prostate cancer (OR=~1.2)21: in both cases it could 
be acting as a surrogate for STI exposure. 

I decided to finally document nightmare scenarios which have been keeping me up at night 
for the past five years (see Section A.1). These scenarios imply that the putative fungal STI 
is not a novel species as I hoped, but rather an known ubiquitous fungal species. I consider 
them nightmare scenarios not because they would invalidate this book’s conclusions, but 
rather because proving them would be very difficult. 
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PREFACE TO THE FOURTH EDITION 
 

Since the publication of the third edition in April 2013, a detailed review of PSP94’s tumor 
suppression properties revealed inconsistencies which cast doubt on this alternate 
hypothesized role for PSP94 in prostate cancer (see Section 7.2 and Appendix C). In 
addition, a study published in July 2013 found an interaction between SNP rs10993994 
(which controls the amount of PSP94 in the prostate) and lifetime number of sexual 
partners on the subsequent risk of prostate cancer22. This interaction suggests that PSP94 
protects the prostate from a sexually acquired infection involved in the oncogenic process. 
The alternate hypothesized role of PSP94 based on its putative tumor suppression 
properties cannot explain this interaction. As a consequence of these two new pieces of 
evidence, the hypothesis of a yet-to-be-identified STI first proposed by Strickler and 
Goedert6, and refined here based on the work of Edström and Sørensen23, stands out as the 
most likely explanation of how SNP rs10993994 affects prostate cancer risk. 

When the first edition of “PSP94, what is it good for?” was published in October 2012, 
PSP94’s putative tumor suppression properties provided the most plausible hypothesis as 
to why this protein would be found in many late onset cancer sites (see Section 6.1). The 
presence of a yet-to-be-identified fungal STI in epithelial cells outside the prostate 
appeared implausible: why would an STI disseminate throughout the body and hinder host 
fitness while gaining no advantage for itself? After further consideration, it seems that an 
advantage which outweighs this loss of host fitness must exist, since all known STIs which 
cannot be cleared by the immune system disseminate from the genitourinary tract (GU) 
and cause systemic symptoms in a small subset of infected individuals (see Section 5.4.1 
and Section 5.4.18 for a novel hypothesis which could explain this observation). Based on 
this fact and on the recently established inconsistencies in PSP94’s tumor suppression 
properties, it now appears plausible that the microbe targeted by PSP94 also infects 
secretory epithelial cells from which other late onset cancers originate. After HPV 
infections were accepted as a necessary factor in cervical cancer, a subset of other cancers 
were found to share the same infectious etiology: a similar pattern may emerge once the 
main cause of prostate cancer has been established. 

Azoles, a class of molecules which are typically fungicidal, have successfully been used as 
treatments for advanced prostate cancer in several studies24-27. The mechanisms of action 
involved are not known, though effects on hormonal pathways have been proposed to 
explain some of these findings. Since a chronic fungal infection is suspected of being 
present in the prostate, we must consider the possibility that the fungicidal properties of 
these drugs could also be having an effect on outcomes. Clearing Helicobacter pylori from 
the stomach often leads to self-resolution of MALT lymphomas28. Why this happens is 
unclear: perhaps the immune response against cancer cells is affected by the presence of 
Helicobacter pylori, conferring immune tolerance to these cells. A similar effect could be 
happening in prostate cancer, though there is currently little evidence that an enhanced 
immune response against cancer cells is triggered by the clearing of fungal infections. 



 xiv 

Many fungicides have been shown to affect symptoms of various chronic idiopathic 
conditions (see Section 5.1.8 to 5.4.16). The two most notable fungicides in these studies 
are oral nystatin (shown to improve psoriasis and GU symptoms in many studies), and oral 
dimethyl fumarate (FDA approved to treat psoriasis and multiple sclerosis symptoms). The 
mechanisms involved in symptomatic relief are not understood for any of these 
drug/disease combinations. The mechanisms through which oral nystatin affects symptoms 
outside the gastrointestinal tract are particularly intriguing since this drug is not absorbed 
in the bloodstream, so its direct effect is limited to the gut—yet Dismukes clearly 
demonstrated that oral nystatin affects chronic idiopathic vaginal symptoms in women29. 
This effect could be caused by an “id reaction”, where a fungal infection in one part of the 
body affects the immune response to fungi elsewhere30, 31, possibly due to cross-reactive 
antigens present on most fungal species such as mannoproteins. 

Several novel Malassezia species which infect the human skin have only come to light 
recently32-34, suggesting that the catalog of fungi in the human microbiome is far from 
complete35. Some types of microbes (such as Malassezia species) are very hard to detect. 
Recently, a technique coined “unbiased high-throughput sequencing” has enabled the 
detection of microbes in clinical specimens which would have been missed by other 
assays36-39. This technique will allow researchers to paint an accurate and complete picture 
of the human microbiome, as well as detect rare or emerging infectious agents. The 
literature review presented here strongly suggests that a ubiquitous STI has yet to be 
recognized. Using unbiased high-throughput sequencing and GU specimens, it is now 
possible to find all missing STIs. Appendix B describes preliminary results of unbiased 
high-throughput sequencing applied to semen. This technique should be used by 
researchers to produce a definitive catalog of common STIs. 

As I assembled evidence for and against an infectious etiology for prostate disease over the 
past five years, some of the strongest evidence I found in support of this hypothesis was 
not directly related to PSP94 or prostate disease (for example see Section 5.2). This book 
could well have been entitled “The Missing STI”, which would have been catchier. 

Since this will be the final edition of “PSP94, what is it good for?”, I have included an 
afterword summarizing my foray into prostate cancer research (see Appendix A). Having 
pushed this research project as far as my expertise would allow, I now hope that well 
qualified researchers will continue where I left off, either confirming or excluding the 
Strickler Goedert hypothesis6. 
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PREFACE TO THE THIRD EDITION 
 

Since the publication of the second edition in February 2013, new evidence has emerged 
which warrants an update to this work. The most important new finding is a survey of the 
age at onset of ankylosing spondylitis which matches specifically with the estimated 
prevalence of the yet-to-be-identified STI calculated in the first edition. 

Researchers studying reactive arthritis and ankylosing spondylitis suspect the existence of 
a yet-to-be-identified STI. This idea has been around for a very long time: Hippocrates 
noted that “A youth does not suffer from reactive arthritis until after sexual intercourse.” 
Surprisingly, reactive arthritis was never mentioned in the prostate cancer literature when 
the existence of a yet-to-be-identified STI was proposed, despite giving much credibility to 
this hypothesis. 

The incidence of reactive arthritis is difficult to measure since it self-resolves in most 
individuals. Predisposed individuals subsequently develop ankylosing spondylitis which 
does not self-resolve, allowing the distribution of the age at onset to be accurately 
measured. This distribution matches with the yet-to-be-identified STI suspected of causing 
prostate cancer (see Section 3.2.2 and Section 5.2). Male reactive arthritis and ankylosing 
spondylitis patients have a high rate of prostatic inflammation and antibodies against a 
protein found in the prostate. This strongly supports the existence of a yet-to-be-identified 
STI which causes both ankylosing spondylitis and diseases of the prostate. 

Reactive arthritis often begins with the simultaneous inflammation of the urethra, knee and 
eye. These symptoms have been attributed to the dissemination of an intracellular microbe 
from the genitourinary tract by monocytes, which are known to migrate throughout the 
body. Several types of fungi survive phagocytosis by monocytes. The candidate microbe 
described in Section 8 often appears to grow out of monocytes. 
In Section 3, the association between sexual factors and prostate cancer has been widened 
to include circumcision. Circumcision prior to sexual debut has been reported to reduce the 
risk of prostate cancer, suggesting an infectious etiology. The effect of circumcision on 
prostate cancer risk cannot be attributed to sex hormone levels, which was the only 
plausible alternate hypothesis capable of explaining the association between prostate 
cancer and sexual factors. This alternate hypothesis can now be excluded, leaving a 
sexually acquired infection as the only plausible explanation for the sexual risk factors of 
prostate cancer. 
Studies of leukocytes in the prostate report an unusually high number of CD8+ (cytotoxic) 
T cells located near epithelial cells. CD8+ (cytotoxic) T cells respond to intracellular 
infections such as Chlamydia trachomatis. The population of CD8+ T cells has been 
shown to increase in CP/CPPS IIIB and BPH, though no infection has been found to justify 
this increase (see Section 3). 

Serum antibodies found by Cohen in granulomatous prostatitis may be targeting a protein 
present in the fungal genus Alternaria (see Section 5.1.7). Seemingly unrelated diseases for 
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which only circumstantial evidence supports a common etiology with diseases of the 
prostate are now listed in Section 5.4. In previous editions, the correlation between PSA 
and PSP94 in Section 2.6 was reported to be positive, whereas it is actually nil in young 
men and negative in old men. This inaccuracy has been corrected, and the correlation is 
now discussed in detail. 
Additional experimental work was carried out at a renowned mycology lab in March 2013 
which confirmed findings previously reported in Section 8. 
In 1927, Dickson described a fastidious intracellular microbe whose characteristics are 
very similar to the experimental findings of Section 8 (see Section 8.2.4). Dickson found 
this microbe in chronic bladder pain and chronic prostatitis patients’ urine, prostatic 
secretion and biopsy tissue. 
Finally, a summary table listing the most direct evidence supporting the existence of a yet-
to-be-identified STI was added to the conclusion (see Section 9.2). The evidence presented 
here strongly supports the existence of such an STI and its involvement in the main 
diseases of the prostate. This evidence is composed of many different types of studies, 
resulting in a rather robust conclusion. 

The ankylosing spondylitis literature supports the existence of a ubiquitous sexually 
transmissible microbe which cannot be cleared by the immune system and causes 
inflammation in normally sterile areas of the body. Such a chronic disseminated infection 
poses a serious challenge for the immune system which has to distinguish this microbe 
from others based on similar antigens, ideally leaving the former alone and reacting 
strongly to the latter. This compromise could explain the continued existence of chronic 
inflammatory diseases affecting a minority of the population, as pro-inflammatory alleles 
improve host fitness by conferring protection from acute infections, but cause chronic 
disease due to the loss of immune tolerance to parasitic or commensal microbes (when the 
wrong combination of pro-inflammatory alleles are found in the same individual). 

This can explain why MHC alleles, when analyzed individually, only slightly increase the 
odds of chronic disease: if an allele caused chronic disease by itself, it would have been 
quickly eliminated from the gene pool through natural selection. A similar process has 
conserved the sickle-cell version of the β-globin gene: one copy protects from malaria but 
two copies cause sickle-cell anemia. In populations exposed to malaria, the sickle-cell 
version of the β-globin gene persists in the gene pool, reaching frequencies as high as 15% 
in areas where malaria is endemic40. 
Possible links between the putative yet-to-be-identified STI and idiopathic adult onset 
diseases should be investigated, especially ankylosing spondylitis and multiple sclerosis 
(since these have sexual risk factors), late onset cancers (since the cells which become 
cancerous express PSP94’s gene MSMB) and conditions in which IL-17 or chitotriosidase 
are elevated (since these are linked to fungal infections). 
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PREFACE TO THE SECOND EDITION 
 

Since the publication of the first edition in October 2012, several new links between fungal 
infections and prostate disease have surfaced. These links are sufficiently important to 
warrant a second edition. 
In November 2012 I read Plague Time and Controlling Cancer, two excellent books which 
discuss the history of cancer research with a particular focus on cancers which have an 
accepted infectious cause. I was very surprised to learn that the link between Helicobacter 
pylori and stomach ulcers was only confirmed seven years after the original publication in 
peer reviewed journals. It is unfortunate that this link took so long to be recognized, since 
antibiotics capable of treating this infection had been around for decades. This delay 
resulted in hundreds of thousands of preventable deaths. 

The history of Helicobacter pylori research suggests that finding an effective treatment for 
CP/CPPS may be the best way forward to prevent all diseases of the prostate, since treating 
stomach ulcers was more compelling than preventing stomach cancer. Such a CP/CPPS 
treatment may not be far off given that many drugs which target ergosterol are already on 
the market. Previously, I had thought that demonstrating a link between a fungal infection 
and prostate cancer was the best way to have these findings verified by others. Based on 
this premise, I had not thoroughly researched the links between fungi and CP/CPPS. 
Since there is very little scientific literature linking CP/CPPS to a fungal infection, I chose 
to search the usenet sci.med.prostate.prostatitis for leads. I expected to find only anecdotal 
evidence subject to severe selection bias, yet I found five leads which are mostly free of 
such bias (see Section 5.1.9). Posts on this forum indicate that CP/CPPS sufferers often 
have comorbidities which include chronic fatigue syndrome, fibromyalgia, irritable bowel 
syndrome, sinusitis, balanitis, non-specific urethritis and interstitial cystitis. Most of these 
CP/CPPS comorbidities have been confirmed in peer reviewed studies. This information 
enabled the construction of a plausible hypothesis which could explain why only some 
men experience CP/CPPS symptoms (see Section 5.1.10). 

In addition to researching links between fungi and CP/CPPS, I greatly improved the 
prostate cancer incidence model of Section 3.2 using the multi-stage theory of 
oncogenesis. Since the math underlying this theory is quite complex, I left Section 3.2 as is 
and added Section 6.4 in which I redid the analysis using a multi-stage model. This model 
provides an independent estimate of the age at which prostate mutations begin: in men’s 
twenties or early thirties, consistent with the hypothesized yet-to-be-identified STI. I 
applied the same technique to other cancers in Section 6.5, and found a similarly late onset 
of mutations in breast cancer. 

Interleukin expression in BPH is consistent with a chronic fungal infection (see Section 3). 
In Section 3.4, the HPV-18 “hit-and-run” hypothesis was analyzed in more detail and 
deemed highly improbable. Section 4.4 was added to exclude etiological links between 
bacteria commonly found in the male genitourinary tract and prostate disease. In Section 
4.5, all the predicted characteristics of candidate microbes were listed explicitly. Section 



 xviii 

7.5 was added to discuss possible justifications for the existence of relevant diseases from 
an evolutionary perspective. 

The next experimental step planned consists of extracting and partially sequencing the 
DNA of all cells present in semen of healthy men, skipping the PCR primer selection step 
which may have thwarted previous attempts at genetic identification. After eliminating 
known DNA sequences (most of which will be of human or bacterial origin), remaining 
unknown sequences will likely belong to the yet-to-be-identified STI. If this experiment is 
successful, a similar experiment should be conducted using human milk, since a substantial 
amount of PSP94 is found in breast epithelial cells and multi-stage theory indicates that 
mutations in the breast begin in women’s twenties. If a similar microbe is found, this 
would be strongly suggestive of an etiological link with breast cancer and probably other 
cancers in the top half of Table 1 on page 10. 

Once identified genetically, custom PCR primers will be developed to reduce the cost of 
detection. Then clinical trials can begin using currently available and safe ergosterol 
targeting drugs to determine if any of these compounds can eliminate the microbe in the 
genitourinary tract: such elimination is expected to resolve CP/CPPS symptoms and reduce 
the number of leukocytes present in semen. 
In parallel, a study demonstrating that the microbe is always present in BPH men, but not 
always present in aged matched non-BPH men would indicate that PSP94’s C-terminus is 
targeting this microbe. This would be sufficient proof of causation to proceed to large-scale 
BPH and prostate cancer prevention trials using the treatment developed for CP/CPPS. 
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PREFACE TO THE FIRST EDITION 
 

This monograph is the result of a year of research focused on prostate disease. In the fall of 
2011, a candidate microbe morphologically resembling fungi was detected in semen. This 
led to a broad literature review of prostate disease and to the characterization of the 
candidate microbe. 

March 2012 marked a major turning point in this research: I demonstrated the fungicidal 
activity of seminal plasma on a control fungus (Exophiala mesophila), which led me to the 
Edström thesis23 and an article by Xu41. When read together, these two studies link benign 
prostatic hyperplasia (BPH) to a fungal infection kept in check by protein PSP94. This 
helped substantiate the hypothesis that fungi play an important role in prostate disease. 
By May 2012, the first PCR identification attempt of the candidate microbe failed to 
amplify any ribosomal DNA: this was very discouraging. As I considered ending this 
research project, I stumbled upon Strickler and Goedert’s epidemiological review which 
predicted a yet-to-be-identified sexually transmissible infectious etiology for prostate 
cancer6. Combined with an article by Thomas42 which linked low PSP94 levels to prostate 
cancer, this epidemiological review convinced me that prostate cancer and BPH probably 
had the same infectious etiology: a fungal infection. I emailed prostate cancer researchers 
pointing out the significance of the Edström, Xu, Thomas and Strickler articles. 
No one was sufficiently enthusiastic about these findings to want to know more: making 
cancer researchers aware of this would be very difficult. I could either publish a review 
article, or I could identify the predicted microbe and publish an original research article. 
PSP94’s fungicidal properties shed light on so many aspects of prostate disease that it 
would have been impossible to report all relevant findings in a single journal article. The 
length restrictions and delays involved in peer reviewed publication motivated me to write 
this monograph instead. Since these findings may be necessary for the development of a 
preventative strategy for prostate disease, disseminating this information as quickly as 
possible is my primary goal. 

The evidence presented here makes a strong case for an intracellular fungal etiology in 
prostate disease. PSP94’s distribution in the body suggests a similar mechanism may be 
involved in other cancers. While this is the most credible hypothesis that I have come 
across to explain diseases of the prostate, it may not be correct. Further research is urgently 
needed to establish the mechanisms behind PSP94’s protective properties against cancer. 
After the discovery of Helicobacter pylori, an antibacterial treatment was developed to 
treat stomach ulcers caused by this bacterium. This led to a decrease in both the prevalence 
of Helicobacter pylori and the incidence of stomach cancer in the developed world. If the 
hypothesis presented in this monograph is correct, it should be possible to cure most cases 
of chronic prostatitis with the right antimicrobial medication. This same treatment should 
also prevent BPH and prostate cancer, though it would probably not be able to reverse the 
course of BPH or prostate cancer itself. 



 xx 

ACKNOWLEDGEMENTS 
 

I would like to give special thanks to John Garst, whose research motivated me to start this 
investigation. 

I would like to give very special thanks to Ole Sørensen who helped me understand the 
properties of PSP94. At Lund University, he and Anneli Edström enabled this review by 
demonstrating PSP94’s fungicidal properties. Without this finding, the evidence linking 
prostate disease to a sexually transmitted infection would have been too weak to warrant 
much attention. 
In 2002, Pascal Gervais convinced me that I should not limit my research to niches. He 
demonstrated that small players can have a big impact in very competitive fields, despite 
having hundreds of times fewer resources than large players. This completely changed my 
approach to research. 
I would also like to thank Thomas Awad, David Blehert, Teun Boekhout, Karine Boulay, 
Douglas Brash, Marthe Briand, Andrea Alberto Castaldi, Laurent Chatel-Chaix, Ronald 
Cohen, Jordan Dimitrakov, Antonio Feliciano, Annette Fothergill, Steve Frank, Francois 
Gougeon, John Delton Hanson, Jay Hardy, Louise Harvey, Volodomyr Heleshko, Sybren 
de Hoog, Joyce Kang, Gregor Kolbe, Gabriel Lantier, Georg Luebeck, François-Xavier 
Lussier, Curtis Nickel, Kieran O’Donnell, Naohito Ohno, Che O’May, Julie Payet, Josh 
Perfetto, Susan Richardson, Francois Shareck, Lynne Sigler, Guy St-Germain, Benjamin 
Stielow, Michel de Vries and Harald zur Hausen for their support and advice. 
Google Scholar and Google Books greatly accelerated the literature review on which this 
work is based. Google Scholar enabled this work: without it, I would not have found key 
evidence including Edström’s thesis, Cohen’s patent and Dickson’s 1927 article. Amazon 
and CreateSpace allowed rapid publication of this work. Finally, the culture media used to 
visualize the candidate microbe were purchased from Hardy Diagnostics, who gave me 
excellent service and support. 
This work would not have been possible without the Canadian Scientific Research and 
Experimental Development (SR&ED) Tax Incentive program, and the Quebec “crédit 
d'impôt pour recherche scientifique et développement experimental” program. 



    

 1  

1    Introduction 

The 2010 thesis “Antimicrobial activity of human seminal plasma and seminal plasma 
proteins” by Anneli Edström may be one of the most important discoveries related to 
prostate cancer ever published43. This monograph reviews the scientific literature in light 
of Edström’s findings, and identifies mechanisms which may be contributing to prostate 
cancer, benign prostatic hyperplasia and possibly other diseases. Currently, these 
mechanisms comprise the most plausible hypothesis which can explain the etiology of 
prostate disease. Since this analysis is based on peer reviewed articles published in 
scientific journals, readers are strongly encouraged to independently weigh the strength of 
the underlying evidence. 

1.1 Sexually transmitted infections, inflammation and prostate cancer 
In the first half of the 20th century, epidemiologists studying sexual risk factors predicted 
that a sexually transmitted infection (STI) was causing cervical cancer44. They were right: 
human papillomaviruses were discovered in the 1950s, proposed as the cause of cervical 
cancer in 1976, and convincingly linked to cervical cancer in 1985. Epidemiologists 
studying sexual risk factors and prostate cancer have reached a similar conclusion: prostate 
cancer may well have a sexually transmissible infectious etiology6, 45-49. In 2001, Strickler 
and Goedert succinctly summarized these findings6: 

“The situation has similarities to that observed for cervical cancer before the association with human 
papillomavirus was understood: a moderate association was found with sexual behavior and occasional 
weak associations were found with herpes simplex virus or other sexually transmitted infections, each 
acting as surrogates for human papillomavirus. By analogy, the findings reviewed above could reflect a 
yet unrecognized sexually transmitted infection etiologically related to a subset of prostate cancer.” 

In 2008, based on these epidemiological observations and on the unexplained prostatic 
inflammation affecting a majority of men50-55, researchers at Johns Hopkins used molecular 
and cell culture methods to attempt to identify infectious agents responsible for prostate 
cancer56. They reported finding many different types of bacteria and viruses in prostate 
tissue, yet none appeared to be linked with disease. They did not investigate eukaryotic 
microbes such as fungi or protists (with the exception of Trichomonas vaginalis). Dozens 
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of similar studies have been published which attempt to link bacteria and known STIs to 
prostate disease, but their results have been broadly negative57. 

1.2 Inflammation and benign prostatic hyperplasia 
The immune response causing benign prostatic hyperplasia (BPH) appears to occur in 
reaction to an intracellular infection58, yet no microbe has been linked to BPH despite 
several studies of bacteria, fungi, protists and viruses in the prostate58. Kramer described 
this process in a 2006 review of inflammation and BPH59: 

“When local accumulation of [CD8+ (cytotoxic)] T cells reaches a certain threshold, surrounding cells 
become targets and are killed either specifically or in bystander reactions, leaving behind vacant spaces 
that are replaced by fibromuscular nodules with a specific pattern of a Th0/Th3 type of immune response. 
Currently, we do not have a concept as to why the leukocyte population increases in BPH, whether it is an 
abnormal response to a physiological stimulus or induced by a chronic pathological stimulus.” 

The absence of a detectable infection in the prostate has pushed researchers to propose an 
autoimmune disease as the most likely cause of BPH. This is a bold claim, given that no 
known autoimmune disease has a prevalence of more than 5% in elderly individuals, yet 
prostatic inflammation and BPH affect about 80% of elderly men51, 52, 60. The same cannot 
be said of inflammation caused by microbes: the bacterium responsible for gastric 
inflammation leading to stomach cancer, Helicobacter pylori, has a prevalence of over 
80% in developing countries28. Since epidemiologists suspect a yet-to-be-identified 
microbe may be involved in prostate cancer, a single microbial species responsible for both 
BPH and prostate cancer may have been eluding researchers. 

1.3 Prostate secretory protein 94 ties it all together  
Prostate secretory protein 94 (PSP94) was first identified in 1978, and soon found to be 
synthesized in large quantities by prostatic secretory epithelial cells61. Later studies found 
PSP94 in epithelial cells of other organs, such as the breast and lung62-64. 
In 2005, PSP94’s wide distribution in the body and its rapid evolution65, 66 led researchers 
to speculate that it could be an antimicrobial protein (AMP)67. In 2010, Edström confirmed 
this hypothesis by showing that PSP94 killed fungi in the human vagina, post-coitally. 
Further experiments showed porcine PSP94 was similarly fungicidal despite having only 
51% amino acid sequence identity with human PSP94, demonstrating that this is a 
fundamental property of PSP94. 
Oddly, PSP94’s fungicidal activity is inhibited by calcium ions which are present in most 
body fluids, making it harmless to fungi in such fluids23. Only in acidic extracellular fluids 
(such as the vagina or stomach) and in pH neutral intracellular fluids (where calcium ions 
are actively pumped out of the cytosol68, thus can’t inhibit PSP94) is PSP94 fungicidal. 
In 2003, Xu reported the presence PSP61 in BPH patients’ prostatic secretion, but not in 
aged matched controls41. PSP61 is a truncated form of PSP94 which lacks the fungicidal 
region reported by Edström, rendering the cytosol of epithelial cells synthesizing PSP61 
rather than PSP94 non-fungicidal. Combined with Edström’s findings, this suggests an 
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intracellular microbe is infecting the prostates of most men, leading to the immune 
response described as the likely cause of BPH59 (see Figure 1). 

In 2008, two independent genome-wide association studies reported that the T allele of 
SNP rs10993994 causes a threefold69 decrease in PSP94 secretion and increases prostate 
cancer risk by ~1.57x in homozygotes42, 70, 71. Epidemiological data suggest a long latency 
period between sexual activity and an increase in prostate cancer risk72-74. Perhaps a 
sexually acquired asymptomatic infection lasting decades is causing inflammation leading 
to prostate cancer? Lower concentration of PSP94 in prostatic epithelial cells would enable 
faster growth of this intracellular microbe, augmenting the inflammation level and thus 
increasing prostate cancer risk (see Figure 2). A similar delay of several decades is 
observed between infection with Helicobacter pylori and the onset of stomach cancer. 

1.4 Proposed mechanisms of prostate disease 
This monograph proposes novel prostate disease mechanisms which are described in the 
following paragraphs. They are a refinement of the Strickler Goedert hypothesis6 based on 
the work of Edström, Xu, and Kramer, as well as genome-wide association studies. 
Men’s prostates are infected by a yet-to-be-identified microbe primarily acquired through 
sexual activity. Like many STIs, this infection cannot be cleared by the immune system. 
Shortly after becoming infected, some men develop chronic prostatitis/chronic pelvic pain 
syndrome (CP/CPPS), reactive arthritis and/or ankylosing spondylitis—though most 
infected men will not have any short-term symptoms. These symptoms usually self-resolve 
in the following months, via the gradual establishment of immune tolerance, though some 
men will have symptoms their entire life. About 50% of infected men have elevated 
leukocytes in their prostatic secretion, a marker of infection which persists indefinitely. 
By age 40, about 80% of men have been infected, which represents a risk of exposure 
similar to that of genital HPV75. The infection has been kept in check by the intracellular 
presence of PSP94, which is fungicidal. Around that age, some men’s epithelial cells stop 
synthesizing PSP94’s last 33 amino acids, resulting in the secretion of non-fungicidal 
PSP61. What causes this change is unclear. The onset of PSP61 synthesis will occur in 
nearly every man between ages 40 and 75. Once PSP61 synthesis begins, the immune 
response against the intracellular microbe changes: CD8+ (cytotoxic) T cells destroy 
infected prostatic secretory epithelial cells, causing an overgrowth of fibromuscular cells 
(eg. BPH). Prostate cancer rarely develops in BPH tissue due to this process. 

By age 45, men who contracted the infection in their teens start becoming at risk of 
developing prostate cancer. The growth rate of the intracellular microbe is limited by 
PSP94, so men whose prostates’ synthesize less PSP94 are at greater risk of cancer—this is 
due to increased chronic inflammation caused by faster microbial replication. The amount 
of PSP94 synthesized in the prostate is mainly dependent on SNP rs10993994: compared 
to CC homozygotes, CT/TC heterozygotes have ~1.25x higher risk, and TT homozygotes 
have ~1.57x higher risk of prostate cancer71. Black men in the United States have ~1.6x 
higher risk of prostate cancer than do white men: this difference is mainly explained by 
increased prevalence of the rs10993994 T allele and earlier sexual activity. 
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Figure 1: Summary of the proposed mechanisms leading to BPH. Illustration by Maki Naro. 
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Figure 2: Summary of the proposed mechanisms leading to prostate cancer. Illustration by Maki Naro. 
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1.5 Summary of this monograph 
The title “PSP94, what is it good for?” was chosen because after thirty-five years of 
research, PSP94’s primary purpose has still not been definitely established. Understanding 
the relationship between PSP94 and cancer is very important since it may shed light on the 
etiology of up to 75% of cancers as measured by incidence in developed countries. Two 
hypotheses have been proposed to explain why low PSP94 concentration increases prostate 
cancer risk76: one was presented in Section 1.4, and another hypothesis, proposed in 1993, 
stipulates that PSP94 directly limits the growth of cancer cells (see Section 2.6, Section 7.2 
and Appendix C). 
The scientific literature related to PSP94 is reviewed in Section 2, where relevant facts 
about this protein are summarized: where it is found in the body, the speed at which it is 
evolving, variants of the protein and its effect on cancer cells, bacteria and fungi. 

The epidemiological evidence linking prostate cancer and BPH to a sexually transmissible 
infection is presented in Section 3. Twenty one quantitative predictions are implied by the 
mechanisms described in Section 1.4. Twelve of these predictions have been confirmed by 
epidemiological studies (see Table 12 on page 35); the remaining predictions can be 
confirmed by studies which have not yet been conducted (see Table 39 and Table 40 on 
pages 203 and 203). The diversity and accuracy of these predictions provide strong 
evidence in support of a sexually acquired infectious etiology for prostate cancer and BPH. 
Section 4 reviews the scientific literature for microbes whose growth could be inhibited by 
PSP94: most fungi and some protists. 
Section 5 reviews links with other diseases excluding cancer, especially CP/CPPS, reactive 
arthritis and ankylosing spondylitis. A dozen facts suggest these three diseases share the 
same infectious etiology as prostate cancer and BPH. Circumstantial links to several other 
diseases are also compiled in this section. 
Section 6 reviews the links between PSP94 and cancers originating from sites other than 
the prostate. PSP94’s distribution in the body is strikingly similar to that of late onset 
cancers, suggesting it might play a protective role in many cancers. A multi-stage model is 
used to estimate at what age mutations leading to different cancers begin. 
Hypotheses proposed for PSP94’s biological function are compared in Section 7. 

Section 8 presents a summary of the original research which took place at Shipshaw Labs 
to identify the predicted intracellular infection: a candidate microbe has been found and is 
described in this section. Observations match specifically with a previous report by 
Dickson of a microbe involved in genitourinary disease77. 

Section 9 describes further studies which can confirm the link between a yet-to-be-
identified STI and prostate disease. The main evidence for and against the existence of 
such an STI is summarized in this section. 



    

 7  

1.6 Summary of microbe detection techniques 
Many previous studies50, 56, 78 have analyzed the microbiome of the prostate using dated 
microbe detection assays such as cell culture and consensus PCR—techniques which are 
known to miss many types of medically important microbes. 

Cutting edge techniques developed for this project can now be used to identify all 
microbes in clinical specimens: one such experiment, applied to semen, is described in 
detail in Appendix B. Significantly improved consensus PCR techniques, covering many 
more species than traditionally used consensus PCR assays, were also developed for this 
project. These techniques should be used to reach a more definitive answer as to the 
presence (or absence) of infectious agents in relation to prostatic inflammation and disease. 
They can also be used to test for microbes in any clinical specimen, possibly shedding light 
on the etiology of idiopathic medical conditions whose causative infectious agents have 
eluded non-universal detection assays used in past studies. 
These new techniques have not yet been used in part due to the lack of microbiome 
analysis software—manual analysis being far too labor intensive. In conjunction with this 
project, a comprehensive software package called the Leif Microbiome Analyzer was 
developed specifically to enable prostate microbiome studies, as well as other projects 
involving the detection of microbes in human clinical specimens. It can be downloaded 
here: www.shipshaw.com/leif . 
Detailed laboratory protocols explaining how to test clinical specimens for the presence of 
microbes are described in a companion book published by Shipshaw Labs entitled “No 
microbe left behind”. The total cost of equipment and reagents required to run these 
experiments ranges from 2000$ to 7000$ USD, including setting up a lab from scratch. 
Running these protocols requires no special skills, though being meticulous helps. 

 

 
Figure 3: Companion book “No microbe left behind” explains universal microbe detection techniques 
suitable for the detection of all microbes in clinical specimens (www.psp94.com/nmlb). 

http://www.shipshaw.com/leif
http://www.psp94.com/nmlb
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2    Prostate secretory protein 94 (PSP94) 

Prostate secretory protein 94 (PSP94, MSP, MSMB, PIP, ILM, beta-microseminoprotein, 
microseminoprotein-beta, beta-inhibin, prostatic inhibin peptide, inhibin like material) was 
first identified in seminal plasma in 1978. Its origin was soon determined to be prostate 
secretory epithelial cells. PSP94 is now known to be one of the three major protein 
components of prostatic secretion, at a concentration similar to that of prostate-specific 
antigen (PSA) and prostatic acid phosphatase (PAP)61. The MSMB gene on chromosome 
10 encodes PSP94’s 94 amino acids. Its biological function is not known, though several 
hypotheses have been proposed (see Section 7). 

2.1 PSP94’s structure is conserved despite rapid evolution 
In 1991, Nolet compared the amino acid sequence of PSP94 in humans and rhesus 
monkeys, and found 22 amino acid differences65. Using a2-globin as a benchmark of 
evolutionary speed, Nolet demonstrated that PSP94 is evolving very quickly using the 
KN/KS ratio: five times faster based on the non-synonymous vs. synonymous base changes 
in the coding region of the gene. Since all ten cysteines and five out of six pralines were 
conserved, Nolet suggested that the tridimensional conformation of the protein remained 
unchanged between humans and rhesus monkeys. 
In 2006, Garsriani compared the tridimensional conformation of PSP94 in humans and 
pigs, and confirmed Nolet’s hypothesis, finding that the global fold and secondary 
structure are very similar despite an amino acid sequence identity of only 51%65. By 
comparing PSP94 in eight species, Garsriani found that the ten cysteines and eight other 
amino acids are conserved in all analyzed species, suggesting that these control the folding 
and structure of the protein. Most amino acid changes between human and pig result in 
charge changes on one side of the molecule. 

Strong adaptive pressure resulting in rapid evolution is often due to sexual selection (sperm 
competition) or immune defense (coevolution)67, either of which may be causing the rapid 
evolution of PSP94. 
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2.2 Binding properties of PSP94 
PSP94 has been reported to bind to immunoglobulin G (IgG), though it is unclear which 
part of PSP94 is involved79, 80. The N-terminus of PSP94 has been shown to bind to 
CRISP-381, a protein found in granules of neutrophils and eosinophils82. The C-terminus’ 
structure is very similar in humans and pigs, yet has no resemblance to any known 
structure motifs: no human proteins have been identified as a binding target for the C-
terminus. PSP94 has been demonstrated to bind to spermatozoa, though this property 
appears to vary by species83. PSP94 has been reported to reduce sperm motility in pigs84. 
The significance of these binding properties is not known. 

2.3 PSP94 is synthesized in many organs 
Ulvsback, Doctor, Weiber and Okhubo independently performed four different surveys of 
PSP94 concentration in various sites of the human body using immunohistochemistry (see 
Table 1). Their results clearly show that PSP94 is not confined to the prostate. Weiber also 
measured the concentration of PSP94 in various body fluids, and found a very high 
concentration in tracheal secretion as well as in prostatic secretion. 
The immunohistochemical staining intensity within epithelial cells does not seem to be 
proportional to the amount of PSP94 secreted in the lumen: this is especially obvious in the 
breast, where moderate staining has been found63, 64, 85, yet PSP94 is entirely absent in 
human milk62, 63. Thus PSP94’s biological function in breast epithelial cells must be 
limited to intracellular activity. 

PSA and PAP are uniformly distributed in all regions of the prostate, whereas PSP94’s 
distribution is non-uniform: staining is stronger in the peripheral region, weaker in the 
transitional region and variable in the central region86—note that earlier studies either show 
a uniform or opposite distribution87. Most prostate cancers originate from the peripheral 
region, whereas BPH is associated with the transitional region. The causes of the spatial 
distribution of PSP94 and of prostate disease are not understood (see Section 7.1 for a 
hypothesis which could perhaps explain this distribution). 
The distribution of PSP94 within prostate epithelial cells has been studied by two groups. 
Doctor reported diffuse intracytoplasmic staining in normal prostatic epithelial cells of 
young healthy adults, intensely stained granules within BPH epithelial cells and the 
absence of staining of the nucleus88. Ito reported that PSP94 was located almost 
exclusively in secretory granules within prostatic epithelial cells of BPH and prostate 
cancer patients89. The concentration of PSP94 in the cytosol of prostate epithelial cells and 
the distribution of PSP94 within epithelial cells of other organs have not been studied. 

2.4 PSP94, PSP61 and BPH 
Doctor and Sathe reported in two different articles that some prostate epithelial cells stain 
negatively for PSP94 in BPH tissue, and proposed multiple stages of secretory activity to 
explain this observation87, 88. They also reported that epithelial cells in BPH tissue which 
contain PSP94 stain more strongly than normal prostatic epithelial cells. These authors did 
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not specify which part of PSP94 was targeted by the antibodies used to perform the 
immunohistochemical staining. 
Table 1: Presence of PSP94 by site in the body. +++: strongly positive; ++: moderately positive; +: weakly 
positive; -: negative. Positive sites are in green, negative sites are in red. Similar tables which show the 
remarkable correlation between PSP94 synthesis and late onset cancer cells can be found on pages 92 and 93. 
Sampling site PSP94 in tissue Secreted 

PSP94  
Comments 

Ulvs-
back90 

Doc-
tor88 

Wei-
ber62 

Ohk-
ubo63 

Others Weiber62 
(ng/ml) 

 

Prostate +++ +++ +++ +++ +++64 4000000 PSP57 mRNA also present91 
Liver - - - +++    
Breast  - - ++ ++64, 85 0 Why isn’t PSP94 secreted? 
Kidney - - - ++   PSP57 mRNA also present91 
Bulbourethral glands    ++    
Lung, trachea, bronchi +++ - +++ +  240000  
Colon and rectum - - + +  10  
Stomach ++ - +++ + ++92 830  
Pancreas - - + +  0  
Esophagus   + +    
Duodenum   + +    
Salivary glands   + +  13  
Fallopian tube   +++ +    
Corpus uteri - - -  ++64, 93   
Cervix  - +++   74  
Nose   -   9900  
Urinary bladder  -  -   PSP94 & PSP57 mRNA91  
Lymph node    -    
Skin    -    
Ovary -  - -    
Thyroid  -  -    
Brain/CNS    -  0  
Testis - -  -    
Seminal vesicle  -  -    
Pituitary gland    -    
Adrenal gland    -    
Gallbladder   -     
 

Xu reported finding a novel protein named PSP61, which is a truncated form of PSP94 
exclusively present in the expressed prostatic secretion (EPS) of men with BPH41. PSP61 
was isolated from the EPS of ten men suffering from BPH (10/10 elderly men), but was 
not present in twenty BPH-free men (0/10 elderly men, 0/10 young men). PSP61 was 
identified as a modified form of PSP94 with a C-terminus deletion, and proposed as a 
biomarker for BPH. The last 33 amino acids of PSP94 are missing; this corresponds to 
most of exon IV of the MSMB gene, which encodes the fungicidal region. 
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It is not clear why or how any of these changes occur in BPH. One hypothesis is that the 
epithelial cells which were not stained in the Doctor and Sathe studies contain PSP61 (not 
PSP94), which has a truncated C-terminus and thus would not bind to C-terminus specific 
antibodies. 

2.5 PSP57 mRNA 
Xuan discovered an aberrantly spliced version of MSMB using reverse transcription PCR 
in which exon III is absent and exon IV is frame shifted91. This mRNA putatively codes a 
shorter form of PSP94 consisting of 57 amino acids (thus, PSP57) of which only the first 
16 amino acids are identical to PSP94. The C-terminus region of PSP57 would be 
completely different from that of PSP94 due to the frame shift of exon IV. 

PSP57 mRNA was found in the prostate, kidney, bladder, myometrium and endometrium; 
it was absent in the lung, breast, ovary and cervix64, 91. Though PSP57 mRNA is present in 
tissue, the protein itself may not be synthesized. Immunohistochemistry using antibodies 
against PSP57’s frame shifted C-terminus region failed to identify this protein in human 
tissue64. PSP57 mRNA could not be found in the prostate, bladder, liver, stomach, gastric 
mucosa, bronchi, trachea, lung or breast of baboons or cynomolgus monkeys94. PSP57 
mRNA thus appears to be specific to humans. It is not clear why PSP57 mRNA would be 
produced if PSP57 is never synthesized. Perhaps the absence of PSP94 enables a stronger 
immune response against intracellular microbes resistant to PSP94 in the human bladder, 
which is not desirable in other primates (due to our longer lifespan, see Section 7.5). 

2.6 PSP94 and prostate cancer 
Two genome wide association studies (GWAS) published in 2008 reported that the T allele 
of SNP rs10993994 increases the risk of prostate cancer by ~1.57x—comparing high risk 
TT to low risk CC homozygotes42, 70 (CT/TC heterozygotes have an intermediate risk). 
SNP rs10993994 is located in the proximal promoter region of the MSMB gene which 
encodes PSP94: the C allele forms a putative CREB binding site, whereas the T allele does 
not. The T allele results in a threefold reduction of PSP94 in the prostate69. This was 
demonstrated by measuring PSP94 mRNA in cancer cell lines95, by immunohistochemistry 
in tissue96 and by measuring PSP94 in semen69. 
SNP rs10993994 does not seem to affect the course of prostate cancer after onset, though it 
may have a moderate effect on the age at onset97: a small non-statistically significant effect 
was found in which the T allele results in earlier onset of prostate cancer97. A similar effect 
has been observed where the odds ratio for the rs10993994 allele decrease as men age70, 
though this trend did not reach the statistical significance threshold either. Both studies 
indicate that the T allele may shift the risk of prostate cancer to a younger age, though a 
higher powered study would be required to confirm this. Since PSP94 and PSA 
concentration are inversely correlated in older men, and elevated PSA is one of the main 
indications for prostate biopsy, a detection bias could occur which would increase this age 
effect, as biopsy screening is done more often in individuals with high PSA/low PSP94 
levels97. Thus, it is important to ensure that the increase in prostate cancer risk conferred 
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by the rs10993994 T allele is genuine, and is not due to detection bias resulting from a 
correlation between blood PSA levels and rs10993994 allele pair. 

Gudmundsson concluded that the effect was too large to be explained by PSA detection 
bias alone98. Xu reported identical blood PSA levels in ~20 year old men regardless of 
rs10993994 allele pair (except four outliers in the TT group)69. The prostate cancer odds 
ratio comparing rs10993994 CT/CC individuals is ~1.25x, which cannot be explained by a 
correlation between rs10993994 and blood PSA due to genetic factors alone—CT 
individuals actually had lower blood PSA levels than CC individuals in this study. Thus, 
the negative correlation between prostatic PSP94 and blood PSA levels in older men must 
reflect the faster progression of oncogenic steps in men with the T allele. The increase in 
blood PSA with age is partly due to cancerous foci which leak PSA into the bloodstream. 
The expression of dozens of genes is altered as prostate cancer progresses99; the expression 
of MSMB has been shown to decrease during the course of prostate cancer, which causes 
inconsistent immunohistochemical staining of PSP94 in cancerous prostate tissue96, 100. 

Several studies suggest PSP94 can inhibit cancer cell growth in vitro and in animal models, 
which could explain the GWAS findings (see Section 7.2 and Appendix C). This 
phenomenon was first reported in 1993 by Garde and Sheth101, who coauthored many 
follow-up studies over the next decade102-106. These authors proposed that PSP94 inhibits 
the secretion of follicle stimulating hormone (FSH), which stimulates the growth of cancer 
cells in the prostate101; this mechanism was proposed again in a 2003 article coauthored by 
Garde106. PSP94 was first described as an inhibin which down regulates FSH synthesis. 
The inhibin-like properties of PSP94 were characterized by Sheth in 1984107. However, in 
1986 and 1987 two other groups failed to demonstrate the down regulation of FSH by 
PSP94, and concluded that PSP94 was not an inhibin after all108, 109. No articles published 
after this date which refer to PSP94 as an inhibin have addressed these concerns. 
In a 2004 article coauthored by Garde, the tumor suppression properties of PSP94 were 
demonstrated with a synthetic peptide composed of PSP94 amino acids 31 to 45 (named 
PCK3145), and the FSH inhibin mechanism was not mentioned105. In 2005 and 2006, 
Garde coauthored two articles proposing new mechanisms to explain PSP94’s tumor 
suppression properties involving MMP-9, VEGF and CD44110, 111. Phase I and IIa clinical 
trials with metastatic hormone-refractory prostate cancer patients using PCK3145 were 
conducted by Procyon Biopharma, though the efficacy of the treatment was not reported. 
These properties of PCK3145 do not seem limited to prostate cancer: similar inhibition 
was demonstrated with hematologic cancer cells grown in vitro and in animal models112. 

In 2010, the tumor growth inhibition properties of PSP94 were analyzed by another group 
of researchers who concluded that this activity was cell line specific in vitro (PC3 – no 
effect; LNCaP – moderate inhibition; WPE1-NB26 – inhibition)113. Garde published two 
studies about the inhibition of the PC3 cell line by PSP94 in which the first showed no 
effect101, and the second showed strong inhibition104. This inconsistency was attributed to 
the impure preparation of PSP94104. A thorough review of the literature in March 2013 did 
not reveal any other articles which studied the effect of PSP94 on the PC3 cell line. The 
mechanisms behind PSP94’s putative tumor suppression properties are not settled. 
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2.7 PSP94 and fungi 
The fungicidal properties of PSP94 were first reported in the 2010 Edström thesis43, 
followed by a 2012 article by the same group23. The acidic environment of the human 
vagina was shown to unleash PSP94’s potent fungicidal activity against Candida albicans 
and Candida tropicalis. PSP94 was also tested for bactericidal activity against a range of 
bacteria, but displayed no such activity. The fungicidal activity was attributed to 11 amino 
acids located near the C-terminus of PSP94 (amino acids 66 to 76). Calcium ions inhibit 
this fungicidal activity through interaction with glutamic acid (E) at position 71. However, 
in acidic environments (pH < ~5), calcium ions no longer inhibit the fungicidal activity of 
PSP94. Edström also demonstrated that by changing glutamic acid (E) at position 71 to 
glutamine (Q), fungicidal activity was maintained even in the presence of calcium ions at 
neutral pH. Note that not all fungal species appear to be equally susceptible to PSP94: 
Candida glabrata’s growth rate was not significantly affected by PSP94, as opposed to 
Candida albicans and Candida tropicalis; this is surprising given that Candida glabrata is 
susceptible to drugs which target plasma membranes containing ergosterol, like nystatin. 
Amino acids 66 to 76 of porcine PSP94 are even more fungicidal than the human version, 
and are similarly inhibited by the presence of calcium ions23. Seven of the eleven amino 
acids that form the fungicidal region in humans are different in pigs (see Table 2). This 
demonstrates that calcium inhibited fungicidal activity is a fundamental property of PSP94, 
since it has been conserved at least since the Euarchontoglires/Laurasiatheria mammal 
divergence, which occurred about 90 million years ago. 
Table 2: PSP94’s fungicidal region in humans and pigs. Both regions, when synthesized as peptides, are 
highly fungicidal despite having only four amino acids in common66. 
 66 67 68 69 70 71 72 73 74 75 76 
Human R I F K K E D C K Y I 
Pig K I L N K K T C T Y T 

PSP94 was shown to disrupt ergosterol containing liposomes which mimic fungal plasma 
membranes, but to leave relatively intact cholesterol containing liposomes which mimic 
mammalian plasma membranes23. Since bacterial plasma membranes generally contain 
neither ergosterol nor cholesterol, they would not be affected by PSP94114. Edström thus 
concluded that PSP94 lacks substantial cytotoxicity to human cells; this is especially true 
given that all body fluids contain calcium ions which inhibit the fungicidal activity of 
PSP94. Fungicidal activity could only be demonstrated post-coitally in humans, so the 
cytotoxicity of PSP94 in the absence of calcium is rarely relevant. The only neutral pH 
location in the body in which PSP94 would be fungicidal is within human cells’ cytosol, 
where calcium ions are virtually absent68. Thus PSP94 located within epithelial cells’ 
cytosol must not be too cytotoxic to these cells. 
PSP94’s intracellular fungicidal activity is consistent with a chronic infection being its 
main target, since most microbes persisting for long periods evade the immune system by 
reproducing intracellularly: for example Toxoplasma gondii, Plasmodium spp., Leishmania 
spp., Trypanosoma cruzi, Cryptosporidium parvum, Chlamydia trachomatis and 
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Treponema pallidum are all obligate intracellular microbes causing long-lasting infections 
in humans. 

Many naturally occurring fungicidal compounds target ergosterol in the plasma membrane 
of fungi, and perforate this membrane115. The resulting leakage stops or slows fungal 
growth by altering the concentration of molecules within the microbe’s cytosol. Examples 
of such antifungals include nystatin and amphotericin B. 

2.8 Summary 
The comparison of PSP94’s amino acid sequence between mammal species shows that it is 
evolving very rapidly, which suggests a role in sexual selection or immune defense, but not 
tumor suppression. Since PSP94 is synthesized in many organs of both men and women, 
the immune defense hypothesis is most plausible. 
In BPH, PSP94 synthesis changes in several ways: the rate of synthesis increases, some 
epithelial cells seem to stop producing PSP94 altogether, and a truncated form named 
PSP61 can be found in expressed prostatic secretions (EPS). Low prostatic PSP94 
concentration mediated by SNP rs10993994 is a major risk factor of prostate cancer. 
PSP94 has been shown to inhibit the growth of some prostate cancer and hematologic 
cancer cell lines. It has also been shown to inhibit the growth of fungi in some 
environments; this fungicidal activity is observed in both humans and pigs, so immune 
defense against fungi is likely a primary role for this protein. Interestingly, many innate 
immune defense proteins coincidentally show cytotoxic activity toward cancer cells—this 
property is often due to the abnormal plasma membranes of cancer cells which resemble 
microbial plasma membranes116. 

Most known antimicrobial peptides (AMPs) target only one class of infectious agent: 
viruses, bacteria or fungi. A few exceptional AMPs have been found to inhibit members of 
all three classes115. PSP94 is an AMP with strong fungicidal properties, and an infectious 
agent targeted by PSP94 is likely causing prostate disease; however, it is not possible to 
conclude based on these two facts alone that this infectious agent is definitely a fungus. 

2.9 Unanswered questions 
Where is PSP61 synthesized in the prostate? Do cells which synthesize PSP61 
simultaneously synthesize PSP94? What causes PSP61 synthesis? 

Why doesn’t PSP94 kill Candida glabrata? Does it have a second mode of action which 
narrows the set of affected species? Many AMPs disrupt cell membranes and penetrate 
into the cell to bind to an even more sensitive target: perhaps PSP94 does this too. 
Why are PSP94’s fungicidal properties inhibited by calcium ions? With only one amino 
acid change, it could be fungicidal extracellularly as well as intracellularly, which seems 
like a desirable trait. Perhaps PSP94 is slightly cytotoxic to human cells, so inhibition by 
calcium ions reduces collateral damage. This hypothesis is supported by the small 
cholesterol liposome leakage measured when PSP94 was incubated without calcium 
ions—no leakage was measurable when calcium ions were present23. 
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3    Epidemiological model of prostate disease 

Many studies have demonstrated links between sexual factors and prostate cancer6, 46. 
Beginning sexual activity at a young age and having many sexual partners are oft reported 
risk factors of prostate cancer45, 117. These two risk factors are strongly associated with 
sexually transmitted infections (STIs)118, 119. STI exposure itself is moderately associated 
with prostate cancer risk6, 47, 48. Circumcision reduces transmissibility of some STIs, and 
men circumcised prior to sexual debut have a reduced risk of prostate cancer*49, 120. These 
risk factors suggest a sexually acquired infection may be causing prostate cancer. 

Alternatively, sexual behavior could be linked to prostate cancer through mechanisms 
other than STIs. One such alternate mechanism is sex hormone levels, which could affect 
both sexual activity and prostate cancer risk: sex hormone levels have been studied in 
relation to prostate cancer, yet no strong link has been found121, 122. Another mechanism is 
diet, though the potential links between sexual behavior and diet are less clear. An 
extensive UK study linking diet to cancer reported omnivores run a slightly higher risk of 
prostate cancer than do vegetarians (1.15x)123. Odd ratios in case-control studies linking 
sexual behavior to prostate cancer are 1.6x to 2.8x for high risk groups; this is much too 
high to be explicable by diet alone. Prostate cancer risk is not associated with alcohol 
consumption124 and is weakly associated with smoking21 (note that smoking is a surrogate 
for STI exposure125, 126, see Section 5.4.12). Thus the link between sexual activity and 
prostate cancer seems genuine, and is probably not a manifestation of another important 
risk factor highly correlated with sexual activity; however, it is difficult to entirely rule out 
publication, selection and recall biases as an explanation for this link.  

The strongest epidemiological evidence in support of these studies is that few report an 
association between STI exposure and prostate cancer risk. At first, this seems to support 

                                                
* It has been hypothesized that circumcision reduces the number of leukocytes present on the surface of the 
penis (eg. on the glans and corona), which in turn reduces the probability of acquiring infectious agents 
which make use of leukocytes to spread within the body. Since Dickson’s fungus appears to survive 
phagocytosis, this mechanism could explain why circumcision slightly reduces the risk of prostate cancer. 
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the hypothesis that publication bias is responsible for the studies which found a positive 
association. However, STI exposure after the age of 35 should have little effect on prostate 
cancer risk, a fact which seems to have been overlooked (see Section 3.4). When studies 
linking prostate cancer to STI seropositivity are stratified by age at serum collection, this 
effect become evident: the strongest associations are found in studies measuring STI 
exposure in young men. 

Prostatic inflammation is suspected of playing a major role in the etiology of prostate 
cancer and benign prostatic hyperplasia (BPH)58, 127. Inflammation can be observed in the 
prostates of over 80% of older men, and affects mainly non-malignant epithelial cells 
targeted by CD8+ (cytotoxic) T cells51, 52. Men who suffer from idiopathic chronic 
prostatitis have elevated levels of CD8+ (cytotoxic) T cells in prostate biopsies compared 
to controls128. TCR γ/δ T cells absent in the healthy prostate appear in BPH58. CD8+ 
(cytotoxic) and TCR γ/δ T cells are known to respond to intracellular infections such as 
Chlamydia trachomatis, yet no such infection has been strongly associated with the main 
diseases of the prostate. About 12% of 20 year old men, and 41% of middle aged men have 
5+ leukocytes per high powered field in their expressed prostatic secretion—a marker of 
inflammation50, 129. Inflammatory cytokines IL-17 and IL-23 are elevated in most BPH and 
prostate cancer tissue samples130, 131; these two cytokines are non-specific markers of 
chronic fungal infections132. Two studies reported that frequent ejaculation slightly reduces 
the risk of prostate cancer133, 134, possibly due to regular clearing of inflammatory agents. 
Prostate inflammation is ubiquitous, yet its cause remains elusive. 
This inflammation cannot be completely explained by any known STI: the most common 
known STI which cannot be cleared by the immune system is herpes simplex virus type 2 
(HSV-2), with a prevalence of 20% amongst American men aged 40-49135. This is well 
short of the 80% prevalence required to explain prostate inflammation and BPH. Though 
the incidence of human papillomavirus (HPV) infections is far higher than HSV-2 
infections, they are generally cleared by the immune system within a few years; due to its 
involvement in cervical cancer, HPV has been widely studied, and yet has only been 
weakly associated with prostate cancer136, 137. 
To account for these findings, researchers have hypothesized that a transient infection 
could be triggering an abnormal immune response which persists beyond the course of 
infection—this is sometimes called the “hit-and-run” model of oncogenesis. This 
autoimmune disease would be causing the inflammation seen in 80% of older men’s 
prostates. Of the known STIs, only all HPV types combined have any chance of reaching a 
lifetime exposure risk of 80%. No known autoimmune disease has a prevalence of more 
than 5% in part because autoimmune diseases with a high prevalence quickly succumb to 
evolutionary pressure, as causative genes are eliminated from the gene pool. On the other 
hand, cases of ubiquitous inflammation caused by an infection which cannot be cleared by 
the immune system do exist: Helicobacter pylori has a prevalence of over 80% in 
developing countries and causes lifelong asymptomatic inflammation which leads to 
stomach cancer—this inflammation ceases once the infection has been cleared using 
antibacterial drugs, greatly reducing the subsequent risk of stomach cancer28. 
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The epidemiological model presented in this section is based on a yet-to-be-identified STI 
which infects the vast majority of men, cannot be cleared by the immune system, and 
causes prostatic inflammation, prostate cancer and BPH in most men, as explained in 
Section 1.4. 

3.1 Prevalence of BPH and incidence of clinical prostate cancer 
BPH and prostate cancer exclusively affect older men. BPH prevalence is around 10% for 
40 year old men, and rises steadily to 80% for 75 year old men60. Prostate cancer incidence 
is negligible for men younger than 40 years of age; it increases sharply between ages 50 
and 70, after which the yearly incidence remains roughly constant at 0.8% (see Figure 4). 
The incidence of prostate cancer in elderly men is subject to several biases which lower its 
rate. Men who undergo prostatic surgery (transvesical adenomectomy or radical 
prostatectomy) to treat BPH are at lower risk of subsequently having prostate cancer 
because prostate tissue has been removed138. Most men who develop prostate cancer at an 
advanced age will die of an unrelated illness; as screening such men does not change 
outcomes, reduced screening and reporting artificially depress incidence in elderly men. 
This effect may be substantial since prostate cancer detected at autopsy greatly exceeds 
clinically reported prostate cancer incidence139, 140: by age 80, the vast majority of 
American men (as high as 80%141) have latent prostate cancer. 

The prevalence of BPH has been reported to be similar among white and black men in the 
United States142, 143, yet the incidence of prostate cancer is 1.6x higher for black men144. 
Part of the increased risk in black men can be attributed to the rs10993994 prostate cancer 
risk allele which controls the amount of PSP94 in the prostate: the prevalence of the high 
risk T allele is ~75% in black men*, whereas it is only ~35% in white men (see Table 3)145. 
The odds ratio weighted by prevalence of allele pairs only justifies a factor of 
approximately 1.2x (1.4125 / 1.1645)†. Many factors may be contributing to prostate 
cancer risk other than rs10993994: exposure to STIs at a younger age appears to account 
for most of the increased risk of prostate cancer in black men in the United States (see 
Section 3.3). 

                                                
* Prevalence of the rs10993994 T allele in black men has been reported to be as low as 60% in some studies.  
† See Section 6.4.5 for a detailed analysis of genetic risk differences between white and black men.  
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Table 3: rs10993994 T/C alleles in white and black men in the United States 
rs10993994 
allele pair 

Prostate 
cancer 
odds 
ratio42 

Prevalence 
of allele pair 
(white men) 

Prevalence 
of allele pair 
(black men) 

Odds ratio · 
prevalence 
(white men) 

Odds ratio · 
prevalence 
(black men) 

CC 1.0 0.4225 0.0625 0.4225 0.0625 
CT/TC 1.2 0.4550 0.3750 0.5460 0.4500 
TT 1.6 0.1225 0.5625 0.1960 0.9000 
   Weighted 

odds ratio 
1.1645 1.4125 
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Figure 4: Various measurements of prevalence and incidence of prostate disease: implied prevalence of 
infection is based on the correlation between CP/CPPS symptoms and elevated leukocytes in EPS in middle 
aged men (see Section 5.1.5); elevated leukocytes in EPS at 20 and 40 years of age50, 129; histologically 
confirmed prevalence of BPH in the United States (all races)60; incidence of clinical prostate cancer in white 
and black men in the United States144. 
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3.2 Proposed epidemiological model of prostate disease for white American men 
The prostate disease mechanisms proposed in Section 1.4 have epidemiological 
implications which can be modeled and compared to published data. In this section, an 
epidemiological model of prostate disease is constructed for white American men. Two 
simple mathematical relations are used to model the incidence of prostate cancer and the 
prevalence of BPH. The process through which infection leads to prostate cancer is 
modeled as a linear time-invariant system: the incidence of prostate cancer is estimated by 
convolving an “onset of infection” function with a “probability of incidence of cancer from 
infection onset” function. The prevalence of BPH is estimated by multiplying “PSP61 
synthesis prevalence” function with “infection prevalence” function at each age. 

The delay between infection and oncogenesis for two types of cancers known to have an 
infectious etiology are quite different: cervical cancer can develop within a few years from 
the onset of an HPV infection, whereas stomach cancer develops only after many decades 
of inflammation caused by a Helicobacter pylori infection. There seems to be a very long 
lag between exposure to STIs and the onset of prostate cancer (see Section 3.4 and Section 
6.4), similar to the lag observed for stomach cancer146. 

Since sexual activity begins around 12 years of age and prostate cancer incidence begins 
around 40 years of age, the epidemiological model proposed for prostate cancer must 
include a lag of about 28 years from “onset of infection” to the earliest onset of clinical 
prostate cancer. The proposed model of prostate cancer risk consists of a 28 year lag (delay 
“d”), followed by a linear increase (slope “m”) for the “probability of incidence of cancer” 
function (see Equation 3 and Figure 5). A different probability function is used for each 
rs10993994 allele combination: the two increased risk allele pairs have been scaled to 
match odds ratios of 1.2x and 1.6x as measured by the two first genome-wide association 
studies42, 70. Though this scaling is quite approximate, the model’s accuracy is not sensitive 
to small changes in these values. “Clinical prostate cancer incidence” can be estimated by 
first convolving (*) each of the functions from Figure 5 with the “onset of infection 
incidence”, then by summing (+) the results after multiplying (·) by the prevalence of each 
of the rs10993994 allele combinations (see Equation 1 and Table 3). 
The model for BPH is much simpler since the proposed mechanism does not involve a 
long lag. Infected individuals are predicted to develop BPH quickly once PSP61 synthesis 
begins. The prevalence of BPH can be calculated by multiplying (·) “PSP61 synthesis 
prevalence” with “infection prevalence” (see Equation 2). By the time PSP61 synthesis 
begins, the vast majority of men are predicted to have been infected already, making 
PSP61 synthesis the main trigger for BPH. Thus the PSP61 synthesis prevalence function 
has been chosen to closely match BPH prevalence (see Figure 7); a study directly 
measuring PSP61’s prevalence will be required to confirm this part of the epidemiological 
model, since infection prevalence beyond age 50 is hard to estimate with precision. 
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Equation 1: Linear time-invariant system equation describing the mathematical relation between the “onset 
of infection incidence” and “clinical prostate cancer incidence” for white American men. A different function 
is used for each rs10993994 allele pair; the total incidence is calculated by summing the convolution 
products, weighed by the prevalence of the allele pair calculated in Table 3. 
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Equation 2: BPH requires the synthesis of PSP61 in an infected individual; these are deemed orthogonal, so 
BPH prevalence is the product of these two functions. 
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Equation 3: “Probability of incidence of cancer” functions. Each function consists of delay “d” during which 
the probability is zero, followed by a linear increase. The slope of the linear increase is adjusted for the 
prostate cancer rates for each rs10993994 allele pair. These functions are plotted in Figure 5. 
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Figure 5: Probability of incidence of prostate cancer “t” years after onset of infection; baseline function is 
for rs10993994 CC homozygotes; heterozygote probability is 1.2x the baseline; TT homozygote probability 
is 1.6x the baseline42. This scaling should be combined with a translation to the left, though the 
epidemiological data suggests this effect is modest70, 97; more accurate functions which capture this subtlety 
are described in Section 6.4. 
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3.2.1 Constraints 
The proposed mechanism for BPH requires the prevalence of the yet-to-be-identified STI 
to exceed the prevalence of BPH at all ages, placing a lower bound of infection at 80% for 
75 year old men60. The prostatic inflammation prevalence of ~80% reported in the 
REDUCE study provides a similar lower bound51. The prevalence of latent prostate cancer 
measured at autopsy in white men who died of unrelated causes also provides a lower 
bound for infection prevalence at various ages: 11%, 31%, 38%, 44%, 68% for 20-29, 30-
39, 40-49, 50-59, 60-69 year old men, respectively140. Note that these results are from a 
single center with a small sample size, so they contain a non-negligible amount of 
sampling noise and may not be representative of the whole population. 

Elevated leukocytes in EPS are another marker of prostatic inflammation which suggest a 
lower infection prevalence bound of 12% in 20 year old men and at 41% in middle aged 
men50, 129. A relaxed threshold could be used in the definition of what consists of an 
elevated leukocyte count, bringing the lower bound up to 19% for 20 year old men and 
63% for middle aged men. These data points indicate that the prevalence of infection 
roughly triples between ages 20 and 40. 

Middle aged men with CP/CPPS symptoms are 25% more likely to have elevated 
leukocytes in their EPS than asymptomatic aged matched controls50. The “infection 
prevalence” can be estimated using this correlation, as explained in Section 5.1.5. This 
method gives a point estimate of “infection prevalence”, not just a lower or upper bound: 
about 82% of 40 year old men are estimated to be infected. Since this is the tightest 
constraint of “infection prevalence” implied by the epidemiological data, it was chosen to 
scale the risk of exposure presented in the next section, and thus should not be considered a 
prediction of the model; however, the other constraints mentioned in this section can be 
used to test predictions of the model, since they were not used to build it (see Section 3.6). 
For clarity, racial differences are analyzed separately (see Section 3.3). 

3.2.2 Risk of exposure 
The proposed model assumes all white American men have the same risk of exposure to 
the yet-to-be-identified STI: modeling heterogeneous risk is complex75, and has little 
impact on infection prevalence in teens and young adults. The proposed model uses HSV-2 
seroprevalence135 to estimate the distribution by age group of the risk of exposure to the 
predicted yet-to-be-identified STI. Similarly to this yet-to-be-identified STI, HSV-2 
infections do not self-resolve; however, HSV-2 prevalence only reaches 20% in American 
men by age 40-49 whereas epidemiological evidence suggests >80% prevalence for the 
putative STI in this age group, so HSV-2 is an imperfect match in this regard. The 
distribution of HPV infections by age group could have been used instead, since HPV 
infections have a lifetime probability of acquisition (~85% for women and ~91% for men) 
similar to that estimated for the yet-to-be-identified STI75; however the data currently 
available for HPV infections by age group are not as reliable as for HSV-2. The difference 
between lifetime risk of exposure to HPV and HSV-2 is largely due to the higher risk of 
contracting HPV per intercourse with an infected partner (see Section 5.3). 
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The increase in prevalence of HSV-2 is nearly linear between ages 20-39, slowing slightly 
between ages 40-49; the risk of exposure is thus almost constant during this period135 (this 
study did not report prevalence for individuals older than 50 years of age). HPV prevalence 
concords with this risk distribution147, except for a small peak in college aged individuals. 

Since the prevalence of the yet-to-be-identified STI reaches very high levels in middle age, 
the risk of exposure beyond age 50 makes almost no difference in the model. Figure 6 
shows the estimated “yearly risk of exposure” function chosen to match HSV-2’s 
distribution by age group, and scaled to reach a prevalence of 82% for 40 year old men, as 
estimated in Section 5.1.5. The distribution of infection prevalence by age group estimated 
using this method matches the age at onset of ankylosing spondylitis; this disease is also 
suspected of being caused by a yet-to-be-identified STI, and is strongly associated with 
prostatic inflammation (see Section 5.2)*. 
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Figure 6: Estimated “yearly risk of exposure” to the hypothesized STI responsible for prostate cancer and 
BPH (for white men in the United States). Estimate is based on epidemiological constraints explained in 
Section 3.2.1 and risk of exposure to STIs explained in Section 3.2.2. The “yearly risk of exposure” was 
scaled in such a way that “infection prevalence” reaches 82% by age 40 (see Section 5.1.5). “Onset of 
infection incidence” is calculated by multiplying “yearly risk of exposure” by the fraction of uninfected 
individuals from the previous year. “Prevalence of infection” is the sum of “onset of infection incidence” of 
all preceding years. 

                                                
* I was not aware of the ankylosing spondylitis (AS) literature when I built this epidemiological model of 
prostate disease. The fact that this model concords with the age at onset of AS is suggestive of its accuracy. 
Since AS has been associated with prostatic inflammation and sexual risk factors in many studies, it appears 
likely that AS and prostate disease share the same infectious etiology. 
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3.2.3 Results for BPH and clinical prostate cancer 
Figure 7 shows the result of the convolution of “onset of infection incidence” from Figure 
6 with the prostate cancer probability functions of Figure 5; it matches well with the 
incidence of prostate cancer measured by the National Program of Cancer Registries’ 
United States Cancer Statistics (USCS) in 2008 for white men144. Figure 7 also shows 
“PSP61 synthesis prevalence” which was selected to match the measured prevalence of 
BPH based on the predicted “infection prevalence”. The gap between “PSP61 synthesis 
prevalence” and “BPH prevalence” occurs because a small fraction of elderly men remain 
uninfected. 
Since “PSP61 synthesis prevalence” was chosen to match with the epidemiological data*, 
“BPH prevalence” has almost no predictive value in this model: it is only constrained by 
“infection prevalence”, which is an upper bound for “BPH prevalence”. 

The slope (‘m’) of the convolution function in Figure 5 was chosen to match with the 
prostate cancer epidemiological data for white men provided by the USCS for 2008; this 
resulted in an excellent match with prostate cancer incidence from ages 45 to 69, 
consisting of five data points. The data point for ages 70-74 is not properly predicted by 
the model, though this may well be due to underreporting of clinical prostate cancer in 
older men (see Section 3.1). The model was over-constrained—since only a single variable 
could be adjusted to align the results with five data points—yet managed to produce a 
decent match. This should be considered a weak confirmation of the model, since the 
entropy of these five data points is low. 
Upcoming sections analyze over-constrained predictions for which epidemiological data 
was not used to build the model. If these predictions match measurements in the 
population, they will provide stronger confirmation of the model. 

                                                
* The “PSP61 synthesis prevalence” plot beyond age 60 may well continue increasing linearly rather than 
tapering out as shown in Figure 7, thus reaching ~95% by age 75. In this alternate scenario, the implied 
infection prevalence at age 75 would be around 85% of men, not 96% as shown in Figure 7. Though 
infection prevalence is clearly expected to be high by age 75 (>80% of men), it is difficult to estimate with 
precision based on currently available data. 
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Figure 7: This figure shows the results of the epidemiological model proposed in this section, overlaid with 
prevalence and incidence of prostate diseases from the literature. The match is excellent except for prostate 
cancer incidence at age 70-74. 
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3.3 Sexual behavior and prostate disease in white and black men 
Two large case-control studies have been conducted recently linking sexual behavior to 
prostate cancer risk in the United States: one in Seattle45 (where 95% of the study 
population is white), and one in Flint117 (the study included black men only). Both studies 
reported that beginning sexual activity at a young age and having many sexual partners 
increase prostate cancer risk (see Table 4 to Table 7)—note that these two variables are 
positively correlated, so they are not independent findings. These tables also show that 
black men in Flint began sexual activity about four years earlier than white men in Seattle, 
and had more sexual partners during their lifetime. Though these measurements are 
quantitative in nature, the data in these four tables is still subject to recall bias, so they 
should be interpreted with caution. A 2010 CDC report135 showed that HSV-2 
seroprevalence is about three times higher in black men as compared to white men in the 
United States, suggesting increased promiscuity (which is apparent in the tables below) 
and/or increased risk of exposure to STIs per encounter. 

Table 4: Risk of prostate cancer decreases with age of first intercourse; Seattle, 95% white men45 
Age at first intercourse % of controls Odds ratio 
<17 24% 1.00 
17-19 37% 0.66 
20-22 23% 0.60 
>22 15% 0.61 

Table 5: Risk of prostate cancer decreases with age of first intercourse; Flint, 100% black men117 
Age at first intercourse % of controls Odds ratio 
<14 23% 1.00 
14-15 25% 0.57 
16 17% 0.83 
>16 35% 0.49 

Table 6: Risk of prostate cancer increases with number of sexual partners; Seattle, 95% white men45 
Number of female sexual partners % of controls Odds ratio 
1 23% 1.00 
2-4 22% 1.67 
5-14 31% 1.58 
15-29 11% 1.89 
>29 13% 2.38 

Table 7: Risk of prostate cancer increases with number of sexual partners; Flint, 100% black men117 
Number of female sexual partners % of controls Odds ratio 
1-5 25% 1.00 
6-11 25% 1.87 
12-24 25% 1.66 
>24 25% 2.80 
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The odds ratios reported for lifetime number of sexual partners in Table 6 and Table 7, and 
in a meta-analysis of many such studies47, are statistically significant but low as compared 
to other cancers known to have a sexually transmissible infectious etiology. For example, 
the odds ratios for male anal cancer and lifetime number of sexual partners are as high as 
5.3x148. Anal cancer is caused by sexually acquired HPV infections. This difference 
between anal cancer and prostate cancer has been puzzling epidemiologists for more than a 
decade6, 45, and is perhaps the main reason why no consensus has been reached as to the 
existence of sexual risk factors in prostate cancer149, 150. The low odds ratios for lifetime 
number of sexual partners and prostate cancer risk can be explained by a key difference 
between the yet-to-be-identified STI and HPV: HPV is cleared by the immune system and 
can be acquired multiple times151, 152, but the yet-to-be-identified STI can only be acquired 
once (like HSV-2). Each time HPV is acquired, the lifetime risk of anal cancer increases; 
in contrast, once the yet-to-be-identified STI has been acquired, subsequent sexual 
activity no longer affects prostate cancer risk. 

A 2008 case-control study153 of prostate cancer STI risk factors reported that a much 
higher fraction of elderly black American men have been exposed to STIs than their white 
counterparts (see Table 8). Since the risk of prostate cancer is only 1.6x higher for black 
vs. white American men and genetic factors only explain a factor of about 1.1x (see Table 
30 on page 121), environmental factors such as STI exposure must account for the 
remaining risk. In white American men aged 55-75, the most prevalent known STI only 
reaches a prevalence of 10.6% as measured by serology; in black American men aged 55-
75, the prevalence of known STIs reaches levels 3.7x to 5.3x higher (see “Ratio” column 
in Table 8). This means none of these STIs can explain the majority of prostate cancer 
cases, since the black/white prostate cancer risk ratio is only around 1.6x (1.45x 
environmental and 1.1x genetic), which is very far from 3.7x to 5.3x that would be 
expected if these STIs were the primary cause of prostate cancer. 
Table 8: STI seropositivity of white and black American men aged 55-75 (controls in PLCO)153. 
Serologic assay White American 

men (controls) 
Black American 
men (controls) 

Ratio 

C. trachomatis (IgG) 9.7% 35.7% 3.7x 
HPV-16 10.6% 47.5% 4.5x 
HPV-18 8.1% 43.2% 5.3x 
HSV-2 9.7% 49.1% 5.1x 
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Equation 4: Linear time-invariant system equation describing the mathematical relation between the “onset 
of infection incidence” and clinical “prostate cancer incidence” for black American men. 

The estimated “yearly risk of exposure” for white men used in Figure 6 can be adjusted for 
black men by taking into account that peak sexual activity is reached four years earlier and 



    

 27  

by increasing the risk of exposure by 30% (see Figure 8)*. Using the same model described 
for white men in Section 3.2—after adjusting the weights for each rs10993994 allele 
combination, see Equation 4—, we obtain an estimate of BPH and prostate cancer 
incidence which matches closely with measured rates in black men (see Figure 9). 
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Figure 8: “Yearly risk of exposure” for white and black men. The maximum risk is reached four years earlier 
and is 30% higher for black men. This makes the “infection prevalence” function rise earlier in black men, by 
about four years. Since both “infection prevalence” functions approach 100% by middle age, their absolute 
levels become quite similar in older men. 

                                                
* Though both changes affect the “infection prevalence” from which prostate cancer incidence is calculated, 
most of the difference is due to earlier sexual activity—this occurs because unlike other STIs whose 
prevalence in white men always remains below 25%, the yet-to-be-identified STI’s prevalence quickly 
saturates in both races, reaching levels well above 50% in men’s twenties. The 2010 CDC HSV-2 report and 
Table 8 both suggest the risk of exposure to STIs is 3x to 5x higher in black men as compared to white men: 
the 30% increase in risk used here seems to underestimate this difference. It is not clear why a 30% increase 
gives the best fit with the data; perhaps it is compensating for heterogeneous risk of exposure to STIs in 
subgroups of black men, as suggested by HSV-2 prevalence saturation at ~60% in black men (see Figure 1 in 
the 2010 CDC HSV-2 report). Perhaps the much higher relative risk of STI exposure for black men occurs 
mostly in middle age: the model is very sensitive to STI exposure before the age of 25, and not so sensitive 
thereafter. Note that the model’s predictions continue to match the USCS 2008 data well even if the risk of 
exposure for black men is increased substantially (because the prevalence is nearly a unit step function). The 
yearly risk of infection is so high that its value barely affects the shape of the prevalence function at all: the 
variable that really matters is age at sexual debut, which shifts the prevalence function in time. 
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Figure 9 shows that BPH incidence is almost identical for white and black men, and that 
prostate cancer incidence is about 1.6x higher for black men, as described in the 
literature142-144. The rs10993994 allele and age at sexual debut are sufficient to explain 
prostate cancer risk differences between white and black American men. The 
rs10993994 allele may also partly explain the faster progression of prostate cancer in black 
men reported by Powell140 (see Section 6.4.5). By the time PSP61 synthesis begins, the 
“infection prevalence” functions both approach 100%, which explains why BPH 
prevalence is nearly identical for both races. This saturation of “infection prevalence” is 
also reflected in prostate autopsy studies which detect high rates of latent prostate cancer in 
both white and black men (70% by age 70)140. 
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Figure 9: “Infection prevalence”, estimated “prostate cancer incidence” and “BPH prevalence” for white and 
black men in the Unites States. The results of this model match closely with the data reported by the USCS144 
and by Guess60. 
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3.4 Prostate cancer risk linked to STIs after a long lag 
Studies show weak positive associations between all STIs and cervical cancer, though only 
HPV is known to cause cervical cancer; this effect occurs because the risk of exposure to 
any STI is positively correlated with the risk of exposure to HPV6. Thus many STIs were 
suspected of causing cervical cancer prior to the discovery of HPV. Similarly, the risk of 
exposure to a yet-to-be-identified STI should be positively correlated with the risk of 
exposure to known STIs such as HSV-2 and HPV. These two common STIs can be used as 
a proxy for the rate of sexual contact154. 

Many studies have been conducted which measure STI serology shortly before or after 
prostate cancer diagnosis (see Table 10): they generally fail to find a difference between 
cases and controls46. The epidemiological model proposed here indicates that clinical 
prostate cancer only develops decades after acquiring the yet-to-be-identified STI; this 
long delay is strongly supported by multi-stage theory (see Section 6.4). Thus a long lag 
between STI screening and prostate cancer diagnosis should result in stronger associations. 
Most importantly, the model also predicts that the yet-to-be-identified STI is ubiquitous 
and can only be acquired once, meaning American men’s sexual behavior beyond the age 
of 35 has little impact on prostate cancer risk (see Figure 10). To reach maximum 
sensitivity, studies must measure STI exposure in men’s twenties and the incidence of 
prostate cancer in men’s fifties or sixties in the same cohort. 
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Figure 10: Prevalence of yet-to-be-identified STI estimated using prostate disease data (see Section 3.2) and 
ankylosing spondylitis data (see Section 5.2). This STI has been acquired by 75% of white American men by 
age 35, which means sexual behavior beyond this age has little impact on prostate cancer risk (since most 
men are already infected). This is in sharp contrast to cancers caused by HPV such as anal cancer, for which 
risky sexual behavior at any age increases cancer risk. This effect occurs because HPV infections can be 
cleared and reacquired many times over, which justifies the much higher odds ratios for lifetime number of 
sexual partners and risk of HPV related cancers versus risk of prostate cancer (odds ratios reach 5.3x for male 
anal cancer and lifetime number of sexual partners, whereas for prostate cancer they are below 2.8x). 
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Two studies have been conducted which performed serological STI testing of men in their 
thirties. Their results are consistent with the epidemiological model proposed in this 
section, and strongly support an STI as the main cause of prostate cancer. They will be 
described after a brief review of the serological properties of HSV-2 and HPV antibodies. 

HSV-2 infections are never cleared by the immune system, seroconversion occurs in all 
infected individuals and HSV-2 antibodies are seropersistent. HSV-2 seropositivity thus 
indicates exposure to STIs an indeterminate number of years ago. For HPV, the situation is 
more complicated: the immune system usually clears HPV infections within a few years, 
seroconversion may not occur in some individuals, and HPV antibodies may not be 
seropersistent, especially in men155-157. Table 9 shows the seroprevalence of four common 
genital HPV types in the United States, split by age and sex. Since no consensus exists for 
seroconversion and seropersistence rates, it is difficult to estimate the lifetime risk of 
exposure to HPV—based on cohort DNA testing, the cumulative risk of exposure in men 
appears to be somewhat higher than seroprevalence158, 159. If the HPV-18 “hit-and-run” 
model72 were to explain all prostatic inflammation, BPH and latent prostate cancer, then 
lifetime risk of exposure in men would have to reach at least 70% to match the prevalence 
of these three conditions51, 60, 140. 
Table 9: Percent seroprevalence of four HPV types by age group/sex in the United States (2003-2004)160. 
Age Any HPV  

-6/-11/-16/-18 
HPV-6 HPV-11 HPV-16 HPV-18 

 Men Women Men Women Men Women Men Women Men Women 
14-19 1.0 9.3 0.6 5.3 0.1 1.9 0.2 4.0 0.0 0.9 
20-24 4.2 23.2 3.1 10.9 0.8 4.2 0.3 13.3 0.0 3.8 
25-29 7.2 34.9 3.5 21.9 2.1 5.3 3.8 16.0 0.3 5.0 
30-39 15.1 42.0 8.4 21.4 3.5 9.3 6.9 21.9 2.5 9.3 
40-49 16.8 40.9 9.2 20.6 1.6 11.0 7.4 18.2 1.5 9.9 
50-59 18.0 29.7 7.3 16.1 2.8 5.4 7.0 13.9 2.6 4.6 

A study of men in the United States military analyzed the link between STIs and prostate 
cancer using serum collected a mean of 8 years and a maximum of 14 years prior to 
prostate cancer diagnosis74. This study reported a statistically significant association (odds 
ratio 1.6x) between HSV-2 and prostate cancer. This association increased to 2.0x when 
analyzing cases with a minimum lag of 5 years between serum collection and prostate 
cancer, and decreased to 1.2x when serum was collected less than a year before prostate 
cancer. This study detected a similar link with Chlamydia trachomatis, but was too small 
to reach statistical significance. Antibodies against HPV-6/-11/-16/-18 were also tested, 
but no link to prostate cancer could be established. The short lag between serum collection 
and prostate cancer in this study may have resulted in some HPV infections being missed 
because seropositivity was lost over time: a lag of more than a decade seems necessary to 
observe a link between HPV and prostate cancer. This effect does not occur for HSV-2 
since seropositivity is maintained. 

Most studies do not find a link between HPV and prostate cancer when serum samples are 
taken from older men136, 137. HPV seropositivity in older men is not strongly linked to risk 
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of exposure to STIs at a young age161. This means serum collection must occur in men’s 
twenties or thirties at the latest to find an association between HPV and prostate cancer. A 
study of men in California published in 2000 measured HPV-16 antibodies at a mean age 
of 36 and waited a mean of 26 years for prostate cancer diagnosis: it found the highest 
odds ratio of all studies in Table 10 (2.7x)73, but the small number of cases in this study 
caused it to fall just short of the statistical significance threshold. This study did not test for 
other HPV types. It had the longest lag between serum collection and prostate cancer 
diagnosis of all studies published as of 2013, and it should be the most sensitive study 
available due to the nearly optimal age at which serum was collected—though five to ten 
years earlier would have been even better. All other studies reported in Table 10 are not 
expected to find a strong association between STI seropositivity and prostate cancer risk 
since serum was collected well beyond men’s thirties. 

The two studies described above are likely detecting risky sexual behavior in general, and 
not a direct causal link between individual STIs (e.g. HSV-2, HPV-16, Chlamydia 
trachomatis) and prostate cancer. This hypothesis has already been proposed by several 
epidemiologists6, 45, 46. A study of latent prostate cancer found at autopsy indicated that 
31% of both white and black men have histologically identifiable prostate cancer by ages 
30-39140; this would require >31% of men to have acquired the causative STI by their early 
thirties. No known STI reaches such a high prevalence in American men: HSV-2 comes 
closest at 14% for men aged 30-39135. A Finnish study suggested HPV-18 could be causing 
prostate cancer via a “hit-and-run” mechanism72, but reaching a prevalence of >31% for 
HPV-18 appears difficult by age 39, even allowing for low seroconversion/seropersistence 
rates (see Table 9). Furthermore, the mechanisms leading to prostate cancer after an HPV 
infection would have to differ from those leading to cervical cancer, as HPV DNA is not 
generally detectable in prostate cancer specimens56 and the minimum lag between infection 
and cancer is several decades long162, unlike cervical cancer. Prevalence alone is sufficient 
to exclude HSV-2 as the causative STI responsible for most prostate cancer cases. Using 
this technique to exclude the HPV-18 “hit-and-run” hypothesis is more difficult due to the 
uncertainty of male exposure. The major differences between the properties of cervical and 
prostate cancers suggest HPV-18 is not directly involved in prostate cancer. This leaves a 
yet-to-be-identified STI as the most likely causative agent. 
These studies demonstrate that prostate cancer is linked with exposure to STIs only after a 
very long lag, and that studies measuring STI seropositivity in young men report the 
strongest associations with prostate cancer. A similar effect is seen in serological studies of 
Helicobacter pylori as a risk factor of stomach cancer: an odds ratio of 2.1x-2.6x is 
observed when samples are collected less than 10 years from the development of stomach 
cancer, whereas for samples collected more 10 years prior, the odds ratio increases to 
5.9x146. The seropersistence of antibodies and continued exposure to STIs can explain 
positive associations between STIs and prostate cancer over intervals shorter than thirty 
years or when collecting serum from older men. The odds ratios for Helicobacter pylori 
reach high levels because this bacterium is known to directly cause stomach cancer. The 
odds ratios for known STIs and prostate cancer are much lower, likely because known 
STIs are not causing prostate cancer directly, but are acting as surrogates6: they just happen 
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to be transmitted with the actual causative STI. Even without taking age at serology into 
consideration, meta-analyses still find a weak positive association between exposure to any 
STI and prostate cancer47, 48. 
Table 10: Studies of STI seropositivity and prostate cancer risk. The “Study size” column specifies the 
normalized number of seropositive case and controls as an approximate measurement of power. The “Lag” 
column indicates the delay between serum collection and prostate cancer diagnosis. 
Study 
size 

STI, assay and study Sero- 
persistence 
(years) 

Lag in 
years 
(range) 

Association (95% 
CI) 

Measures sexual activity between ages 16 
and 29? 

24 HPV-18 IgG ELISA72  17 (1-24) 2.60 (1.17-5.75) No. Mean age at serology was 59 (18-78). 
Association increases with longer lag. 36 C. trachomatis IgG MIF72 <6163 1.04 (0.54-2.00) 

34 HPV-16 IgG ELISA164  0 1.40 (0.70-2.80) No. 
46 T. pallidum MHA-TP164 ∞164 1.80 (1.00-3.50) 
39 HPV-16 IgG ELISA73  26 (12-32) 2.70 (0.90-7.90) Somewhat. Mean age at serology was 36. 
63 HPV-16 IgG ELISA165  0 0.91 (0.66-1.24) No. 
53 HPV-18 IgG ELISA165  1.00 (0.60-1.80) 

118 HPV-33 IgG ELISA165  1.54 (1.00-2.36) 
109 HPV-16 IgG ELISA161  0 1.06 (0.71-1.57) No. 

36 HPV-18 IgG ELISA161  1.36 (0.69-2.69) 
100 HPV-16 IgG ELISA166  14 (1-25) 0.90 (0.64-1.26) No. 75%+ were older than 45 at serology. 

50 HPV-18 IgG ELISA166  0.79 (0.49-1.26) 
110 HPV-33 IgG ELISA166  0.99 (0.72-1.38) 

22 HSV-2 IgG ELISA167 ∞ 17 (1-24) 0.93 (0.44-1.96) No. Mean age at serology was 59 (18-78). 
110 C. trachomatis IgG MIF168 <6163 14 (1-25) 0.69 (0.51-0.94) No. 75% were older than 45 at serology. 
152 T. vaginalis IgG ELISA169  3 (0-7) 1.41 (0.99-2.00) No. 
130 HPV-16 IgG ELISA170  0 1.33 (0.87-2.04) No. 
113 HPV-16 IgG ELISA171  3 (0-7) 0.84 (0.57-1.24) No. 

82 HPV-18 IgG ELISA171  1.06 (0.67-1.66) 
94 HPV-33 IgG ELISA171  1.14 (0.76-1.72) 
52 C. trachomatis IgG EIA171 ~6163 1.15 (0.67-1.99) 

174 HPV-16 IgG ELISA153  2 0.90 (0.70-1.30) No. 
146 HPV-18 IgG ELISA153  1.20 (0.80-1.70) 
159 HSV-2 IgG SPEIDA153 ∞ 0.90 (0.70-1.30) 

75 C. trachomatis IgA ELISA153 ~6163 0.70 (0.40-1.10) 
175 C. trachomatis IgG ELISA153 ~6163 1.20 (0.90-1.60) 
100 HPV-16 IgG ELISA153  2 1.00 (0.70-1.60) No. 

90 HPV-18 IgG ELISA153  0.90 (0.60-1.50) 
110 HSV-2 IgG SPEIDA153 ∞ 1.30 (0.80-2.00) 

50 C. trachomatis IgA ELISA153 ~6163 2.10 (1.20-3.60) 
80 C. trachomatis IgG ELISA153 ~6163 1.10 (0.70-1.70) 
50 HPV-16/-18 IgG ELISA74  8 (1-14) 1.13 (0.73-1.75) Somewhat. 67% were younger than 40 at 

serology. Association increases with longer lag 
and decreases with shorter lag. 

76 HSV-2 IgG ELISA74 ∞ 1.60 (1.05-2.44) 
39 C. trachomatis IgG MIF74 <6163 1.35 (0.79-2.31) 

285 T. vaginalis IgG ELISA172  4 0.83 (0.63-1.09) No. 
186 T. vaginalis IgG ELISA172  0.97 (0.70-1.34) 
309 T. vaginalis IgG ELISA173  9 (1-18) 1.23 (0.94-1.61) No. Mean age at serology was 59 (40-84). 
174 HPV-16 IgG ELISA174  4 1.07 (0.77-1.48) No. 

43 HPV-18 IgG ELISA174  0.87 (0.47-1.63) 
142 HPV-31 IgG ELISA174  1.15 (0.80-1.64) 
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3.5 Correlation between BPH and clinical prostate cancer 
The proposed epidemiological model predicts that about 90% of white men will be 
infected by age 50. The mechanisms of BPH and prostate cancer proposed in Section 1.4 
indicate that uninfected individuals would not suffer from BPH and would not develop 
prostate cancer; this implies that a small correlation should exist between BPH and prostate 
cancer. This correlation occurs because all individuals suffering from BPH are known to be 
infected, whereas only a fraction of individuals who do not have BPH are infected. 
An extensive Swedish study found a slight positive correlation between BPH and prostate 
cancer138. A common bias in such studies occurs because men suffering from BPH are 
screened more thoroughly for prostate cancer in the years following a BPH diagnosis. To 
minimize this bias, the study reports separately the odds ratios for prostate cancer 
diagnosed 5, 7, 10 and 15 years after the BPH diagnosis. Furthermore, the study divides 
groups of patients based on what type of BPH surgery was performed, if any. This is 
important because patients who undergo transvesical adenomectomy are at much lower 
risk of subsequently developing prostate cancer. Excluding this group, the odds ratio for 
prostate cancer following BPH diagnoses stabilizes 7 years later, between 1.1x and 1.2x138. 

Since the prevalence of BPH changes rapidly as men age, the odds ratio of prostate cancer 
based on BPH must be calculated separately at different ages (see Table 11). The implied 
odds ratio for men in their 50s is roughly constant, and concords with the range reported in 
the Swedish study138. 
Table 11: The implied odds ratio of prostate cancer for men who have BPH is based on “BPH prevalence” 
and overall “infection prevalence” of Figure 7. The “non-BPH infection prevalence” is calculated by solving 
1-((1-“infection prevalence”)/(1-“BPH prevalence”)). The implied odds ratio is the multiplicative inverse of 
the “non-BPH infection prevalence”. These odds ratios are consistent with those of the Swedish study138. 
Age BPH 

prevalence 
Infection 
prevalence* 

BPH infection 
prevalence 

Non-BPH infection 
prevalence 

Implied odds 
ratio 

50 30% 90.4% 100% 86.3% 1.16x 
55 43% 92.6% 100% 87.0% 1.15x 
60 58% 94.0% 100% 85.7% 1.17x 
 

                                                
* As stated in Section 3.2.2, infection prevalence in men older than 50 is not tightly constrained by prostate 
disease data, which means 1-“infection prevalence” may have a high error percentage. Per this model, the 
fraction of uninfected men changes from 9.6% to 6.0% between ages of 50 and 60. This means ~38% of 
uninfected men at age 50 will become infected in the following decade. This estimate is somewhat higher 
than Chesson 2014’s estimate for initial HPV acquisition between ages 45-70 for low risk groups (~18%), 
though the absolute life-time exposure risk by age 70 is similar (91.3% vs. 95%). This difference can be 
explained by the fact that HPV infections are cleared by the immune system, making acquisition risk of HPV 
per new sexual partner decrease between early and late adulthood, as opposed to the yet-to-be-identified STI 
whose risk of acquisition per new sexual partner should increase over the same period. 
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3.6 Summary 
The strength of the correlation between known STI seropositivity and yet-to-be-identified 
STI infection status should vary based on the properties of the known STI and age at STI 
screening: screening 20 to 30 year old men will give the highest correlation. Lifelong 
persistence of some STI antibodies allows screening do be done in older men, though the 
correlation will be weaker: sexual activity beyond men’s late 30s is not expected to be a 
strong prostate cancer risk factor because by then most men are already infected with the 
yet-to-be-identified STI. This means sexually acquired HPV infections detected in men’s 
20s are expected to be the best surrogate for the yet-to-be-identified STI; HSV-2 is 
expected to be a better surrogate than HPV if serum is collected later in life. Hard to 
acquire STIs (such as HIV) are associated with very high levels of sexual activity: they are 
poor surrogates for the yet-to-be-identified STI, as they don’t distinguish low from 
medium STI exposure risk—on the other hand, HPV infections are easily acquired and 
fully capture this distinction75. 

Intercountry comparisons were excluded from this section because they are a very weak 
type of proof, which can be quite misleading: “The Seven Countries Study” linking diet to 
heart disease is a famous example of how such comparisons can go awry. Despite this 
caveat, one intercountry comparison related to prostate disease is probably worth 
mentioning: Japanese men who immigrate to America as children assume the higher 
American prostate cancer risk, whereas those immigrating as adults conserve the much 
lower Japanese prostate cancer risk (BPH prevalence is similar in both populations). What 
happens between the ages of 12 and 25 which could explain this difference? Is it diet: 
seaweed and rice vs. fast food? Is it earlier exposure to STIs, as shown for HPV in Figure 2 
here175? This second explanation is compelling because the lifetime risk of acquiring HPV 
is similar in both countries, yet it is twice as high in America prior to age 25. This means 
prostate cancer would be expected to occur later in life in Japan (because mutations take 
the same number of years from initial STI exposure to cause cancer in both countries), but 
BPH prevalence would remain similar (because the age at which STI exposure occurs has 
no impact on the lifetime risk of BPH, see Section 3.2). 
The model presented in this section makes predictions which match very well with 
published epidemiological data. The accuracy of some predictions can be attributed to how 
the model was developed, while other predictions are truly independent and strongly 
support the model (see Table 12). The spreadsheet used to produce this epidemiological 
model can be found here: www.psp94.com/epi. 

This epidemiological model is dependent on the existence of a yet-to-be-identified STI. It 
is not specifically dependent on the PSP94 mechanisms presented in Section 1.4, so these 
predictions would remain valid even if the PSP94 hypothesis linking prostate disease to an 
intracellular infection turns out to be incorrect. Since the HPV-18 “hit-and-run” hypothesis 
was excluded in Section 3.4, these predictions strongly support the existence of a yet-to-
be-identified STI predicted by epidemiologists6, 45, 46. A detailed multi-stage theory 
analysis is presented in Section 6.4 which explains the predictive properties of Equation 3 
and provides independent evidence supporting an infectious etiology for prostate cancer. 
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Table 12: Twelve quantitative epidemiological model predictions, listed by quality. 
Prediction from proposed epidemiological 
model of prostate disease 

Prediction Measured in 
population 

Prediction quality 

Odds ratio of prostate cancer following BPH 
diagnosis 

1.15x to 1.17x 1.1x to 1.2x138 Strongly supports model 

Prevalence of prostate cancer in black men 
matches five USCS 2008 data points 

Figure 9 Figure 9 Strongly supports model 

Prevalence of elevated leukocytes in EPS at age 
20 (see Section 5.1.6) 

11% 6% to 19%129 Strongly supports model 

Yet-to-be-identified STI matches onset age of 
ankylosing spondylitis (see Section 5.2) 

Figure 6 Figure 20 Strongly supports model 

Odds ratio of BPH for black men vs. white men in 
United States 

1.05x ~1.0x143 Supports model 

Lag between sexual activity and prostate cancer 
diagnosis 

>28 years >10 years72-74 Supports model 

Infection prevalence exceeds cut-off for elevated 
leukocytes in EPS at age 20 & 40 

23% / 81% 19%129 / 63%50 Weakly supports model, since it 
only provides a lower bound 

Infection prevalence exceeds prostatic 
inflammation prevalence 

90% to 95% 80% Weakly supports model, since it 
only provides a lower bound 

Infection prevalence exceeds BPH prevalence Figure 7 Figure 7 Weakly supports model, since it 
only provides a lower bound 

Prevalence of prostate cancer in white men 
matches five USCS 2008 data points 

Figure 7 Figure 7 Weakly supports model, since this 
was used to adjust the slope of 
Figure 5 

Odds ratio of elevated leukocytes in EPS 
following CP/CPPS diagnosis 

1.25x ~1.25x50 Used to build model: predictive 
value is qualitative only 

Prevalence of elevated leukocytes in EPS at age 
40 

41% 20% to 63%50 Used to build model: predictive 
value is qualitative only 

 

3.7 Unanswered questions 
What is the prevalence of PSP61 by age group? 
What fraction of 75 year old men secrete PSP61 yet do not have histological BPH? 

Is the presence of elevated leukocytes in EPS in young men associated with sexual 
activity? 

How do elevated leukocytes in EPS affect prostate cancer risk (controlling for rs10993994 
allele pair)? It should be a risk factor. 

How does the rs10993994 allele affect the risk of elevated leukocytes in EPS? Low PSP94 
concentration may or may not be a risk factor for elevated leukocytes in EPS. 
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4    Which species fit the bill? 

Edström reported that PSP94’s fungicidal activity was due to its capacity to disrupt 
ergosterol containing plasma membranes, leading to cytosolic leakage23. PSP94 has been 
linked to prostate cancer70 and BPH41, and is likely playing a protective role in both 
diseases. The mechanisms proposed in Section 1.4 indicate that a yet-to-be-identified 
microbe targeted by PSP94 may be causing these diseases. 
PSP94’s activity against plasma membranes which contain ergosterol suggests that the 
microbe putatively causing diseases of the prostate synthesizes ergosterol. This excludes 
almost all bacteria, but includes almost all fungi and some protists. Observations that 
chronic prostatitis symptoms are relieved by drugs targeting ergosterol also support this 
property (see Section 5.1.8 and Section 5.1.9). 
Since PSP94’s fungicidal properties are inhibited by calcium ions in most body fluids, the 
sites in which it is actively fungicidal are restricted to low pH fluids (vagina, stomach) and 
low calcium ion concentration fluids (cytosol of human cells*). Due to this property, its 
                                                
* I sequentially found nine clues which suggest the putative yet-to-be-identified STI is an intracellular 
microbe. (1) in BPH, both PSP61 and PSP94 are present extracellularly in the prostate, which means targeted 
extracellular microbes would continue being inhibited by PSP94—only microbes located within cells 
exclusively producing PSP61 would grow fast enough to cause the glandular destruction seen in BPH. (2) 
PSP94 is inhibited by calcium ions which are abundant in extracellular fluids of the prostate, so its target 
must be an intracellular microbe. (3) CD8+ (cytotoxic) T cells characteristic of intracellular infections are 
present in BPH, CP/CPPS and asymptomatic prostate inflammation. (4) Maksem 1988 noticed brown 
intracellular “granules” in prostate epithelial cells targeted by cytotoxic T cells, which may in fact be the 
causative microbe. (5) Dickson 1927 observed an fastidious “fungus” within bladder and prostate cells; (6) 
nearly all infectious agents which persist for long periods in humans are obligate intracellular microbes, 
allowing them to better evade the immune system. (7) PSP94’s disulfide bonds are broken in the cytosol, yet 
PSP94 still folds correctly, suggesting it evolved to function in the cytosol. (8) the HLA-B*27 allele group is 
by far the most significant genetic risk factor for reactive arthritis and ankylosing spondylitis, and is a key 
receptor in immune defense against intracellular infections only. (9) Seman 1982 noticed brown intracellular 
“granules” containing melanin in prostate epithelial cells, which may in fact be the causative microbe. 
PSP94’s inhibition by calcium ions is the simplest and strongest clue, which is why it is the only one 
mentioned in the text above. 
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fungicidal activity would be solely intracellular in the prostate. This means candidate 
species are likely obligate or facultative intracellular microbes which have ergosterol 
in their plasma membrane. A list of medically important microbes which match some of 
these characteristics can be found in Table 13. 

Circumstantial evidence suggests mannoproteins are present in the cell wall of candidate 
microbes (see Section 5.4.5 and Section 5.4.14); mannoproteins are very common in 
fungal cell walls, but much less frequent in protistan and bacterial cell walls. 
Over the last decades, many studies have screened genitourinary specimens from CP/CPPS 
patients using cell culture media176. Though several species of bacteria and occasionally 
fungi have been cultured50, 78, none could be strongly linked with disease. Studies have also 
been conducted with BPH58 and prostate cancer patients56, 57, yielding a similar absence of 
association. Thus species which readily grow on commonly used cell culture media are 
unlikely to be involved in the etiology of prostate disease, leaving fastidious species as 
likely candidates. 
Table 13: Some medically important microbes listed with their sterol type, presence of mannoprotein, and 
their capacity to grow intracellularly and in cell culture media. 
Species Classification Sterol in plasma 

membrane 
Mannoprotein 
in cell wall 

Intracellular Grows easily 
in culture 

Candida albicans Fungi Ergosterol Yes Facultative Yes 
Aspergillus fumigatus Fungi Ergosterol Yes Facultative Yes 
Cryptococcus neoformans Fungi Ergosterol Yes Facultative Yes 
Histoplasma capsulatum Fungi Ergosterol Yes Facultative Yes 
Microsporidia spp. Fungi Cholesterol (?) No Obligate No 
Pneumocystis jirovecii Fungi Cholesterol Yes ? No 
Malassezia spp. Fungi Ergosterol Yes Facultative (?) No 
Blastomyces dermatitidis Fungi Ergosterol Yes  Yes 
Coccidioides immitis Fungi Ergosterol Yes  Yes 
Toxoplasma gondii Protist Cholesterol  Obligate  
Leishmania braziliensis Protist Ergosterol Yes Obligate  
Trypanosoma cruzi Protist Ergosterol Yes Obligate  
Prototheca wickerhamii Algae Ergosterol    
Trichomonas vaginalis Protist ?    
Sarcocystis bovihominis Protist ?    
Rhinosporidium seeberi Protist ?    
Plasmodium falciparum Protist ?  Obligate  
Naegleria fowleri Protist Ergosterol    
Isospora belli Protist ?  Obligate  
Giardia lamblia Protist ?    
Entamoeba spp. Protist Cholesterol    
Dientamoeba fragilis Protist ?    
Cryptosporidium spp. Protist ?  Obligate  
Blastocystis spp. Protist ?    
Babesia spp. Protist ?    
Acanthamoeba spp. Protist ?    
Ichthyosporea spp.177, 178 Protist/fungi ?  Yes No 
Dickson’s fungus77 Fungi (?) ?  Yes No 
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A few investigations used bacterial consensus PCR followed by high-throughput 
sequencing to identify fastidious bacteria, and again none could be linked to disease56, 57. 
Investigations using quasi-universal primers or whole metagenome shotgun sequencing 
have not been carried out. Of all the microbes listed in Table 13, only Candida albicans 
would have been detected by currently published PCR/sequencing studies—PCR primers 
used were restricted to bacteria, and a few viruses and protists. 

It is also possible that the microbe putatively causing prostate disease is either an as-yet-
undiscovered species, or a known species that has not been recognized as medically 
important (see Section A.1). Interestingly, the fungus responsible for white nose syndrome 
in bats (P. destructans) is genetically closest to fungi present in soil rather than known 
medically important species; this complicated its discovery and its association to disease, 
as ruling out environmental contamination was not trivial. 

A substantially more far fetched possibility is that the causative microbe originates from a 
distant branch of the tree of life, enabling it to avoid detection by means which have been 
optimized to detect known microbes179, 180. 

4.1 Select medically important species 
Species listed in Table 13 that are of special interest for prostate disease are discussed here. 

4.1.1 Medically important fungi which grow in culture media 
Candida albicans, Cryptococcus neoformans, Aspergillus fumigatus and Histoplasma 
capsulatum are known to infect the male genitourinary tract181 and the cytosol of epithelial 
cells182. They readily grow in commonly used cell culture media183, 184, so any link to 
prostate disease would likely have been already recognized: they are unlikely candidates. 
However, these common fungi may increase immune recognition of other fungal species, 
causing inflammation indirectly (see Section 5.4.17). 

4.1.2 Microsporidia species 
Microsporidia are obligate intracellular fungal parasites which have received much 
attention from the medical community since the 1980s. Infections are usually 
asymptomatic in healthy individuals, but they can be life threatening in immunodeficient 
individuals such as HIV patients185. They are ubiquitous, generally asymptomatic, sexually 
transmissible and do not grow in cell culture media, making them good candidate 
microbes185. In laboratory animals in which cancer cells are grown, microsporidia often 
infect these cells; such infections have been shown to slow the progress of cancer and even 
result in remission in some animals186-190. A single case of microsporidial infection in 
human cancer tissue has been reported186. It is unclear if microsporidia would be affected 
by PSP94 since their plasma membrane may not contain ergosterol191. 

4.1.3 Pneumocystis jirovecii 
Pneumocystis jirovecii is a highly prevalent fungal colonizer of the human lung192, 193. It 
typically does not cause symptoms, but occasionally leads to pneumocystis pneumonia in 
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individuals with a weakened immune system, such as HIV patients. Pneumocystis jirovecii 
does not have ergosterol in its plasma membrane194, likely making it non-susceptible to 
PSP94. It is thus a relatively unlikely candidate microbe for diseases of the prostate. 
Pneumocystis species have coevolved with their host species in such a way that they 
cannot infect other hosts: they have become stenoxenous195. For example Pneumocystis 
jirovecii cannot infect rats, while Pneumocystis carinii can infect rats but not humans. 
These two Pneumocystis species shared a common ancestor approximately 100 million 
years ago195. Such properties are expected of parasitic microbes which colonize hosts, 
since they must evade the immune system and must avoid reducing host fitness due to 
severe symptoms. Coevolution is expected to provide these two properties at the expense 
of being able to infect multiple host species or grow outside of the host: the microbe will 
become fastidious, losing the ability to grow in artificial culture media. The yet-to-be-
identified microbe suspected of causing prostate disease is expected to have coevolved 
with humans in a way similar to Pneumocystis jirovecii, thus it has likely become both 
fastidious and stenoxenous (host species specific). 

4.1.4 Malassezia species 
Malassezia species are highly prevalent fungal colonizers of the human skin found on 
every adult33, 196. They are associated with various skin conditions such as dandruff and 
atopic eczema197, though they usually colonize the skin without causing any symptoms. 
They require culture media supplemented with lipids to grow, so assays using typical 
culture media such as blood agar or Sabouraud dextrose agar would not detect them. 
Though the conserved genes flanking their ITS ribosomal DNA region are similar to 
commonly used consensus primers, several Malassezia strains in Genbank have 
mismatches against these primers which may result in poor detection rates. In an 
experiment conducted at a well known mycology lab, LR0R → LR5 primers detected 
Malassezia species present in clinical specimens, whereas ITS1 → ITS2 and ITS1 → ITS4 
did not amplify Malassezia DNA from the same DNA template (see Table 14, Figure 11 
and Figure 12). 
Table 14: Commonly used consensus PCR primers for fungi, aligned to Malassezia globosa. Only the ITS3 
→ ITS4 primer pair is expected to amplify Malassezia globosa DNA. 

Primer Alignment to Malassezia 
globosa (AAYY01000001.1) 

Command to produce 
hybridization plot 

Comment 

ITS1 TCCGTAGGTGAACCTGCGG 
|| |||||||||||||| | 
TCTGTAGGTGAACCTGCAG 

leif tm0 
TCCGTAGGTGAACCTGCGG 
TCTGTAGGTGAACCTGCAG 
0.25 0 2 0.8 

Amplification difficult due to two 
mismatches198, including a 
penultimate 3’ mismatch. 

ITS2 GCTGCGTTCTTCATCGATGC 
||||||||||||||||||| 
GCTGCGTTCTTCATCGATGG 

leif tm0 
GCTGCGTTCTTCATCGATGC 
GCTGCGTTCTTCATCGATGG 
0.25 0 2 0.8 

Amplification difficult with 3’ 
terminal base mismatch198. 

ITS3 GCATCGATGAAGAACGCAGC 
 ||||||||||||||||||| 
CCATCGATGAAGAACGCAGC 

leif tm0 
GCATCGATGAAGAACGCAGC 
CCATCGATGAAGAACGCAGC 
0.25 0 2 0.8 

Amplification will work well with 
single 5’ mismatch.  

ITS4 TCCTCCGCTTATTGATATGC 
|||||||||||||||||||| 
TCCTCCGCTTATTGATATGC 

leif tm0 
TCCTCCGCTTATTGATATGC 
TCCTCCGCTTATTGATATGC 
0.25 0 2 0.8 

Exact match. 
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Figure 11: Hybridization of primer ITS1 to Malassezia globosa DNA calculated with Leif Microbiome 
Analyzer 0.7.5. Unless a very low annealing temperature is used, PCR amplification will be heavily biased 
against Malassezia globosa as compared to other fungi which match ITS1 exactly. Conditions: oligo 0.25 
uM, Mg2+ 2 mM, dNTP 0.8 mM. 

 
Figure 12: Hybridization of primer ITS3 to Malassezia globosa DNA calculated with Leif Microbiome 
Analyzer 0.7.5. The melting temperature is only changed slightly, so there should be little bias against 
Malassezia globosa. Note that some mismatches slightly stabilize dsDNA hybrids, as is the case here. 
Conditions: oligo 0.25 uM, Mg2+ 2 mM, dNTP 0.8 mM. 

Would known Malassezia species found on the skin develop resistance to PSP94 in order 
to infect prostate epithelial cells? This seems unlikely unless this was absolutely necessary 
for their lifecycle (see Section A.1.1). It is also possible that a yet-to-be-identified 
Malassezia species could be filling this niche: each Malassezia species has evolved in such 
a way that it thrives only on specific patches of skin33. A recent survey of fungi on the skin 
of healthy individuals found many Malassezia ITS sequences which matched poorly with 
known species33, suggesting that some medically important Malassezia species remain to 
be discovered. An earlier report also found four uncharacterized Malassezia phylotypes in 
human skin samples199. Six novel medically important Malassezia species have been 
discovered in the last decade32, demonstrating that the fastidious nature of Malassezia 
species makes them very difficult to find. In a 2008 article, Paulino stated that several 
medically important Malassezia species may not have been discovered yet32: 

“Our study revealed that a phylotype distinct from the currently recognized species is prevalent, being 
detected in 74% of the skin samples. This organism, most closely related to M. restricta, also was 
detected in our previous study using analysis of clone libraries (Paulino et al., 2006), and should be 
further characterized. The high prevalence of an organism that potentially represents a new species 
emphasizes the importance of further studies for better understanding the microbiota of human skin, 
especially considering that other unidentified Malassezia organisms also may be present.” 
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A new Malassezia species infecting humans was discovered in May 201634. 
Lipid droplets are present within epithelial cells of the prostate, making intracellular 
localization possible for lipophilic yeasts such as Malassezia species—though this 
characteristic is not very specific, as lipid droplets are present in many other cell types, 
including breast secretory epithelial cells200. Baroni investigated mechanisms which 
allowed Malassezia furfur to persist on the skin while avoiding an inflammatory immune 
response201, concluding that Malassezia furfur invades and persists within human cells 
while inducing the secretion of IL-10 and TGF-β1. These two cytokines are known to 
inhibit the clearance of intracellular infections; IL-10 is also elevated in CP/CPPS patients, 
which is consistent with a chronic intracellular infection202. 

Malassezia furfur is known to cause systemic disease in patients receiving intravenous 
lipid therapy (e.g. induced hyperlipidaemia)203, supporting the hypothesis that it can infect 
lipid rich environments beyond the skin. If a lipophilic fungus is infecting epithelial cells 
of the prostate and other late onset cancer sites, this could explain why PSP94 is 
synthesized by these cells (see Section 6.1) as well as the positive association between 
adult onset cancers and untreated hyperlipidaemia204, 205.  

Interestingly, a mutated version of the CHIT1 gene which cannot breakdown chitin has 
been linked to reduced risk of atherosclerosis and Alzheimer’s206, two other diseases for 
which hyperlipidaemia is a major risk factor (see Section 5.4.2). Note that the human 
APOE gene modulates blood cholesterol levels207, atherosclerosis and Alzheimer’s risk in 
a manner consistent with hyperlipidaemia contributing to these conditions—though this 
might just be a correlation reflecting another causative mechanism. The bacterial STI 
Chlamydia trachomatis has recently been shown to be dependent on intracellular lipid 
droplets for reproduction, providing an example of how lipids can directly influence 
parasitic microbes in humans208. 
Proving that Malassezia species cause prostate disease would be difficult since they are 
nearly always present on humans33, 209, and often appear in microbiome results either as 
laboratory contaminants or as commensal microbes (see Section A.1). 

4.1.5 Protists 
Though protists are not classified as fungi, some medically important species have 
ergosterol in their plasma membrane, which would probably make them susceptible to 
PSP94. Many different types of protists infect animal cells, making them good candidate 
microbes. 
For example, Ichthyosporea are fastidious single celled eukaryotic microbes which infect 
animals intracellularly and share many characteristics with fungi. At least one species is 
sexually transmissible: Ichthyosporea sp. ex Tenebrio molitor (taxid=1156560) cells attach 
themselves to spermatozoa, hitching a ride from male to female mealworms178— 
interestingly, the candidate microbe reported in Section 8 is often found attached to human 
spermatozoa. The prevalence of this sexually transmissible Ichthyosporea species is 
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(nearly?) 100% in adult mealworms, and its location is not limited to reproductive 
tissue178. This example would have been much more compelling if an Ichthyosporea 
species infected mammalian rather than arthropod reproductive tissue, but it demonstrates 
that highly prevalent sexually transmissible fastidious eukaryotes do exist in some animals. 

4.1.6 Dickson’s fungus 
A fastidious intracellular microbe morphologically resembling fungi was identified in 
chronic bladder pain and chronic prostatitis patients by Dickson77. This microbe’s 
characteristics closely match the experimental findings reported in Section 8. 

Four independent studies have been published11, 53, 210, 211 reporting small intracellular 
granules in prostate secretory epithelial cells reminiscent of Dickson’s fungus77—though 
none of these studies considered that such granules could be an intracellular microbe. 
These granules were brown and were located toward the basal end of prostate secretory 
epithelial cells. The first report211 indicated that ~4% of prostates were affected, whereas 
the next two11, 53 indicated that these granules were ubiquitous (>40%), yet were not 
present in all parts of the prostate. Perhaps tissue sampling in the first report was 
inadequate. The microbe putatively involved in prostate disease is expected to be highly 
prevalent (see Section 3). 
The granules’ brown coloration was due to the presence of melanin11. Melanin is a pigment 
commonly found in fungi. It is produced during periods of stress as a defense mechanism 
against antifungal compounds such as PSP94212, 213. Humans naturally produce melanin in 
skin melanocytes, and apparently in other sites such as the aging brain*. It is thus unclear if 
melanin found in the prostate can be attributed to unusual synthesis by human cells or to an 
intracellular fungus. Maksem reported that CD8+ (cytotoxic) T cells aggregate around 
cells which contain these brown granules53, consistent with an intracellular infection. The 
absence of brown coloration in Dickson’s report may be due to the fact that observations 
were not made using prostate tissue, which is where PSP94 would be active against the 
fungus. 

4.2 Could PSP94 be completely protecting prostates from intracellular microbes? 
Perhaps the predicted intracellular microbe has not been found because PSP94 is so 
fungicidal that human prostate epithelial cells are completely immune from infection. This 
hypothesis is not consistent with two key pieces of evidence. 
The reduced synthesis of PSP94 in individuals with rs10993994 CT or TT allele pair 
results in a ~1.25x and ~1.57x increase in prostate cancer risk as compared to CC 
individuals, respectively70. This suggests PSP94’s concentration is not high enough to 
completely prevent infection, and probably only slows the growth of the targeted microbe. 
Furthermore, a recent study demonstrated an interaction between the rs10993994 allele, 

                                                
* Neuromelanin could also be due to a fungal infection, see Sections 5.4.2 and 5.4.14. 
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lifetime number of sexual partners and prostate cancer risk22, supporting the existence of a 
sexually acquired microbe targeted by PSP94. 

The synthesis of PSP61 in BPH41 suggests the presence of a latent intracellular infection 
whose growth rate accelerates in epithelial cells when this non-fungicidal variant of PSP94 
is synthesized. Taken on its own, this could also be explained by a ubiquitous fungus 
which infects men’s prostates shortly after PSP61 synthesis has begun—though this is not 
supported by the evidence, as many signs of prostatic inflammation precede BPH54, 129. 
Either way, the link between PSP61 and BPH is strong evidence for the existence of an 
intracellular fungus infecting the prostates of most men as hyperplasia progresses. 

4.3 Genetic identification 
It should be possible to detect the DNA of the predicted intracellular microbe using 
genitourinary samples such as semen or prostate tissue. The identification of microbial 
eukaryotes is usually done by amplifying and sequencing a portion of the ribosomal DNA 
unit using PCR primers targeting conserved regions of ribosomal genes. Genes in the 
ribosomal DNA unit contain the most highly conserved sequences in all species, so they 
are best suited for consensus PCR. The choice of primer pair determines which species’ 
DNA will be amplified and which will not. An ideal primer pair for this application would 
amplify all species’ DNA except human DNA—though no such primer pairs exist. 

Consensus primers, sometimes called “universal” primers, are designed to amplify the 
DNA of as many species as possible in a branch of the tree of life. For example the 
ITS3→ITS4 primer pair214, developed by White in 1990, amplifies the second ITS region 
of the ribosomal DNA unit of many medically important fungal species. It is the most 
widely used primer pair to detect fungi in human clinical specimens. Unfortunately, this 
primer pair does not amplify DNA from all types of medically important fungi, such as 
Pneumocystis jirovecii or Encephalitozoon hellem. Custom consensus primers which can 
detect these two species (as well as most other fungi) do exist and target even more highly 
conserved ribosomal DNA unit sequences; they thus cast a wider net when trying to 
identify novel fungal species, which is our objective. 

Consensus primers can even be designed to detect substantially all microbial eukaryotes, 
broadening the search for ergosterol bearing microbes beyond the fungal kingdom—this 
may be important since ergosterol can be found in some protists as well as in most fungi. 
However, this does not mean consensus primers are truly universal: stenoxenous species 
are prone to genetically diverge from related species due to tight coevolution with their 
host. For example, the protistan STI Trichomonas vaginalis mismatches with nearly all 
consensus ribosomal gene regions. Consensus PCR followed by amplicon sequencing can 
detect novel species with certainty (they are nearly 100% “specific”), but they cannot rule 
out the existence of novel species (they are not 100% “sensitive”). 
Consensus PCR products originating from clinical specimens are typically sequenced with 
a high-throughput sequencer such as the Illumina MiSeq, LifeTech Ion Torrent PGM or 
the Oxford Nanopore MinION (rather than older single read technology such as Sanger 
sequencing). High-throughput sequencers produce a large number of reads, usually in the 
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thousands or millions, allowing the detection of multiple microbial species in the same 
clinical specimen which were simultaneously amplified by the consensus PCR reaction. 

If human sequences are inadvertently amplified by the consensus primer pair, these will 
waste many reads, greatly reducing the assay’s sensitivity. Since humans and fungi are 
genetically closely related, highly conserved sequences common to all fungi tend to also 
match human sequences, making consensus fungal primers suitable for use with human 
clinical specimens difficult to find—as opposed to bacterial consensus primers whose 
sequences are very different from humans. Fortunately, a simple technique can be used to 
prevent the amplification of human sequences which inadvertently match with consensus 
primers: adding “blocking primers” which match specifically with human sequences but 
not with any microbial eukaryote sequence215. 
If working PCR primers cannot be found, DNA in a sample can be sequenced without first 
being selectively PCR amplified37, 216 using a technique coined “unbiased high-throughput 
sequencing”. Contrarily to consensus PCR, this technique is “sensitive” to all DNA 
bearing microbes, allowing experiments to rule out the existence of novel microbes as well 
as detect them. However, this method is more expensive since human DNA in the sample 
is also sequenced and computationally discarded, greatly reducing the yield of microbial 
DNA. This technique is explained in detail in Appendix B, and can also be applied to 
RNA; while sequencing RNA is more complex, it extends coverage to most types of 
viruses and increases the assay’s sensitivity. 

Rudimentary genetic identification experiments performed for this project can be found in 
Section 8.1 and Appendix B. Much more sensitive microbe detection techniques were also 
developed for this project, but have not yet been applied to clinical specimens; these 
techniques can be found in the companion book published by Shipshaw Labs entitled “No 
microbe left behind”. 

4.4 Sexual transmissibility 
The most important and specific characteristic of candidate microbes is the presence of 
ergosterol in their plasma membrane. This characteristic essentially excludes bacteria and 
viruses. These two groups have been the primary focus of previously published studies 
linking infectious agents to prostate cancer. Several other less specific characteristics 
should be taken into consideration when designing such studies in the future, most 
importantly transmissibility from males to females. 

Prostate cancer studies suggest an infectious etiology for which heterosexual intercourse is 
a major risk factor47-49. This means candidate microbes should persist in the female 
urogenital tract and/or oral cavity, and must be transmissible from females to males during 
sexual activity. 

It is very likely that such a microbe would be transmissible from males to females as well, 
though there is no direct evidence to support this from prostate cancer studies. Reactive 
arthritis studies show the involvement at onset of the urethra/prostate in men and of the 
cervix in women217. Since the epithelial cells of the cervix synthesize PSP94, and the 
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putative yet-to-be-identified STI involved in prostate cancer is also suspected of causing 
reactive arthritis (see Section 5.2), this provides circumstantial evidence of male-to-female 
transmission. 
Ruling out microbes which could be transmitted during intercourse without being true STIs 
is not trivial. Such microbes would infect the prostate incidentally, in the sense that their 
lifecycle would not benefit from male-to-female transmission originating from the prostate. 
Perhaps the most direct evidence against this hypothesis is that the microbe suspected of 
causing prostate disease is resistant to PSP94: why would a microbe maintain resistance to 
PSP94 if it only infects the prostate incidentally? 
It would theoretically be possible to explain the link between sexual factors and prostate 
cancer if transient exposure to uropathogens (Escherichia coli, Enterococcus faecalis, etc) 
or commensal bacteria/fungi (Staphylococcus, Corynebacterium, Candida species, etc) 
during intercourse resulted in prostate cancer decades later (see Section A.1). If a persistent 
chronic infection were required for oncogenesis, these organisms could not be considered 
candidates because their presence does not correlate with disease in case-control studies50, 

56, and their sustained prevalence is well short of 70% by age 70140. While they could 
trigger a chronic autoimmune response in virtually all men (leading to the chronic 
inflammation suspected of causing prostate disease), such a ubiquitous autoimmune 
disease would have to overcome severe evolutionary pressure, so microbes which infect 
the prostate incidentally are very unlikely candidates. 

Thus, candidate microbes are likely to be true STIs which require male-to-female 
transmission to propagate and survive. This has two important implications. First, 
candidate microbes should be detectable in prostatic fluid and semen of infected men, as 
this appears to be the simplest way to reach the female genital tract during intercourse. 
Second, the list of known STIs is short and well studied in relation to prostate cancer. It is 
possible to exclude all known STIs, as none are close to reaching the required prevalence 
to explain most prostate cancer cases in white American men (see Section 3.3 and Section 
3.4). It is also possible to exclude them based on the absence of ergosterol in their plasma 
membrane. This leaves only yet-to-be-identified STIs whose lifecycle requires both male-
to-female and female-to-male transmission as likely candidate microbes*. 

                                                
* Ichthyosporea sp. ex Tenebrio molitor (taxid=1156560) appears to be transmitted both vertically (from 
mother to offspring) and horizontally (from males to females during sex). While vertical transmission may 
seem sufficient for this microbe to complete its lifecycle, microbial eukaryotes need to reproduce sexually, 
which cannot be achieved by vertical transmission alone. If the putative yet-to-be-identified STI was 
vertically transmitted in humans (from mother to offspring), female-to-male horizontal transmission during 
sex would be optional while male-to-female horizontal transmission during sex would be mandatory. There is 
currently no evidence suggesting vertical transmission of the microbe putatively involved in prostate cancer. 
Vertical (congenital) transmission of STIs such as syphilis is known to occur (about 10% of the time for 
latent syphilis), leading to a variety of symptoms in genetically susceptible children which are unrelated to 
adult symptoms. It is thus plausible—though I have found no direct evidence of this—that some idiopathic 
diseases which affect children could be caused by vertical transmission of the suspected fungal STI involved 
in prostate cancer, as is known to occur for other STIs. 
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4.5 Summary 
Candidate microbes are most likely to be fastidious intracellular fungi whose ribosomal 
DNA unit is not efficiently amplified by commonly used consensus primers. Table 15 and 
Table 16 list all the predicted characteristics of candidate microbes. 
Table 15: Characteristics of candidate microbes for which there is strong evidence. 
Characteristic of microbe Supporting evidence 
Plasma membrane contains ergosterol23 PSP94 disrupts plasma membranes which 

contain ergosterol 
Transmissible to men during heterosexual intercourse47-49 Sexual risk factors of prostate cancer 
>31% of men must have been exposed by age 39140 Latent prostate cancer prevalence at autopsy 
>70% of men must have been exposed by age 70140 
>80% of men must have been exposed by age 7560 BPH prevalence 
Obligatory or facultative intracellular microbe23 See Section 4 
Present in prostate, spine and brain See Section 5.2 and Section 5.4.14 
Fastidious; ribosomal DNA unit is not efficiently amplified 
by commonly used 16S consensus bacterial primers56 

Many negative studies have used cell 
culture and 16S consensus primers 

Table 16: Characteristics of candidate microbes for which there is some evidence. 
Characteristic of microbe Supporting evidence 
>6% to >19% of men must have been exposed by age 20129 Elevated leukocytes in semen 
Mannoproteins present in microbe cell wall See Section 5.4.5 and Section 5.4.14 
Microbe produces melanin when located within prostate 
secretory epithelial cells containing PSP9411, 53, 211 

Brown melanin granules found in prostate 
secretory epithelial cells (see Section 4.1.6) 

>20% to >63% of men must have been exposed by age 4050 Elevated leukocytes in expressed prostatic 
secretion 

>40% of men must have been exposed by age 4054 Prostatic inflammation at autopsy 
>80% of men must have been exposed by age 7551 Prostatic inflammation at biopsy 
Intracellular form has diameter of about 1 um218 Dickson’s fungus (Section 8.2.4) 

Antibodies against PSGs (Section 5.1.7) 
Bodies in epithelial cells (Section 8.4.10)  

Transmissible to women during heterosexual intercourse See Section 4.4 
Ribosomal DNA unit is not efficiently amplified by 
commonly used ITS consensus fungal primers 

See Section 8.1 
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5    Links with diseases other than cancer 

Earlier sections focused on prostate cancer and BPH, since these diseases can be linked to 
PSP94 in a clear and simple manner. Several other genitourinary diseases may share the 
same etiology as BPH and prostate cancer. Chronic prostatitis/chronic pelvic pain 
syndrome (CP/CPPS) is a prostate condition of unknown etiology which affects a large 
fraction of men at some point in their life: it is reviewed at length in Section 5.1. Two other 
genitourinary diseases of unknown etiology are also briefly discussed in Section 5.2: 
reactive arthritis and ankylosing spondylitis. If a yet-to-be-identified STI actually exists, 
then it is likely causing these three conditions. Unlike prostate cancer and BPH, the onset 
of symptoms for these three conditions should often occur shortly after the initial infection, 
allowing a better understanding of incidence and prevalence in young individuals (see 
Section 5.3). 

Circumstantial evidence linking other conditions to prostate disease is discussed in Section 
5.4. Many of these links are speculative in nature: they are included as a starting point for 
researchers who wish to study these conditions in relation to diseases of the prostate. 

5.1 CP/CPPS 
Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) affects somewhere between 
15% and 50% of men at some point in their lifetime, and consists mainly of chronic 
perineal and/or testicular pain219. 
CP/CPPS affects men of all ages including teenagers, whereas BPH and prostate cancer 
only affect older men. BPH and prostate cancer can be identified by objective means, 
making their prevalence and incidence studies uncontroversial. However, CP/CPPS is 
solely defined by patient reported symptoms, making it difficult to compare results 
between studies, and between populations and age groups in which pain may be reported 
differently. CP/CPPS was long considered a young man’s disease, but recent studies have 
shown non-negligible prevalence in middle aged and older men219. Each of the four 
surveys of CP/CPPS prevalence suggests a different distribution between age groups219-222. 
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The results of all CP/CPPS studies should be interpreted carefully due to the subjectivity of 
symptom reporting; for example, men who have BPH or prostate cancer may report 
CP/CPPS symptoms differently than those who have had no other prostate disease. 
The evidence linking an intracellular fungal infection to CP/CPPS is not as direct and 
compelling as for prostate cancer and BPH. Many studies attempted to link bacteria to 
CP/CPPS over the last decades, yet no strong link has been found (see Section 5.1.2). Any 
causative microbe which can be readily cultured would have been identified. Since the 
disease model proposed in Section 1.4 stipulates that prostate cancer and BPH are caused 
by a yet-to-be-identified STI, it is plausible that CP/CPPS shares the same etiology. If this 
were the case, studies linking CP/CPPS to prostate cancer would be expected to find a 
small positive association, though the subjective nature of CP/CPPS makes these studies 
very susceptible to bias. A meta-analysis published in 2002 reports such an association, but 
the authors warn of recall and detection bias223. 
The positive correlation between CP/CPPS symptoms and elevated leukocytes in EPS 
implies an infection prevalence which is sufficiently high to be able to cause all latent 
prostate cancer and BPH cases (see Section 3.2 and Section 5.1.5). The progression of 
prevalence of elevated leukocytes in EPS between 20 year old men and ~40 year old men 
also matches the rate of increase of the “infection prevalence” function estimated earlier 
(see Section 3 and Section 5.1.6). 

5.1.1 CP/CPPS symptoms 
Zermann reported that the primary location for pain in CP/CPPS patients is in the 
prostate/perineal region (46%) and scrotum/testes (39%)224. The Canadian PIE study 
reported the number of urological visits resulting in a diagnosis of prostatitis (2.7%) and 
epididymitis (0.9%)225. While both conditions can be caused by bacterial uropathogens, 
most cases are of unknown etiology, chronic, and do not respond to antibacterial 
treatment226, 227. The symptoms of chronic epididymitis correspond to a subset of CP/CPPS 
symptoms where the primary pain location is the scrotum/testes, with little or no pain in 
the prostate/perineal region. Though chronic epididymitis is not a disease of the prostate 
per se, both diseases may share a common cause. This suggests a quarter of symptomatic 
CP/CPPS cases result in testicular pain without accompanying prostate pain, and thus are 
classified as chronic epididymitis rather than CP/CPPS. 

5.1.2 CP/CPPS and bacteria 
The frequent detection of leukocytes in the expressed prostatic secretion (EPS) of 
CP/CPPS patients has led to decades of research focused on identifying possible 
uropathogens in the prostate, first using cell culture and then using species specific or 
consensus PCR followed by DNA sequencing. Such studies found a plethora of bacteria in 
the genitourinary tract of men with CP/CPPS symptoms and controls50, 56, 228, 229. 
However, two independent CP/CPPS researchers concluded that there is little significant 
difference between the bacterial flora of men with CP/CPPS symptoms and controls50, 228. 
Nickel reported that 8% of men's EPS contains uropathogens, and 70% contains benign 
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colonizers, regardless of the presence of CP/CPPS symptoms50. This weakens the case for 
bacteria as a major component of CP/CPPS etiology. 

5.1.3 CP/CPPS symptom self-resolution 
Of the three main diseases of the prostate, only CP/CPPS is known to frequently self-
resolve221. An extensive study by De La Rosette showed that CP/CPPS symptom 
resolution rates were around 60% in a series of 409 men seen at a practice in the 
Netherlands, and did not depend on the use of antibacterial drugs78. This study also 
reported that 15% of patients had been symptomatic for more than 5 years, suggesting that 
self-resolution may not occur in some individuals. Many clinical trials were subsequently 
performed to determine the efficacy of antibacterial treatment on CP/CPPS patients176: 
each of the double blind studies conducted found that antibacterial drugs had no impact on 
the resolution of CP/CPPS symptoms. 

5.1.4 CP/CPPS categories 
CP/CPPS is divided into five categories: I, II, IIIa, IIIb, and IV. Category I and II are 
defined by the presence of uropathogens in EPS and represent less than 10% of 
symptomatic cases; the vast majority of cases are of categories III and IV, where no 
uropathogen can be detected. CP/CPPS category III includes symptomatic cases, either 
with or without leukocytes in EPS (IIIa or IIIb respectively). Category IV includes 
asymptomatic cases with elevated leukocyte in EPS. Table 17 approximates the prevalence 
of CP/CPPS categories III and IV as reported by Nickel50. 
Table 17: Approximate prevalence of CP/CPPS categories among middle aged men50. 
 0-4 leukocytes in EPS per 

high power field 
5+ leukocytes in EPS per 
high power field 

CP/CPPS 
symptoms absent 

54% 36% (IV) 

CP/CPPS 
symptoms present 

5% (IIIb) 5% (IIIa) 

 

5.1.5 Estimating prevalence with CP/CPPS symptoms and elevated leukocytes in EPS 
Assuming that CP/CPPS symptoms and elevated leukocytes in EPS are statistically 
independent manifestations of the same infection, men with CP/CPPS symptoms should be 
slightly more likely to have elevated leukocytes in their EPS. This would occur because 
men suffering from CP/CPPS symptoms are known to be infected, whereas the infection 
rate of controls should match that of the asymptomatic population. Indeed, Nickel reported 
that elevated leukocyte counts in EPS are ~25% more likely in CP/CPPS patients than in 
controls50. Combined with data from Table 17, this implies an infection prevalence of 80% 
in controls (1/1.25=80%), and an overall prevalence of 82% in middle aged men 
(80%·0.9+100%·0.1=82%). This calculation is explained graphically in Figure 13. 
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Figure 13: Estimation of infection prevalence based on the correlation between CP/CPPS symptoms and 5+ 
leukocytes per high powered field in EPS of middle aged men. 
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5.1.6 Integrating CP/CPPS in the epidemiological model of prostate disease 
CP/CPPS symptoms and elevated leukocytes in EPS may be an early manifestation of the 
infection that is suspected of decades later causing prostate cancer and BPH. This is similar 
to Helicobacter pylori infections in the stomach: only a minority of infected individuals 
display symptoms, yet inflammation which causes stomach cancer is present in all infected 
individuals. The epidemiological model proposed to account for CP/CPPS symptoms and 
elevated leukocytes in EPS takes a similar approach, assigning probabilities of these two 
markers from the onset of infection. 

Four studies could be found which determined the prevalence of CP/CPPS symptoms in 
the general population by age group219-222. Neither the distribution by age group nor the 
absolute prevalence level show concordance between these studies. The study subject to 
the least selection bias was conducted in Vienna222, and its results are used in the model 
presented in this section (see Figure 14). 
Only two studies could be found which measure the prevalence of elevated leukocytes in 
EPS in the general population50, 129; other studies exist but report prevalence in special 
populations. Unfortunately these two studies used different measurement methodologies, 
so it is difficult to compare results. The 2003 NIH-CPC study analyzed the expressed 
prostatic secretion of 121 healthy asymptomatic men of various ages (median ~40 years of 
age) and found that the prevalence of elevated leukocytes in EPS was 20% to 63% 
(depending on the threshold used)50. The 2008 Estonia study analyzed semen of 565 
healthy young men (around 20 years of age), and found an elevated leukocytes prevalence 
of 6% to 19% (depending on the threshold used)129. 

The model presented in this section uses the average of the lower and upper prevalence 
rates reported in these two studies: 41.5% prevalence at ~40 years of age ((20%+63%)/2), 
and 12.5% at ~20 years of age ((6%+19%)/2). These are obviously approximations—a 
study estimating the prevalence of elevated leukocytes in EPS among the same general 
population at different ages would be very useful. The 2008 Estonia study was much more 
sensitive than the 2003 NIH-CPC study, yet reported that 57% of men had no measurable 
leukocytes in semen, against 26% in the 2003 NIH-CPC study. This represents a clear 
increase in prevalence between age groups, which is consistent with a sexually 
transmissible etiology. 
The course of CP/CPPS symptoms reported in Section 5.1.3 showed that symptoms self-
resolve in most individuals, but persist indefinitely in a small minority of men. This 
probability function from onset is modeled in Figure 15 by S(t); S(t) is very difficult to 
measure and no study could be found which attempted to quantify it. In this model, S(t) 
was chosen to fit with the prevalence reported in the 2007 Vienna study129. The degrees of 
freedom in choosing S(t) are quite large, so it is a weak proof that the same infection is 
causing prostate cancer, BPH and CP/CPPS. 
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Figure 14: Figure 4’s prevalence/incidence of various prostate diseases and markers of infection, augmented 
with “CP/CPPS symptoms prevalence” taken from the Vienna study222; prevalence beyond the fifth decade of 
life may be biased by BPH, so it has been excluded. 

The second part of the model estimates the prevalence of elevated leukocytes in EPS. The 
analysis in Section 5.1.5 predicted that 5+ leukocytes in EPS per high power field will 
occur in half of infected individuals (41% of 82%). This probability is modeled at 50% 
indefinitely after the onset of infection: this assumes that the infection never clears and that 
the immune response does not taper out significantly over time (see function L(t) in Figure 
15). Since Section 5.1.6 determined this probability and the function is constant over time, 
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the selection of L(t) had no degrees of freedom: accurate predictions based on L(t) would 
be strong evidence that the same infection causes prostate cancer, BPH and CP/CPPS. 

Figure 16 presents the results of the convolution (*) of the “onset of infection incidence” 
estimated in Sections 3.2 and 3.3 with functions S(t) and L(t) (Equation 5 and Equation 6). 
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Equation 5: Linear time-invariant system equation describing the mathematical relation between the “onset 
of infection incidence” and “CP/CPPS symptoms”. 
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Equation 6: Linear time-invariant system equation describing the mathematical relation between the “onset 
of infection incidence” and elevated “leukocytes in EPS”. 
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Figure 15: Probability of CP/CPPS symptoms and elevated leukocytes in EPS “t” years after onset of 
infection. 

The measured prevalences of elevated leukocytes in EPS and of CP/CPPS symptoms 
match the model quite well (see Figure 16). In middle age, the model predicts only small 
differences in the prevalence of CP/CPPS symptoms and elevated leukocytes in EPS 
between white and black men; the current literature reports no substantial differences 
between these two races, though race differences have rarely been studied. The model 
predicts a two-fold difference in CP/CPPS symptom prevalence and elevated leukocytes in 
EPS prevalence between white and black teenagers in the United States. 
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Figure 16: Predicted prevalence of CP/CPPS symptoms and elevated leukocytes in EPS for white and black 
men, combined with data from Figure 9. Both functions match measurements from studies of the general 
population. The prevalence of elevated leukocytes reported by Korrovits 2008 at age 20 precisely matches 
estimates, strongly supporting the model. Other matching data points related to CP/CPPS are only weakly 
supportive, since they were used to build the model. 
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5.1.7 Serum antibodies against a protein from granulomatous prostatitis biopsies 
In 1998, Cohen reported the presence of ~1 um diameter prostate secretory granules 
(PSGs) from the histological study of prostate epithelial cells210. PSGs stained for prostate 
specific antigen (PSA) and prostate acid phosphatase (PAP), and exited the cell by 
apocrine secretion. This is similar to previous reports of prostatic secretory granules, 
though these reports indicated the granules were markedly smaller89, 230, 231. In 2004, Cohen 
filed a patent which described PSGs as a biomarker of prostate cancer218. In this patent, a 
short paragraph linked PSGs to granulomatous prostatitis: 

“Serum from a group of four men with histologically proven prostatitis (granulomatous) was subjected 
to Western blot analysis to identify any possible antibody [to] the PSG or its components. […] Early 
results indicate the presence of an auto-antibody against a protein component of PSG which has a 
weight between 55 and 65 KDa. [T]his antibody was not detected in normal controls.” 

This is a very interesting finding which should have been investigated further. T cell 
recognition of PSA (28.7 kDa per Uniprot P07288-1) and PAP (44.5 kDa per Uniprot 
P15309-1) has been reported in CP/CPPS patients232. The mass of these two proteins does 
not correspond to the target protein identified by Cohen’s patent (~60 kDa), nor does the 
mass of PSP94 (12.8 kDa per Uniprot P08118-1). The nature of this protein remains a 
mystery. Humans produce antibodies against several mannoproteins present on the surface 
of fungi which have a mass of ~60 kDa: mp58, CR2 and MP65233, 234. 

Though the methods for this experiment were not stated in the patent, the extraction of 
PSGs was described in another Cohen article235: PSGs were isolated by size (~1 um) using 
centrifugation of homogenized prostate samples in a sucrose solution. The microbe 
hypothesized of causing BPH and prostate cancer is predicted to be located within prostate 
epithelial cells (see Section 4)—this is where PSGs are found. Could these antibodies be 
targeted at a ~60 kDa protein from this hypothesized microbe rather than PSGs? Is this 
microbe ~1 um in diameter when located within prostate epithelial cells? Did Cohen 
mistake this microbe for the much smaller PSGs previously reported in the literature? 

The association between granulomatous prostatitis and fungi is speculative, though several 
elements concord. Chronic rhinosinusitis, a common comorbidity of chronic prostatitis236, 
may have a fungal etiology237. Inoue reported a ~60 kDa protein present in the fungal 
genus Alternaria which caused eosinophil degranulation in chronic rhinosinusitis237. 
Cohen’s antibodies target a ~60 kDa protein, and this mass matches mannoproteins located 
on the surface of fungal cell walls: these are the fungal antigens most commonly targeted 
by the immune system. Eosinophils are abundant in granulomatous prostatitis despite an 
absence of asthma or allergies238. Maksem reported intracellular brown “granules” of 
varying sizes associated with chronic prostatitis inflammatory foci53. Fungal infections can 
cause granulomatous prostatitis239. Ankylosing spondylitis patients also have antibodies 
against a protein located in the prostate, as well as elevated antibodies targeting fungi (see 
Section 5.2). Epithelial cells in granulomatous prostatitis stain negatively for PSP9488, 
suggesting this could be an unusual immune response to the truncation of PSP94 seen in 
BPH, especially since HLA-DRB1*1501 is a major risk factor of granulomatous 
prostatitis240, and is known to increase the immune response to fungi (see Section 5.4.7). 
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5.1.8 Other unexplored leads in the literature 
In a case study, CP/CPPS has been reported to be responsive to high doses of the 
antifungal drug nystatin241. Only a single peer reviewed study was found which used 
antifungal drugs to treat CP/CPPS symptoms, though no control group was included, 
preventing a strong conclusion as to the efficacy of this treatment from being reached242. 
A single study was conducted in which DMSO was injected into the prostatic fossa of 
CP/CPPS patients: the study concluded that such treatment provided temporary relief of 
symptoms in 75% of individuals243. The mechanisms involved in symptomatic relief using 
DMSO are not understood. The in vitro growth of the candidate microbe described in 
Section 8 is inhibited by DMSO (see Section 8.4.7). 

5.1.9 Other links between CP/CPPS and fungi 
The usenet sci.med.prostate.prostatitis revealed much case evidence and five good leads 
linking a fungal infection to CP/CPPS. The case evidence can be found at 
www.psp94.com/case. Leads subject to minimal selection bias are described below. 

Dimitrakov studied the effect of antifungal drugs on 147 chronic prostatitis patients, and 
noticed a marked improvement in symptoms244. There was no control group, and this study 
was only presented as a poster at a conference in 1999—it was not published in a peer 
reviewed journal. 

Shoskes published a peer reviewed article in 2005 which described EDTA suppositories 
(plus antibiotics) as an effective treatment for chronic prostatitis245. Unfortunately there 
was no control group and no further clinical trials with EDTA were conducted. The 
mechanisms through which EDTA provided relief were not identified. EDTA has been 
reported to greatly enhance PSP94's fungicidal activity23, which could explain the 
improvement in symptoms found in the study. 

Shoskes posted his personal experience of taking the antifungal drug terbinafine for a non 
prostate related fungal infection: his chronic prostatitis symptoms reappeared upon taking 
the drug, after being symptom free for a decade246. Since Shoskes is one of the few 
researchers in this field, this form of case evidence is subject to very little selection bias. 
From usenet sci.med.prostate.prostatitis July 9th 1999: 

“On the subject of antimicrobials and their unintended effects, I have an interesting personal 
anecdote. I have been taking Lamisil, an antifungal, for a "non-prostate" indication and began to 
notice lower abdominal skin tingling and a squeezing perineal pain (very similar to what some of 
my CP patients describe). This was worsened after ejaculation (also a common pt complaint). I 
stopped taking the drug and things are slowly getting back to normal. 

I mention this because I have had several patients take antifungals and insist that they felt profound 
changes in the nature of their prostatic symptoms (although no decrease in the symptoms) which 
they attributed to a yeast killing effect. Assuming I don't have a raging asymptomatic genital yeast 
infection, some of these changes may be due to a non-antimicrobial effect of these agents. 

Having said that, I have had a few patients get relief with an "antifungal regimen", particularly those 
with systemic symptoms. I have never had a positive fungal culture in these patients, although I 
have rarely seen evidence of yeast under the microscope. Daniel Shoskes MD”  

http://www.psp94.com/case
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Fungal infections are known to cause “id reactions” (sometimes called “dermatophytid 
reactions”), especially during antifungal treatment30; this involves inflammation in sites 
other than that of the fungal infection for which treatment was initiated31. An “id reaction” 
could explain Shoskes’ case described above; alternatively, terbinafine could be having a 
direct effect on unculturable fungi present in the genitourinary tract. 
Two studies have shown that sinusitis is a major comorbidity in chronic prostatitis 
patients236, 247. Several studies have linked chronic sinusitis with an abnormally strong 
immune response to fungi present in the respiratory system248, 249. 

Dr. Antonio Feliciano confirmed in a private communication that oral antifungal drugs 
such as itraconazole reduced the number of leukocytes in the prostatic secretion of chronic 
prostatitis patients. A peer-reviewed study supporting this observation would be strong 
evidence of a fungal etiology. 

5.1.10 Hypothesized CP/CPPS mechanisms 
The mechanisms linking CP/CPPS to a fungal infection appear much more complex than 
those involved in BPH and prostate cancer. The following mechanisms match the evidence 
I have seen so far, though they are quite speculative at this time. CP/CPPS symptoms occur 
when these conditions are met. 
1) An individual has a chronic subclinical genitourinary infection caused by a fungus 

which is likely acquired through sexual activity, but transmission may not be strictly 
sexual. Latent prostate cancer prevalence, BPH prevalence, prostate inflammation 
prevalence, CP/CPPS types III/IV correlation and ankylosing spondylitis monozygotic 
twin concordance indicate that over 75% of elderly men satisfy this condition. 

2) An individual becomes sensitive to fungal antigens at a given point in time: 
a) This has an innate/genetic component: the immune system has to react strongly to 

fungal antigens (for example having two copies of the HLA-DRB1*1501 allele). 
b) This has an acquired component: the immune system has to have “learned” that 

fungal antigens are linked to infection, breaking immune tolerance. This can be 
triggered by the primary infection (onset of condition 1) or by an unrelated acute 
fungal infection which is presenting similar antigens (such a tinea pedis, fungal 
overgrowth caused by antibiotics usage or dysbiosis in the gut, having sex with a 
partner who has a vaginal yeast infection, etc). 

c) This has an activation component: the immune system has to “think” that there is 
a fungal infection going on right now. This may be triggered by unrelated 
commensal fungi which have similar antigens in the respiratory/digestive tract or 
elsewhere—how the immune system is responding to fungal antigens in the gut 
may be particularly important, which could explain how diet affects symptoms. 

The onset of CP/CPPS coincides with condition 1 or condition 2b. Relapses coincide with 
condition 2c. Similar mechanisms have been proposed to explain episodes of severe 
asthma250. Interestingly, the onset of CP/CPPS symptoms and prostatic inflammation could 
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be triggered by the loss of immune tolerance to a fungus which has subclinically infected 
the prostate for some time—perhaps even years. For example, a ubiquitous Malassezia 
species could infect the prostate while evading immune detection until an unrelated fungal 
infection (such as having sex with a partner that has a vaginal yeast infection) breaks 
immune tolerance, perhaps by initiating the production of cross-reactive antibodies. 
Though this mechanism seems less likely than having inflammation and CP/CPPS 
symptoms appear immediately after the primary prostate infection, it would display many 
of the same epidemiological properties such as sexual risk factors (see Section 5.4.17 and 
Section A.1.6). The loss of immune tolerance to human microbiota is suspected of causing 
several other diseases such psoriasis and Crohn’s disease251, so this mechanism is plausible 
for CP/CPPS as well. 
If medical conditions suspected of being caused by an over reactive immune system start 
quasi-simultaneously with CP/CPPS symptoms or flare-up simultaneously with CP/CPPS 
symptoms, these other conditions may be caused by oversensitivity to similar antigens 
and/or share immune pathways. Conditions which are known to be associated with 
CP/CPPS include sinusitis, interstitial cystitis, fibromyalgia, chronic fatigue syndrome and 
irritable bowel syndrome236, 247. No quantitative study could be found which investigated if 
the onset of symptoms or flare-ups occur simultaneously in CP/CPPS and these others 
conditions. An old qualitative study reported that upper respiratory tract symptoms 
sometimes precede genital symptoms252. 

The antibody reported by Cohen to a ~60 kDa protein found in the prostate may be closely 
linked to conditions 2b & 2c in some individuals218: the initial production of these 
antibodies may define condition 2b; an increased concentration of these antibodies may 
define condition 2c (see Section 5.1.7). Other unidentified mechanisms may also be 
involved, such as leukocyte migration following exposure to inflammatory antigens. 
Antifungal drugs may have any or all of the following effects: 

I. Eliminate the genital fungal infection, removing condition 1. 
II. Eliminate unrelated fungi present in the body, removing condition 2c. 

III. Spread fungal debris in the prostate or elsewhere, temporarily causing condition 2c. 
A case study reported oral nystatin as providing relief for CP/CPPS symptoms241, and three 
studies showed that oral nystatin improved chronic vaginitis symptoms29, 253, 254. Oral 
nystatin is not absorbed by the gut, which means it cannot reach the prostate or vagina. An 
indirect effect in which the immune system is stimulated by fungal antigens in the gut 
could explain these findings. The primary effect of nystatin would be item II, whereas the 
short term effect of terbinafine would be item III—as demonstrated in the Shoskes case. 
No strong evidence supporting item I could be found, though antifungal drugs have not 
been well studied in relation to CP/CPPS. 
Note that if circulating antibodies against fungi are the primary driver of relapses, their 
levels are known to rise very rapidly during a secondary response (eg. a relapse), but once 
the relapse stimulus has passed, they take weeks to return to background levels. This 
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means antifungal drugs such as oral nystatin would need to be taken for many weeks 
before item II above resulted in a reduction in symptoms, as reported by Garst241. 

The fact that CP/CPPS symptoms subside over time suggests that the immune system 
becomes gradually desensitized to the presence of fungal antigens in the prostate. This 
process seems to involve regulatory T cells releasing IL-10*202, 255, and possibly other 
mechanisms. 

From an evolutionary standpoint, the immune system must strike a balance between 
ignoring the prostatic intracellular fungal infection (since it has no chance of clearing the 
infection) and efficiently clearing other fungal infections which could prove fatal. This is a 
plausible explanation which could justify why condition 2a alleles still exist today, despite 
negatively affecting many young men. 
Low intestinal parasite load in developed countries may lead to the deactivation of 
immunoregulatory mechanisms, failing to down regulate reactivity to benign fungal 
antigens in the gut, and causing CP/CPPS symptoms through a form of “id reaction”. If 
this were the case, helminth therapy may be able to provide relief to CP/CPPS patients, as 
demonstrated for other chronic inflammatory conditions256. 

5.2 Reactive arthritis and ankylosing spondylitis 
Non-specific urethritis is a very common urological complaint. In most cases, no causative 
infectious agent can be found257. Non-specific urethritis is also a major comorbidity of 
CP/CPPS236, 258. The primary post-ejaculatory complaint of CP/CPPS patients is pain felt 
within the penis, corresponding to symptoms of non-specific urethritis258. This could be 
caused by antigens or microbes† present in prostatic fluid reaching the urethra during 
ejaculation, which are then cleared in the hours that follow. Asymptomatic inflammation 
of the urethra is very common, affecting 16% of men in a study which investigated a 
possible sexually transmitted etiology259. Unfortunately the number of hours since last 
ejaculation was not analyzed as a risk factor in this study. 

A small fraction (~2%) of men suffering from acute non-specific urethritis go on to 
develop reactive arthritis, which often includes inflammation of the knee and urethra. 
Other common reactive arthritis symptoms include inflammation of multiple joints 
(oligoarthritis, ~50%), eyes (anterior uveitis ~30%), glans (circinate balanitis ~20%), lower 
back (possibly due to sacroiliitis), foot (plantar fasciitis) and skin (keratoderma 
blennorrhagica)260. Migrating monocytes are suspected of transporting causative microbes 
from the genitourinary tract to these other sites261. 
Due to manifest sexual risk factors such as genital symptoms and new sexual partners‡, 
reactive arthritis was initially attributed to Neisseria gonorrhoeae, though it soon became 

                                                
* IL-10 is known to quell excessive inflammation. 
† Alternatively, prostatic leukocytes or cytokines could temporarily cause urethritis after ejaculation. 
‡ Many studies report a change in sexual partner preceding reactive arthritis onset by 4 to 20 days, with 
urethritis being the first symptom. A second category of reactive arthritis cases appear to be preceded by 



 60  

clear that a large subset of cases were gonorrhea free262, 263. These cases were labeled non-
gonococcal urethritis/arthritis, and the involvement of another as-yet-unidentified STI was 
suspected264. Catterall reviewed the literature in 1961, and his conclusions remain valid 
today263: 

“[Reactive arthritis] and ankylosing spondylitis have many features in common and in some cases a 
differential diagnosis between them may be difficult or impossible. Atypical sacroiliitis and plantar 
fasciitis are also probably components of the same syndrome. It is tempting to consider these three types 
of arthritis and plantar fasciitis as manifestations of one disease which is caused by genital infection and 
of which anterior uveitis is a common component. Absolute proof of this hypothesis is lacking although 
the evidence points in that direction.” 

“In this survey bacteriological and serological investigations failed to reveal a likely causative organism. 
[...] Progress in the diagnosis and treatment of this condition is hindered by the failure to find the 
causative organism of non-specific urethritis and chronic genital infection. Further research into this 
aspect of the problem is urgently required, using new and improved techniques.” 

In the 1970s, it became evident that Chlamydia trachomatis—initially discovered in 1907 
in eye infections—was in fact a ubiquitous STI265. This new STI could better explain 
reactive arthritis symptoms than Neisseria gonorrhoeae: a new consensus emerged where 
Neisseria gonorrhoeae was no longer considered a likely cause of reactive arthritis, and 
where Chlamydia trachomatis became the most plausible etiological candidate260. 
Chlamydia trachomatis has now been extensively studied in relation to reactive arthritis 
and is currently a widely accepted risk factor, yet it is found in less than 30% of sexually 
acquired cases217, 266, 267, and cannot be cultured from the knee or eye268. This suggests 
Chlamydia trachomatis is acting as a surrogate for another STI and is not a necessary 
factor in sexually acquired reactive arthritis. Chlamydia trachomatis has taken the place of 
Neisseria gonorrhoeae as the prime suspect simply because it is highly prevalent: until a 
more prevalent STI is found, it best explains the idiopathic sequelae of unsafe sex268. 

Reactive arthritis and ankylosing spondylitis are so similar that they have long been 
suspected of sharing a common etiology—a sexually acquired infection which also causes 
chronic inflammation in the prostate269: 

“The association between prostatitis and ankylosing spondylitis is not a new finding. […] That many 
patients have apparently identical genital inflammatory disease in the form of chronic prostatitis and 
never develop [ankylosing spondylitis] is obvious. Many explanations could be offered for this—for 
example, the prostatitis producing [ankylosing spondylitis] may be due to a specific, so far unidentified, 
organism. This might cause [ankylosing spondylitis] in all patients so infected, or perhaps in only those 
genetically predisposed. Conversely, the cause of the prostatitis may be a single one which operates to 
produce [ankylosing spondylitis] only in those patients with a suitable genetic background. The 
importance of genetic factors in ankylosing spondylitis is, of course, well recognized.” 

                                                                                                                                              
digestive symptoms (diarrhea). These cases also include genital symptoms (urethritis). While these cases may 
have a different infectious etiology, enteric inflammation could also provoke a loss of immune tolerance to 
an already present sexually acquired microbe which had hitherto eluded the immune system (see Section 
5.4.17). This would explain why urethritis is also present, why enteric microbes can’t be found in the joints, 
why incidence is negligible in children despite exposure to enteric microbes, and why the distribution of the 
age at onset of reactive arthritis is somewhat delayed as compared to ankylosing spondylitis. 
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While most reactive arthritis cases self-resolve within a year*, about 15% of cases progress 
to ankylosing spondylitis270. Ankylosing spondylitis does not self-resolve which makes it 
much easier to study than reactive arthritis from an epidemiological point of view. Twin 
studies have shown that ankylosing spondylitis has a very strong genetic component, and is 
likely triggered by a ubiquitous environmental factor271. Concordance between 
monozygotic twins is estimated at 63%, which would place the prevalence of the 
environmental factor at about 77% (see Figure 17). Lifetime concordance is probably 
higher still, given that in some twin pairs the unaffected individual may not have been 
exposed to the environmental factor yet (this is especially relevant for younger twin pairs). 
The low incidence of ankylosing spondylitis after 40 years of age is consistent with 
monozygotic twin concordance levels, indicating that the environmental factor is so 
prevalent that nearly everyone has been exposed by middle age (see Figure 18). 

Such high environmental factor prevalence excludes all known STIs: the STI with the 
highest prevalence in American men is HSV-2 at 20%. The yet-to-be-identified STI 
predicted of causing prostate disease in Section 3.2 reaches a sufficiently high prevalence 
to be able to cause all cases of ankylosing spondylitis. 

 
Figure 17: Estimating environmental factor prevalence based on monozygotic twin concordance, assuming 
that the environmental factor is negligibly correlated between twins. ‘p’ is the environmental factor 
prevalence (range 0 to 1), ‘c’ is the monozygotic twin concordance fraction (range 0 to 1). 

Antibodies against Chlamydia trachomatis are a risk factor in reactive arthritis267, though 
they are only present in ~20% of cases, suggesting that Chlamydia trachomatis is either 
directly involved in a minority of cases or acting as a surrogate for an as-yet-unrecognized 
STI in a majority of cases. Two recent studies217, 267 directly measured the presence 
Chlamydia trachomatis in reactive arthritis patients’ genitals: though a strong association 
was found in both studies, Chlamydia trachomatis was only detected in a minority of cases 
(13% in the larger study, 29% in the smaller study). 

                                                
* Some unfortunate men will suffer from reactive arthritis relapses for the rest of their lives. 

Neither monozygotic twin has been 
exposed to environmental factor 

Both monozygotic twins have been 
exposed to environmental factor 
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but twin A has not 
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p2 

(1-p)p 

c = p2 / (p2 + (1-p)p + (1-p)p) p = 2c / (1+c) 
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Unlike HSV-2, Chlamydia trachomatis infections and seropositivity do not last 
indefinitely163, 272. In particular, Chlamydia trachomatis DNA present in the genitals is a 
strong indicator of recent risky sexual activity; it is a poor indicator of risky sexual activity 
which occurred several years in the past. Sexually acquired reactive arthritis typically 
begins within a month of sexual activity and resolves within a year, meaning that 
Chlamydia trachomatis DNA and seropositivity are expected to be present during this 
window. Because of these short matched periods, Chlamydia trachomatis will outperform 
HSV-2 as a surrogate for sexual activity in reactive arthritis. The oppose effect occurs in 
prostate cancer because symptoms appear 30 years later74. 
Antibodies against Chlamydia trachomatis in ankylosing spondylitis were measured in two 
small studies273, 274 which did not find an association. However, unlike reactive arthritis, 
the onset of ankylosing spondylitis is gradual and diagnosis typically occurs ten years after 
the first symptoms appear275. Because of this delay and because ankylosing spondylitis 
symptoms persist indefinitely, Chlamydia trachomatis biomarkers are long gone by the 
time these studies make their measurements. HSV-2 would be a better biomarker of sexual 
activity in ankylosing spondylitis than Chlamydia trachomatis (it has not been studied). 

Broad-spectrum antibacterials do not change the course of reactive arthritis, suggesting a 
non-chlamydial (and non-bacterial) etiology270, 276. Antibodies against fungi are a risk 
factor of ankylosing spondylitis, especially when peripheral reactive arthritis-like 
symptoms are also present14. Reactive arthritis and ankylosing spondylitis have been 
shown to involve both prostatic inflammation252, 263, 277-280 and antibodies which target a 
protein in the prostate281, 282. A more recent study has shown that prostatitis symptoms 
affect 27% of men suffering from ankylosing spondylitis in Iceland283, which is 
considerably higher than the rate reported in the general population (<10%). In women, 
reactive arthritis usually involves inflammation of the cervix. Interestingly, large quantities 
of PSP94 are synthesized by both prostatic and cervical epithelial cells, suggesting that 
these cells may be the main target of the infectious agent causing reactive arthritis. 
The HLA-B*27 allele group is by far the most important genetic risk factor for ankylosing 
spondylitis (OR>50) and reactive arthritis (OR>10) in Caucasians. This MHC class I 
receptor presents peptides from intracellular infections to CD8+ (cytotoxic) T cells, 
strongly supporting an intracellular infectious etiology (see Section 5.4.6). 
A 2003 study275 of the age at onset of ankylosing spondylitis revealed a striking 
resemblance with that of the predicted yet-to-be-identified STI implicated in prostate 
cancer. Figure 18 compares these two functions without adjustments. The match is 
excellent in young individuals; at older ages the ankylosing spondylitis study is affected by 
two biases. It reaches a rate of 100% by design, though monozygotic twin studies show the 
environmental factor does not affect all genetically susceptible individuals—otherwise 
concordance would be 100%! The surveyed patients were not all older than 70, meaning 
the incidence of ankylosing spondylitis at older ages will be higher than measured. Figure 
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19 multiplies the ankylosing spondylitis risk function by 0.9 to adjust for these two biases*. 
Figure 20 adjusts for the rounded down reporting of age in the ankylosing spondylitis 
study, which bias the results by 0.5 years. 
These findings strongly support a common sexually transmissible intracellular infectious 
etiology for diseases of the prostate and ankylosing spondylitis, and at least some cases of 
non-specific urethritis and reactive arthritis. 
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Figure 18: (left) Comparison between the prevalence of the yet-to-be-identified STI from this investigation 
(copied from Section 3.2.2) and the distribution of the age at onset of ankylosing spondylitis in men275. The 
100% rate at age 70 for ankylosing spondylitis is an artifact of the method used in the study. Even if the 
environmental trigger for ankylosing spondylitis is ubiquitous, a small fraction of men should not yet have 
been exposed at age 70. This study population was 50 years of age on average, which means the lifetime risk 
function is too flat beyond age ~30. The sharp increase in risk at the start of sexual activity (teen years) is 
minimally affected by these biases and matches very well with the yet-to-be-identified STI suspected of 
causing diseases of the prostate. The incidence rate of ankylosing spondylitis (e.g. the derivative of this 
figure) peaks in men’s early twenties, and then progressively decreases; this effect is likely due to infection 
prevalence approaching saturation levels (e.g. nearing 100%). HSV-2 incidence shows no such decrease in 
white American men as its prevalence only reaches 20% by age 50135; in black American men, HSV-2 
incidence decreases sharply in the fifth decade of life as its prevalence reaches 60%, approaching saturation 
levels135. In older men (>30 years old), the decrease in incidence of ankylosing spondylitis can be partly 
attributed to the age bias of this study, since some surveyed patients were in their 30s. 

Figure 19: (center) Figure 18’s ankylosing spondylitis function is multiplied by 0.9 to adjust for two biases 
in this study. 5% of men are expected to be uninfected at age 70 according to yet-to-be-identified STI model. 
The mean age of the population in the ankylosing spondylitis study was 50, making the rate increase flatter 
than it should be in old age (a second 5% is used to adjust for this). These adjustments are approximate. 

Figure 20: (right) Figure 19’s ankylosing spondylitis function is shifted in time by one year. Humans report 
their age by rounding down, which artificially skews down the age at onset for ankylosing spondylitis by 0.5 
years. The other 0.5 year mismatch could be due to improper modeling of the yet-to-be-identified STI or 
differences in sexual activity in the studied populations (Americans vs. Germans). The functions match 
exceptionally well. 

                                                
* This mismatch could also mean that the model used in Section 3.2.2 overestimated infection prevalence in 
older men: prevalence could be as low as 80% by age 70. 
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5.3 Transmission rates 
HSV-2 epidemiology was used to estimate the risk of exposure to the putative yet-to-be-
identified (YTBI) STI in Section 3.2.2. Both HSV-2 and the YTBI STI are sexually 
transmissible, often asymptomatic and cannot be cleared by the immune system. However, 
the prevalence of HSV-2 among American men reaches 20% by the fifth decade of life, 
whereas the prevalence of the suspected YTBI STI is predicted to reach over 80% by the 
same age. The female-to-male transmissibility of HSV-2 during unprotected vaginal 
intercourse with an infected partner was estimated at 0.7% per encounter284; the male-to-
female transmission rate is approximately twice as high. It is tempting to explain the higher 
prevalence of the YTBI STI by invoking a higher female-to-male transmission rate. 

However, if this rate were very high, the association between new sexual partners and the 
onset of CP/CPPS symptoms should have been recognized by now (as occurred in reactive 
arthritis). This association may have been missed because the triggering event for 
symptoms may not always be the onset of the prostate infection by the YTBI STI, but 
rather a delayed loss of immune tolerance caused by unrelated fungal infections (see 
Section 5.4.17). Reactive arthritis often begins immediately after sexual intercourse with a 
new partner, so finding this link was easy—even Hippocrates had figured it out! 
The age at onset of ankylosing spondylitis275 in men and women can also be used to 
estimate transmissibility. Though the cumulative onset percentage is always higher for 
women, it is not several times higher than for men, suggesting similar male-to-female and 
female-to-male transmission rates—note that this analysis is only valid if lifetime infection 
prevalence approaches 100% in both men and women, which is strongly supported by 
monozygotic twin concordance studies271. This is in sharp contrast with HSV-2 prevalence 
which is roughly twice as high in women135. 

If male-to-female and female-to-male transmission rates are similar (or so high that they 
are not materially different from an epidemiological point of view), this suggests a much 
higher female-to-male transmission rate than for HSV-2, since lifetime HSV-2 prevalence 
only reaches ~20% in American men, whereas the YTBI STI reaches an infection 
prevalence of over 80%. Thus the epidemiology of the YTBI STI should resemble that of 
HPV more than HSV-2, both in terms of transmissibility (40% per act, 95% confidence 
interval 5% to 100%)285 and lifetime risk of exposure (>80%)75—the main difference being 
that unlike HPV infections, the YTBI STI cannot be cleared by the immune system, thus 
can only be acquired once. Since fungal STIs must reproduce sexually themselves (as 
opposed to bacterial/viral STIs), transmission between already infected hosts continues to 
improve the STI’s fitness: long infection persistence and high transmission rates are thus 
two traits which will be strongly selected for in fungal STIs (as compared to bacterial/viral 
STIs, see Section 5.4.18). 
Though transmission to men by sexual contact is strongly supported by epidemiological 
data, other modes of transmission may exist: for example, some infections could be the 
result of exposure during masturbation or through shared towel use—this is plausible given 
that genital HPV infections are known to occur in individuals who have had no sexual 
partners. 
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5.4 Circumstantial links with other conditions 
Circumstantial evidence links many idiopathic conditions with prostate disease. It is not 
possible to confidently infer a common etiology for these conditions based on the evidence 
presented here, as the links to prostate disease are not sufficiently specific. This section is a 
starting point for researchers who wish to study the relation between these conditions and 
prostate disease. Note that studies cited in this section were often published by a small 
number of research groups, and should be interpreted with caution until replicated. 

5.4.1 Known STIs cause chronic systemic symptoms 
STIs which are not cleared by the immune system cause chronic systemic symptoms that 
only appear years or even decades after the initial infection. Treponema pallidum (syphilis) 
causes neurological disease in a small fraction (4% to 9%) of infected individuals five to 
twenty five years after infection onset286. It can also cause cardiovascular symptoms, skin 
lesions and non-cancerous tumors over a similar period286. Syphilis was dubbed “the great 
imitator” due to the wide variety of symptoms it can produce. Human T-cell lymphotropic 
virus type 1 (HTLV-1, a sexually transmissible virus which causes tropical spastic 
paraparesis) was identified in the 1980s, and shown to cause neurological symptoms 
decades after the initial infection287. It can also cause inflammation of the eyes, joints, 
muscles and skin. Both Treponema pallidum and HTLV-1 cause demyelination in the 
brain. Had these two STIs eluded researchers, the systemic symptoms they cause later in 
life would not have been associated with sexual activity. Imagine a world where syphilis 
produced no genital symptoms, thus would not have been discovered yet: its various long-
term effects would be considered unrelated inflammatory or autoimmune diseases! It is 
thus plausible that some adult onset diseases of unknown etiology could be caused by a 
yet-to-be-identified STI, as was proposed for multiple sclerosis7, 288. 

The age at onset of several idiopathic diseases suggest they may be caused by a sexually 
acquired infection: incidence is negligible before puberty, and increases sharply thereafter 
(see column “Age at onset = STI” in Table 21 and Figure 24). Even more telling, the 
incidence of such diseases falls dramatically by middle age, and their monozygotic twin 
concordance is high: this means a majority of older individuals must have been exposed to 
the environmental factors causing such diseases, and disease status in late adulthood must 
be almost entirely determined by genetics. No known STIs come close to chronically 
infecting most Americans by age 40, so if an STI is actually the underlying cause of one or 
more of these diseases, it must not have been recognized yet. 
The long lag between infection and neurological symptoms for both Treponema pallidum 
and HTLV-1 suggests some conditions affecting mainly the elderly could also be caused 
by an STI (such as Alzheimer’s disease, see Section 5.4.2)—though the case is not nearly 
as compelling as for diseases whose incidence peaks shortly after sexual debut. 
If the putative STI suspected of causing prostate disease exists, it likely causes sexually 
acquired reactive arthritis and ankylosing spondylitis as well (see Section 5.2); this implies 
it must disseminate from the genitourinary tract (GU), reaching at least the joints, the spine 
and the eyes. This is not surprising given that known STIs which cannot be cleared by the 
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immune system disseminate from the GU, resulting in systemic symptoms in a subset of 
infected individuals (see Table 18). Chronic infections which cause systemic symptoms by 
disseminating throughout the body are not limited to STIs: for example Lyme disease is 
caused by Borrelia bacteria infecting humans via tick bites (see Figure 24). However, the 
frequent occurrence of such diseases in children means these infections cannot explain 
idiopathic conditions whose incidence begins in teenagers, like ankylosing spondylitis. 
This excludes all infections which are not sexually transmitted, both known and unknown. 
From the STI’s perspective, persisting in the host while avoiding immune detection is 
highly beneficial: STIs only propagate if they manage to hold on long enough for a change 
in sexual partner to occur—an infrequent event in humans. Coevolution with the immune 
system must place STIs right at the limit of detection, enabling them to infect new sexual 
partners prior to being cleared, and prior to causing significant harm or symptoms*. 

Based on these facts, it is imperative to identify all ubiquitous STIs which cannot be 
cleared by the immune system, as they may be causing chronic idiopathic conditions which 
only affect genetically predisposed individuals after sexual debut. Counterintuitively, 
which specific condition develops (if any) in an individual’s lifetime is not determined by 
the STI strain or by sexual behavior (bar abstinence), but rather by other environmental 
factors† and immunity alleles‡. This means it would be difficult to associate these 
conditions to sexual activity without first detecting the ubiquitous causative STI—until 
then, these conditions would look like unrelated autoimmune diseases caused by a variety 
of environmental factors and immunity alleles. 

Table 18: All known STIs which are not cleared by the immune cause systemic (non-GU) symptoms. 
STI Systemic symptoms 
HIV (AIDS) Chronic neurological including demyelination, blood cancers 
HSV-2 (genital herpes) Acute aseptic meningitis 
HTLV-1 (tropical spastic 
paraparesis) 

Chronic neurological including demyelination, chronic dermatological 
symptoms, arthritis, blood cancers 

Treponema pallidum 
(syphilis) 

Chronic neurological including demyelination, cardiovascular, chronic 
dermatological symptoms, ocular symptoms and non-cancerous tumors 

                                                
* Infections which are easily transmissible between humans (ex: influenza virus, Bordetella pertussis) tend to 
cause acute symptoms in all individuals, because neither severe symptoms nor rapid clearance significantly 
reduce their transmission rates: this means evading the immune system and minimizing symptoms are traits 
which are not selected for in easily transmissible human-to-human infectious agents. Infections which require 
vectors (ex: Zika virus, Plasmodium) are not as easily transmitted: this means they must avoid being cleared 
for a longer period to achieve an acceptable transmission rate. They often cause major symptoms (such as 
fatigue) which increase the likelihood of a mosquito biting an infected individual. In contrast, most STIs do 
not cause major symptoms because humans are less likely to have sex with a visibly sickened person. STIs 
must also avoid being cleared for much longer periods, as humans are mostly monogamous. This is why STIs 
are only cleared after many months, or cannot be cleared at all. 
† For example, helminth infections have been reported to lower the risk of multiple sclerosis and Crohn’s. 
‡ For example, the HLA-B*27 allele group increases the risk of reactive arthritis and ankylosing spondylitis. 
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5.4.2 Chitotriosidase 
Chitotriosidase (CHIT1 gene) is an antifungal protein which hydrolyses chitin present in 
fungal cell walls. It is mainly secreted by activated macrophages and neutrophils. 
Chitotriosidase is elevated in a wide range of autoimmune conditions which are not known 
to have a fungal etiology (see Table 21). Either its secretion is not specific to fungal 
infections, or some conditions believed to have an autoimmune etiology are actually 
caused by an undetected fungal infection. Chitotriosidase levels are markedly elevated in 
multiple sclerosis289, Alzheimer’s disease290 and amyotrophic lateral sclerosis291, 292.  

YKL-40 (CHI3L1 gene), a closely related protein which has lost the ability of hydrolyze 
chitin, is elevated in schizophrenia due to SNPs affecting gene expression293. YKL-40 is 
also involved in the immune response against fungi294, though its exact function is 
unclear—could its main function be to mark chitin bearing microbes for clearance, like an 
antibody targeting chitin? 
One of the most specific hints of a fungal infection in a condition where chitotriosidase 
levels are elevated was found in a study of Alzheimer’s disease295. This study used DAPI 
(a DNA stain) and calcofluor white (a chitin stain) to analyze brain sections of individuals 
who died of Alzheimer’s disease. The study reported finding chitin in the brain, which is 
very surprising since human cells cannot synthesize it. Small fragments of chitin are 
recognized as a foreign material by leukocytes, resulting in a strong immune response. A 
second group reported finding chitin in the brain of Alzheimer’s patients296, supporting this 
study’s results; finally, a third group reported intracellular structures in the brain of 
Alzheimer’s patients which are targeted by antifungal antibodies297. While finding chitin in 
the brain is surprising in its own right, finding DNA collocated with chitin would be 
astonishing, as it would suggest the presence of an unidentified microbe: this is exactly 
what the first study reported295. An earlier study found filamentous structures which 
stained with fibronectin antibodies in the brain of Alzheimer’s patients298; fibronectin 
receptors are present on many types of microbes including fungi and filament forming 
bacteria. Applying unbiased high-throughput sequencing to Alzheimer’s tissue could 
confirm the presence of such a microbe. 
The presence of a microbe in the brain implies that it has somehow managed to cross the 
blood-brain barrier. The fungus Cryptococcus neoformans is known to cause meningitis by 
penetrating the brain through cerebral capillaries299. Dickson’s fungus77 appears to infect 
monocytes and epithelial cells, thus would be capable of transcellular and Trojan-horse 
traversal of the blood-brain barrier299. Two case reports of chronic Cryptococcus 
neoformans infections in the brain resulting in Alzheimer’s-like symptoms could be found 
in the medical literature300, 301. In both cases symptoms resolved once the infection was 
cleared, suggesting chronic fungal infections can cause Alzheimer’s-like symptoms. 
Interestingly, a mutated version of the CHIT1 gene which cannot breakdown chitin has 
been linked to longevity302. This mutation is common in Europe, but rare in Africa. It has 
been hypothesized that the chitin bearing pathogen load in Europe is lower than in Africa, 
thus a functional CHIT1 protein would not be that important for host fitness. On the other 
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hand, European populations may have benefited from the reduced rate of adult onset 
diseases suspected of being linked to CHIT1, such as atherosclerosis and Alzheimer’s206. 
The loss of functionality of the CHIT1 gene suggests an impaired immune response to 
fungi may be beneficial in the absence of life threatening chitin bearing pathogens—some 
medically important fungi are best left alone by the immune system. Similar observations 
have been made about protein YKL-40: high circulating levels of YKL-40 are associated 
with atherosclerosis risk, and knockout mouse models suggest YKL-40 is required for 
atherosclerosis progression303. 

Alzheimer’s disease is characterized by an accumulation of amyloid-beta proteins in the 
brain, whose physiological function (if any) is unclear. A recent study showed that these 
proteins are highly fungicidal (MIC <1 ug/ml for Candida albicans) and moderately 
bactericidal (MIC <5 ug/ml for various bacteria)304, and that Salmonella infections in mice 
can initiate their production305. This raises the possibility that amyloid-beta production in 
human brains may also be induced by a microbial infection. A very recent study has shown 
that antibodies against a wide range of fungi are a major risk factor of Alzheimer’s disease, 
giving further support to this hypothesis306. A second and third study from the same group 
found fungal proteins in the brain307, 308. Combined with the two calcofluor white studies 
mentioned above, the evidence of fungi in the brain is mounting—though these studies 
must be replicated to exclude contamination as the source of chitin and fungal proteins. 

5.4.3 Calprotectin and corpora amylacea 
Calprotectin309 is an antimicrobial protein complex composed of two proteins: S100S8 and 
S100A9. It is present in very large quantities in leukocytes309, particularly neutrophils, and 
is also present in the cytosol of some epithelial cells. During periods of inflammation, 
calprotectin is released from leukocytes. It acts in part by sequestering divalent cations of 
calcium, zinc and manganese, which are essential for the growth of all microbes, including 
fungi and bacteria. It is particularly effective at halting the growth of the fungus Candida 
albicans309 (MIC: 4-32 ug/ml), and less effective for bacteria (MIC: 50-250 ug/ml)309. 
Calprotectin levels in the cerebrospinal fluid (CFS) of multiple sclerosis patients spikes 
during relapses310. 
Corpora amylacea (small calcium-rich bodies) form in chronically inflamed prostates. 
These bodies were recently shown to contain a large amount of calprotectin protein 
S100S8 and S100A955. The presence of Escherichia coli DNA in some prostate samples 
led researchers to speculate that this bacterium may be provoking calprotectin production, 
and causing chronic inflammation leading to cancer55. Since calprotectin is even more 
fungicidal than bactericidal, this same hypothesis would hold if the prostate were 
chronically infected with a fungus rather than a bacterium. A recent study of corpora 
amylacea in the brain demonstrated that fungal proteins are present on these structures in 
Alzheimer’s disease, amyotrophic lateral sclerosis (ALS) and Parkinson's disease308. 
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5.4.4 Apolipoprotein E (APOE gene) 
Three alleles of the APOE gene are prevalent in the Caucasian population: Apoε2 (8%), 
Apoε3 (77%) and Apoε4 (15%). APOE protein is involved in lipid transport and influences 
blood cholesterol levels207: Apoε2 → lower, Apoε3 → reference, Apoε4 → higher. APOE 
affects many processes related to the immune system, such as vitamin D levels311 and 
clearance of amyloid-beta proteins in the brain312. Though APOE alleles only have a minor 
effect on atherosclerosis and heart disease risk, they have a major effect on Alzheimer’s 
disease risk in Caucasian populations312: ε2/ε2 → OR=0.6, ε3/ε3 → reference, ε4/ε4 → 
OR=12.5. The risk of developing Alzheimer’s disease313 for ε4/ε4 Caucasians is ~30% by 
age 75 and ~60% by age 80. Assuming environmental factors are necessary for 
Alzheimer’s disease in ε4/ε4 Caucasians, such factors must be ubiquitous, affecting at least 
60% of the population. This means infectious agents required for the development 
Alzheimer’s disease would have to infect a majority of individuals during their lifetime. 

5.4.5 Antibodies against fungi (especially mannose) 
Circulating antibodies against fungi have been associated* with various idiopathic diseases 
(see Table 21†). The age at onset of many of these diseases match very well with the 
infection putatively involved in prostate cancer (see Figure 24). 

Antibodies against fungi often target the mannose region of mannoproteins (for example 
mp58, CR2 and MP65233, 234, see Figure 23) present in the cell wall of most fungal species, 
making these antibodies non-species specific (eg. cross-reactive)314. Levels of circulating 
antibodies against fungi are positively correlated with the presence of fungi in the gut (for 
example Candida tropicalis)314. This suggests interventions to eliminate fungi in the gut 
may reduce symptoms of diseases suspected of being caused by oversensitivity to fungal 
antigens elsewhere in the body (for example schizophrenia315, multiple sclerosis315-317, 
idiopathic vaginitis29 and psoriasis318-323).  

High antibody levels linger many weeks after the triggering infection has resolved, which 
means treatments to eliminate fungi in the gut may need to be sustained to obtain results, 
as was shown in this study of psoriasis322 (see Figure 1 in the study). This delay may have 
made it difficult to identify the effects of antifungal drugs used by autoimmune disease 
patients to treat unrelated fungal infections—especially since the initial result may be an 
adverse “id reaction” leading to an incomplete treatment course, as has often been reported 
for terbinafine and systemic lupus erythematosus. The links between fungal antibodies and 
symptoms are discussed in detail in Section 5.4.17. 

                                                
* Note that antibodies against fungi are absent in many cases, so they do not seem to be a necessary factor but 
rather a biomarker of a causative mechanism, such as memory B cells which recognize fungal antigens.. 
They indicate a strong genetic immune response against fungi (not necessarily limited to memory B cells), as 
well as current or past exposure to fungi. 
† Antibodies against fungi have also been associated with a few diseases not listed in Table 21: type 1 
diabetes, autoimmune hepatitis, Behcet's disease and Celiac disease. 
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5.4.6 HLA-B 
HLA-B*27 is a MHC class I receptor allele group associated with a markedly increased 
risk of reactive arthritis and ankylosing spondylitis (see Section 5.2), and a moderately 
increased risk of inflammatory bowel disease, psoriasis, malaria and tuberculosis324. It has 
been shown to be protective against various HIV and hepatitis C virus325. Its main 
biological function is to present antigens from intracellular infections to CD8+ (cytotoxic) 
T cells. The fitness characteristics of this allele must balance out, otherwise this MHC class 
I receptor allele would have been eliminated by evolutionary pressure. 

 

 
Figure 21: Left: Antigen (in red) being presented to a CD8+ (cytotoxic) T cell (top) by a MHC Class I 
receptor on a non-professional antigen presenting cell (bottom), such as an epithelial cell. The HLA-B 
protein is shown in orange. Right: Antigen from an intracellular fungus located within an epithelial cell being 
presented to a CD8+ (cytotoxic) T cell by a MHC Class I receptor, leading to the activation of the CD8+ 
(cytotoxic) T cell, which may then kill the infected epithelial cell. Note that this antigen may or may not be 
the yellow/red mannoprotein depicted on the fungus’ surface. Left: By David Goodsell [CC BY 3.0 
(http://creativecommons.org/licenses/by/3.0)], via Wikimedia Commons. 
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5.4.7 HLA-DR 
HLA-DRB1*1501 is a MHC class II receptor allele associated with an markedly increased 
risk of multiple sclerosis (see Section 5.4.14), and a moderately increased risk of systemic 
lupus erythematosus326, granulomatous prostatitis240, and hypersensitivity to Aspergillus 
antigens in the lung327. It is also associated with a markedly reduced risk of severe 
coccidioidomycosis, a possibly fatal fungal infection328. HLA-DR’s main biological 
function is to present foreign peptides found by antigen presenting cells to CD4+ (helper) 
T cells. Antigen presenting cells are either leukocytes which phagocytosed whole microbes 
or B cells which found a peptide matching its antibody. 
The loss of fitness due to increased risk of disease caused by this allele may be 
counterbalanced by the protection it provides against possibly fatal fungal infections like 
coccidioidomycosis, especially in populations exposed to severe acute fungal infections. 
The immune response to fungal mannoproteins appears to require HLA-DR presentation to 
CD4+ (helper) T cells329, 330: perhaps HLA-DRB1*1501 presents fungal mannoproteins 
more efficiently than other alleles. 

 
Figure 22: Left: Antigen (in red) being presented to a CD4+ (helper) T cell (top) by a MHC Class II receptor 
on an professional antigen presenting cell (bottom), such as a memory B cell, macrophage, monocyte or 
dendritic cell. The HLA-DRB1 protein is shown in orange. Right: Macrophage uptake of fungus induced by 
mannose receptor binding to surface mannoproteins (shown in yellow and red), followed by presentation of 
fungal antigens to CD4+ (helper) T cell through HLA-DRB1 receptor. Left: By David Goodsell [CC BY 3.0 
(http://creativecommons.org/licenses/by/3.0)], via Wikimedia Commons. 
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Figure 23: HLA-DRB1*1501 presenting fungal antigen to CD4+ (helper) T cells. Top left: monocyte uptake 
of fungal mannoprotein via mannose receptor leads to production of IL-17331. Top right: memory B cell 
uptake of fungal mannoprotein via mannose specific antibody, often described as anti-Saccharomyces 
cerevisiae antibodies (ASCA) in the literature. Bottom: cell wall structure of the four most common 
medically important microbe types; only fungi332 and mycobacteria have mannose in their cell wall (small 
yellow circles). 

5.4.8 Eosinophils 
Nasal polyps can be induced by chronic exposure to non-pathogenic airborne fungi in 
individuals whose eosinophils degranulate when exposed to certain fungal antigens333, 334. 
Chronic sinusitis and nasal polyps are a risk factor for cancers of the nasal cavity335, 336. 
Major basic protein (MBP) released by degranulating eosinophils is known to damage 
epithelial cells334. Eosinophils are also known to degranulate in the presence of certain 
multi-cellular parasites: chronic infections with such parasites are risk factors of bladder 
cancer (Schistosoma haematobium) and liver cancer (Opisthorchis viverrini)337. These 
findings suggest eosinophil degranulation resulting in tissue damage may be an important 
component leading to oncogenesis in some cancers. 
Eosinophils are involved in many idiopathic conditions: interstitial cystitis338, chronic 
sinusitis237, granulomatous prostatitis238, Celiac’s disease339, Crohn’s disease339, 340, 
ulcerative colitis340, 341, psoriasis342, chronic fatigue syndrome343, atopic dermatitis344, 
asthma and allergies. Helminth therapy and antifungal drugs should be investigated as a 
possible treatment in these conditions, since eosinophils are thought to provide immunity 
against helminths and fungi. 
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5.4.9 CP/CPPS comorbidities 
Table 19 lists comorbidities of symptomatic CP/CPPS patients. Since the putative infection 
in CP/CPPS is expected have a high prevalence, these comorbidities mainly suggest 
common immune pathways and genetic susceptibility loci, and to a lesser extent a common 
infectious etiology. 
Table 19: CP/CPPS comorbidities reported by two studies236, 247. OR: odds ratio for individuals with 
CP/CPPS symptoms vs. asymptomatic controls. DMSO: + means DMSO known to provide temporary relief. 
CP/CPPS comorbidity OR236 DMSO Comment 
CP/CPPS ∞ +243  
Erectile dysfunction 6.0   
Irritable bowel syndrome 5.0 +345 Fungal etiology suspected316, 346 
Numbness/tingling limbs 4.0  Fungal etiology suspected for multiple sclerosis (see 

Section 5.4.14) Neurological disease 3.3  
Non-specific urethritis 3.0  Fungal etiology suspected (see Section 5.2) 
Chronic rhinosinusitis 3.0  Fungal etiology suspected248, 249, 347 
Migraine headaches 2.0  Fungal etiology suspected348 
Balanitis   Many cases are idiopathic 
Interstitial cystitis  +349 Fungal etiology suspected (see Section 5.4.10) 
Chronic fatigue syndrome   Fungal infection of adrenal gland is a risk factor350. 

Candida albicans colonization of the gut is a risk factor351 
 

5.4.10 Interstitial cystitis 
Interstitial cystitis consists of chronic inflammation of the bladder wall. Its etiology is not 
understood, though it is suspected of having the same etiology as CP/CPPS352. Fungal 
DNA in the bladder appears to be a risk factor353. Similarly to CP/CPPS, injecting DMSO 
into the bladder provides temporary relief of symptoms in most individuals349. As with 
CP/CPPS, the mechanisms involved in symptomatic relief using DMSO are not known. 

Oral D-mannose reduces cystitis and urinary tract infection symptoms354. It has been 
hypothesized that D-mannose prevents extracellular microbes from attaching to human 
cells, thus clearing causative infections354. Another possibility is that D-mannose prevents 
leukocytes sensitive to mannose (such as memory B cells producing antibodies against 
fungi and monocytes/macrophages expressing the mannose receptor see Section 5.4.5, 
Figure 22 and Figure 23) from triggering inflammation caused by mannose bearing 
microbes in these sites through competitive inhibition355. 
Eosinophils and eosinophil cationic protein (released during degranulation of eosinophils) 
levels are elevated in interstitial cystitis338. Since chronic rhinosinusitis is an important 
comorbidity of interstitial cystitis and is caused in part by an overreaction of eosinophils to 
fungal antigens, this suggests a similar process may be going on in the bladder. Dickson 
identified a novel fastidious fungus from a patient with chronic bladder pain suggestive of 
interstitial cystitis77 (see Section 8.2.4). Candidate microbe cells can be seen within 
transitional epithelial cells in semen (see Section 8.4.10). 
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5.4.11 Chronic idiopathic pain of the female genitourinary tract 
Chronic genital pain of unknown etiology is common in women356. When women take 
antibacterial drugs, the flora of the vagina changes which can lead to the proliferation of 
fungi such as Candida albicans*357. Sexual activity is a risk factor of vulvovaginal 
candidiasis358-361, though associations with known STIs are weak or absent361-363. In about 
50% of recurrent vulvovaginal candidiasis cases, no fungal infection can be found364, 365: 
this is quite unexpected since Candida species readily grow in artificial culture media. 
Vulvar vestibulitis syndrome (VVS, the most common type of vulvodynia366) is a chronic 
condition whose etiology is not currently known. A possible infectious etiology has been 
proposed, though evidence supporting this hypothesis is quite circumstantial367. Some 
cases appear to involve Candida albicans at onset, combined with hypersensitivity to 
Candida albicans antigens368. Candida albicans may be directly involved in some cases, or 
may initiate the loss of immune tolerance to another fungus present in the genital tract 
through common antigens (see Section 5.4.17). IL-17 levels are elevated in vulvodynia 
patients (35x higher than controls)369. IL-17 is a non-specific marker of chronic fungal 
infections132. 

Approximately 20% of affected women experience VVS symptoms shortly after sexual 
debut, suggesting an infectious sexually acquired etiology370. Sexual risk factors have been 
summarily studied371-373, and some known STIs appear to be moderate risk factors†. 
Symptoms often subside after months or years (as occurs in CP/CPPS), suggesting gradual 
immune tolerance of a chronic infection which cannot be cleared. 
Three studies have shown that oral nystatin (an antifungal drug not absorbed by the gut) 
reduces genital yeast infection symptoms despite never reaching this site29, 253, 254. It has 
been hypothesized that fungi present in the digestive tract may act as a reservoir, 
occasionally reaching the genitals and spawning a yeast infection253, 254. Alternatively, 
fungi in the gut may be stimulating an immune response against fastidious commensal 
fungi permanently present the genitals through an “id” reaction (see Section 5.4.17). This 
could explain why antifungal drugs reduce chronic idiopathic vaginal symptoms despite 
negative cultures29, 316, 374. The most prevalent fungus (present in 25% of healthy controls) 
found in a recent study of the microbiome of the human vagina was a novel fungus375 
genetically closest to the order Hypocreales (JF918731.1). This order contains some 
opportunistic human pathogens (ex: Acremonium)376. 

Since a ubiquitous sexually transmissible fastidious fungus is suspected of causing prostate 
cancer and BPH in men, it is plausible that the same microbe could be causing chronic 
symptoms in women as well. Once reliable methods have been developed to detect this 
putative infection, it should be studied in relation to chronic pain in women. 

                                                
* Antibacterial drugs kill Lactobacillus bacteria species which maintain vaginal pH at ~4. PSP94 secreted by 
the cervix is fungicidal at a pH of ~4; above a pH of ~5, PSP94 becomes inhibited by calcium ions and is no 
longer fungicidal. This is one of many possible explanatory mechanisms. 
† This is much less reliable than prostate cancer studies, as serology was not used to measure STI exposure. 
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5.4.12 Associations with smoking 
Smoking is a widely studied risk factor of nearly all diseases. The best known mechanism 
explaining the association between smoking and increased disease risk is chronic 
inflammation and mutagenesis caused by molecules present in cigarette smoke: its 
inhalation causes the vast majority of lung cancer cases, accounting for substantially all the 
ten-fold increase in risk measured in smokers19. 

The increased cervical cancer risk associated with smoking is much more modest 
(OR=~1.8)19, and is now largely attributed to an increased probability of acquiring sexually 
transmissible infections among smokers125, 377, 378. Once HPV status has been controlled 
for, cervical cancer’s association with smoking and with other STIs are greatly reduced126. 

When considering idiopathic diseases having a modest association with smoking 
(OR<2.5), both inflammation directly caused by smoke molecules and sexual exposure to 
infections associated with smoking* should be investigated as possible mechanisms (see 
Table 20). The multiple sclerosis entry in Table 20 is nearly identical to the first cervical 
cancer entry, suggesting it may also be caused by sexual exposure to an infection. While 
STI seropositivity has not been studied in diseases listed at the bottom of this table, their 
association with smoking can be used as a proxy for STI exposure, so such an association 
is expected until ruled out. 

If smoking is acting as an STI surrogate, the strength of the association is expected to vary 
with age: the strongest association will occur when smoking is measured during high STI 
risk years (before 30 years of age, see Figure 24). Additionally, the association with 
smoking at disease onset will be weaker for diseases whose symptoms appear years after 
STI exposure: prostate cancer is delayed by over 30 years (smoking OR=~1.221), multiple 
sclerosis and systemic lupus erythematosus seem to be delayed by about 5 years (see 
Figure 24) (smoking OR=~1.517, 379). Ankylosing spondylitis symptoms begin shortly after 
STI exposure, so it should see the strongest association with smoking (smoking 
OR=~2.020). These predictions match well with available epidemiological data. 
Adult onset cancers were excluded from Table 20 because they occur later in life. Smoking 
is a weak risk factor in several such cancers: ~1.2 for prostate cancer21, ~1.2 for breast 
cancer380, ~1.5 for kidney cancer19 and ~1.2 for colon cancer19.  

Note that uncontrolled confounding variables other than STI exposure and publication bias 
can also explain small positive associations between smoking and various diseases. 

                                                
* These include both well recognized STIs (such as Chlamydia trachomatis and HPV) and other infections 
associated with sexual activity (such as Candida albicans and microsporidia). 
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Table 20: Diseases for which smoking is a moderate risk factor, and whose median age at onset is between 
20-35 with negligible incidence in childhood (see Figure 24). Diseases in this table are good candidates for a 
novel STI etiology, as occurred in cervical cancer before the discovery of oncogenic HPV subtypes. 
Condition 
associated with 
smoking 

Smok-
ing OR 

Other sexual 
risk factors (OR) 

STI 
dogma? 
(STI type) 

Links 
to fungi 

Comment 

Cervical cancer  
(before ~1985) 

~1.819 HSV-2 (~1.6381) Suspected 
(HSV-2) 

 Smoking and HSV-2 are surrogates for STI 
exposure: the associations with smoking and with 
HSV-2 vanish once oncogenic HPV types are 
controlled for. 

Cervical cancer 
(after ~1985) 

~1.0126 HSV-2 (~1.0126) 
HPV (>30) 

Proven 
(HPV) 

 

Multiple sclerosis ~1.517 HSV-2 (~1.6382) Not 
suspected  

++288 A few researchers suspect an STI may be involved7. 

Ankylosing 
spondylitis (and 
reactive arthritis) 

~2.020 Chlamydia 
trachomatis 

Yes263, 268 
(unknown) 

++14 There are strong associations between Chlamydia 
trachomatis and reactive arthritis217, 267 and 
undifferentiated arthritis274. Associations with 
ankylosing spondylitis are less clear (see Section 
5.2). 

Schizophrenia ~2.2383  Not 
suspected 

++384  

Systemic lupus 
erythematosus 

~1.5379  Not 
suspected 

++385, 386 Risk factors are very similar to multiple sclerosis 
(see Section 5.4.15). 

Crohn’s disease ~1.8387  Not 
suspected 

++314  

 

 
Figure 24: Age at onset of conditions shown in Table 20 compared to lifetime risk of having had various 
infections. The three UK STI plots did not measure STI exposure before the age of 15, artificially depressing 
risk during teen years; additionally, the data for these three plots were taken from sexual health clinics, so 
incidence in older adults may have been underestimated because care was often sought elsewhere. Prostate 
cancer STI prevalence predicted in Section 3.2.2 is plotted here as a lifetime risk. The Lyme disease plot 
(Canadian men 2009-2012) is an example an infectious disease unrelated to sexual activity: it is used as a 
negative control, and is not consistent with sexual transmission due to non-negligible incidence in children 
and sustained incidence in late adulthood. The ~5 years lag between ankylosing spondylitis and multiple 
sclerosis suggests additional environmental factors delay multiple sclerosis onset (for example, EBV and 
Candida colonization of the gut or vagina). Plot references: ankylosing spondylitis275, multiple sclerosis388, 
schizophrenia389, systemic lupus erythematosus390, Crohn’s disease391, Chlamydia392, HSV-2392, HPV-6/11392. 
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5.4.13 Conditions with elevated IL-17 
Table 21 lists conditions in which IL-17 is elevated; this cytokine is known to be elevated 
in idiopathic autoimmune conditions393, 394 and in chronic fungal infections132. In vitro 
production of IL-17 seems to require presentation of fungal mannoproteins to CD4+ T 
cells331. When combined with the strong association with antibodies against fungi found in 
many of these diseases, the root cause may well be an unrecognized fungal infection395. 
Table 21: Conditions with elevated IL-17 which may be caused by a chronic fungal infection. “Age at onset 
= STI”: + means incidence is negligible in childhood, begins in teen years and peaks around 20 years of age, 
matching the putative highly prevalent fungal STI (see Figure 24). “MZ twin conc”: fraction of monozygotic 
twins who share the condition. “Antibodies against fungi”: + means elevated antibodies against fungi (IgG 
and/or IgA), sometimes misleadingly described as anti-Saccharomyces cerevisiae antibodies (ASCA) in the 
literature (they efficiently detect many fungal species); “CHIT1 / YKL-40”: + means elevated chitin-
targeting proteins. “DMSO therapy”: + means dimethyl sulfoxide provides temporary relief of symptoms. 
“DMF therapy”: + means oral dimethyl fumarate (a fungicide) reduces symptoms. “Helminth therapy”: + 
means intestinal worms reduce symptoms.  
Condition with 
elevated IL-17 

Age at 
onset = 
STI 

MZ 
twin 
conc 

Anti-
bodies 
against 
fungi 

CHIT1 
YKL-40 

DM-
SO 

DMF Hel-
minth  

Comment 

therapy 

BPH130 -       Evidence presented in earlier sections 
strongly suggests a fungal STI etiology. 
Fungi can cause joint inflammation396, 397. 

Reactive arthritis398 +  ++14   +399  
Ankylosing 
spondylitis400 

++275 63%271 ++14     

Multiple sclerosis401 ++388 25%402 ++403-405 ++406-408  +409 +256 Fungal etiology suspected288, 317, 403-405. 
Risk factors: HSV-2, EBV410-412, HLA-
DRB1*1501/*0301413, female sex. 

Systemic lupus 
erythematosus414 

++390 25%415 ++385, 

386 
    Risk factors: EBV416, HLA-

DRB1*1501/*0301326, female sex. 
Crohn’s disease417 +391 27%418 ++419 +420 +345  +256 Fungal etiology suspected314, 397, 421 
VVS/ vulvodynia369 +366       Fungal etiology suspected368, 369; ~20% of 

VVS cases begin at first intercourse370 
Sarcoidosis +/-422   +423  +399  Fungal etiology suspected424, 425. Risk 

factors: HLA-DRB1*1501426 
Psoriasis +/-427 40%427 +428, 429 ++13 +430 +399  Fungal etiology suspected197, 318-320, 322, 323, 

431, 432 
Asthma -   +433   +256 Fungal etiology suspected250, 434 
Rheumatoid arthritis +/-435 15%436 +437 +438 +345  +256 Risk factors: impaired immune response to 

fungi439 
Schizophrenia440 ++389 48%441 ++384 +293    IL-17 is decreased440 
 

The “Age at onset = STI” column indicates if the age at onset of a condition matches with 
the yet-to-be-identified fungal STI suspected of causing prostate cancer (see Figure 18). 
The “CHIT1 / YKL-40” column indicates if elevated levels of chitin targeting proteins are 
present in a condition. The “DMSO” and “DMF” columns indicate if dimethyl sulfoxide or 
dimethyl fumarate therapies provide temporary symptomatic relief: both compounds are 
known to inhibit the growth of fungi. The “Helminth” column indicates if a condition has 
been shown to improve with helminth therapy. Helminths are parasitic intestinal worms 
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which infect most individuals in developing countries. The recent elimination of intestinal 
parasites in developed countries (due to improved hygiene and medical care) has been 
hypothesized as one of the main causes of the increased prevalence of diseases of the 
bowel and other autoimmune conditions256. Chronic helminth infections are generally 
asymptomatic. They improve immune tolerance to various microbes in the gut, including 
fungi such as Candida albicans. This improved immune tolerance may lead to lower 
circulating antibody or memory B cell levels, reducing inflammation in other sites of the 
body by preventing “id reactions”. 

5.4.14 Multiple sclerosis 
The Epstein-Barr virus (EBV) is a major risk factor of multiple sclerosis410-412. According 
to a meta-analysis412, EBV seropositivity was demonstrated in 99.5% of multiple sclerosis 
patients, but only in 94% of controls, implying a >10x increase in risk*. This risk appears 
further increased in individuals infected with both EBV types442. Such a high relative risk 
is difficult to explain by EBV acting as a surrogate for another infection†—though it may 
still be acting as a surrogate for STIs (adults who don’t have EBV have had few sexual 
partners443). It is thus likely that EBV is directly involved in multiple sclerosis in some 
way. However, EBV is usually acquired in childhood, yet multiple sclerosis symptoms 
only begin much later in life (multiple sclerosis is rare in children, see Figure 24). This 
suggests EBV is interacting with a second environmental factor which is rare in children to 
cause multiple sclerosis‡. 

                                                
* Studies linking EBV to adult onset diseases are difficult to perform because nearly every adult is infected, 
requiring very large groups to reach statistical significance. 
† It is difficult to exclude the possibility that EBV is only acting as a surrogate for an STI, since individuals 
who do not have EBV must have had minimal exposure to STIs; individuals who have EBV are expected to 
cover the full spectrum of STI exposure (from none to much), as most EBV infections begin in childhood and 
are in no way related to sexual activity. Are EBV negative individuals ~10x less likely to have ever 
contracted HPV as compared to EBV positive individuals? I doubt it but if so, EBV could only be acting as a 
surrogate for an STI: once this STI is controlled for, EBV would no longer be a risk factor. 
‡ For simplicity, this section refers to “a second environmental factor”, implying only EBV and one other 
environmental factor are required for multiple sclerosis. However, the evidence presented here is also 
consistent with either EBV not being involved at all (it would only be acting as a surrogate for an STI), or 
there being multiple environmental factors required for multiple sclerosis in addition to EBV. If the putative 
fungal STI sufficed to cause both ankylosing spondylitis and multiple sclerosis, then monozygotic twin 
concordance should be identical for both diseases, yet it is ~25% in multiple sclerosis and ~63% in 
ankylosing spondylitis, implying respectively 40% and 77% infection prevalence using Figure 17. This 
suggests at least one additional environmental factor is involved in multiple sclerosis beyond the putative 
fungal STI. In the most likely scenario, EBV (94% lifetime risk) and vulvovaginal candidiasis (72% lifetime 
risk in women) are two additional environmental factors required for multiple sclerosis in women. The 
probability of exposure to all three factors (assuming they are orthogonal) is 77% * 94% * 72% = 54%, 
placing monozygotic twin concordance at 35% using Figure 17. Monozygotic twin concordance is estimated 
at 34±5.7% in Canadian women, approximately matching this model. Note that this model is based on noisy 
datasets, thus should be interpreted with caution. Alternatively, the multiple sclerosis symptom spectrum 
means marginal cases may depress monozygotic twin concordance (eg. low kappa). 
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Figure 2 of this meta-analysis412 plots the incidence of multiple sclerosis by age in 
individuals who acquired EBV in childhood, as compared to those who acquired EBV in 
their teens or early adulthood. The rate of decline of both series is similar, yet the rate of 
increase is not. The “childhood” EBV plot likely matches the incidence of the second 
environmental factor. The analysis of the “late onset” EBV plot is more complex, since the 
second environmental factor and the EBV infection could occur in either order. 
Interestingly, the risk of multiple sclerosis rises sharply after EBV seroconversion in young 
adults444. This could either be explained by the second environmental factor having already 
occurred, or by a sudden increase in risk of the second environmental factor which 
coincides with EBV seroconversion—the latter being particularly important if the second 
environmental factor is an STI (EBV is primarily acquired through intimate contact in 
teens and adults, as opposed to children). 

Monozygotic twin studies show ~25% concordance for multiple sclerosis402, which means 
the second environmental factor must affect at least 40% of the population (see Figure 17). 
Thus, candidates for the second environmental factor must reach a prevalence of at least 
40% in developed countries and have a distribution of age at onset matching that of 
multiple sclerosis in individuals who acquired EBV in childhood. The yet-to-be-identified 
fungal STI suspected of causing prostate disease and ankylosing spondylitis corresponds to 
this description. 
In 2002, Hawkes authored a review of epidemiological evidence which supported a 
sexually transmissible infectious etiology for multiple sclerosis7. Four studies reported that 
HSV-2 seropositivity is a moderate risk factor of multiple sclerosis382, 445-447—other 
common viruses including HSV-1 are not associated with multiple sclerosis, except EBV 
(see Table 2 here412). HSV-2 is unlikely causing multiple sclerosis since it is not present in 
many diseased individuals, and its odds ratios are low; instead, it is likely acting as a 
surrogate for another causative infectious agent*, as occurred in cervical cancer studies448 
prior to the discovery of HPV-16. Smoking was also acting as a surrogate for HPV-16 
exposure126, resulting in a moderate association between smoking and cervical cancer 
(OR=~1.8)19. Smoking is a moderate risk factor of multiple sclerosis (OR=~1.5)17. The 
distribution of the age at onset of multiple sclerosis matches closely that of ankylosing 
spondylitis and the putative STI suspected of causing prostate disease275, 388 (see Figure 
24). Combining the associations observed with HSV-2 seropositivity and with smoking, a 
sexually acquired infectious etiology in multiple sclerosis seems very likely. 
Antibodies targeting fungal antigens have been found in the blood of multiple sclerosis 
patients, but not controls403-405. EBV permanently infects B cells which produce these 
                                                
* HSV-2 cannot be a good surrogate for EBV infections, since EBV is mostly (~75%) acquired in childhood. 
Assume HSV-2 is a perfect surrogate for EBV exposure in adulthood, so HSV-2 seropositive adults all have 
EBV (100%), and HSV-2 seronegative adults have the childhood exposure rate (75%). The maximum 
possible odds ratio under this ultra-conservative surrogacy scenario would be 100% / 75% = 1.33. Using a 
more realistic EBV rate in HSV-2 seronegative adults [(0.94 - 0.1) / (1.0 - 0.1) = 93%] (HSV-2 prevalence 
estimated at 10%, see Table 8), the maximum possible odds ratio would be 100% / 93% = 1.08. This is well 
below the odds ratio of 1.6 (or more) measured between HSV-2 and multiple sclerosis. 
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antibodies, thus may be responsible for what appears to be an abnormal production of 
antibodies targeting fungi—perhaps B cells producing antibodies targeting fungi are 
facilitated* by EBV15, leading to higher memory B cell populations which cause chronic 
inflammation by breaking immune tolerance to some types of fungi (see Table 22 and 
Figure 25). Interestingly, the rate of multiple sclerosis is about twice as high in women as 
compared to men: this could be explained by the higher levels of Candida albicans 
antibodies measured in women384 which this study attributed to genital yeast infections†. 
Lifetime risk of vulvovaginal candidiasis is ~72% in women359. 

Antibodies against fungi often target the cell wall component mannose, which is present in 
most fungi314; such antibodies are cross-reactive, detecting a wide variety of fungal species 
but not bacteria. Macrophages in multiple sclerosis lesions express the mannose receptor‡, 
while those of controls do not449; this receptor is necessary for the phagocytosis of some 
types of fungi such as Pneumocystis jirovecii450. Mannose-binding lectin-associated serine 
protease-2 (MASP-2) is elevated in the plasma of multiple sclerosis patients451; MASP-2 
marks microbes (bacteria and fungi) for phagocytosis451. 
Table 22: Proposed steps for MS-causing memory B cells to reach the brain (see Figure 25 and Figure 26). 
Step 1: EBV infected naive B 
cells are exposed to fungal 
antigens during affinity 
maturation (in the mouth or 
genitals); EBV infected memory 
B cells recognizing a conserved 
fungal antigen enter circulation15 

Step 2: These memory B cells divide 
about once a month (or more 
frequently if antigen stimulated); after 
a few dozen divisions some cells 
become EBV free16; once EBV free, 
these cells are no longer under CD8+ 
(cytotoxic) T cell surveillance, and are 
suddenly allowed to clonally expand 

Step 3: Commensal fungi located anywhere 
in the body (especially the gut and vagina) 
expose the now EBV-free memory B cells to 
a cognate antigen, stimulating clonal 
expansion; this newly formed large memory 
B cell population reaches the brain, where it 
recognizes a “forbidden” MS-causing epitope 

The HLA-DRB1*1501 allele is by far the most important genetic risk factor of multiple 
sclerosis413 and has been implicated in the immune response to fungi: it confers strong 
protection against coccidioidomycosis328 but also causes hypersensitivity to benign fungal 
antigens327. The HLA-DRB1*0301 allele is another genetic risk factor for multiple 
sclerosis452 which is protective against coccidioidomycosis328 but causes hypersensitivity 

                                                
* EBV coerces resting naive B cells to mature into IgG isotype-switched memory B cells which recognize 
commensal microbes located nearby (in the mouth and genitals). These memory B cells recognize abundant 
bacterial or fungal antigens, such as cell wall glycoproteins (see Figure 23). The many links between 
autoimmune diseases and antibodies against fungi suggest the causative “forbidden” epitope may be the 
mannose region of fungal mannoproteins (see Section 5.4.5). It remains unclear how EBV pushes naive B 
cells through BCR affinity maturation despite poor initial affinity to most antigens. In particular, if any naive 
B cell can converge onto any antigen through affinity maturation as suggested here, why would naive B cells 
be produced with a wide variety of BCRs? Perhaps quick production IgM antibodies without having to wait 
for BCR affinity maturation (which takes weeks) to respond to a primary infection is the main reason. 
† This could explain the lower multiple sclerosis concordance in monozygotic male twins as compared to 
monozygotic female twins, which cannot be explained by environmental factors with a similar prevalence in 
men and women (like EBV or the putative yet-to-be-identified fungal STI).  
‡ Macrophage mannose receptors (MMR, aka MRC1/CD206) also bind fucose and N-acetylglucosamine, and 
are involved in immune defense against bacteria as well as fungi. 
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to fungal antigens453. HLA-DR plays a key role in the activation of memory B cells: CD4+ 
T cells must recognize the microbial peptide presented by the HLA-DR receptor on the 
surface of B cells for antibody production to take place454. Interestingly, the elimination of 
B cells in the brain results in rapid remission of multiple sclerosis lesions without a 
reduction in antibody levels455: perhaps the presentation of fungal antigens to CD4+ T cells 
by memory B cells in the brain is the main inflammatory pathway (see Figure 23). HLA-
DRB1*1501 may also facilitate fungal antigen recognition in Table 22. 
Cytokine IL-17 is elevated in the presence of chronic fungal infections132, and is also 
elevated in multiple sclerosis401. The combination of the mannose receptor on antigen 
presenting cells (monocytes), CD4+ T cells, and mannoprotein from some fungi (for 
example from Candida albicans but not Saccharomyces cerevisiae) are necessary to 
efficiently produce IL-17 in vitro331 (see Figure 23). Gram negative bacterial cell walls do 
not provoke strong IL-17 production331, suggesting this pathway is fungal antigen specific. 
Cerebrospinal fluid chitotriosidase levels are elevated in multiple sclerosis406-408, 
suggesting the presence of the fungal cell wall component chitin being targeted by 
leukocytes. The presence of chitin in the brain (which is highly suggestive of fungi) has 
been reported by two groups295, 296. The first group reported DNA collocated with chitin in 
Alzheimer's brain tissue, a very specific marker of fungi. Active multiple sclerosis lesions 
are dominated by CD8+ (cytotoxic) T cells, which respond to intracellular infections456. 
These findings strongly suggest an overreaction to fungal antigens may be one of the main 
genetic causes of multiple sclerosis. Antifungal drugs could be used to reduce or eliminate 
fungal antigens in multiple sclerosis patients. Such treatments have been reported effective 
in a few cases315-317, and the fungicide dimethyl fumarate (DMF) has been approved by the 
American FDA for multiple sclerosis457—this situation is reminiscent of psoriasis where 
both oral nystatin and DMF have been convincingly shown to reduce symptoms (see 
Section 5.4.16). Studies testing a wide range of antifungal drugs on multiple sclerosis 
symptoms are urgently needed, as DMF may not be the most effective fungicide. 
Evidence presented in this section clearly links multiple sclerosis to genital exposure to 
fungi, though this could be entirely due to Candida species rather than a novel fungal 
STI—the age at onset359 and sexual risk factors358-360 of vulvovaginal candidiasis mean that 
EBV and Candida species could be sufficient to cause multiple sclerosis if (1) MS-causing 
antigens in the brain are human epitopes recognized through molecular mimicry, and (2) 
HSV-2 is acting as a surrogate for genital Candida albicans infections rather than a novel 
fungal STI (this does not seem to be the case361-363). Because of this uncertainly, the 
strength of evidence linking multiple sclerosis to the same putative fungal STI causing 
prostate disease falls just short of materially increasing the probability of this book’s main 
hypothesis being correct*. This is why multiple sclerosis was placed here, in the more 

                                                
* The only unambiguous link between multiple sclerosis and prostate disease which I have found is that 
HLA-DRB1*1501 greatly increases the risk of multiple sclerosis and granulomatous prostatitis. 
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speculative section of this book, despite very strong—if not conclusive—evidence linking 
it to a fungal infection (see Table 23).  
Table 23: Is multiple sclerosis (MS) caused by a chronic fungal infection? The most direct evidence is listed 
in this table. Rows are grouped into five independent types of evidence, separated by thick lines; all five 
evidence types strongly support the existence of a fungal etiology in multiple sclerosis. Strong evidence is 
shown in green or red. ↑ = increases/elevated; ↓ = decreases/depressed. 
Evidence Fungal cause Autoimmune cause 
Fungicide dimethyl fumarate (DMF) 
taken orally reduces MS 
symptoms457, and was recently FDA 
approved for MS 

DMF reduces fungal antigen load in the 
body by killing fungi; this reduces the 
population of memory B cell which 
recognize fungi (see also Section 5.4.16) 

DMF has anti-inflammatory 
properties unrelated to fungi 

Fungicide nystatin taken orally 
reduces MS symptoms315-317 (it is 
not absorbed into the bloodstream, 
so only affects fungi in gut) 

Nystatin reduces fungal antigen load in 
the gut by killing fungi; this reduces the 
population of memory B cells which 
recognize fungi (see also Section 5.4.16) 

Small studies (probably flawed) 

Age at onset of MS388 matches 
ankylosing spondylitis and putative 
fungal STI which causes prostate 
disease (see Figure 24) 

Ubiquitous yet-to-be-identified fungal 
STI (suspected of also causing 
ankylosing spondylitis and prostate 
disease) is a necessary factor in MS 

Unknown mechanism prevents onset 
of MS in children and older adults 

HSV-2 seropositivity associated 
with MS382, 445-447 

HSV-2 is a surrogate for STI exposure, 
as demonstrated with HPV-16 in 
cervical cancer 

HSV-2 increases inflammation in the 
brain through unknown mechanisms 
(HSV-1 does not) 

Smoking moderately ↑ MS risk17 
Smoking is a surrogate for STI 
exposure, as demonstrated with HPV-16 
in cervical cancer  

Smoking increases inflammation in 
the brain through unknown 
mechanisms 

CSF chitotriosidase ↑ in MS406-408 
Chitotriosidase is produced by 
leukocytes in response to a fungal 
infection, hydrolyses fungal cell walls 

Chitotriosidase is not specific to 
fungal infections, and is elevated for 
non-infectious reasons in MS 

Macrophages in MS lesions express 
mannose receptor449 

Macrophages clear fungus in brain 
which has mannose in its cell wall Small study (probably flawed) 

Mannose-binding lectin-associated 
serine protease-2 (MASP-2) ↑ in 
MS451 

MASP-2 facilitates formation of 
memory B cells which recognize fungi 
by attaching to fungal mannoproteins 

Small study (probably flawed) 

Antibodies targeting fungal antigens 
↑ in MS403-405 

Antibodies targeting fungi are a 
biomarker of elevated memory B cells 
which recognize fungi 

Small studies (probably flawed) 

EBV major risk factor of MS  
(odds ratio >4.5)410-412 

EBV infects memory B cells, ultimately 
resulting in increased fungal antigen 
presentation in the brain15 

EBV increases inflammation in the 
brain through unknown mechanisms 

B cells necessary factor in MS458, 459 

B cells recognize fungal antigen in the 
brain (likely a surface protein such as 
MP65) and present it to CD4+ T cells 
(see Figure 23)15 

B cells recognize self-antigens in the 
brain459 

MHC class II peptide presentation 
allele HLA-DRB1*1501 is the most 
important genetic risk factor of MS 
(monozygotic odds ratio ~6)413 

*1501 increases presentation efficiency 
of fungal antigens, protecting from 
acute fungal infections but also causing 
overreactions to benign fungi 

*1501 increases presentation 
efficiency of self-antigens (bad!), but 
is preserved because it protects from 
acute fungal infections 

IL-17 ↑ in MS brain401 

Antigen presenting cells (memory B 
cells, monocytes, macrophages) present 
fungal mannoprotein to CD4+ T cells, 
which produce IL-17331 (see Figure 23) 

IL-17 is not specific to fungal 
infections, and is elevated for non-
infectious reasons in MS 
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Figure 25: Proposed link between EBV and multiple sclerosis15. Illustration by Oksana Vinokurova. 
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5.4.15 Systemic lupus erythematosus 
Systemic lupus erythematosus (SLE) has many similarities with multiple sclerosis. Shared 
risk factors include HLA-DRB1*1501, HLA-DRB1*0301, antibodies against fungi385, 386, 
female sex, smoking and EBV seropositivity. Monozygotic twin concordance is similar at 
~25%415, and the age at onset matches sexually active years for both conditions390. EBV 
viral load in the blood is significantly elevated in SLE patients, suggesting the direct 
involvement of B cells460. Oral terbinafine is known to trigger SLE in some individuals461: 
this may be the result of an “id reaction”, where inflammation is a side effect of a sudden 
increase in fungal antigen load30. 

5.4.16 Psoriasis 
Several links exist between psoriasis and fungi. Commensal fungi* (as well as bacteria) are 
part of the normal microbiota of the skin32, 33. The loss of immune tolerance to this 
microbiota is a plausible cause of psoriasis201, 251, though it is unclear what causes immune 
tolerance to be broken in the first place. Many cases arise in childhood462, which means the 
yet-to-be-identified fungal STI definitely does not play a role in all psoriasis cases, and 
may well not be involved in psoriasis at all†. 

Antibodies against fungi (especially Malassezia species) are elevated in psoriasis428, 429. 
Patch tests using Malassezia antigens trigger psoriasis-like symptoms12. The immune 
protein YKL-40 (which recognizes the fungal cell wall component chitin) is markedly 
elevated in psoriasis (especially in severe cases), suggesting a fungal etiology13. 

The fungicide dimethyl fumarate (DMF) administered orally was approved by the German 
FDA in 1994 for the treatment of psoriasis, though the mechanisms of action of this drug 
have not been identified. Psoriasis symptoms have been shown to sometimes respond to 
various antifungal drugs463-466, especially oral nystatin319-322. Oral nystatin is not absorbed 
into the bloodstream, so it can only kill fungi in the gut. Interestingly, fungal colonization 
of the gut is a risk factor of psoriasis323, 431. How can a marked change in dermatological 
symptoms319, 323 be explained by clearing fungi in the gut rather than on the skin? Immune 
tolerance of commensal fungi on the skin could be lost due to a fungal infection elsewhere 
in the body: this effect appears to cause “id reactions”30. The exact pathways linking the 
immune response in the gut and on the skin are not known—they could involve a change 
in circulating cytokines, antibodies or leukocytes. Oral nystatin has been shown to have a 
similar effect on a variety of symptoms unrelated to the digestive system29, 241, 316, 
suggesting that these immune pathways may not be limited to psoriasis. 

                                                
* Malassezia species colonize the skin, and may provide an antigenic target in psoriasis and psoriatic arthritis. 
† Psoriasis may have many causes (Lonnberg 2016): the yet-to-be-identified STI may cause some cases. 
Childhood psoriasis and adult onset autoimmune diseases could have a shared infectious etiology if 
Malassezia only reach internal organs after sexual debut (see Section A.1). 
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5.4.17 Multiple environmental factors may be necessary 
The presence of antibodies targeting a wide variety of Candida species in multiple 
sclerosis patients403-405 (but not controls) suggests exposure to fungi may be a necessary 
factor in many cases of multiple sclerosis. EBV appears to be a necessary factor in nearly 
all cases as well, and since this virus infects B cells, it is quite plausible that EBV enables 
memory B cells whose BCRs target ubiquitous fungal antigens15 which humans would be 
better off tolerating. 
The presence of Candida albicans in the gut of psoriasis patients, combined with the effect 
of oral nystatin on their dermatological symptoms—despite the fact that oral nystatin never 
reaches the skin—supports the presence of antibodies and/or memory B cell BCRs cognate 
to both fungal antigens in the gut (such as Candida albicans) and on the skin (such as 
Malassezia species)429. Much smaller studies report a similar effect for oral nystatin on 
multiple sclerosis symptoms315-317. “Id reactions”30 and the effect of oral nystatin on 
idiopathic vaginal symptoms29, 253, 254 also suggest that the immune response to different 
fungal infections is coordinated through common immune pathways such as antibodies or 
memory B cell BCRs which recognize many fungal species, provoking inflammation in 
sites other than those where known fungi are normally found (gut, vagina, etc). Helminth 
therapy may be downregulating the immune response against fungi commonly found in the 
gut, which in turn suppresses “id reactions” that manifest themselves as chronic 
inflammation targeting unrelated fungi in other regions of the body (prostate, brain, vagina, 
skin, etc), restoring immune tolerance to such fungi. 
Though cross-reactive antibodies and BCRs against fungi seem to be the most likely 
immune pathway linking fungi in the gut to inflammation elsewhere in the body, other 
mechanisms such as circulating cytokines (ex: IL-17), antimicrobial enzymes (ex: 
chitotriosidase, YLK-40) or leukocytes (ex: memory T cells) could also explain this link. 
Antibodies against fungi may not be a modifiable risk factor, but rather only be a 
biomarker of another causative immune pathway, such as memory B cells with BCRs 
cognate to fungal antigens. For example, the elimination of B cells in multiple sclerosis 
results in rapid improvement of inflammatory lesions, probably too rapid to be justified by 
a reduction in antibody levels455; instead, it seems that fungal proteins in the brain are 
found by memory B cells, which present them to CD4+ T cell via HLA-DR, resulting in T 
cell activation and production of IL-17 (see Figure 23). 

The onset of CP/CPPS and reactive arthritis is often accompanied either by sexual risk 
factors or digestive symptoms. Reactive arthritis researchers suspect that STIs (such as 
Chlamydia trachomatis) and intestinal pathogens (such as Yersinia enterocolitica) can both 
independently cause reactive arthritis261—yet epidemiological data indicate that reactive 
arthritis only occurs after sexual debut, which raises the question of why children and 
young teens would be protected from developing reactive arthritis if intestinal pathogens 
were sufficient to cause this disease. The use of antibacterial drugs has been anecdotally 
linked to the onset of some CP/CPPS cases, suggesting fungal overgrowth during such 
treatments may initiate the loss of immune tolerance to the yet-to-be-identified fungal STI. 
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In genetically predisposed individuals, an unrelated fungal infection and sometimes an 
EBV infection may be necessary for the onset of symptoms primarily caused by a loss of 
immune tolerance to a yet-to-be-identified fungal STI; the order in which the infections 
occur will vary, with the unrelated fungal infection often occurring last (see Figure 26). 
Unfortunately, once inflammation has been triggered by an unrelated fungal infection, the 
resolution of this unrelated infection may not always suffice to restore immune tolerance to 
the fungal STI in sites such as the prostate, spine, brain or skin, leading to symptoms which 
last indefinitely. 

While additional environmental factors appear to be involved in multiple sclerosis and 
reactive arthritis, they do not seem play an important role in prostate cancer or BPH: the 
yet-to-be-identified fungal STI is likely the only necessary environmental factor for these 
two diseases. The delay in appearance of symptoms due to additional environmental 
factors may have obfuscated the link between sexual activity and symptom onset in many 
of the diseases listed in Section 5. 

 

 
Figure 26: (left) Infection order 1. Chronic illness begins when memory B cells whose BCRs target a well 
conserved fungal antigen clonally expand, recognizing an antigen on the putative fungal STI which was 
acquired some time ago. This process is facilitated by EBV and a Candida infection15. Note that the “MS-
causing memory B cells (EBV+)” plot likely spikes similarly to the “MS-causing memory B cells (EBV–)” 
plot: it was drawn without spikes for clarity. 

Figure 27: (right) Infection order 2. Chronic illness begins with the acquisition of the putative fungal STI, as 
memory B cells targeting both Candida and this STI are already present. Regardless of infection order, once 
the first multiple sclerosis symptoms have appeared, the MS-causing memory B cell population controls 
symptom severity. Expansion of this memory B cell population is stimulated by commensal fungi, such as 
Candida in the gut or vagina. Either oral fungicides (for example nystatin or dimethyl fumarate) or a diet 
which reduces the load of commensal fungi in the gut are expected to reduce MS-causing memory B cell 
populations and improve symptoms. Treatments which reduce the recognition of fungi in the gut should also 
work (for example helminths and D-mannose). Such interventions are not expected to reduce symptoms 
immediately because memory B cell populations taper off slowly after an inflammatory stimulus has been 
removed. 
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5.4.18 The mutually assured destruction (MAD) autoimmune disease hypothesis 
STIs must persist for months or years to propagate to an uninfected person, as this requires 
a change in sexual partner*: avoiding clearance by the immune system is thus the primary 
challenge of all STIs. This is in sharp contrast with infections which spread quickly, such 
as influenza and Bordetella pertussis: their main challenge is efficient transmission 
through routes such as the air, so they don’t mind being cleared in short order by the 
immune system, as long as they infect a few more hosts in the meantime. 
The median clearance time for some STIs is a few months or years (ex: HPV, HBV, 
Chlamydia trachomatis, Trichomonas vaginalis, Neisseria gonorrhoeae), whereas other 
STIs cannot be cleared at all (ex: HIV, HTLV-1, HSV-2, Treponema pallidum). From the 
STI’s point of view, never being cleared is the preferred strategy in serially monogamous 
species such as humans. The latter set of STIs have thus found the Holy Grail: a way to 
permanently keep the immune system at bay. How did they do it? 
It is important to note that once permanently infected, both the human host and the STI 
will die together—their fates are tied. The objectives of infected men and the STI thus 
become one: to have sex with as many women as possible, while living a long and healthy 
life†. This means any host morbidity or mortality caused by the STI will be detrimental to 
itself, so such traits will not be selected for: no one wants to have sex with a visibly 
unhealthy (or dead!) person. Why would Treponema pallidum spread throughout the body, 
causing a variety of chronic symptoms associated with syphilis which reduce host fitness 
(see Table 18)? At first blush, this makes no sense at all. The same reasoning applies to the 
yet-to-be-identified fungal STI predicted in this book: why would it disseminate from the 
genitourinary tract, causing ankylosing spondylitis and multiple sclerosis? This seems to 
reduce the STI’s overall fitness, so I would have expected it to stay put in the genital area. 

After being stumped for years, I may have an answer: perhaps spreading throughout the 
body is the simplest way Treponema pallidum found to avoid being cleared by the immune 
system. Inflammation in the genitourinary system is not fun, but it’s not life threatening 
either. This is where Treponema pallidum needs to be to infect other hosts. Staying only in 
the genital area is hard, as the immune system can wage all out war in this site without 
risking life threatening symptoms—but this is not true for vital organs such as the brain, 
heart and liver. The last thing the immune system wants is to wage war against a microbe 
                                                
* Changes in sexual partners are a relatively infrequent event in humans, as opposed to chimpanzees. 
† The objectives of infected females are more complex, as their reproduction potential is limited, so their 
objectives may not be perfectly aligned with the STI. Interestingly, infecting nearly all humans is only the 
fungal STI’s first goal. Once this goal has been reached, bacterial/viral STIs have no incentive to further 
increase transmission rates, but this is not true for fungal STIs: their second goal is to have sex themselves, as 
microbial eukaryotes reproduce sexually like us! This means their transmission rates should be much higher 
than that necessary to achieve nearly 100% prevalence. Avoiding immune clearance is thus more important 
for fungal STIs than bacterial/viral STIs. Next time you are at a bar checking out the opposite sex, odds are 
your fungal STI is formulating equally corny pickup lines (“Hey babe, nice cell wall! Want to see my hypha? 
I’m in epithelial cell 409: it has a great view on the urethra!”), and will have sex shortly after you do. 
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in these critical organs. By infecting these sensitive sites, Treponema pallidum has 
engaged in a form of mutually assured destruction (MAD) where the optimal strategy of 
both parties is to leave each other alone*. This means immunity alleles targeting such STIs 
will be strongly selected against, leaving the STI mostly in peace. 

However, many immunity alleles causing inflammation targeted against STIs are very 
useful to clear other microbes with antigens† similar to those of the STI, so there is 
pressure to select these alleles to help individuals who are not infected with the STI‡. 
Prevalent infectious microbes with antigens similar to those of the STI will promote the 
selection of immunity alleles causing inflammation against the STI, leading to chronic 
illness in a small subset of individuals infected with the STI—when this happens, the 
MAD strategy has gone awry, causing chronic autoimmune diseases which harm both host 
and STI in that instance§. 

The yet-to-be-identified fungal STI predicted in this book appears to spread from the 
genitourinary tract to the spine and brain, sometimes causing chronic autoimmune diseases 
which significantly reduce host fitness, such as ankylosing spondylitis and multiple 
sclerosis. This may well be the optimal strategy for the STI, as immunity alleles which 
would eventually clear it cannot be selected because too much harm is done to the host’s 
vital organs in the meantime. Unfortunately, other infectious microbes promote the 
selection of immunity alleles which cause inflammation against this STI in a small subset 
of individuals: HLA*B27 for ankylosing spondylitis and HLA-DRB1*1501 for multiple 
sclerosis. 
The frequency of these alleles in the population depends on the prevalence of the yet-to-be-
identified fungal STI (typically very high) and the prevalence of other harmful diseases for 
which these alleles are protective**. For example, severe fungal infections such as 

                                                
* Microbial STIs which do not commonly infect vital organs are eventually cleared by the immune system, 
suggesting that the MAD approach may be necessary to persist indefinitely in humans. 
† For the yet-to-be-identified fungal STI predicted in this book, this common antigen appears to be a 
mannoprotein, a component of fungal cell walls present in most fungal species. 
‡ Additionally, the combination of many immunity alleles determines the appropriate immune response for 
each infectious agent; this can justify a high frequency of alleles which increase the risk of autoimmune 
diseases, as long as they decrease the risk of other infections which are equally detrimental to host fitness. 
§ The immune system “calling” the STI’s bluff would be the main reason humans have autoimmune 
diseases—though autoimmune is probably not the right term if the root cause is an infection. Ironically, 
human’s not quite monogamous behavior would be exacerbating the prevalence of autoimmune diseases, as 
complete monogamy (ex: prairie vole) would result in lower (or nil) STI prevalence, and unbridled polygamy 
(ex: chimpanzees) would remove STI’s strong incentive to permanently infect hosts. 
** In the case of syphilis, a rapid change in the frequency of immunity alleles likely occurred in Europe over 
the last 500 years. The first documented cases of syphilis in Europe occurred shortly after the discovery of 
America, suggesting Europe may have been Treponema pallidum free for centuries before 1492. Syphilis 
cases documented in Europe in the 1500s were very severe as compared to modern cases, suggesting 
immunity alleles which reacted strongly to syphilis antigens had reached a high frequency during the 
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coccidioidomycosis promote the selection of HLA-DRB1*1501 (which is protective) 
despite the elevated risk of multiple sclerosis associated with this allele. Monogamous 
populations which live in areas where coccidioidomycosis* is prevalent (ex: Utah) would 
be expected to have a higher frequency of HLA-DRB1*1501 as compared to less faithful 
populations living in areas where coccidioidomycosis is rare. 

5.5 Unanswered question 
Why does DMSO relieve interstitial cystitis and CP/CPPS symptoms? Why does DMF 
relieve psoriasis and multiple sclerosis symptoms? Why does D-mannose relieve cystitis 
and urinary tract infection symptoms? 
What is the prevalence by age group of 5+ leukocytes in EPS per high powered field? 
Does it correspond to the epidemiological model of Section 5.1.6? Is it related to sexual 
behavior? Is it affected by antifungal drugs? 

Why are antibodies against fungi (sometimes referred to as ASCA) associated with so 
many idiopathic inflammatory diseases in Table 21? Are these antibodies directly 
recognizing a fungus present where idiopathic inflammation occurs, or are they a 
biomarker of increased fungal antigen recognition by B cells and T cells? 

Does the oral antifungal drug nystatin improve schizophrenia, Crohn’s disease or systemic 
lupus erythematosus symptoms in patients with fungal colonization of the gut, as 
demonstrated for psoriasis322, 323 and chronic vaginitis29, 253, 254, and somewhat less 
convincingly for multiple sclerosis315-317? 

Is EBV directly involved in multiple sclerosis, or is it only acting as a surrogate for STI 
exposure? Do EBV infected memory B cells need to mature while exposed to the putative 
fungal STI’s antigens, or are fungal antigens from a variety of fungal species (such as 
Candida albicans) sufficient? If the epitope targeted by memory B cells is well conserved 
(such as mannose or chitin), any fungal species would do. 
Is there a missing STI or not? The fact that such an STI has not yet been found is the major 
sticking point against the main thread of this book, as well as against such an STI’s 
involvement in multiple sclerosis, systemic lupus erythematosus, schizophrenia and other 
diseases listed in this section. While the prior probability of a novel STI being a necessary 
factor for these diseases may seem low, the conditional probability is much higher if a 
ubiquitous novel STI actually exists. At the time of writing, no universal molecular 
techniques have been used to detect STIs from all branches of the tree of life. 

                                                                                                                                              
Treponema pallidum free era. These alleles greatly reduced host fitness after the introduction of Treponema 
pallidum, leading to high morbidity/mortality until such alleles were pruned from the gene pool. 
* HLA-DRB1*1501 may well protect humans from a wide range of potentially fatal fungal infections, so this 
example should be widened to cover all fungal infections for which HLA-DRB1*1501 is protective. 
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6    Links with other cancers 

Many different risk factors have been identified which contribute to oncogenesis: 
heredity/genetics, physical trauma, diet, radiation, chemicals, drugs, infections and more. 
Helicobacter pylori, hepatitis viruses and human papillomaviruses are the infectious agents 
most conclusively linked to human cancers. However, this short list of infectious agents is 
likely incomplete as the etiologies of most cancers remain to be discovered, and a subset of 
these cancers may well have unidentified infectious causes or risk factors. Currently no 
fungal infections have been linked to common cancers; rare genetic defects which inhibit 
immune control of fungi in the mouth cause otherwise rare oral cancers9, 10. 
Elevated PSP94 concentration in the prostate significantly reduces prostate cancer risk42, 70, 

76. PSP94’s intracellular fungicidal activity, its rapid evolution and its presence in 
epithelial cells of many organs suggest its primary purpose is immune defense. 
Interestingly, PSP94 is present in breast epithelial cells63, 64, 85, yet it is not detectable in 
breast milk62, 63. Whatever role it plays in the breast must be entirely intracellular. A 
plausible explanation of PSP94’s wide distribution in the body would be that cells which 
synthesize PSP94 are sometimes infected by intracellular microbes targeted by this protein. 
Dickson reported finding a microbe resembling the candidate microbe described in Section 
8 in both bladder and kidney cells (see Section 8.2.4), providing some evidence that PSP94 
may be targeting the same or a similar microbe in sites other than the prostate. 
The highest concentration of PSP94 within cells is found in the prostate, and substantial 
evidence suggests these cells may be infected with an intracellular microbe resistant to 
PSP94 (see Section 4.2): since PSP94 only slows the growth of this putative intracellular 
microbe, it’s possible that similar chronic subclinical intracellular infections occur 
elsewhere in the body where PSP94 can be found within cells’ cytosol. Monocytes are 
suspected of transporting microbes from the genitourinary tract to other sites in the 
body261: this transport mechanism could be used by GU microbes—including the putative 
microbe involved in prostate cancer—to infect epithelial cells of many other organs, 
causing inflammation which leads to cancer in susceptible cell types. 
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An alternate hypothesis for the protective effect of PSP94 in prostate cancer has been 
proposed101: PSP94 may directly inhibit the growth of cancer cells (see Sections 2.6, 7.2, 
and Appendix C) which would also justify its presence in other late onset cancer sites. 

6.1 PSP94 by cancer site 
PSP94’s protective properties against prostate cancer suggest that it may be relevant to 
consider its distribution in the body in relation to other cancers. The following three tables 
list the cell types from which human cancers originate, as well as the presence of PSP94 
within these cells. Table 24 lists cells located in late onset cancer sites, defined as not yet 
having reached 2% of total lifetime incidence by age 30. Table 25 lists cells located in 
early onset cancer sites, defined as having reached 2% of total lifetime incidence by age 
25. Table 26 lists cells from cancer sites which are not tracked by either Cancer Research 
UK (CRUK) or the National Program of Cancer Registries US Cancer Statistics (USCS), 
usually because they are too rare or too common. For each cancer site in the body, the 
fraction of cancers originating from each cell type is specified. 

The distribution of PSP94 among cancer sites is striking: PSP94 is generally present in 
late onset cancer sites but not in early onset cancer sites. In most cases, PSP94 is 
specifically located in the type of cell which becomes cancerous. The presence of PSP94 
seems orthogonal to cell subdivision as defined by Vickaryous467: some ductal and 
exocrine epithelial cells contain PSP94, others do not. The distinguishing variable appears 
to be late onset cancers, giving the impression that PSP94 is causing late onset cancers—
though this can’t be right since PSP94 is protective against prostate cancer42, 70. 
Epithelial cells in all late onset cancer sites transcribe PSP94’s gene MSMB (see Table 24). 
This could be explained by PSP94’s tumor suppression properties: the fact that PSP94 is 
also fungicidal may just be a coincidence. However, as hypothesized for prostate cancer, 
these sites may be infected asymptomatically with an intracellular microbe, causing 
chronic inflammation responsible for oncogenesis of epithelial cells (see Section 5.4.1 and 
Section 5.4.18). The etiology of stomach cancer is similar: decades of chronic gastric 
inflammation due to asymptomatic Helicobacter pylori infections eventually cause 
stomach cancer in some individuals. Alternatively, PSP94 is perhaps involved in a yet-to-
be-identified cancer prevention mechanism which is specific to late onset cancers. 

Bladder cancer is the only major mismatch in Table 24: it does not occur in young 
individuals, yet PSP94 was not detected in the bladder in a single study63. Interestingly, 
bladder transitional epithelial cells do synthesize mRNA from PSP94’s gene (MSMB), but 
exon III is often missing, leading to the absence of the middle portion of PSP9491. Exon IV 
has been reported to be shifted by one base in PSP57’s mRNA, making the C-terminus of 
the predicted PSP57 protein completely different from PSP94. The PSP57 protein itself has 
not been detected, so it is probably not synthesized despite the presence of mRNA. The 
only study of PSP94/PSP57 mRNA in the bladder used 16 biopsy samples from bladder 
cancer patients, and detected PSP57 mRNA in 9 samples and PSP94 mRNA in 2 
samples91. The significance of this finding is not known (see Section 2.5). A small fraction 
of kidney cancers occur in transitional epithelial cells similar to those of the bladder. 



   

Table 24: Late onset cancer cells sorted by lifetime incidence. Late onset is defined as 2% cutoff of cumulative incidence ≥30 years of age. PSP94 
concentration is indicated for each cell type (+++: strongly positive; ++: moderately positive; +: weakly positive; -: negative). PSP94 positive cells are 
shown in green, negative in red, untested/ambiguous in white. Almost all late onset cancer cells contain PSP94. (1) Lifetime incidence for one sex only. 
Lifetime 
cancer468 
incidence 
(0-75 y/o) 

Onset age 
(2% cutoff) 

Site 
frac-
tion 

Cancer cell origin Cell subdivision467 PSP94 
in cell 

Secreted 
PSP94 
(ng/ml)62 

Comments 

CRUK  USCS  

7.50% (1) 49 47 100% Prostate gland cell Exocrine – other +++63 4000000 Smoking (OR=1.2)21 

7.10% (1) 33 33 
80% Mammary nonstriated duct cell Lining – ducts ++85 0 Smoking (OR=1.2)380, especially 

when young. 10% Mammary gland cell Exocrine – sweat ++63 0 

4.00% 44 44 ? 

Tracheobronchial mucous cell Exocrine – mucous +++62 
240000 

Smoking (OR=9.0)19. For non-
smokers >60% originate from 
mucous producing cells467. Exact 
cellular origin of all respiratory tract 
cancers is not known. 

Tracheobronchial goblet cell Exocrine – mucous +++62 
Ciliated respiratory tract cell Lining – ducts +++62 
Tracheobronchial serous cell Exocrine – serous -62/+63 ? 
Other respiratory tract cell  ? ? 

3.60% 38 35 95% Colorectal mucous cell Exocrine – mucous +62, 63 10 Smoking (OR=1.2)19 
1.60% (1) 39 34 95% Uterus endometrial cell Exocrine – other ++64, 93 ?  
1.40% 37 42 95% Secretory stomach cell Exocrine – mucous +++62 830 H. pylori necessary for oncogenesis 

1.20% 42 42 90% Bladder transitional cell Lining – ducts -63 0 PSP94 & PSP57 mRNA present91; 
interstitial cystitis 

0.80% 35 32 

7% Kidney transitional cell Lining – ducts ? ? Smoking (OR=1.5)19. PSP57 mRNA 
is present in the kidney, though the 
cellular source of PSP57 mRNA has 
not been established.91.  

90% 
Kidney proximal tubule cell Lining – ducts +63 ? 
Kidney distal tubule cell Lining – ducts ++63 ? 

? 
Kidney thin Henle’s loop cell Lining – ducts ++63 ? 
Kidney glomerular epithelial cell Lining – ducts +63 ? 

0.80% 42 41 90% Pancreas acinar cell Exocrine – serous +62, 63 0  

0.60% 35 39 
75% Liver hepatocyte cell Exocrine – other +63 ? Hepatitis is a risk factor 
15% Liver bile duct cell Lining – ducts +++63 21 Inflammation is a risk factor 

0.50% 42 42 
50% Esophagus lower mucous cell Exocrine – mucous +62, 63 ? GERD and Barrett's are risk factors 
40% Esophagus squamous cell Lining – viscera -62 0 Smoking is a major risk factor 



    

    

Table 25: Early onset cancer cells sorted by lifetime incidence. Early onset is defined as 2% cutoff of cumulative incidence <25 years of age. PSP94 
concentration is indicated for each cell type (+++: strongly positive; ++: moderately positive; +: weakly positive; -: negative). PSP94 positive cells are 
shown in green, negative in red, untested/ambiguous in white. Almost no early onset cancer cells contain PSP94. (1) Lifetime incidence for one sex 
only. 
Lifetime 
cancer468 
incidence 
(0-75 y/o) 

Onset age 
(2% cutoff) 

Site 
frac-
tion 

Cancer cell origin Cell subdivision467 PSP94 
in cell 

Secreted 
PSP94 
(ng/ml)62 

Comments 

CRUK USCS  

1.00% (1) 23 24 31% Ovary epithelial cell Exocrine – serous -62 0  
? Other ovary cells  -62 0  

1.00% 21 21 100% Lymphocyte (non-hodgkins) Blood/immune ? ?  
1.00% 22 24 100% Melanocyte cell Covering  -63 0 UV major risk factor 

0.90% (1) 21 24 
85% Cervix squamous cell Lining – viscera -62 0 HPV necessary for oncogenesis 
10% Cervix ciliated cell Lining – ducts +++62 74  

0.75% 7 7 100% Blast cell (leukemia) Blood/immune ? ?  

0.60% 17 17 
15% Thyroid follicular cell Endocrine – amino acid -63 0  

? Other thyroid cells  -63 0  

0.50% 7 6 
50% Glial cell Glia -63 0  

? Other brain cells  -63 0  
0.40% (1) 15 14 95% Germ cell (testicle) Germ -63 0  
0.20% 9 9 100% Lymphocyte (hodgkins) Blood/immune ? ?  
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There are two major types of esophageal cancer: the first type originates from cells which 
synthesize PSP94, and the second does not. The second type is mostly caused by smoking 
and heavy drinking, whereas the etiology of the first is not known. 
Early onset cancers are a heterogeneous group originating from many cell types (see Table 
25). Only ovarian cancers and cervical cancers originate from cells of the same 
subdivisions467 as late onset cancers. PSP94 is absent in the ovaries but present in the 
cervix. HPV infections are a necessary factor in the vast majority of cervical cancer cases. 
Most cervical cancers originate from squamous cells which do not synthesize PSP94. 
About 10% of cervical cancers originate from ciliated epithelial cells: these are the only 
cells synthesizing PSP94 in which early onset cancers occur. It would be interesting to 
analyze the age at onset of cervical cancers originating from ciliated cells separately, as 
this may in fact be a late onset cancer. 

The presence of PSP94 in sites not tracked by Cancer Research UK or US Cancer Statistics 
are listed in Table 26. Some of these cells synthesize PSP94 and some do not. It is difficult 
to determine if these cancers are early or late onset since they have not been studied in 
much detail. Non-melanoma skin cancers, though very frequent, are also listed in this table 
because they are not tracked by Cancer Research UK or US Cancer Statistics. 
Table 26: Cell types absent from Cancer Research UK or US Cancer Statistics series. Cancers originating 
from these cells are too rare to be covered, with the exception of non-melanoma skin cancers which are too 
common and benign. PSP94 concentration is indicated for each cell type (+++: strongly positive; ++: 
moderately positive; +: weakly positive; -: negative). PSP94 positive cells are shown in green, negative in 
red, untested/ambiguous in white. 
Cell467 Cell subdivision467 PSP94 

in cell 
Secreted 
PSP94 
(ng/ml)62 

Comments 

Fallopian tube ciliated cells Lining – ducts +++62 ? Late onset cancer469 
Duodenum Brunner’s gland cell Exocrine – mucous +62, 63 ? Late onset cancer144 
Bulbourethral glands Exocrine – mucous ++63 ?  
Salivary glands (duct) Lining – ducts +62 13  
Salivary glands (serous) Exocrine – serous -62/+63 ?  
Salivary glands (mucous) Exocrine – mucous -62 ?  
Gallbladder duct cell Lining – ducts -62 0  
Small intestine mucous cell Exocrine – mucous -62 0  
Appendix mucous cell Exocrine – mucous -62 0  
Skin sebaceous gland cell Exocrine – other -63 0  
Ductus epididymidis Lining – ducts -62 0  
Seminal vesicle secretory cell Exocrine – other -62 0  
Pituitary gland cell (various) Endocrine -63 0  
Adrenal gland cell (various) Endocrine -63 0  
Skin basal cell Covering -63 0 UV major risk factor. Very 

common, poorly studied. Skin squamous cell Covering -63 0 
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PSP94 is fungicidal within the cytosol of epithelial cells23. The link between PSP94 and 
prostate disease was clearly established by the studies of Xu41, Thomas42 and others. 
Epidemiologists predict that a yet-to-be-identified sexually transmitted infection is causing 
prostate cancer many years after the onset of infection through lifelong inflammation6. 
Chronic fungal infections of the oral cavity have been shown to cause a substantial 
increase in cancer risk at the site of infection9, 10. Since known STIs which cannot be 
cleared by the immune system disseminate throughout the body (for example, Treponema 
pallidum in syphilis), it is very likely that the putative STI in prostate cancer, if it exists, 
would also infect epithelial cells from which most late onset cancers originate (see Section 
5.4.1 and Section 5.4.18). While this may justify the presence of PSP94 in these cells, it 
does not automatically follow that this STI is causing late onset cancers in sites other than 
the prostate*. In particular, if PSP94 is playing a role in preventing late onset cancers 
outside of the prostate, why wouldn’t SNP rs10993994 be a risk factor in these other 
cancers too? Does rs10993994 not affect PSP94 concentration in these other sites? Is 
PSP94’s dose response non-linear (eg. only sensitive when expressed at very high levels)? 
Do late onset cancers have heterogeneous etiologies, and PSP94 is only involved in a small 
subset of cases? The answers to these questions remain unclear. 
Thus strong direct evidence linking PSP94 to late onset cancers outside the prostate is 
currently lacking. Once the etiology of prostate cancer is well understood, it will be easy to 
verify if other cancers originating from epithelial cells which synthesize PSP94 share a 
similar etiology. Research is urgently needed to establish the mechanisms through which 
PSP94 reduces the risk of prostate cancer, since this may explain the etiology of up to 75% 
of all cancers as measured by incidence in developed countries. 

                                                
* Studies undertaken shortly after human papillomaviruses (HPV) were demonstrated as a necessary factor in 
cervical cancer demonstrated that this same virus was involved in various other cancers (see Section 6.2).  In 
contrast, Helicobacter pylori has only been strongly associated with stomach cancer. Hopefully, the putative 
microbe involved in prostate cancer is more like HPV in this regard, allowing the same preventative 
measures to apply to many late onset cancer types. 
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6.2 HPV and cancer 
Smoking is a surrogate for STI exposure, and is an important cervical cancer risk factor377. 
Controlling for HPV greatly reduces the association between smoking and cervical cancer, 
but some residual risk remains126. This suggests a small part of the risk associated with 
smoking cannot be attributed to HPV, indicating either that other STIs are independently 
increasing cervical cancer risk or that cigarette carcinogens play a minor direct role in 
cervical cancer. 
Several studies have shown that though HPV infections are necessary for oncogenesis in 
cervical cancer, many other STIs also contribute to an increased risk of cervical cancer 
after controlling for HPV470. The correlation between the acquisition of different STIs—
which made determining that HPV was a necessary cause for cervical cancer difficult—
may be obfuscating causality again: it is unclear if inflammation caused by each STI 
independently contributes to an increased risk of cervical cancer, or if a single STI is 
responsible for all the additional risk while other STIs are acting as surrogates and are not 
involved in cervical cancer at all. This hypothesis would be plausible if there was a yet-to-
be-identified STI which could not be controlled for, and which increased cervical cancer 
risk in HPV positive women*. Alternatively, smoking and other STIs may merely reflect an 
increase in frequency of HPV infections which was not entirely controlled for. 

HPV infections also cause a subset of cancers in several other sites: anus, oropharynx, 
penis, vagina and vulva471. Some studies have found HPV infections in other cancer sites 
including the lung472, colon, ovary, breast473, prostate and bladder. It is unclear what role 
HPV plays in oncogenesis occurring in the latter set of sites, if any. 

The incidence of male breast cancer in sub-Saharan Africa correlates very well with 
cervical cancer incidence by geographical region474. The incidence of both cervical cancer 
and male breast cancer is multiple times higher in sub-Saharan Africa than in the United 
States (4x for cervical cancer and ~2x for male breast cancer compared to African 
Americans)—this trend would likely be amplified under equivalent screening conditions. 
The correlation between cervical cancer incidence and male breast cancer incidence 
suggests a sexually transmissible etiology for male breast cancer—perhaps HPV or the 
putative yet-to-be-identified intracellular microbe suspected of causing prostate cancer are 
involved. No geographical correlation was found between cervical cancer and female 
breast cancer in this study. 

                                                
* The putative fungal STI involved in prostate cancer and reactive arthritis is suspected of chronically 
infecting the cervix because PSP94 is present in this site and reactive arthritis symptoms include 
inflammation of the cervix in women. 
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6.3 History of infectious causes of cancer 
In the late 19th century, the introduction of high power microscopes and novel staining 
techniques enabled the discovery of many disease causing microbes. The discovery of 
Mycobacterium tuberculosis by Koch in 1882 marked a turning point in medical research. 
In 1887, Morton gave the first lecture claiming that cancer was caused by a yet-to-be-
identified microbe, thus could be classified as an infectious disease475. This led to a flurry 
of research in the 1890s to identify cancer causing microbes. 
The lag between infection and cancer onset was thought to be short, so transfection 
experiments in which tumor tissue was inoculated in laboratory animals were expected to 
confirm the infectious nature of cancer. The results of such experiments were broadly 
negative, resulting in the abandonment of an infectious cause for cancer in the early 1900s. 
Two excellent reviews of the infectious theory of cancer were published in 1908476, 477, 
which concluded that the scientific evidence was insufficient to support this theory. Three 
years later, the first strong evidence of the infectious nature of one type of cancer was 
reported by Rous478. Rous’s sarcoma virus is a retrovirus which causes cancer in chickens, 
killing the host in one month. The short delay between infection and onset of cancer was 
very important in identifying the relationship between the two. The delay of many years 
between infection and onset of cancer for Helicobacter pylori and human papillomaviruses 
made their identification much more difficult. 
The link between Helicobacter pylori and stomach disease was established in modern 
times by Warren and Marshall in the early 1980s479. Interestingly, Walery Jaworski came 
to the same conclusions eighty years earlier in 1899, and reported these findings in the 
Handbook of Gastric Diseases480. It is possible that infectious etiologies of other cancers 
have already been discovered, published and forgotten. In the 1890s, many authors 
published reports of staining techniques which could be used to visualize cancer causing 
microbes—these reports were met with skepticism from researchers who attributed such 
structures to cellular degeneration caused by cancer. These authors include Russell, 
Sjobring, Plimmer, Ruffer, Bra, Bosc, Gaylord, Robertson, Braithwaite and Soudakewitch. 
Few researchers pursued these techniques in the 20th century. In the 1920s, these include 
Nuzum, Young, Scott and Glover; from the 1950s to the 1970s, these include Caspe, 
Diller, Alexander and Seibert. References to the many works of these authors and others 
can be found here: www.psp94.com/extra . 

http://www.psp94.com/extra
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6.4 Multi-stage theory: prostate cancer with step mutation onset 
TT(t), CT(t), CC(t) in Figure 5 were chosen as the functions with the lowest degrees of 
freedom which satisfied the data (they had two degrees of freedom: “d” delay and “m” 
slope). However, they had three major flaws. First, the choice of function had no plausible 
biological explanation. Second, the delay component was deemed identical for each of the 
three functions, yet the prostate disease mechanisms proposed in Section 1.4 indicate an 
increasing delay for functions TT(t), CT(t), CC(t) respectively. Third, the predicted yearly 
incidence would exceed 100% of the population if men lived long enough. Fortunately, 
multi-stage theory provides alternate functions for TT(t), CT(t), CC(t) which address all of 
these issues162—the old and new functions are compared in Figure 51 on page 125. 

This section contains a fair number of mathematical analyses which may not be of interest 
to most readers. For a summary, skip to Section 6.4.6 on page 126. 

Multi-stage theory was developed in the 1950s first by Nordling481, then by Armitage and 
Doll482 to explain the incidence of cancer at different ages using a mathematical model. 
The model assumes that a tumor forms only after “n” mutations occur in a specific order in 
the same cell lineage. The process which leads to each mutation is assumed to be 
stochastic, so each mutation can be modeled using an exponential decay function. Though 
the mutation rate “u” could theoretically vary over an individual’s lifetime time, it is 
usually deemed constant in multi-stage analysis. Since a single cell lineage reaching “n” 
mutations is sufficient to cause a tumor, the equation must be adjusted for the number of 
effective cell lineages “L” present in an organ (see Equation 7). 
The mutation count “n” is typically assumed to be between 4 and 7 for late onset 
cancers162. The “n” estimated by the multi-stage model is actually a lower bound since it 
assumes an equal mutation rate “u” at each stage: if the mutation rates differ at each stage, 
the actual “n” would be higher than that estimated by multi-stage theory. Thus values of 
“n” lower than 4 are still consistent with cancer biology, whereas values of “n” well above 
7 are not. 
“L” is the number of cancer susceptible stem cells, reduced to account for genetic drift. I 
could not find a direct estimate of the number of epithelial stem cells in the human 
prostate. An indirect estimate reveals there are approximately 13 million such stem cells in 
the prostate (5 million basal cells483 x (80 kg / 0.3 kg) x 1%484). Genetic drift is expected to 
reduce this number by a factor of 10 to 1000, placing “L” between 10^4 and 10^6. 

For a given type of cancer whose mutation rate is constant from birth, Equation 7 
calculates the probability of having had cancer at a given age according to multi-stage 
theory. Figure 28 to Figure 31 show Equation 7 for various values of “L” and “n”, always 
adjusting “u” so that the probability of cancer is 0.5 by age 50. The most important 
property explained in this section is that the value of “L” does not matter within reasonable 
assumptions, thus multi-stage theory results are still valid despite not knowing the exact 
value of “L”. Furthermore, “L” must not be considered a parameter in multi-stage theory, 
as it gives no extra degrees of freedom to the model. 
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Equation 7: Simple multi-stage theory equation which calculates the probability of having had a specific 
type of cancer by “age” for an individual. Γ(n) is the gamma function and Γ(n, u · age) is the upper 
incomplete gamma function. “n” is the number of mutations required for cancer to be clinically detected; “u” 
is the mutation rate; “L” is the number of stem cell lineages. 
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P(age) n=1,L=10 0̂,u=1.4E-02 10*Incidence(age) n=1,L=10 0̂,u=1.4E-02
P(age) n=2,L=10 0̂,u=3.4E-02 10*Incidence(age) n=2,L=10 0̂,u=3.4E-02
P(age) n=4,L=10 0̂,u=7.3E-02 10*Incidence(age) n=4,L=10 0̂,u=7.3E-02
P(age) n=8,L=10 0̂,u=1.5E-01 10*Incidence(age) n=8,L=10 0̂,u=1.5E-01
P(age) n=16,L=10 0̂,u=3.1E-01 10*Incidence(age) n=16,L=10 0̂,u=3.1E-01   

Figure 28: How various values of “n” affect the probability “P” of having had cancer at a given age. “L” is 
held constant at 10^0 (1), “u” is adjusted so that all functions reach P=0.5 at age 50. Increasing “n” lengthens 
the initial period during which cancer is very unlikely (P<0.01) and decreases the time required to transition 
from unlikely to likely (P<0.1 to P>0.9). Except in the trivial case where n=1, the incidence of cancer 
function (which is the derivative of “P”) remains near zero, increases, peaks, then decreases asymptotically 
toward zero. Increasing “n” results is a narrower bump in the incidence plot. At L=10^0, the rising slope of 
the incidence function is steeper than the falling slope for all values of “n”. 
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Figure 29: How various values of “n” affect the probability of having had cancer at a given age. “L” is held 
constant at 10^8, “u” is adjusted so that all functions reach P=0.5 at age 50. Results are similar to Figure 28 
except for higher values of “n”, where the probability function’s slope is steeper, and the incidence function’s 
falling slope is steeper than the rising slope. 

Figure 28 and Figure 29 show that increasing “n” results in a longer period where the 
probability function is negligible (a longer initial delay), a sharper increase beyond this 
point (a steeper slope). The associated incidence functions (calculated as the derivative of 
the probability function) show a period where the incidence remains very close to zero, 
followed by a rising slope, a peak, then a falling slope. In Figure 28, the incidence always 
falls more slowly than it rises, whereas in Figure 29 the opposite is true for high values of 
“n”. 
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Figure 30: How various values of “L” affect the probability of having had cancer at a given age. “n” is held 
constant at 3, “u” is adjusted so that all functions reach P=0.5 at age 50. These plots show that values of “L” 
of 100 or more give very similar results for n=3. 



 102 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80 90

Age

Pr
ob

ab
ili

ty
 o

f c
an

ce
r /

 In
ci

de
nc

e 
 

P(age) n=8,L=10 0̂,u=1.5E-01 10*Incidence(age) n=8,L=10 0̂,u=1.5E-01
P(age) n=8,L=10 2̂,u=5.4E-02 10*Incidence(age) n=8,L=10 2̂,u=5.4E-02
P(age) n=8,L=10 4̂,u=2.6E-02 10*Incidence(age) n=8,L=10 4̂,u=2.6E-02
P(age) n=8,L=10 6̂,u=1.4E-02 10*Incidence(age) n=8,L=10 6̂,u=1.4E-02
P(age) n=8,L=10 8̂,u=7.5E-03 10*Incidence(age) n=8,L=10 8̂,u=7.5E-03  

Figure 31: How various values of “L” affect the probability of having had cancer at a given age. “n” is held 
constant at 8, “u” is adjusted so that all functions reach P=0.5 at age 50. These plots show that values of “L” 
of 10000 or more give very similar results for n=8. 

Figure 30 and Figure 31 show that increasing “L” results in a longer period where the 
probability of cancer is negligible (a longer initial delay), and a sharper increase beyond 
this point (a sharper slope); note that this effect is not as pronounced as when increasing 
“n”. The associated incidence functions (calculated as the derivative of the probability 
function) show a period where the incidence remains very close to zero, followed by a 
rising slope, a peak, then a falling slope. In Figure 30, the incidence always falls more 
slowly than it rises, whereas in Figure 31 the opposite is true for high values of “L”. When 
“L” is high enough (the threshold depends on “n”), increasing “L” further no longer 
changes the plots substantially. 

Thus for reasonable values of “n” (≤7) and “L” (≥10^4), any change in “L” can be 
compensated by a change in “u”. This means that the values of “L” and “u” are not 
meaningful individually and that they represent a single parameter (“Lu”). So Equation 7 
has two independent parameters: “n” and “Lu”, giving it the same degrees of freedom as 
the functions in Figure 5. 
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6.4.1 Applying multi-stage theory to prostate cancer 
The cancer model shown in Figure 5 could not account for decreasing incidence observed 
in prostate cancer beyond age 75: it assumed a perpetually increasing risk starting 28 years 
after infection. Of all the late onset cancers, prostate cancer shows the sharpest decline in 
incidence within the measurable age range (up to age 85). In fact, the only other late onset 
cancer which clearly declines in incidence is that of the uterus; this effect could be 
explained by slower division of cells beyond menopause. For prostate cancer, the decline is 
more difficult to explain. 

As mentioned in Section 3.1, detection/reporting bias and prostate surgery due to BPH 
artificially lower prostate cancer incidence in older men. There is no easy way to correct 
these biases. The analyses that follow use the prostate cancer incidence and fatality rates 
reported by the USCS for American men aged between 30 and 85 from 2004-2008144. The 
high prevalence of prostate cancer detected at autopsy for men who die of unrelated causes 
suggests incidence data beyond 65 years of age is heavily biased: it is much too low139, 140. 

The published USCS incidence rates must be adjusted to account for prostate cancer 
deaths, since the model in this section assumes that prostate cancer is never fatal (Equation 
8); such a correction was not done in Section 3.2 because the death rates are negligible 
prior to age 70. Deaths not caused by prostate cancer are ignored as they are not expected 
to affect prostate cancer incidence (note that some prostate cancer risk factors such as 
hyperlipidaemia overlap with heart disease risk factors, so this assumption is not entirely 
accurate). 
The multi-stage theory equation presented in the previous section must be given an 
additional parameter “s” to account for susceptibility within the population (Equation 9). 
This parameter can be seen as the product of binary genetic susceptibility and infection 
prevalence (for cancers which have an infectious cause). As will be shown in Section 6.4.4, 
parameter “s” has little impact on results: it gives no extra degrees of freedom to the model 
under reasonable assumptions. 
To compare the results of different parameter values, an “error” metric is calculated by 
comparing the estimated incidence for each 5 year age group to USCS measurements of 
incidence in the population (Equation 10). The lower the error, the more accurately the 
model matches USCS incidence measurements. 
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Equation 8: Prostate cancer incidence data must be adjusted to account for deaths caused by this cancer. 
Deaths from other causes are deemed orthogonal, thus do not require adjustment. 
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Equation 9: Equation 7 updated to allow only a fraction of the population to be susceptible to cancer. 
Susceptibility “s” can range from 0 to 1. 

 

∑
−

=

−−

−−

+
−

=












+

+−−+
=

1

0

2

IncidenceAdjustedDeath

IncidenceAdjustedDeath

)5*(5error
3

1

)5,(USCS
)5,(USCS))P()5(P(

)(5error

r

t
tstartage

r
error

ageloagelo
ageloageloageloagelo

agelo
 

Equation 10: Error function. The average incidence is calculated over five year age groups. The square of 
the normalized difference between USCS incidence and multi-stage theory incidence is the error for a single 
five year age group. The final “error” metric is calculated as the sum of the error of each age group divided 
by the number of age groups minus 3. This final division allows the error to be kept in approximately the 
same units regardless of the number of groups included in the sum. Equation 9 has two effective parameters 
(“Lu”, “n”) and the entropy of the incidence data is low, so three was chosen as a very approximate 
correction for the denominator. This correction factor has little impact on results for r ≥ 5, which is the lowest 
value of “r” used in this section. 
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Table 27 and Figure 32 show the best fit between Equation 9 and USCS cancer incidence 
for white and black men. The fit is very poor (the error is high) and the best value of ‘n’ is 
2.5x higher than the expected upper bound of 7. When the mutation rate is held constant 
from birth, multi-stage theory estimates prostate cancer incidence very poorly. 

 
Table 27: Best fit parameters matching Equation 9 with incidence data (USCS 2004-2008, ages 30-85). 
 White Men Black Men 
n 17.55 16.96 
s 0.205 0.297 
error 0.1583 0.2164 
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Figure 32: Best fit parameters matching Equation 9 with incidence data (USCS 2004-2008, ages 30-85). 
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6.4.2 Allowing mutations to begin at an age other than birth 
Since epidemiologists predict that a sexually transmitted infection (STI) may be causing 
prostate cancer6, 45, 46, the mutation rate in the prostate may be very low prior to contracting 
the putative causative STI. Equation 11 is an updated version of the multi-stage theory 
equation where mutations are deemed to start at age “b”, not necessarily at birth. Figure 33 
shows that Equation 11 fits the USCS data best when the onset of mutations occurs in 
men’s mid twenties. Table 12 shows that the optimal values for “n” are reasonable, around 
the upper bound of 7. Figure 34 shows the optimal incidence functions which match well 
with USCS data; the best fit error is three to four times lower than in the previous section. 
Equation 11 assumes that mutations begin simultaneously in all individuals at age “b”, 
which would be expected if either puberty or birth was the event that triggers mutations. 
The results demonstrate that the age at which mutations begin is well beyond puberty, 
possibly suggesting an infectious cause for prostate cancer. The data on which these results 
are based are known to be biased (see Section 3.1) and the error metric remains relatively 
high, so these results must be interpreted with caution. The next section will attempt to 
partially address these issues by excluding biased incidence data. 

 










≥





















Γ

−⋅Γ
−

<

=
bage

n
bageuns

bage

age L

,
)(

))(,(1

,0

)P(  

Equation 11: Equation 9 updated to account for mutations starting at age “b” (not necessarily at birth). 

 
Table 28: Best fit parameters matching Equation 11 with incidence data (USCS 2004-2008, ages 30-85). 
 White Men Black Men 
n 8.10 6.61 
s 0.211 0.319 
b 23 26 
error 0.0662 0.0494 
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Figure 33: Best fit value of “n” and “error” for each value of “b”, matching Equation 11 with incidence data 
(USCS 2004-2008, ages 30-85). 
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Figure 34: Best fit parameters matching Equation 11 with incidence data (USCS 2004-2008, ages 30-85). 
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6.4.3 Excluding biased data 
The effect of underreporting prostate cancer cases in old age can be seen in parameter “s” 
from the previous section: the best fit values are ~0.2 for white men and ~0.3 for black 
men. This means that if men lived forever, only 20% of white men and 30% of black men 
would ever develop clinical prostate cancer. Many autopsy studies detect latent prostate 
cancer which has not yet reached a clinically detectable stage, thus would not be reflected 
in the USCS incidence data139, 140. By age 80, more than half of American men will have 
latent prostate cancer (>77% of black men and >69% of white men according to one 
study140). This is two to three times higher than the estimated “s” from the previous 
section. While it is possible that some men are genetically protected from ever developing 
clinical prostate cancer from the latent form, a more plausible explanation is that 
screening/reporting rates decrease substantially in elderly men, heavily biasing USCS 
incidence data in old age. 
Compensating for this bias while keeping all USCS incidence data is very difficult; a 
simple way to eliminate this bias is to exclude some USCS incidence data from the error 
function. However, eliminating too many data points may make the best match parameters 
non-specific, resulting in about the same error for all values of “b”. The best fit “error” and 
“n” for all constraining ranges of USCS incidence data are shown in Figure 36 to Figure 
43. Both early and late USCS incidence data are progressively excluded. Early incidence 
data are known to be noisy as there are very few cases in the 30-34 age group (13 per year 
in the United States), and such cases may be due to detection bias where prostate cancer is 
detected at what would normally be a latent stage. 

The “error” metric drops more than ten-fold when the 30-34 age group is taken out of the 
incidence data (Figure 35 and Table 29). This suggests that the incidence data from this 
age group is biased. Eliminating more early age groups does not result in substantially 
lower minimum “error” metrics, but causes the optimal value of “b” to be less specific (the 
“error” function is flatter over “b”). 
Table 29 lists the optimal range for “b” across all combinations of excluded data. After 
excluding the 30-34 age group, all other combinations of excluded data are consistent with 
“b” being in men’s thirties. The lower bounds of the “40 to x” rows are due to non-specific 
results (a flat error plot) which occurs when only 25 years of incidence data are used to 
calculate the “error” metric. The “35 to x” series produces the most specific results for “b”, 
probably because the 35-39 age group substantially increases the entropy of the USCS 
incidence data. Furthermore, the values of “n” in all the figures are in the expected range of 
4-6 in men’s early thirties. After excluding the 30-34 age group, the results are remarkably 
stable. 

Puberty begins around age 12, ~20 years earlier than the best fit value for “b”. The median 
age of infection proposed in Figure 8 for black men is 22 and for white men is 26, 
respectively ~10 and ~6 years earlier than the optimal value for “b”. While it is important 
to keep in mind that the multi-stage model in this section rests on many approximations 
and assumptions, these results suggest that a sexually transmissible etiology is a more 
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likely trigger for the increased mutation rate which leads to prostate cancer than is the 
onset of puberty. 
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Figure 35: Minimum error of plots from Figure 36 to Figure 43. They are grouped by starting age and period 
of USCS incidence data used to calculate their “error” metric. Excluding the 30-34 age group results in 
substantially lower error, suggesting that the incidence for this age group is heavily biased. 

 
Table 29: Median error from Figure 35 and best fit range for ‘b’ from Figure 36 to Figure 43, listed by USCS 
incidence data starting age. The first row excludes no early USCS incidence data, the second row excludes 
data from age group 30-34, and so on. A sharp drop in error occurs when age group 30-34 is excluded; 
further exclusion of early incidence data results in a moderate drop in error. Results for ‘b’ indicate that the 
early thirties is the overall optimal range. 
 USCS data 
starting age 

Median error Optimal range for ‘b’ 
White men Black men White men Black men 

30 to x 0.0429 0.0307 Non-specific Non-specific 
35 to x 0.0025 0.0024 28 to 32 30 to 33 
40 to x 0.0028 0.0009 25 to 34 15 to 35 
45 to x 0.0009 0.0008 37 to 41 31 to 40 
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Figure 36: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 30 (for white men). The “error” is very high in each series, likely due to the 30-34 age group 
which is known to be heavily biased. 
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Figure 37: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 30 (for black men). The “error” is very high in each series, likely due to the 30-34 age group 
which is known to be heavily biased. 
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Figure 38: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 35 (for white men). The best fit “error” is low. All the series concord, placing “b” in the early 
thirties and “n” around 5. 
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Figure 39: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 35 (for black men). The best fit “error” is low. All the series concord, placing “b” in the early 
thirties and “n” around 5. 
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Figure 40: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 40 (for white men). The best fit “error” is low, but the 40 to 65 plot is relatively flat thus not 
very specific. All the series concord, placing “b” in the early thirties and “n” around 5. 
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Figure 41: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 40 (for black men). The best fit “error” is low, but the 40 to 65 plot is relatively flat thus not 
very specific. All the series concord, placing “b” in the early thirties and “n” around 5. 
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Figure 42: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 45 (for white men). The best fit “error” is low. All the series concord, placing “b” in the late 
thirties and “n” around 4. 
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Figure 43: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data 
starting at age 45 (for white men). The best fit “error” is low. All the series concord, placing “b” in the mid 
thirties and “n” around 4. 
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6.4.4 Effect of parameter “s” (susceptibility) 
The previous section showed that excluding USCS incidence data for ages 30-34 greatly 
reduces the “error” metric; this effect can be explained by sampling noise and detection 
bias in this age group. Though USCS incidence data for elderly men (65-85 years of age) is 
also biased (see Section 3.1), parameter “s” is able to compensate for this bias in such a 
way that the optimal values for “b” and “n” are insensitive to the exclusion of late 
incidence data. 
Since latent prostate cancer can be detected in >70% of elderly men’s prostate at 
autopsy140, parameter “s” should be between 0.7 and 1.0. The low optimal values for “s” in 
Section 6.4.2 (~0.2 for white men and ~0.3 for black men) can be explained by the bias in 
the USCS incidence data for ages 65-85. 
In Figure 44 to Figure 47, “s” is set to multiples of 0.2, and Equation 11 is matched with 
USCS 2004-2008 incidence data for ages 35-65. This leaves only two effective parameters 
(“n” and “Lu”) to achieve the best fit for each value “b”. The results are almost identical 
for all values of “s” between 0.2 and 1.0, placing “n” near 5 and “b” in the men’s early 
thirties with a low “error” metric. Thus “s” is not a true parameter when solving for “n” 
and “b” for prostate cancer. 
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Figure 44: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data (for 
white men aged 35-65) at “b”. All values of “s” give consistent results for “b” and “n”. 
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Figure 45: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data (for 
black men aged 35-65) at “b”. All values of “s” give consistent results for “b” and “n”. 
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Figure 46: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data (for 
white men aged 35-65). All values of “s” result in a good match with incidence data between ages 35-65. 
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Figure 47: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data (for 
black men aged 35-65). All values of “s” result in a good match with incidence data between ages 35-65. 
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6.4.5 Common parameters for white and black men 
The analyses in previous sections chose optimal values for parameters “n”, “Lu” and “b” 
independently for white and black men. There is no reason to assume that “n” would differ 
between these two groups. If mutations start at puberty, there is no reason to assume that 
“b” would be different either. If mutations were to start shortly after sexual debut, as the 
STI hypothesis suggests, black men would be expected to have a “b” ~3 years earlier than 
white men (see Section 3.3). By tying these parameters together, it is possible to increase 
the constraints imposed on the model in order to get a more accurate and reliable estimate 
of “b”. 
Alleles identified as risk factors of prostate cancer do not always have the same prevalence 
in white and black American men. The hypothesis of Section 1.4 specifically predicts that 
alleles of SNP rs10993994 will affect the mutation rate parameter “Lu”. Table 30 shows 
how all prostate cancer related SNPs reported by Thomas affect the odds ratios of prostate 
cancer for white and black men. It is unclear which multi-stage theory parameter would be 
affected by SNPs other than rs10993994. In the following simulations parameter “Lu” is 
assumed to be identical for white and black men for each rs10993994 allele pair. The 
values “LuTT” and “LuCT” are calculated using the base parameter “LuCC” by solving 
Equation 11 with t=45 years, and a P ratio of 1.2 for “LuCT”/“LuCC” and 1.6 for “LuTT”/ 
“LuCC”. The prevalence of the rs10993994 risk allele is taken from Section 3.1 (35% for 
white men, and 75% for black men), though these figures are somewhat different from 
those reported by the two authors referenced in Table 30. The results obtained are similar 
for either set of values. 
Table 30: Approximate odds ratios of prostate cancer SNPs reported by Thomas42 for white and black men. 

SNP Prevalence of Risk Allele  Odds ratio vs. low risk 
homozygote42 

Odds ratio 
(black/white) 

 

Parameter 
affected 

~White men42 Black men485 Heterozygote Homozygote 
rs4242382 0.12 0.30 1.52 2.04 1.17 ? 
rs6983267 0.53 0.89 1.27 1.54 0.85 ? 
rs4430796 0.54 0.31 1.27 1.45 1.08 ? 
rs10896449 0.52 0.70 1.18 1.47 0.93 ? 
rs4962416 0.27 0.16 1.18 1.55 0.96 ? 
rs10486567 0.77 0.72 1.23 1.30 1.02 ? 
Sub-total:     0.97  
rs10993994 0.4 0.63 1.20 1.61 1.12 “Lu” 
Total:     1.08  
 

In Section 6.4.4, susceptibility parameter “s” was shown to have no impact on the error 
metric, “b” or “n” when incidence data for men older than 65 are excluded. In this section, 
only incidence data for men between 35 and 65 years old are used, “s” is set to 0.8 and “L” 
is set to 100000 when choosing optimal values for other parameters. The results obtained 
are similar for all reasonable values of “s” and “L”. 
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Figure 48: Best fit “error” metric and “n” matching Equation 11 with USCS 2004-2008 incidence data (for 
white and black men aged 35-65, s=0.8, L=100000). “n” and “LuCC” are assumed to be identical for white 
and black men. The x-axis corresponds to the age at which the infection step occurs for black men 
(“b_black”). The infection step for white men is placed between 0 and 4 years after that of black men: each 
“b” delta is plotted separately. As reported in Section 3.3, the optimal age of the infection step is ~2 years 
earlier for black men as compared to white men, roughly consistent with the observed difference in onset of 
sexual activity between white and black American men. The optimal values for “b” and “n” are consistent 
with those reported in the previous section. 

Figure 48 and Figure 49 show that the optimal values for “n” and “b” for white and black 
men based on common parameters are quasi-identical to those estimated in the previous 
section: n ~ 5, b_black ~ 32 and b_white ~ 34. 
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Figure 49: Same analysis as was done in Figure 48, except incidence data from ages 35-39 was excluded 
from the target (only ages 40-65 remain). All results are very similar to those of Figure 48. The delta between 
the optimal value of “b” between white and black men has increased slightly. The absolute value of the error 
has halved, probably due to the decrease in target incidence entropy (see Section 6.4.3). 
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Figure 50: Optimal match between Equation 11 and USCS 2004-2008 incidence data (for white and black 
men aged 40-65, b_black=32, b_white=34, s=0.8, L=100000, n=4.72, uCC=0.003915, uCT=0.004108, 
uTT=0.004454). Match is excellent up to age 65. 
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Figure 51: Comparison between multi-stage model and model presented in Section 3.2 of the probability of 
cancer incidence “t” years after onset of infection for men with each rs10993994 allele pair. Functions are 
very similar. Contrarily to Section 3.2, the multi-stage model predicts that the onset of prostate cancer for 
high risk TT allele individuals occurs earlier than for low risk allele pairs, as predicted by the mechanisms of 
Section 1.4 and as measured by Eeles70, Kader97 and Powell140. The multi-stage model predicts a ten year lag 
from last oncogenic step to clinical prostate cancer (the model in Section 3.2 could not make such a 
prediction). 
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6.4.6 Summary of step onset results for prostate cancer 
The hypothesized mechanisms leading to prostate cancer described in Section 1.4 imply 
that over 80% men will be chronically infected by a yet-to-be-identified STI during their 
lifetime, and that the increased rate of mutation caused by this infection will lead to 
prostate cancer in all infected men. The fact that latent prostate cancer can be detected in 
autopsy studies in the vast majority of elderly men supports this hypothesis. For multi-
stage theory to credibly explain the USCS incidence data, parameter “s” has to reflect this 
high risk of prostate cancer: it must be between 0.7 and 1.0. 

Section 6.4.1 demonstrated that the multi-stage model firmly excludes birth as the starting 
age for mutations leading to prostate cancer. Since the prostate is a reproductive organ, a 
plausible alternate age of onset for such mutations is puberty. Sections 6.4.2, 6.4.3 and 
6.4.5 estimate the age of onset of mutations to be men’s early thirties, two decades after 
puberty. If puberty were the causative event, there would be only one way to explain this 
gap: there could be a twenty year delay from the last oncogenic step predicted by multi-
stage theory and clinical detection of prostate cancer. If a yet-to-be-identified STI were 
causing the onset of mutations, then the delay from last mutation to clinical detection of 
prostate cancer would be about ten years. A yet-to-be-identified STI thus appears to be a 
more likely triggering event for the onset of mutations leading to prostate cancer. This 
result is consistent with sexual risk factors identified by previous studies, and supports the 
STI hypothesis proposed by Strickler and other epidemiologists6, 45, 46. Note that this 
evidence is not nearly as strong as that presented in earlier sections; the strongest 
conclusion which can be drawn based on the multi-stage model presented here is that 
mutations leading to prostate cancer must begin in men’s 20s at the latest. This means 
risk factors measured during late adulthood (such as exposure to STIs) cannot have a direct 
causal impact on prostate cancer risk for the vast majority of American men. 
The multi-stage analysis presented in this section should be redone once accurate 
prevalence data for the putative yet-to-be-identified STI have been collected, replacing the 
step function with a more realistic function. 



    

 127   

6.5 Multi-stage theory: other cancers with step mutation onset 
The multi-stage model explained in the previous section is capable of modeling the 
measured incidence of most late onset cancers162. Excluding birth and puberty (for sexual 
organs) as the age at which mutations begin may suggest an infectious cause. In this 
section, the optimal match between Equation 11 and USCS incidence data for men and 
women aged 30-65 for various cancers is calculated. Incidence beyond the age of 65 is 
excluded to avoid biased data, as was done in the previous section. 
Three cancers are analyzed in this section. Stomach cancer is analyzed first since the 
mechanisms leading to oncogenesis are well understood: the majority of cases are caused 
by a chronic Helicobacter pylori infection acquired in the first years of life. It is used as a 
control to demonstrate that multi-stage theory estimates the correct age at which mutations 
begin for this cancer. Kidney cancer and breast cancer are analyzed next, since the 
epithelial cells of these organs secrete a substantial amount of PSP94. Their cause is not 
currently known. 

In the previous section, latent prostate cancer identified at autopsy constrained parameter 
“s” in the range 0.7 to 1.0. In this section, the value of “s” is more difficult to estimate. 
Plots are shown for a range of values for “s”, from 0.1 to 1.0. Fortunately, results are stable 
and fairly specific over this range for the three analyzed cancers. 

Figure 52 and Figure 53 show that birth is the best fit age at which mutations begin for 
stomach cancer for both white and black American men. This indicates that the infection 
which leads to stomach cancer is usually contracted in early childhood, consistent with the 
known epidemiology of Helicobacter pylori. Thus multi-stage theory correctly predicts the 
age at which mutations begin leading to stomach cancer. 
Figure 54 and Figure 55 show that the best fit age for mutations leading to kidney cancer 
for white and black American men is not very specific, spanning the first two decades of 
life. Since these results include birth, an infectious etiology for kidney cancer is neither 
suggested nor excluded. Smoking increases kidney cancer risk 1.5-fold19, consistent with a 
sexually acquired infectious etiology (see Section 0). 

Figure 56 to Figure 59 show that the best fit age for mutations leading breast cancer for 
white and black American women is their late twenties. The results are not biased by post 
menopausal incidence data, as they remain stable after excluding incidence data from ages 
55-64. A 15 year delay from final oncogenic step to clinical breast cancer detection could 
explain these results while being consistent with mutations starting at menarche. However, 
an infection acquired in late teens/early twenties is also a possible cause for the onset of 
mutations leading to most cases of breast cancer. This is supported by the presence of 
PSP94 in breast epithelial cells (see Section 6.1), by the correlation between sexual activity 
and male breast cancer in Africa (see Section 6.2) and by the high rate of breast cancer in 
young women (see Section 7.5). Smoking (especially when young) slightly increases 
breast cancer risk (OR=~1.2)380, consistent with a sexually acquired infectious etiology 
(see Section 0). Note that the evidence presented in this section is much weaker than that 
linking prostate cancer to an infectious etiology. 
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Figure 52: Stomach cancer white men. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for white men aged 30-65). Best fit corresponds to the first decade of life when 
most Helicobacter pylori infections are known to occur. The optimal values for “n” are realistic, around 6. 
Results are stable for all values of “s” between 0.1 and 1.0. 
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Figure 53: Stomach cancer black men. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for black men aged 30-65). Best fit corresponds to the first decade of life when 
most Helicobacter pylori infections are known to occur. The optimal values for “n” are realistic, around 6. 
Results are stable for all values of “s” between 0.1 and 1.0. 
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Figure 54: Kidney cancer white men. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for white men aged 30-65). Results are not very specific, giving a low error in the 
first two decades of life, with the lowest error in the mid teens. The optimal values for “n” are realistic, 
around 5. Results are stable for all values of “s” between 0.1 and 1.0. 
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Figure 55: Kidney cancer black men. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for white men aged 30-65). Results are not very specific, giving a low error in the 
first two decades of life, with the lowest error in the early teens. The optimal values for “n” are realistic, 
around 5. Results are stable for all values of “s” between 0.1 and 1.0. 
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Figure 56: Breast cancer white women. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for white women aged 30-65). Results are very specific, giving a low error in the 
late twenties. The optimal values for “n” are at the low end of the realistic range (around 2.5), suggesting that 
the mutation rate differs substantially between stages. Results are stable for all values of “s” between 0.1 and 
1.0. 
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Figure 57: Breast cancer white women, excluding age groups 55-65 from the incidence data (only ages 30-
55 remain). Results are very similar to those of Figure 56, showing that post menopausal incidence data are 
not substantially biasing results. 



 134 

0

1

2

3

4

5

6

7

0 5 10 15 20 25 30
b (age of onset of mutations)

er
ro

r /
 n

error - s=0.1 n - s=0.1
error - s=0.2 n - s=0.2
error - s=0.4 n - s=0.4
error - s=0.8 n - s=0.8
error - s=1.0 n - s=1.0  

Figure 58: Breast cancer black women. Best fit “error” metric and “n” matching Equation 11 with USCS 
2004-2008 incidence data (for black women aged 30-65). Results are very specific, giving a low error in the 
late twenties. The optimal values for “n” are at the low end of the realistic range (around 2.5), suggesting that 
the mutation rate differs substantially between stages. Results are stable for all values of “s” between 0.1 and 
1.0. 
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Figure 59: Breast cancer black women, excluding age groups 55-64 from the incidence data (only ages 30-
55 remain). Results are very similar to those of Figure 58, showing that post menopausal incidence data are 
not substantially biasing results. 
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7    PSP94 hypotheses 

In this section, the four main hypotheses regarding PSP94’s biological function are 
compared. The first two hypotheses explain how PSP94 reduces prostate cancer risk. The 
last two explain how PSP94 improves fertility. Though both fertility hypotheses may be 
correct, they do not explain PSP94’s wide distribution in the bodies of men and women. 
Since PSP94’s distribution matches very well with late onset cancer sites (see Section 6.1) 
and high prostatic PSP94 concentration substantially reduces prostate cancer risk42, 70, its 
link with cancer is beyond doubt. Though both hypotheses linking PSP94 to prostate 
cancer may be correct, one must bear in mind that PSP94 may be implicated in cancer 
through additional (unidentified) mechanisms. 

The prostate disease model proposed in Section 1.4 is based on an infectious etiology, 
requiring a yet-to-be-identified sexually transmitted infection (STI). No known STI or 
other infection has been strongly linked to prostate disease despite much research57. 
However, this research has not been directed toward the identification microbial species 
with a plasma membrane containing ergosterol, such as fungi and protists. 
Before going through each PSP94 hypothesis, here is a summary of the most complete and 
credible prostate disease model previously presented in the scientific literature. It can be 
readily compared to the model proposed at the beginning of the next section. Since this 
hypothesis is not mainly based on PSP94, it is described here rather than in a subsection. 

Prostate cancer, BPH and CP/CPPS are caused by chronic prostatic inflammation which is present in at 
least 40% of middle aged men and at least 80% of elderly men; this inflammation is the result of an 
autoimmune disease triggered by a yet-to-be-identified STI, which has eluded researchers by being 
rapidly cleared by the immune system. This autoimmune disease has the highest known prevalence in 
the population—other autoimmune diseases have a prevalence of no more than 5% in elderly men. As 
this autoimmune disease worsens with age, inflammation levels increase, leading to BPH; this coincides 
with the truncation of PSP94’s C-terminus to PSP61, though the significance of this truncation is 
unclear. PSP94’s N-terminus inhibits the growth of prostate cancer cells, preventing oncogenesis in a 
dose dependent manner—PSP94’s concentration in the prostate is determined by SNP rs10993994. 



    

 137   

7.1 PSP94 defends cells against intracellular microbes 
Prostate cancer, BPH and CP/CPPS are caused by chronic prostatic inflammation which is present in at 
least 40% of middle aged men and at least 80% of elderly men; this inflammation is the result of a long-
lasting intracellular infection caused by a yet-to-be-identified STI with a plasma membrane containing 
ergosterol. This microbe has eluded researchers by failing to grow on standard cell culture media and by 
having ribosomal DNA which cannot be amplified by commonly used consensus primers. Though 
PSP94 is present intracellularly to counter it, this microbe is resistant to the plasma membrane disrupting 
properties of PSP94’s C-terminus, so this innate immune defense protein is insufficient to clear it. Low 
level inflammation ensues, which causes prostate cancer many years after infection onset. Inflammation 
intensity is inversely related to the amount of PSP94 synthesized (determined by SNP rs10993994). As 
men age, the synthesis of PSP94 “malfunctions” in prostate secretory epithelial cells, resulting in a 
truncated non-fungicidal form called PSP61; within cells producing PSP61, microbial replication 
accelerates leading to cytotoxic T cells destroying infected glands. This provides moderate protection 
from prostate cancer, but causes BPH and lower urinary tract symptoms (LUTS). 

The models presented in the last paragraph of the previous section and the first paragraph 
of this section both depend on the existence of a yet-to-be-identified STI. The first model 
does not explain why a truncated form of PSP94 is secreted by individuals with BPH, why 
PSP94 is fungicidal, nor why cytotoxic T cell populations increase in CP/CPPS and BPH. 
It requires a novel autoimmune disease whose prevalence is more than 16 times higher 
than known autoimmune diseases (this seems quite unlikely). 
In the absence of calcium ions, PSP94’s ortholog in pigs is highly fungicidal despite rapid 
evolution resulting in seven amino acid changes out of eleven in the fungicidal region of 
the protein: this is very strong evidence that PSP94’s primary purpose is immune defense 
against intracellular microbes whose plasma membranes contain ergosterol (most fungi 
and some protists). Though the second model explains more of the evidence and makes 
less bold claims than the first, it is still unproven. The truncation of PSP94 in BPH and the 
twelve accurate epidemiological predictions made by the second model could all be 
coincidences. Why hasn’t this species been found in recent times? The only species I could 
find in the medical literature which fits the bill was described in 1927 by Dickson77, but 
was not studied further (see Section 8.2.4). At the time of writing, it appears no molecular 
techniques have been used to identify microbes in the prostate which have ergosterol in 
their plasma membrane (molecular techniques would be required since Dickson’s fungus 
does not form macroscopically visible colonies on commonly used culture media77). 

The truncation of PSP94 seemingly exclusively in men with BPH is strong direct evidence 
of PSP94’s involvement in this disease, as few proteins are affected in BPH (contrarily to 
prostate cancer where dozens of proteins are affected). However, the concentration of 
PSP94 within the cytosol of epithelial cells in BPH has not been quantitatively measured. 
For that matter, the concentration of PSP94 in the cytosol of normal prostatic epithelial 
cells has not been quantitatively measured either: this means PSP94 could be restricted to 
secretory granules and never reach the cytosol. Doctor reported diffuse PSP94 staining in 
normal prostate epithelial cells and a complete lack of staining in some BPH cells88, which 
concords with a second study by Sathe87—this suggests a “qualitative absence” of PSP94 
in some cells in BPH. Ito reported that PSP94 was located in secretory granules in diseased 
prostate epithelial cells, but did not quantify the amount in the cytosol89. PSP94’s gene 
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(MSMB) encodes a signal peptide indicating a secretory pathway. Since PSP94 is secreted 
in large quantities into the prostatic lumen, its signal peptide and its location in secretory 
granules are both expected. However, signal peptide-mediated segregation of proteins is 
known to be “leaky”, resulting in cytosolic localization of all secretory proteins486*. 
Secretory granules containing PSP94 could also be fusing with intracellular inclusions 
(vacuoles) which form around some microbe types, as has been documented for Chlamydia 
trachomatis and other microbes487. 
PSP94 stains moderately within breast epithelial cells, yet two reports show that it is absent 
in human milk: where is PSP94 going in the breast? It must have an intracellular function†. 
If PSP94 had no intracellular activity, its fungicidal properties would not be very useful 
since it is exposed to calcium ions everywhere else, and thus would be dependent on low 
pH for fungicidal activity. If the role of PSP94 were limited to intracellular activity, why 
would it be secreted in volume by the prostate and trachea? The presence of calcium ions 
in these pH neutral fluids likely inhibits the fungicidal activity of the protein. A role in 
reproduction could explain its presence in the prostate, but not in the trachea. The trachea’s 
extracellular pH drops during infections488: does this enable PSP94’s fungicidal activity‡? 

It is important to note that if the “habitat” of the yet-to-be-identified STI in the prostate is 
secretory epithelial cells, the destruction of such cells in BPH will permanently clear the 
infection in BPH tissue. Similarly, cancerous secretory epithelial cells may not provide a 
suitable habitat for this microbe. In prostates suffering from advanced BPH or cancer, the 
sparseness of suitable secretory epithelial cells may reduce the basic reproduction rate (R0) 
of the infection below one, resulting in clearance of the microbe from the entire prostate§. 
                                                
* PSP94 contains disulfide bonds which may be broken in the cytosol due to enzymes such as glutathione 
reductase. Despite this, it should still be fungicidal because: (1) the fungicidal region is not dependent on 
disulfide bonds or on the rest of the protein to function (Edstrom 2012); (2) PSP94 continues to fold correctly 
even after disulfide bonds have been broken (Ghasriani 2006), suggesting an intracellular function either 
within human or microbial cytosols, or both. 
† Some antimicrobial peptides/proteins (AMPs) are known to be located in epithelial cells’ cytosol to defend 
against intracellular microbes, such as calprotectin and Listeria monocytogenes (Champaiboon 2009). 
‡ In the absence of calcium ions, PSP94 may somewhat damage human cells (see cholesterol liposome 
column in Table 2 of Edstrom 2012), which could explain why its activity is restricted to the calcium ion free 
cytosol, rather than being also active in extracellular fluids through the substitution E → Q at position 71. 
Microbes which cause long-lasting infections are usually intracellular to evade immune detection. For 
example Toxoplasma gondii, Plasmodium spp., Leishmania spp., Trypanosoma cruzi, Cryptosporidium 
parvum, Chlamydia trachomatis and Treponema pallidum are all obligate intracellular microbes causing 
long-lasting infections in humans. Since targeting long-lasting infections often only requires intracellular 
antimicrobial activity, and PSP94 is slightly cytotoxic to human cells, limiting PSP94’s activity to calcium 
ion free environments may be the right compromise. 
§ The putative prostate infection is likely in dynamic equilibrium, continuously moving between prostate 
glands to survive. This means reducing or clearing the infection is best achieved by removing “hub” glands 
located in the ductal center of the prostate (a bit like closing theaters during a flu epidemic); these hub glands 
contain the secretory epithelial cells most likely to be infected at any given time, and thus most likely to 
become cancerous. BPH is characterized by the destruction of glands near the urethra, matching this hub 
description. As BPH progresses, the elimination of hub glands should shift the dynamic equilibrium to a 
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Microbiome studies using BPH or prostate cancer tissue may thus fail to detect the 
causative microbe. Instead, such studies should use prostate tissue from men in their 30s: 
these men are old enough to have a high probability of being infected, but young enough to 
not suffer from advanced BPH or prostate cancer. 

7.2 PSP94 limits the growth of cancer cells 
The expression of dozens of genes change markedly during the progression of prostate 
cancer: of note, the expression of the MSMB gene which encodes PSP94 is reduced as 
prostate cancer progresses99. Cancerous cells from radical prostatectomy show reduced 
staining for PSP94489. It has been hypothesized that suppression of PSP94 is necessary for 
progression of prostate cancer from a low-invasive androgen-dependent state to a highly 
invasive androgen-refractory state490. Low concentrations of PSP94 in the prostate have 
been strongly associated with prostate cancer risk, which could be explained by PSP94’s 
capacity to inhibit the growth of some cancer cell lines in vitro and in xenografted athymic 
mice104, 113. The tumor suppression properties of PSP94’s N-terminus peptide PCK3145 do 
not seem limited to prostate cancer: this peptide showed similar inhibition of hematologic 
cancer cells grown in vitro and in animal models112. Thus the increased risk of prostate 
cancer in individuals with low prostatic PSP94 concentration may be due to their reduced 
capacity to inhibit the growth of cancer cells. 

Some elements of this hypothesis are not consistent with observations. The concentration 
at which PSP94 putatively inhibits the growth of cancer cells is between 1 and 20 ug/ml104, 
yet prostatic concentration is much higher than this in all individuals (median: 2120 ug/ml; 
2.5–97.5 percentile: 520–8000 ug/ml)491. Inhibition studies at such high concentrations 
have not been published in peer reviewed journals, and may show identical levels of 
inhibition between 520 and 8000 ug/ml. Interestingly, the authors of the original PSP94 
tumor suppression studies filed a patent492 in which in vivo tumor suppression only 
occurred at extremely low dosages: “Dunning rat studies with [PSP94] show that an 
effective drug dosage "window" of between about 5 to 500 ng per 200 grams body weight 
exists. These results have been corroborated by several studies.” This suggests high 
concentrations of PSP94 (such as those in the prostate) do not inhibit the growth of cancer 
cells at all. A recent study of the in vitro effect of PSP94 on three cancer cell lines found 
no sensitivity in PC3, moderate sensitivity in LNCaP and high sensitivity in WPE1-
NB26113. The reduction in expression of PSP94 in prostate cancer cells is only one of 
dozens of changes, so this fact alone is very weak proof that such a reduction is necessary 
for the progression of cancer. In breast epithelial cells, PSP94 is not secreted and is 
probably confined to the cytosol; proposed models of PSP94’s tumor suppression 
properties are based on PSP94 binding to cancer cell surface receptors, yet PSP94 would 
not reach these receptors in the breast. The course of prostate cancer is not affected by the 
rs10993994 allele97, suggesting that PSP94 does not affect the growth rate of tumors after 
                                                                                                                                              
lower infection load, perhaps even reducing the load to zero (eg. clearing the infection). Unfortunately, 
glands located away from hub regions are expected to survive, and may already have accumulated enough 
mutations to become cancerous, so BPH would not prevent prostate cancer entirely. 
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detection—yet this would be expected if PSP94 inhibited the growth of cancer cells. If 
PSP94’s primary purpose is to inhibit the growth of cancerous host cells, why would it be 
evolving rapidly? A detailed analysis which casts doubt on the accuracy of experiments 
demonstrating PSP94’s tumor suppression properties can be found in Appendix C. 

Despite these objections, the distribution of PSP94 in the body reported in Section 6 
matches late onset cancer sites, so this remains the most plausible alternate hypothesis for 
the primary biological function of PSP94. 

7.3 PSP94 improves fertility through fungicidal activity in the vagina 
Edström proposed that PSP94’s fungicidal properties may improve fertility by eliminating 
fungi in the vagina, post-coitally23. While fungicidal activity occurs in the human and pig 
vagina due to low pH, no such activity is possible in the rhesus monkey, baboon, mouse or 
rat vagina, whose pH is too high to enable PSP94’s fungicidal properties (see Table 31). 

PSP94’s fungicidal region is identical in human and rhesus monkeys. If PSP94’s fungicidal 
activity is not possible in the rhesus monkey vagina, then the preservation of this 
fungicidal region must be due to immune defense in another site (these two species are 
thought to have shared a common ancestor 26 million years ago). Thus fungicidal activity 
in the vagina is unlikely to be the primary purpose of PSP94. 
Table 31: Vaginal pH of various mammals. In the presence of calcium ions, PSP94 is only fungicidal in <5 
pH environments, so it would not be fungicidal in the rhesus monkey, baboon, mouse or rat vagina23. 
Species Vaginal pH pH low enough to enable PSP94’s fungicidal 

activity in the presence of calcium ions? 
Human 3.8 – 4.5 Yes 
Pig 4.0 Yes 
Rhesus monkey 6.0 – 7.0493 No 
Baboon 6.0 – 7.0494 No 
Mouse / rat 6.0 – 7.0 No 

7.4 PSP94 protects spermatozoa from the female immune system 
In 1991, Liang first demonstrated the binding of immunoglobulin G (IgG) to PSP9480. In 
2010, Jagtap reported that IgG binds to PSP94 through the Fab domain and also binds to 
the surface of spermatozoa79. When incubated with PSP94, the binding of IgG to 
spermatozoa no longer occurs. This suggests PSP94 may be protecting spermatozoa from 
incapacitation by IgG in the female genital tract. 
This hypothesis may explain why PSP94 is present in large quantities in seminal plasma; 
however, it does not explain its presence in other parts in the body. The fact that PSP94 
binds to IgG also suggests a role as an immune defense molecule113, which is consistent 
with its antifungal properties. The empirical evidence linking PSP94 to fertility suggests it 
has an opposite relationship: high PSP94 concentration has been linked to reduced 
fertility495, implying that the rs10993994 T allele improves fertility at the cost of an 
increased risk of prostate cancer—especially if adult life expectancy is long. The 
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conservation of the rs10993994 C allele is thus likely due to improved fitness unrelated to 
increased intercourse success, such as protection from prostate cancer. 

7.5 Evolutionary perspective of PSP94 related diseases  
CP/CPPS, BPH, stomach ulcers and breast cancer affect a non-negligible fraction of 
relatively young individuals (see Table 32), thus should be subject to evolutionary 
pressure. If these four diseases are not the result of some form of compromise, then natural 
selection would have eliminated hereditary factors causing them. This has not happened, 
so these diseases are likely the result of some form of quasi-stationary compromise, 
balancing the cost of these diseases with yet-to-be-identified benefits. 
Table 32: Life-time risk of having had diseases at different ages (in the developed world). 
Age 20 30 40 50 Comments 
CP/CPPS (men)222 ? ~14% ~22% ~27% Non-fatal. Rough approximation. 
BPH (men)60 ? ? 10% 30% Usually non-fatal. 
Breast cancer (women)144 0.00% 0.05% 0.49% 2.01% Fatal. 
Prostate cancer (black men)144 0.00% 0.00% 0.01% 0.57% Fatal, progression is typically slow. 
Stomach cancer (black men)144 0.00% 0.00% 0.02% 0.09% Fatal. 
Stomach ulcers ? ~10% ~10% ~10% Sometimes fatal. Rough approximation. 

Many diseases are caused by infectious agents (viruses, bacteria, fungi, protists) which 
must infect humans for their survival. Though the immune system is under substantial 
pressure to attain complete immunity from these microbes through evolution, any 
improvement will quickly be countered by the evolution of the microbes themselves, as 
happened to bacteria developing resistance to antimicrobial drugs during the second half of 
the 20th century. To be clear, the immune system is expected to evolve quickly toward the 
eradication of these microbes, but this evolution is futile—stenoxenous microbes will 
always win this race. The rapid evolution of PSP94 could be driven by such coevolution. 
Thus the best the immune system can hope to achieve is a reduction in symptoms and 
fatality, not the eradication of these microbes. 
Though there are no records of adult life expectancy during the prehistoric era, it appears 
most humans who reached reproductive age lived well into their 50s496, 497. Prostate cancer 
and stomach cancer are also listed in Table 32, though they are expected to be subject to 
less evolutionary pressure since they occur later in life; their incidences increase markedly 
around age 50 (data not shown), as evolutionary pressure to survive tapers off. This is 
unlikely to be a coincidence: yet-to-be-identified costs likely balance out any further 
reduction of these diseases in old age. For example, if a cancer is caused by inflammation 
due to a long-lasting infection, and an immune defense protein is synthesized to reduce this 
inflammation, what would be the right amount of protein to synthesize? Since there is an 
energy cost in producing this protein, reducing cancer deaths beyond adult life expectancy 
would be detrimental to overall host fitness. 

PSP94 fits well within this paradigm with regards to prostate cancer. The persistence of 
both T and C alleles of rs10993994 can be justified as a compromise between the energy 
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cost of synthesizing PSP94 and the possibility of slightly prolonging men’s life by 
postponing the onset of prostate cancer: for individuals with longer life expectancy, the C 
allele is preferable, whereas for individuals with shorter life expectancy, the T allele is 
preferable. Compared to TT homozygotes, PSP94 production doubles in CT/TC 
heterozygotes and triples in CC homozygotes, postponing prostate cancer onset by ~3 and 
~5 years, respectively (see Figure 51). 

The best known example of a similar evolutionary compromise is the conservation the 
sickle-cell version of the β-globin gene: one copy protects from malaria but two copies 
cause sickle-cell anemia. The sickle-cell allele reaches frequencies of 15% in areas where 
malaria is endemic40, protecting 26% of children from malaria while losing 2% to anemia. 

In the developing world, bacterium Helicobacter pylori is acquired by most individuals in 
the first decade of life: this results in lifelong gastritis which is usually asymptomatic, but 
occasionally leads to stomach ulcers and/or stomach cancer. As shown in Table 32, 
stomach cancer only occurs in older individuals, thus has little impact on an individuals’ 
ability to pass his genes on to the next generation. This suggests Helicobacter pylori has 
been “tamed” by coevolution: nearly all individuals are infected, so Helicobacter pylori is 
very successful in occupying its ecological niche, yet it is not causing much mortality in 
individuals of reproductive age. Unlike PSP94 and prostate cancer, it is unclear which 
other costs are involved in the stomach cancer compromise. From an evolutionary 
perspective, stomach ulcers caused by Helicobacter pylori are much more puzzling since 
they negatively impact a substantial fraction of young individuals. Are stomach ulcers 
mostly the result of modern lifestyles? 

Another example of an apparent immune system compromise is chronic fungal sinusitis 
(CFS). This condition has been reported to be due to an “overreaction” of the immune 
system to fungal antigens which are normally present in the respiratory tract249. Such 
fungal antigens are both ubiquitous and benign, so hereditary factors leading to CFS 
should have been eliminated by natural selection. Yet-to-be-identified benefits are likely 
balancing out the cost of CFS symptoms: perhaps individuals with CFS (or their 
descendants) are better at clearing potentially fatal fungal infections, such as Coccidioides 
immitis, Cryptococcus neoformans or Histoplasma capsulatum (see Section 5.4.7). Though 
CP/CPPS symptoms have no established cause, an immune system compromise similar to 
that of CFS could justify the persistence of this syndrome in the population. 

BPH reaches a high prevalence in relatively young men, so it must also be the result of an 
evolutionary compromise. The synthesis of PSP61 is the likely trigger for the onset of 
BPH. Why would PSP94 synthesis “fail” in aging men, resulting in the loss of the 
fungicidal region? One possibility is that PSP94 is evolving very quickly, so PSP61 is 
simply a negative side-effect of rapid evolution which will be eliminated over time. A 
much more likely possibility is that the destruction of epithelial cells which occurs in BPH 
protects older men from prostate cancer. This change in PSP94 synthesis would have 
occurred during the upper Paleolithic in response to the marked increase in adult life 
expectancy498 which suddenly subjected men to non-negligible prostate cancer mortality—
prior to this period, the putative fungal infection would have caused little reduction in host 
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fitness because mutations leading to prostate cancer would not have had time to develop 
during the shorter lifespan of our Homo heidelbergensis ancestors. Prostate secretory 
epithelial cells start reaching the final oncogenic step in men’s 40s, which coincides with 
the appearance of PSP61. The replacement of these cells with fibromuscular cells 
definitely prevents them from becoming cancerous! This could explain why prostate 
cancer is less likely to develop in BPH tissue: in older men, evolution would have selected 
BPH as the lesser of two evils in such tissue. In younger men, it’s the opposite: BPH 
symptoms reduce fitness more than the very low probability of dying of prostate cancer. 
Additionally, the removal of some of the putative microbe’s “habitat” in BPH may reduce 
inflammation in the entire prostate, because the infection is in dynamic equilibrium, 
constantly moving from cell to cell. This hypothesis is supported by the protective effects 
of inflammation reported by Karakiewicz499, and by the selective destruction of non-
malignant glands by cytotoxic T cells reported by Blumenfeld52. 
For breast cancer, the high incidence in young women could also point to some form of 
immune system compromise, since its evolutionary cost appears substantially higher than 
other late onset cancers: breast cancer reaches non-negligible rates more than a decade 
before prostate cancer (see Table 33). Alternatively, this could be explained if evolutionary 
pressure tapers off at an earlier age in women. Since men remain fertile in old age and 
contribute little to childrearing, the reproductive fitness of men remains relatively constant 
over their entire adult life; for women, evolutionary pressure to live another day gradually 
drops after menopause since they can no longer conceive and their children become less 
dependent as they mature. Elderly women would be conferred protection from late onset 
cancers affecting both sexes, though this protection would deliver lower benefits to women 
than men from an evolutionary standpoint (see Table 33). Late onset cancers which affect 
only women (breast and uterus) reach 2% lifetime risk at age 33 and 34, whereas late onset 
cancers which affect both sexes reach this level some years later in women (with the 
exception of colon and kidney cancers). Finally, prostate cancer is the latest occurring 
adult cancer, reaching 2% lifetime risk at age 47. This pattern is consistent with selection 
pressure on longevity which applies only to men during the tail end of life expectancy. 

Table 33: Age at which each late onset cancer reaches 2% cumulative incidence (up to 75 years of age, using 
USCS 2008 incidence data) for men and women. (1) Lifetime incidence reported for one sex only. 

Lifetime incidence  
(0-75 year of age) 

Late onset 
cancer site 

Age at 2% cumulative incidence 
Men Women 

7.50% (1) Prostate 47  
7.10% (1) Breast  33 
4.00% Lung 44 43 
3.60% Colon 36 34 
1.60% (1) Uterus  34 
1.40% Stomach 42 42 
1.20% Bladder 43 40 
0.80% Kidney 34 30 
0.80% Pancreas 42 39 
0.60% Liver 40 38 
0.50% Esophagus 42 42 
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7.6 Summary 
The protective effect of PSP94 in prostate cancer has been demonstrated beyond doubt by 
a dozen studies42, 70. The presence of PSP94 or MSMB mRNA in all late onset cancer sites 
also strongly suggests a role in cancer. Two mechanisms have been hypothesized to 
explain this phenomenon: the “containment” of an intracellular infection by PSP94’s C-
terminus region, and the inhibition of cancer cell growth by PSP94’s N-terminus region. 
Both mechanisms may be contributing to the protective effects of PSP94, and other 
mechanisms may be found in the future. 

PSP94’s fungicidal properties are well conserved between species (human, rhesus monkey 
and pig). Its cancer inhibiting properties have also been reported in two species (human 
and rat500). At first blush, both appear to be fundamental properties of PSP94. 
Table 34 summarizes the evidence for and against these two hypotheses in explaining 
increased prostate cancer risk in individuals who synthesize less PSP94: ~1.57x odds ratio 
between lowest risk CC and highest risk TT homozygotes for SNP rs10993994, as reported 
by many genome wide association studies. The most important evidence against the second 
hypothesis is that the concentration of PSP94 in the prostate is much higher than the 
required “window” for tumor suppression: no more than 20 ug/ml is required to 
demonstrate high levels of inhibition, whereas 2120 ug/ml is typical in prostatic secretion 
(2.5–97.5 percentile: 520–8000 ug/ml)491. Furthermore, experiments reviewed in Appendix 
C suggest most PSP94 tumor suppression studies may have been flawed. 

Fertility hypotheses cannot explain the presence of PSP94 in non-genital sites, though they 
can explain why PSP94 is secreted into the lumen of the prostate. Two other fertility 
related hypotheses have been proposed in which PSP94 would inhibit sperm motility and 
acrosome reaction, though there is little evidence supporting these hypotheses84, 495. 

PSP94’s fungicidal activity cannot be explained by the need to kill fungi in the vagina, 
since PSP94 retained its fungicidal properties in rhesus monkeys despite neutral vaginal 
pH which prevents such activity in this site. The fungicidal region of PSP94 has been 
completely conserved in the 26 million years since rhesus monkeys and humans shared a 
common ancestor, so it must be playing a role in immune defense against fungi in other 
sites. PSP94 is only fungicidal in low pH or low calcium ion environments, yet few sites in 
the human body have these characteristics. All body fluids have high calcium ion 
concentrations; this leaves the cytosol (which has a very low calcium ion concentration) as 
the most likely location for this fungicidal activity. The target of PSP94’s fungicidal C-
terminus must be an intracellular microbe which infects epithelial cells. 

Beyond SNP rs10993994, three other observations provide strong proof supporting the 
hypothesis that prostate cancer is caused by chronic inflammation due to an intracellular 
microbe: (1) increased sexual activity and exposure to STIs at a young age are both 
significant risk factors of prostate cancer, strongly supporting an infectious etiology; (2) 
men of all ages have signs of chronic prostatic inflammation in the form of CP/CPPS 
symptoms and elevated leukocytes in their expressed prostatic secretion—the prevalence 
of this inflammation increases as men age, reaching >12% by age 20, >40% by age 40 and 
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~80% in elderly men; (3) a non-fungicidal form of PSP94 (PSP61) is secreted by older 
men, coinciding with the onset of BPH. It is thus likely that an asymptomatic infection 
which was previously “contained” by PSP94’s C-terminus requires a different immune 
response once the synthesis of this terminus stops: this second immune response damages 
the prostate leading to BPH, while conferring some protection from prostate cancer. 
Table 34: Evidence for and against the hypotheses related to PSP94’s protective role in prostate cancer.  
Data from literature PSP94 inhibits 

ubiquitous 
microbe 

PSP94 inhibits 
growth of cancer 
cells 

rs10993994 prostate cancer risk allele ‘T’ reduces PSP94 concentration145 Consistent 
(strong) 

Consistent 
(strong) 

PSP94 is located in various tissues of men and women from which late onset 
cancers develop62, 63 Consistent (weak) Consistent 

(strong) 
Rat and human PSP94 inhibits growth of some cancer cell lines101, 112, 113, 500  See Appendix C 
Pig, human and rhesus monkey PSP94’s C-terminus is fungicidal23 Consistent 

(strong) 
 

PSP94 is a rapidly evolving protein66, 67  
rs10993994 interacts with lifetime number of sexual partners for cancer risk22 

Consistent 
(strong) 

 
Sexual activity is a moderate risk factor for prostate cancer6, 45-47, 117  
Circumcision prior to sexual activity moderately reduces prostate cancer risk49  
Ankylosing spondylitis age at onset275 matches onset of putative infection in 
prostate cancer (ankylosing spondylitis is suspected of being caused by an STI)  

Odds ratio for prostate cancer is 1.6x for black men vs. white men in the USA144  
Multi-stage theory estimates mutations leading to prostate cancer begin in men’s 
twenties or early thirties. 

Consistent (weak) 
 

Long lag between sexual activity and prostate cancer72-74  
Trend in rs10993994 TT/CC odds ratio decrease with age70, 97 Consistent (weak) 
PSP94 synthesis decreases as prostate cancer progresses99  Consistent (weak) 
Course of prostate cancer not affected by rs10993994 allele97 Consistent (weak) Not consistent 
PSP94 concentration is 100x higher than tumor suppression “window” 
(variations would not influence cancer incidence)  Not consistent 

PSP94 is synthesized but not secreted from breast epithelial cells (it would not 
reach cancer cell receptors in the breast) Consistent (weak) Not consistent 

PSP61 (PSP94 with truncated C-terminus) biomarker of BPH41 

Consistent 
(strong) 

 
BPH caused by cytotoxic T cell immune response affecting most elderly men59  
TCR γ/δ T cells elevated in BPH58  
BPH & prostate cancer correlation is ~1.15138  
Odds ratio for BPH is ~1.0x for black men vs. white men in the USA143  
BPH prevalence reaches ~80% in elderly men60  
Latent prostate cancer prevalence reaches >70% in elderly men140  
Prostate inflammation prevalence ~80% in elderly men51  
CP/CPPS symptoms & 5+ leukocytes in EPS correlation is ~1.2550 

Consistent 

 
Prevalence of elevated leukocytes in EPS increase from 12% to 41% between 20 
and 40 years of age50, 129  

Antifungal drugs relieve CP/CPPS symptoms242, 244  
Cytotoxic T cells elevated in CP/CPPS IIIB128  



 146 

8   Original research 

This investigation was prompted by a lack of research into fungal infections of the prostate 
first reported by Garst in the 1990s241. Epidemiological studies of prostate cancer predict a 
yet-to-be-identified STI which would probably be present in the semen of infected 
individuals (see Section 4.4). This investigation began by using culture media from Hardy 
Diagnostics in an attempt to grow the hypothesized fungus in vitro: semen of four men in 
their 30s was incubated on various types of culture media. No macroscopically visible 
colonies formed on any sample/medium combination. Observations of the inoculated area 
using a high powered light microscope showed signs of growth on one medium only: 
HardyCHROM Candida (see Figure 60). This is a proprietary formulation similar to 
Emmons’ Sabouraud dextrose agar in which two chromogenic substrates have been added 
to detect N-acetyl-d-glucosaminidase and phosphatase enzymatic activity, respectively 
yielding a blue and red pigment. 
Microscopic growth on HardyCHROM Candida was detected in all four samples. 
Substrate and surface mycelia/hypha could be observed, which sprouted from hyaline 
globose cells usually 1 um to 3 um in diameter (though these cells could be larger in rare 
instances). Prior to growing hypha, these cells swelled and darkened; tips of buds/hyphae 
remained pale while growing, darkening only after growth ended. Seminal plasma isolated 
by centrifugation or filtering showed orders of magnitude less cells/hyphae (see Figure 61 
to Figure 64), strongly suggesting that these cells were present in the original specimens 
and were not an artifact or a contaminant of the commercially produced culture medium. 
Given that the culture medium contains chloramphenicol (an antibacterial compound), 
these structures were unlikely to be mycelium forming bacteria. Moreover, bacteria 
commonly found in the genitourinary tract50 are less than 1.5 um in diameter, and the 
smallest human cells are spermatozoa (3 x 5 um). What could these odd sized cells be? 
Simple experiments performed to identify and characterize this candidate microbe are 
described in this section. Morphologically, the candidate microbe closely matches 
observations made by Dickson in 1927 (see Section 8.2.4). At the time of writing, its 
ribosomal DNA unit has not been sequenced, despite many attempts by several labs using 
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consensus PCR and Sanger sequencing. More universal shotgun sequencing experiments 
using Illumina high-throughput DNA sequencers are described in Appendix B. 

 

 
Figure 60: Hyphae of different widths are growing from a central body at the surface of the medium. Tips of 
hyphae are pale during growth, whereas other parts of the structure are dark. Fuzzy structures start appearing 
around the hyphae in later images (possibly due to leakage caused by PSP94?). 2 ul of semen inoculated with 
the drop plate method on HardyCHROM Candida incubated at 31C. Collage of three time-lapse images with 
same magnification; oil immersion: total size 65 x 29 um. 

While experiments were being performed, an extensive literature review was done to 
identify previously published studies which could confirm or refute the hypothesis of a 
fungal cause for prostate disease. This evidence was presented in earlier sections and 
strongly supports the hypothesis. Thus, the candidate microbe found in semen may well be 
the cause of prostate disease: its high prevalence in men in their 30s matches the predicted 
epidemiological model presented in Section 3. However, it could also be a non-pathogenic 
colonizer or even a non-living precipitate that forms around cells in whole semen 
inoculated on HardyCHROM Candida. It is unclear why growth occurs on HardyCHROM 
Candida, but not on other commonly used fungi isolation media (see Section 8.3). 

The best proof of pathogenicity is that candidate microbes are grouped within round cells 
10-50 um in diameter, and substrate mycelia often grow under these cells (see Section 
8.2.2). These cells are most likely macrophages and monocytes, meaning the immune 
system is actively phagocytosing large quantities of these microbes. Many fungi infecting 
humans use hyphae to penetrate host cells and tissue501, as well as escape from 
leukocytes502. Swelling prior to germination is well documented in fungi (see Figure 82 
and Figure 88). 
Any microbe suspected of having a high prevalence in the prostate should be thoroughly 
investigated for possible links with prostate cancer and BPH, including this one. A high 
resolution document for this monograph can be found at www.psp94.com, where images 
are minimally compressed so small features are easier to see. 
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Figure 61: A high density of growing hyphal structures can be found when whole semen is used: multiple 
structures can often be seen in a single oil immersion field, as shown here. Many spermatozoa can also be 
seen. 4 ul inoculated with the drop plate method on HardyCHROM Candida incubated at 31C for 24 hours. 
Image size is 128 um x 102 um. 
 

 
Figure 62: A low density of growing hyphal structures can be found when weakly purified seminal plasma is 
used (centrifuged at 10000 g for 5 minutes): a few structures could be found by looking at many oil 
immersion fields. Spermatozoa have precipitated and are generally absent, though a few can still be found. 4 
ul inoculated with the drop plate method on HardyCHROM Candida incubated at 31C for 24 hours. Image 
size is 128 um x 102 um. 
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Figure 63: A very low density of growing hyphal structures can be found when strongly purified seminal 
plasma is used (centrifuged at 16000 g for 30 minutes): a single structure was found after looking at many oil 
immersion fields. 4 ul inoculated with the drop plate method on HardyCHROM Candida incubated at 31C for 
24 hours. Image size is 128 um x 102 um. 

 

 
Figure 64: An extremely low density of growing hyphal structures can be found when very thoroughly 
purified seminal plasma is used (centrifuged at 16000 g for 30 minutes, filtration through 0.45 um PVDE 
syringe filter, centrifuged again at 16000 g for 20 minutes): a single structure was found by looking at many, 
many oil immersion fields. 4 ul inoculated with the drop plate method on HardyCHROM Candida incubated 
at 31C for 24 hours. Image size is 128 um x 102 um. 
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8.1 Consensus PCR 
The amplification of the candidate microbe’s ribosomal DNA unit from semen was 
attempted by five different labs with commonly used consensus bacterial and fungal 
primers: all results were negative, though positive controls and common lab contaminants 
were periodically amplified. The tables below indicate which samples, DNA extraction 
methods and primers were used by which lab. 

It is quite disappointing that consensus fungal and bacterial primers have failed to amplify 
the ribosomal DNA unit of the candidate microbe. Though these primers are known to not 
be truly universal, the negative results give some weight to the hypothesis that the 
candidate microbe is nothing more than a non-living precipitate which forms when whole 
semen is inoculated on HardyCHROM Candida. Note that some medically important 
eukaryotic microbes commonly found in the genitourinary tract—such as Trichomonas 
vaginalis and Encephalitozoon cuniculi—cannot be efficiently detected using these 
primers. These negative results exclude the possibility that the candidate microbe is a 
common contaminant. 
Molecular microbe detection techniques better suited for this task are described in the 
companion Shipshaw Labs book, “No microbe left behind”. 

Table 35: PCR amplification attempts using consensus fungal primers. 
Sample Extraction Primer name Labs Result 
Semen None 5.8SR→ITS4 A Negative 
Semen Mechanical ITS1→ITS4 A,B Negative 
Semen Mechanical ITS1→ITS2 A Negative 
Semen Mechanical ITS3→ITS4 A Negative 
Semen Mechanical 5.8SR→ITS4 A Negative 
Semen Enzyme + mechanical ITS1→ITS4 E Negative 
Semen Enzyme + mechanical ITS1→ITS2 E Negative 
Semen Enzyme + mechanical nssu131→NS4 E Negative 
Semen Enzyme + mechanical ITS3→ITS4 D Negative 

Table 36: PCR amplification attempts using consensus bacterial primers. 
Sample Extraction Primer name Labs Result 
Semen None 27F → 1492R A Negative 
Semen Mechanical 27F → 1492R A,B Negative 
Culture None 27F → 1492R A,C Negative 
 

8.2 Cell culture 
Many cell culture experiments have been conducted using semen and HardyCHROM 
Candida. Unfortunately, morphological and other cell culture characteristics have proven 
insufficient to conclusively identify the candidate microbe. 
The growth of dark substrate mycelia forming from pale globose bodies 1 to 3 um in 
diameter can be readily observed. These globose bodies are often located near the neck of 
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spermatozoa (see Figure 65): perhaps this microbe uses spermatozoa to spread in the 
female reproductive tract, a mechanism used by some STIs178. Sometimes they appear in 
10-50 um diameter clusters, which are likely human cells in which the globose bodies are 
engulfed. These human cells may be leukocytes, spermatids or spermatocytes. Time-lapse 
images revealed darkening and swelling of these globose bodies, followed by slow growth 
of surface hyphae; after days of growth, the globose body (cell) is difficult to discern and 
the overall structure becomes somewhat fuzzy (see Figure 66 and Figure 71). 
Since locating the same microscope field of view on different days is very challenging and 
time consuming, small cells (“extras” in cinematographic terms) in time-lapse images are 
representative of typical dimensions and growth rates; larger cells and cell clusters were 
often necessary to locate the field a second time, so they are heavily overrepresented in 
time-lapse images—cells exceeding 3 um before darkening and swelling are very rare. 
Structures “B” and “C” in Figure 70 are good examples of “extras” caught accidentally in 
time-lapse images due to their proximity to larger, more distinctive structures. 

Experiments using a control fungus (Exophiala mesophila) demonstrated the potent 
fungicidal activity of seminal plasma (see Section 8.3.1). Exophiala mesophila cells darken 
with black/brown hues in the presence of seminal plasma (see Figure 95); when inoculated 
alone they remain pale (see Figure 94). Thin filaments resembling narrow hyphae grow out 
of Exophiala mesophila cells when inoculated with seminal plasma. These effects can 
perhaps be attributed to PSP94’s disruption of fungal plasma membranes, which induces 
the production of melanin as a defense mechanism212, 213. Edstrom also observed grossly 
abnormal morphologies for Candida albicans cells exposed to PSP9423. Due to 
coevolution, the candidate microbe is likely more resistant to PSP94 than Exophiala 
mesophila or Candida albicans. When Saccharomyces cerevisiae is inoculated on 
HardyCHROM Candida in the presence of seminal plasma, it grows uninhibited and does 
not darken—unlike Exophiala mesophila and Candida albicans, it seems resistant to 
PSP94. It thus appears that the process which causes the reduction in growth rates 
observed in some fungal species also causes darkening of cell walls, perhaps via melanin 
production. 

 
Figure 65: Growth of candidate microbe cell over 24 hours. Candidate microbe cells start as pale ~1.5 um 
diameter globose bodies often found near the neck of spermatozoa; they first darken and swell, then surface 
and/or substrate hyphae emerge. Each image above shows growth progression, though they are not time-
lapse images because different instances are presented in each. Collage of three images with different 
magnifications; oil immersion: respectively 13 x 23 um, 39 x 31 um and 128 x 102 um. 
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8.2.1 Time-lapse images of candidate microbes 
Time-lapse images of the candidate microbe show that it grows slowly on HardyCHROM 
Candida. The small globose bodies from which mycelia form do not all darken and sprout 
hyphae simultaneously (see Figure 70 cell “B” and “E”). It is not clear what triggers this 
growth. Cells “B” and “D” in Figure 70 show the typical growth cycle of surface hyphae: 
small pale cells darken, swell and then sprout hyphae whose tips are pale while growing, 
but darken shortly thereafter. Internal structures (vacuoles?) can be seen prior to complete 
darkening (see Figure 66 and Figure 70). Very rarely, larger cells up to 9 um in diameter 
can be seen darkening and sprouting hyphae (see Figure 67 and Figure 68). It is difficult to 
capture time-lapse images of cells prior to darkening and swelling: this part of their growth 
phase is underrepresented in this section. Similarly, fields containing many cells are much 
overrepresented because they are easier to locate. 

 
Figure 66: Surface hyphae growing from cells of various sizes. Hyphae can be seen starting to grow from 
two round cells (respectively 2.5 um and 2 um in diameter at 24h) on the lower right hand side of the 24h 
image. Most cells in the left cluster have darkened and have started sprouting hyphae in the 24h image, but 
two cells in the cluster only darken later, in the 48h image. 4 ul of semen inoculated using the drop plate 
method on HardyCHROM Candida incubated at 31C. Collage of three time-lapse images with same 
magnification; oil immersion: total size 87 x 122 um. 
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Figure 67: A wide and a narrow hypha growing from a rare large cell (7.5 um in diameter); narrow 
branching hyphae are growing from a small cell (top-left, initially 2 um in diameter, growing to 3 um in 
diameter). 4 ul of semen inoculated using the drop plate method on HardyCHROM Candida incubated at 
31C. Collage of three time-lapse images with same magnification; oil immersion: total size 107 x 44 um. 
 

 
Figure 68: Wide hyphae growing from a white bud visible at 24h on a rare large cell (9 um in diameter); 
various sized hyphae growing from a small cell (bottom-right, about 2.5 um in diameter). 4 ul of semen 
inoculated using the drop plate method on HardyCHROM Candida incubated at 31C. Collage of three time-
lapse images with same magnification; oil immersion: total size 174 x 45 um. 
 

 
Figure 69: Growing surface hyphae: fully grown left segment measures 30 um x 1 um, right segment 
measures 35 um x 1.8 um. 4 ul of very thoroughly purified seminal plasma inoculated using the drop plate 
method on HardyCHROM Candida incubated at 31C. Note that the cell from which the hyphae grew is not 
visible: it must be very small to have gotten through the purification steps; it was the only such structure 
visible in the drop. Collage of three time-lapse images with same magnification; oil immersion: total size 143 
x 32 um. 
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Figure 70: (A) Two adjacent cells (3.5 um and 4.5 um in diameter) darken simultaneously over a period of 
48h, giving the impression that they were budding; a wide hypha sprouts from the top cell after 96h; the 
original cell contour is no longer evident after 120h. (B) Single cell (2.5 um in diameter, with a blue dot) 
darkens, swells to 3 um in diameter and spawns a white hypha/bud to the right at 48h; growth continues, 
forming a small structure. (C) Single cell (1.5 um in diameter) has already completely darkened after 24h, 
spawns a 1 um diameter hypha which can be seen growing over the next 96h; growth appears to have stopped 
at 120h. (D) Single cell (3.2 um in diameter) has already begun to darken after 24h, though internal 
structures/organelles remain visible (its internal structure is completely masked by darkening after 48h); a 
tiny white “bud” is visible in the lower left edge of the cell at 24h, and turns into a second cell by 48h; 
growth continues to 216h, forming a large structure with several hyphae. (E) Single cell (3 um in diameter), 
initially pale with a single clearly visible internal structure (vacuole?); it does not darken or grow for 96h, 
then gradually darkens, swells (width 3.7 um at 192h) and spawns a white bud which reaches 2.5 um in 
diameter at 216 h. 4 ul of semen inoculated using the drop plate method on HardyCHROM Candida 
incubated at 31C. Collage of nine time-lapse images with same magnification; fourth image is a composite of 
two images to bring elements into focus; oil immersion: total size 164 x 158 um. 
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Figure 71: The large cell (4 um in diameter at 24h) spawns five hyphae of various widths, which are clearly 
visible at 72h. The edges of older structures become less well defined/fuzzy; why this happens in unclear, 
perhaps PSP94’s fungicidal properties are affecting membrane permeability. Growth continues through 216h. 
The hypha in the lower left corner splits in two between 120h and 144h. 4 ul of semen inoculated using the 
drop plate method on HardyCHROM Candida incubated at 31C. Collage of nine time-lapse images with 
same magnification; oil immersion: total size 105 x 110 um. 
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8.2.2 Candidate microbe cells cluster within round cells 
Candidate microbes are often found in round cells >10 um in diameter, under which 
branching substrate mycelia form. These round cells are likely leukocytes, indicating that 
the candidate microbe may be targeted by the immune system. Several types of fungi are 
known to survive ingestion by leukocytes: a murine model of respiratory mycosis showed 
that intact fungal spores accumulate in monocytes250. Videos of such clusters can be 
viewed here: www.psp94.com/round . 

 
Figure 72: Mycelia forming under round cells. For higher magnification see Figure 73 (A), Figure 74 (B), 
Figure 75 (C), Figure 76 (D), Figure 77 (E). 2 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C. Collage of six images with same magnification; 100X: total size 
1050 x 1230 um. 

http://www.psp94.com/cluster
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Prior to darkening, swelling and spawning hyphae, candidate microbe cells are pale and 
often contain a blue dot which indicates hydrolysis of N-acetyl-d-glucosamine (XNAG), 
probably in an organelle. It was very difficult to capture time-lapse images of all stages of 
growth occurring in the same instance (‘B’ in Figure 70 is a rare example). Figures at the 
end of this section show a variety of small pale cells with a blue dot, which are likely the 
same type of cell as ‘B’ in Figure 70. They are often clustered in a circular structure with a 
few darkened cells, suggesting they were phagocytosed by human leukocytes, remained 
viable and originated deep in the urogenital tract (see Figure 81). This firmly excludes 
laboratory contamination as a possible origin for these cells. Many of these cells are ~1 um 
in diameter, which is very small for fungi; others are 3-4 um in diameter, which is too large 
for bacteria. Their size is quite difficult to reconcile with known microbes. 

 
Figure 73: Two Z-plane images (bottom) showing an extensive substrate mycelium forming under what 
appears to be a 15 um diameter cell (top). 2 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C. Collage of three images with different magnification; top is oil 
immersion: 110 x 43 um; bottom pair is at 400X: total size 307 x 143 um. 
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Figure 74: Four Z-plane images showing a substrate mycelium forming under what appears to be an 18 um 
diameter cell in which several lobes are visible in the top two images. 2 ul of semen inoculated using the drop 
plate method on HardyCHROM Candida incubated at 31C. Collage of four images with same magnification; 
oil immersion: total size 70 x 164 um. 
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Figure 75: Four Z-plane images showing an extensive substrate mycelium forming under what appears to be 
an 18 um diameter cell which contains many dark globose bodies 1 um in diameter. 2 ul of semen inoculated 
using the drop plate method on HardyCHROM Candida incubated at 31C. Collage of four images with same 
magnification; oil immersion: total size 205 x 206 um. 
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Figure 76: Six Z-plane images showing an extensive substrate mycelium forming under what appears to be a 
16 um diameter cell which seems to contain a single lobe. 2 ul of semen inoculated using the drop plate 
method on HardyCHROM Candida incubated at 31C. Collage of four images with same magnification; oil 
immersion: total size 146 x 156 um. 
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Figure 77: Four Z-plane images showing a substrate mycelium forming under what appears to be a 12 x 10 
um diameter cell. 2 ul of semen inoculated using the drop plate method on HardyCHROM Candida incubated 
at 31C. Collage of four images with same magnification; oil immersion: total size 117 x 110 um. 

 

 
Figure 78: A dozen dark globose bodies 1-2 um in diameter within what appears to be a 12 um diameter cell. 
Substrate mycelia have not formed (yet?). 2 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C. Oil immersion: 21 x 17 um. 
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Figure 79: A few dark globose bodies 2 um in diameter within what appears to be a 12 um diameter cell. 
Substrate mycelia have started to form. At the bottom of the cell, there is a 2 um in diameter globose body 
with a blue dot in the center—before the globose bodies darken, a single blue dot can often be seen within 
them (arrow), indicating the presence of N-acetyl-d-glucosaminidase, probably in an organelle. 2 ul of semen 
inoculated using the drop plate method on HardyCHROM Candida incubated at 31C. Oil immersion: 45 x 34 
um. 

 

 
Figure 80: Five globose bodies (diameter at 24h: one at 2.5 um, four at 1.3 um) (diameter at 48 h: 3.1 um, 
2.3 um, 1.7 um, two still at 1.3 um) within what appears to be a 16 um diameter cell. A blue dot is visible in 
the two lower cells and the upper cell. Two of the four small cells at 24 h darken and swell during the 
following day. The 16 um cell is visible because the narrow “hyphae” sprouting from the larger globose body 
appear to have been contained within it. 300 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C for 24/48/96 hours. Oil immersion: 76 x 29 um. 

 

 
Figure 81: Pale globose bodies with blue dots (1 to 2 um in diameter) contained within round cells (12 to 18 
um diameter, leukocytes?). Some of these globose bodies have already darkened and swollen (2 to 3.5 um in 
diameter). 300 ul of semen inoculated using the drop plate method on HardyCHROM Candida incubated at 
31C for 24 hours. Oil immersion: 112 x 22 um. 
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Figure 82: Small hyaline globose body with a blue dot (indicating N-acetyl-d-glucosaminidase activity) 
darkens and swells within 48 hours. The 72 h image shows that it is not globose during the swelling process, 
but rather subglobose or lacrymoid. 300 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C for 48/72/96 hours. Oil immersion: 60 x 88 um. 
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Figure 83: Small globose bodies with a blue dot (indicating N-acetyl-d-glucosaminidase activity) contained 
within what appears to be a human cell of 35 um diameter (macrophage?). These globose bodies’ diameters 
are between 1 and 3 um. A few globose bodies have begun to darken and spawn hyphae. 300 ul of semen 
inoculated using the drop plate method on HardyCHROM Candida incubated at 31C for 48 and 72 hours. Oil 
immersion: 82 x 41 um. 
 

 
Figure 84: Small globose bodies with a blue dot (indicating N-acetyl-d-glucosaminidase activity) contained 
within what appears to be a human cell of 56 um diameter (macrophage?). Some of the larger globose bodies 
appear to contain a vacuole. Some globose bodies have begun to darken. 300 ul of semen inoculated using 
the drop plate method on HardyCHROM Candida incubated at 31C for 24 hours. Oil immersion: 88 x 72 um. 
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8.2.3 “Sprouting/budding” can be observed  
White tips can be observed “sprouting/budding” from candidate microbe globose bodies 
once they have darkened and swollen. A hypha or daughter cell often forms thereafter. 
 

 
Figure 85: 3 um diameter globose body with an internal structure (vacuole?) which does nothing for three 
days, then darkens over two days, after which a pale “bud” forms on the lower left edge (visible at 144h), and 
subsequently grows into a “daughter cell”; the “mother cell” swells to a 3.7 um diameter. The long lag from 
inoculation to darkening and budding is rather unusual, as this usually occurs in the first 48 hours (see Figure 
70). Microscopic surface growth from 4 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C. Collage of eleven time-lapse images with same magnification. Oil 
immersion: total size 128 x 13 um. 

 

 
Figure 86: 4.5 x 5.5 um diameter “cell” with internal structure which does nothing for three days, then 
darkens over two days, after which a pale “bud” forms on the lower left edge (visible at 120h). Compare this 
with Saccharomyces cerevisiae to the right (same growth medium and magnification). Microscopic surface 
growth from 4 ul of semen inoculated using the drop plate method on HardyCHROM Candida incubated at 
31C. Collage of eleven time-lapse images with same magnification. Oil immersion: total main panel size 105 
x 16 um. 



 166 

 
Figure 87: Many different globose bodies starting hypha/bud formation. Note that these are larger than 
typical since large buds are easier to visualize (2 to 8 um diameter); also note that the globose bodies 
typically swell prior to darkening and bud formation, so they were probably somewhat smaller when 
inoculated on the growth medium. An internal structure (vacuole?) is clearly visible in some cells. Compare 
these cells to Saccharomyces cerevisiae in the right column (same growth medium and magnification). 
Microscopic surface growth from 2 ul whole semen drops inoculated on HardyCHROM Candida incubated 
at 31C for 24 hours. Oil immersion: total size of main panel 88 x 69 um. 

 

 
Figure 88: Many different globose bodies starting hypha/bud formation; these are of a more typical size, but 
they are not as photogenic as those in Figure 87. Diameters range from 1.5 to 2 um, though they were 
probably ~33% smaller before darkening and swelling. The last two images are of the same instance which 
was imaged before fully swelling and darkening (1.3 um → 1.8 um in diameter). Magnification was adjusted 
to match Figure 87. Microscopic surface growth from 2 ul whole semen drops inoculated on HardyCHROM 
Candida incubated at 31C for 24 hours. Oil immersion: total size of main panel 89 x 9 um. 
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8.2.4 Comparison with Dickson’s fungus 
In 1927, Dickson reported finding a fastidious fungus-like microbe in the urine, prostatic 
secretion and biopsy tissue of chronic bladder pain and chronic prostatitis patients77. This 
putative microbe matches closely with the experimental observations in this section (see 
Table 37 and Figure 89). Dickson also found Michaelis-Gutmann bodies in the samples; 
these bodies are known to sometimes be present in the prostate and bladder, and are very 
similar to the structures of Section 8.4.14. The origin of Michaelis-Gutmann bodies is not 
currently understood. 

Without using genetic identification (which had not yet been invented at the time!) or 
growing large quantities of cells in artificial media, one cannot be certain that Dickson’s 
fungus is a microbe at all: it could be some form of non-living precipitate or degeneration 
of human cells. Dickson considered these alternate hypotheses, but concluded that it was a 
microbe. The striking similarities between Dickson’s report and the candidate microbe in 
this section suggest that the same process or microbe is being observed. 

Dickson’s report adds several important elements of evidence linking this microbe to 
disease. The microbe was observed in the genitourinary tract of both men and women, 
consistent with sexual transmissibility. It was observed within bladder epithelial cells, 
consistent with intracellular presence implied by PSP94’s inhibition by calcium ions and 
by cytotoxic T cells in the prostate; this is also consistent with a (suspected) common 
etiology for interstitial cystitis and chronic prostatitis. Dickson’s microbe was observed 
within cells of the renal pelvis, which places this microbe at a second late onset cancer site 
in which PSP94 is synthesized in large quantity. This finding is particularly interesting 
because it supports the hypothesis that PSP94’s primary role is to prevent late onset 
cancers by limiting inflammation caused by an intracellular microbe (see Section 6.1). 

 
Table 37: Specificity of the match between Dickson’s fungus and the candidate microbe reported by this 
investigation. The match is highly specific. 
Characteristic Dickson’s fungus Match 

specificity 
This investigation 

Sprouting “narrow hypha” width 1 to 5 um +++ 1 to 3 um 
Diameter of “spores” 2 to 4 um (sometimes larger) ++ 1 to 4 um (sometimes larger) 
Location of “spores” Within round cells (and free 

floating) 
++ Within round cells (and free 

floating) 
Growth on culture media Microscopic only ++ Microscopic only 
Shape of “spores” Rounded or slightly oval + Rounded or slightly oval 
Yeast-like budding Yes + Yes 
Type of sample Urine, bladder tissue and prostatic 

fluid 
+ Semen 

Presence within epithelial cells Yes + Yes 
Dissolves in KOH 10% ?  No 
Fatty stains Negative  ? 
Methylene blue Slight staining when “alive”; 

deeply stained when “dead” 
 ? 

Color of unstained “spores” Slightly greenish  Pale 
 



  

 
Figure 89: Dickson’s fungus (black and white)77 compared to experimental results of this investigation (color). 
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8.3 What’s so special about HardyCHROM Candida? 
After spending many months trying to answer this question, I still don’t know why growth 
occurs on HardyCHROM Candida but not on other media—including quasi-identical 
media. Similarly, I still don’t completely understand why seminal plasma is fungicidal on 
HardyCHROM Candida but not on other media. My best guess is that calcium ions are 
sequestered by a compound in the medium allowing PSP94 to become fungicidal*: this 
leads to reduced fungal growth rates, the darkening of fungal cells and membrane leakage 
which produces very narrow dark filaments sprouting from fungal cells. 

 

 
Figure 90: HardyCHROM Candida is a proprietary fungi identification medium made by Hardy Diagnostics. 
It is shipped in Petri dishes (left) and as well as in powder (right). 

HardyCHROM Candida is a proprietary medium made by Hardy Diagnostics to quickly 
determine which type of fungi is growing on the medium: Candida albicans, Candida 
tropicalis or Candida krusei. The formulation of HardyCHROM Candida was not public 
when this project began; the dehydrated version of this product became available recently, 
and though the formulation is not listed in the official documentation, it seems to have 
been printed on the package (see Figure 90). Two chromogenic substances have been 
added to Emmons’ Sabouraud dextrose agar: the blue chromogen (XNAG) detects the 
presence of the N-acetyl-d-glucosaminidase enzyme, and the magenta chromogen (BCIP 
red) detects the presence phosphatase. These enzymes are produced in different quantities 
by various species of fungi. Seminal plasma naturally contains phosphatase and N-acetyl-
d-glucosaminidase, which reacts with the chromogens in HardyCHROM Candida to 
produce red and blue hues. Similar media are produced by other manufacturers who have 
filed patents describing the chromogenic mixture: BBL ChromAGAR Candida (USPTO 
                                                
* I initially thought that EDTA, a compound which sequesters calcium ions, was present (this does not appear 
to be the case). Potassium phosphate mono (KH2PO4) and sodium phosphate dibasic (Na2HPO4) have been 
reported to bind to calcium ions in solution, which then precipitate as Ca(H2PO4)2 or CaHPO4 due to the 
common-ion effect. In addition to this, the hydrolysis of BCIP red by PAP (present in semen) produces a 
phosphate ion (PO4

3-) which reacts with calcium ions to produce Ca3(PO4)2: this could explain the formation 
of a precipitate where BCIP red has been hydrolyzed. The absence of calcium ions due to calcium salt 
precipitation would enable PSP94’s fungicidal activity. 
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5716799 & 5962251) and Oxoid Brilliance Candida Agar (USPTO 7514235). Cultures 
have not been attempted with BBL or Oxoid products. Attempts to produce growth from 
semen have failed on all other types of media (see Table 38). 
Table 38: List of media on which semen was incubated for up to seven days at 31C. Growth of a small 
number of Staphylococcus bacteria was expected on media that lack antibacterial compounds. 
Medium name Antibacterial agent Product 

code 
Growth after inoculation 
with semen 

HardyCHROM Candida Chloramphenicol G301 Microscopic growth of 
candidate microbe 

Malt Extract Agar Chloramphenicol W80 None 
Inhibitory Mold Agar Chloramphenicol W25 None 
Sabouraud Dextrose Agar Chloramphenicol + Tetracycline W74 None 
Emmons’ Sabdex Agar None W20 A few colonies of Staph. 
Brain Heart Infusion with 
Blood Agar 

Chloramphenicol + Gentamicin W65 None 

MacConkey Agar None G35 None 
Blood Agar None A10 A few colonies of Staph. 
Hardy Derm-Duet (RSM) ? J350 None 
Hardy Derm-Duet (DTM) Gentamicin + Chlortetracycline J350 None 

8.3.1 Why is seminal plasma fungicidal only on HardyCHROM Candida? 
The most puzzling finding with regards to HardyCHROM Candida is that seminal plasma 
is extremely fungicidal against fungus Exophiala mesophila on that medium, but not on 
any of the other media listed in Table 38! If PSP94 is responsible for this fungicidal 
activity, HardyCHROM Candida must be sequestering the calcium ions present in seminal 
plasma that normally inhibit the fungicidal activity of PSP94 (the medium pH is 6.1, so it 
is not sufficiently acidic to account for the fungicidal activity, and PSP94 is not fungicidal 
on other pH 6 media). This fungicidal activity is maintained after diluting seminal plasma 
1000:1 in water, meaning that PSP94 remains fungicidal at concentrations much lower 
than 1 ug/ml; most known fungicidal molecules are much smaller (nystatin 926 g/mol vs. 
PSP94 12800 g/mol), yet require a similar mass concentration to inhibit fungi: PSP94 is 
thus extremely potent. Edström reported similar inhibitory concentrations and potency23. 
The microscopic examination of Exophiala mesophila cells is equally puzzling. When 
inoculated alone on HardyCHROM Candida, they grow as pale hyaline hyphae and yeast 
cells. However, when inoculated in the presence of seminal plasma (even highly diluted), 
Exophiala mesophila becomes black/brown and fails to grow; variable width filaments 
grow out of its cells. This observation is particularly interesting because the candidate 
microbe presented earlier also darkens when inoculated in seminal plasma, but fails to 
darken or grow when inoculated in physiological saline (e.g. when the cells in seminal 
plasma are washed many times in physiological saline prior to inoculation). Could PSP94 
be causing fungi to darken, and break their plasma membrane in such a way that these 
filaments grow out of fungal cells (see Figure 95)? The production of melanin has been 
documented in many fungal species using antifungal drugs, so exposure to PSP94 may be 
causing melanin production in both Exophiala mesophila and the candidate microbe, 
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causing them to darken212, 213. A complementary hypothesis relating to phosphate and N-
acetyl-glucosamine content of HardyCHROM Candida is explained in Section 8.4.2. 

Experiments which demonstrate the fungicidal activity of seminal plasma against 
Exophiala mesophila use the drop plate method to inoculate the media with four 2 ul drops 
of a suspension containing 50K CFU/ml of Exophiala mesophila adjacent to a 2 ul drop of 
seminal plasma (at various dilutions). 

A second set of experiments were conducted in March 2013 at a renowned mycology lab, 
showing similar inhibitory/darkening effect on Candida albicans using HardyCHROM 
Candida and ChromAGAR Candida. No such effect could be demonstrated on potato 
dextrose agar, yeast extract-mannitol agar or corn meal agar. 

 
Figure 91: Effect of diluted seminal plasma on the growth of Exophiala mesophila on HardyCHROM 
Candida after eight days at 20C. Even at a dilution of 1000:1, seminal plasma inhibits the growth of the left 
half of the closest drop of fungus. At lower dilutions, the first, second or third drops are completely inhibited. 
The magenta chromogen shows the diffusion of prostate acid phosphatase (44.5 kDa); the blue chromogen 
shows the diffusion of N-acetyl-beta-D-glucosaminidase (103 kDa). Other proteins in seminal plasma (such 
as PSP94 at 12.8 kDa) have a similar diffusion range: migration speed is approximately proportional to the 
inverse square root of protein mass. 

 
Figure 92: Undiluted semen (shown within drawn circle) does not inhibit the growth of Exophiala mesophila 
on other fungi isolation media. 
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Figure 93: Fungus in left image was inoculated from Exophiala mesophila suspension without seminal 
plasma on HardyCHROM Candida; same fungus in the right image 10 mm away from 2 ul drop of undiluted 
seminal plasma. Part of the hypha has darkened; the conidium on the top right side has darkened, but the one 
on the bottom left has not. Narrow filaments do not sprout out of fungal cells; affected cells only darken. 
Collage of two images with same magnification; oil immersion: total size 86 x 30 um. 

 

 
Figure 94: Fungus inoculated from Exophiala mesophila suspension onto Standard Method Agar. Note that 
the cells remain hyaline. Oil immersion: 108 x 76 um. 
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Figure 95: Fungus inoculated from Exophiala mesophila suspension onto HardyCHROM Candida 5 mm 
away from a 2 ul drop of seminal plasma. All structures have darkened, and filaments of various widths have 
grown from the original hypha. Similar filaments can be seen growing from the candidate microbe, though 
these filaments are present in much lower quantity around the latter. Could PSP94 be the cause of the 
filaments? Collage of three images with same magnification; oil immersion: total size 95 x 185 um. 
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Figure 96: Fungus inoculated from Exophiala mesophila suspension onto HardyCHROM Candida 0 mm 
away from a 2 ul drop of undiluted seminal plasma. All structures have darkened. A low number of filaments 
of various widths have grown out of the hypha. Collage of two images with same magnification; oil 
immersion: total size 92 x 102 um. 
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8.4 Various experiments and observations 
Many different experiments were performed to characterize the candidate microbe. This 
section describes some relevant experiments which have only been repeated a few times 
(experiments presented previously have been repeated a dozen times), so these results may 
not be as reliable. 

8.4.1 CFU estimate 
Figure 97 is a typical low magnification image of a 2 ul drop of whole semen inoculated on 
HardyCHROM Candida. The candidate microbe appears as black dots and hyphae; 
spermatozoa appear as small white dots. This field represents approximately 0.1 ul of 
whole semen, and contains about 250 candidate microbe structures (2.5M per ml or one for 
every ~40 spermatozoa). 
Note that the suspected presence of calcium salt precipitates (see Section 8.3 and Section 
8.4.2) could explain some of these black structures, meaning the CFU estimate above may 
be too high. The fact that candidate microbes can easily be found using oil immersion light 
microscopy indicates there is much more than a trace amount of these cells. Based on this, 
an approximate lower bound for concentration would be ~50 candidate microbes per 2 ul, 
which means one for every ~10000 spermatozoa. 

 
Figure 97: This field is 0.69 mm wide by 0.46 mm high, and the entire 2 ul drop is 3 mm in diameter, so this 
represents about 0.1 ul. The pale white dots are spermatozoa. The darker structures are candidate microbes. 
Two clusters of candidate microbe can be seen in the top left corner, 25 um and 35 um in diameter, which are 
probably the result of being engulfed within two human cells. 2 ul drop of semen on HardyCHROM Candida 
incubated for 24h at 31C. 100X: 690 x 460 um. 
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8.4.2 Chromogenic reaction 
Seminal plasma naturally contains phosphatase and N-acetyl-d-glucosaminidase (NAGase) 
which react with the chromogenic substrates in HardyCHROM Candida. The blue hue due 
to NAGase activity is restricted to the inoculation area, whereas as the red hue due to 
phosphatase activity produces a ring around the inoculation area. It is unclear why 
phosphatase activity is inhibited under the inoculation area—perhaps a heavy enzyme 
which diffuses more slowly than phosphatase inhibits it near the inoculum. 
A precipitate forms at the surface of the medium. Using either diluted seminal plasma or 
smaller inocula causes the precipitate to increase sharply near the center of the inoculation 
area. Conversely, increasing the inoculum drop size reduces the precipitate at the center of 
the inoculation area (see Figure 102); phosphatase activity, and to a lesser extent NAGase 
activity, are reduced over the inoculation area: this variation in enzymatic activity may be 
directly causing precipitate variations. Since chromagenic activity is reduced under large 
inocula, microscopic imaging is much clearer within this area (see Figure 103). 

When using a very large inoculum (300 ul), no precipitate forms over the center of the 
inoculation area, yet candidate microbe cells still darken and sprout hyphae—albeit at a 
slower rate. Near the edge of the 300 ul inoculum, blue staining (NAGase activity) 
increases and so does the growth rate of candidate microbe cells. This suggests X-NAG 
and NAGase may be required for growth to occur (alternatively other components of 
semen may be causing this effect). Other experiments (such as adding DMSO, washing the 
cells in saline or exposing the medium to ozone) also prevent NAGase activity and the 
growth of the candidate cells. Interestingly, both phosphate and N-acetyl-d-glucosamine 
are necessary precursors in the synthesis of chitin, the main component of fungal cell 
walls503. Perhaps the candidate microbe requires abundant phosphate and/or N-acetyl-d-
glucosamine to grow (though most fungi can synthesize these from other compounds), 
which could explain why growth only occurs on HardyCHROM Candida. Furthermore, 
when diluted semen is used, growth does not occur, suggesting that the chromogenic 
molecule attached to N-acetyl-d-glucosamine in HardyCHROM Candida could be 
preventing chitin synthesis, thus requiring NAGase present in seminal plasma for growth 
to occur. Alternatively, it is possible that this microbe actually uses the presence of PSP94 
(uninhibited by calcium ions) as a cue to stimulate its growth, knowing that it has reached 
its natural habitat and that germ tube formation will not cause a strong immune response 
(as would occur in the extracellular milieu). Finally, one must consider the possibly that 
the precipitate apparently produced by the hydrolysis of BCIP red “self-assemble” into 
hyphal-like structures in the presence of non-fungal biological material present in semen, 
which happen to resemble fungal cells (this seems very unlikely). 
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Figure 98: Seminal plasma and whole semen diluted in physiological saline and inoculated on 
HardyCHROM Candida in 2 ul drops. The blue hue caused by chromogenic reactions with N-acetyl-d-
glucosaminidase disappears when diluted 3:1 in saline. The red hue caused by prostatic acid phosphatase 
(PAP) is visible until dilution reaches 1000:1. The activity of PAP seems inhibited by another compound in 
the inoculation area, which results in a ring. 
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Figure 99: Seminal plasma and whole semen diluted in physiological saline. 2 ul drops were inoculated on a 
custom media containing 1.5% agar and 0.01% X-phosphate, which stains blue in the presence of 
phosphatase. The inhibition of phosphatase by a component of seminal plasma can again be seen here by the 
asymmetrical staining at the end of rows, and by the lighter area where the inoculation drop landed. Staining 
intensity and pattern are very similar to those seen on HardyCHROM Candida. 

 
Figure 100: Seminal plasma and whole semen diluted in physiological saline. 2 ul drops were inoculated on 
a custom media containing 1.5% agar, 0.05% DMSO and 0.01% X-NAG, which stains blue in the presence 
of N-acetyl-d-glucosaminidase. Staining pattern is very similar to that seen on HardyCHROM Candida, 
though the staining intensity seems somewhat weaker. Does HardyCHROM Candida contain more X-NAG? 
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Figure 101: Macroscopic view of chromogenic reaction with various inoculum sizes (10, 30, 100, 300 ul) of 
whole semen at 48h on HardyCHROM Candida. NAGase activity appears reduced near the center of large 
inoculum area. Is it inhibited by something too? 

 

 
Figure 102: Comparison of precipitate forming on top of various inoculum drops: 10 ul (left), 20 ul (center), 
50 ul (right). No precipitate forms on 300 ul drops at 24h (not shown). Microscopic surface growth from 2 ul 
whole semen drops inoculated on HardyCHROM Candida incubated at 31C for 24 hours. 100X lens: total 
size 1519 x 687 um. 
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Figure 103: Typical microscopic surface growth from 10, 30, 100, 300 ul whole semen drops inoculated on 
HardyCHROM Candida incubated at 31C for 16 days. Growth is slower on larger inoculum, and blue stain 
(NAGase) activity is reduced. Collage of five images with same magnification; oil immersion: 120 x 104 um. 
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8.4.3 Effect of washing whole semen in physiological saline 
When whole semen is washed in physiological saline prior to inoculation, the candidate 
microbe does not grow. However, a blue and/or red dot appears within candidate microbe 
cells, which indicate N-acetyl-d-glucosaminidase and/or phosphatase activity. Cells with 
similar staining can be seen in a fungal hypha which grows when washed semen is 
inoculated with the Exophiala mesophila suspension (compare Figure 104 to Figure 105 
below which are at identical magnification). 

 
Figure 104: Whole semen washed three times in physiological saline, inoculated in 2 ul drops on 
HardyCHROM Candida and incubated for 24 hours at 31C. Several candidate microbe cells can be seen with 
an internal blue or red dot, indicating N-acetyl-d-glucosaminidase or phosphatase activity. Collage of two 
images with same magnification; oil immersion: 43 x 27 um. 

 
Figure 105: Growth of fungal microbe sometimes observed in culture when Exophiala mesophila suspension 
is inoculated with whole semen washed in physiological saline. The third cell in the chain looks strikingly 
similar to the cells shown in the previous figure, with a blue/red dot in the center. Oil immersion: 34 x 23 um. 
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8.4.4 Effect of exposing whole semen to UVC radiation 
A 4 ul drop of whole semen is placed on a microscope cover glass and allowed to dry at 
room temperature for one hour. It is then irradiated for one hour under UVC light, and 
placed on HardyCHROM Candida with the dried semen between the medium and the 
cover glass. A control cover glass is also prepared with the same technique, but is not 
irradiated. The candidate microbe grows normally under the control cover glass, but fails 
to darken or grow under the irradiated cover glass. The NAGase in seminal plasma 
exposed to UVC radiation no longer causes the substrate to become blue under the 
inoculation area. 

 
Figure 106: After one hour of exposure to UVC radiation, the candidate microbe does not darken, swell or 
grow hyphae. In a few rare fields, a single darkened microbe can be seen (pictured). Oil immersion: 128 x 
102 um. 
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8.4.5 Effect of exposing the medium to ozone prior to inoculation 
Exposing HardyCHROM Candida to ozone inhibits the growth of both the candidate 
microbe and Exophiala mesophila. Why this occurs is unclear. The candidate microbe cells 
do not grow hyphae, but a blue dot can be seen in some of them, and a few others darken 
and swell as well. This blue dot may be due to an organelle which contains NAGase. The 
NAGase in seminal plasma no longer causes the substrate to become blue under the 
inoculation area when it has been exposed to ozone. 
 

 
Figure 107: Blue dots can be seen in candidate cells inoculated on HardyCHROM Candida after the culture 
medium has been exposed to ozone for 9 hours. Semen was not exposed to ozone or UVC radiation prior to 
inoculation. The blue dots indicate N-acetyl-d-glucosaminidase activity. Note the pair of cells on the top left 
seem to be dividing. Collage of four images with same magnification; oil immersion: total size 47 x 13 um. 

 
Figure 108: Growth on HardyCHROM Candida after the culture medium was exposed to ozone for 3 hours. 
Candidate microbes darken and swell, but hyphae generally do not form. Oil immersion: 128 x 102 um. 
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8.4.6 Structures similar to conidiophores can sometimes be observed 
Narrow hyphae can sometimes be seen which bear a round body at their tip. This is similar 
to conidiophores found in certain types of fungi. The hyphae are 0.5 to 1 um wide, and the 
round bodies at the tip are 1-2 um in diameter. Note that these could simply be hypha 
growing from small cells, giving the impression of conidiophores—time-lapse images 
would be necessary to distinguish these two scenarios. 

 
Figure 109: Structures resembling conidiophores 0.5 to 1 um in diameter are sometimes observed. Round 
bodies at the tip are 1 to 2 um in diameter. The four left most images were from semen filtered through 1.2 
um pores, whereas the eight other images were from whole semen. These structures do not appear when 
semen is filtered through 0.7 um pores. 2 ul of semen inoculated using the drop plate method on 
HardyCHROM Candida incubated at 31C. Collage of 12 images with same magnification; oil immersion: 
total size 91 x 52 um. 
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8.4.7 Effect of DMSO 
The growth of the candidate microbe is inhibited when 1% DMSO is added to 
HardyCHROM Candida. This concentration of DMSO also results in the disappearance of 
NAGase activity in the medium (e.g. the blue hue disappears); inhibition of NAGase by 
DMSO has been described in a previous study but at a higher concentration of DMSO504. 
This could mean that the candidate microbe requires NAGase and NAG for growth. 
Alternatively, high DMSO levels have been reported to inhibit the growth of certain types 
of fungi, but again the reported levels are much higher than 1%505, 506. Finally, this effect 
could be explained by the candidate microbe actually being a non-living precipitate 
produced by NAGase activity on the chromogenic substrate (this seems highly unlikely). 

In Section 5.1.8 and Section 5.4.10, DMSO was shown to provide relief for interstitial 
cystitis and CP/CPPS symptoms. The mechanisms involved in symptomatic relief using 
DMSO are not understood. A hypothesis for this mechanism could be the inhibition of 
growth of the candidate microbe due to the presence of DMSO. 

8.4.8 KOH mount 
Fungi and gram positive bacteria have cell walls which do not dissolve in KOH, as 
opposed to human cells and gram negative bacteria which are readily dissolved by a 10% 
KOH solution. Washing semen samples in 10% KOH reveals small globose bodies ~1 um 
in diameter which are often found near the neck of spermatozoa (see Figure 110).  

 
Figure 110: Spermatozoon dissolving in 10% KOH with a small globose body about 1 um 
in diameter near its neck (after 5 minute exposure to KOH). The head and tail of the 
spermatozoon are barely visible, and completely disappear after 10 minutes in 10% KOH. 
The small globose body does not dissolve. Oil immersion: 20 x 16 um. 
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8.4.9 Some spermatozoa become covered in blue dots 
Some spermatozoa become covered in blue dots, indicating N-acetyl-d-glucosaminidase 
activity. The significance of this phenomenon is not clear, though a positive correlation 
with hyphal growth near the head of these same spermatozoa can be seen. Could these blue 
dots be granules secreted by neutrophils/eosinophils which contain N-acetyl-d-
glucosaminidase? Neutrophils/eosinophils present in semen intensely stain in blue on 
HardyCHROM Candida, indicating N-acetyl-d-glucosaminidase activity. 
 
 

 
Figure 111: Semen inoculated on HardyCHROM Candida incubated at 31C for 24 hours. Many spermatozoa 
are visible, yet the tails of only three are covered with tiny blue dots, indicating N-acetyl-d-glucosaminidase 
activity. The significance of this is unclear. Oil immersion: 128 x 102 um. 
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8.4.10 Dark staining bodies are sometimes observable within larger cells 
Structures resembling epithelial cells (or perhaps large macrophage cells) are sometimes 
seen in semen; they often contain many dark staining bodies similar to the candidate 
microbe, though these bodies appear to be smaller (~1 um vs. ~2 um). Hypha-like 
structures can be seen growing from these bodies within the cells (see Figure 115 and 
Figure 117). The candidate microbe is suspected of being intracellular, so these dark 
staining bodies may be the intracellular form. Maksem reported finding unusual 
intracellular brown “granules” of varying sizes associated with chronic prostatitis 
inflammatory foci53, which could be the dark staining bodies seen in this section. 
Similarly, Seman reported brown intracellular granules which contained melanin in 
prostate epithelial cells11. 
 

 
Figure 112: Six epithelial (?) cells containing dark staining bodies. 2 ul drop of semen on HardyCHROM 
Candida incubated for 24h at 31C. Oil immersion: 75 x 73 um. 
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Figure 113: Single epithelial (?) cell containing dark staining bodies. 2 ul drop of semen on HardyCHROM 
Candida incubated for 24h at 31C. Oil immersion: 35 x 39 um. 

 

 
Figure 114: Three epithelial (?) cells containing dark staining bodies. 2 ul drop of semen on HardyCHROM 
Candida incubated for 24h at 31C. Oil immersion: 58 x 67 um. 
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Figure 115: Epithelial (?) cell containing dark staining bodies. Some bodies appear to have spawned hyphal 
structures. Nucleus is clearly visible. Three leukocytes (?) containing dark staining bodies are also present. 
Near the bottom left corner, a germ tube seems to be growing from a 2.5 um globose extracellular body. 2 ul 
drop of semen on HardyCHROM Candida incubated for 24h at 31C. Oil immersion: 93 x 94 um. 
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Figure 116: Epithelial (?) cell containing dark staining bodies. Nucleus is clearly visible. Four leukocytes (?) 
containing dark staining bodies are also present. 2 ul drop of semen on HardyCHROM Candida incubated for 
24h at 31C. Oil immersion: 122 x 65 um. 

 
Figure 117: Epithelial (?) cell containing dark staining bodies. Some bodies appear to have spawned hyphal 
structures. Nucleus is clearly visible. 2 ul drop of semen on HardyCHROM Candida incubated for 24h at 
31C. Oil immersion: 100 x 69 um. 
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8.4.11 Septation can be observed (rarely) 
Once fungi-like structures darken, it becomes very difficult to distinguish internal features. 
In a few rare cases, what appears to be septation of hyphae can be observed. The presence 
of septa would strongly suggest that the growing structure is some form of living organism 
rather than a non-living precipitate forming around globose cells. 
Though septa were rarely observed, the time-lapse image below clearly shows septation 
within a fungal-like structure closely resembling those described previously—dark, slow 
growing, white tipped, narrow hypha sprouting from small globose cells which are 
abundant in semen (see Figure 118). While this image does not mean all dark and narrow 
structures are necessarily living microbes, some of them must be microbes. 

 

 
Figure 118: (A) Long growing 1.2 um width hypha appears to contain a septum. No debris are present 
under/near the septum location prior to growth (see 168h image). 4 ul of semen inoculated using the drop 
plate method on HardyCHROM Candida incubated at 31C. Collage of three time-lapse images with same 
magnification; oil immersion: total size 146 x 51 um. 

 

 
Figure 119: A septum appears present near the red arrows; hyphae widths are 1.2 um and 1.7 um. 4 ul of 
semen inoculated using the drop plate method on HardyCHROM Candida incubated at 31C for 48 hours. Oil 
immersion: total size 74 x 20 um. 
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8.4.12 Thick-walled cells can be observed (rarely) 
Small “thick-walled” cells can sometimes be observed, which also darken and spawn 
hyphae; some types of fungi are known to have thick cell walls. It is also possible that 
these cells do not have a thick wall, but rather contain a huge (and perfectly centered) 
vacuole, giving the impression of a thick cell wall, though this seems less likely. 
 

 
Figure 120: Two cells with what appears to be a thick outer cell wall: (A) 2 um and (B) 3 um in diameter. 
Cell B darkens after 48 h, whereas cell A does nothing. 4 ul of semen inoculated using the drop plate method 
on HardyCHROM Candida incubated at 31C. Collage of three time-lapse images with same magnification; 
oil immersion: total size 116 x 40 um. 

 

 
Figure 121: Cells with what appears to be a thick outer cell wall: (A) 3 um, (B) 2 um, (C) 3.5 um, (D) 3.5 
um, (E) 4 um in diameter. A, B, C are engulfed within larger cells, 20 and 30 um in diameter 
(macrophages?). Collage of four images with same magnification; oil immersion: total size 89 x 33 um. 
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8.4.13 Structures resembling multinucleated plasmodia can be seen (rarely) 
Some intracellular microbes such as microsporidia reproduce in multinucleated plasmodia. 
Structures similar to multinucleated plasmodia can be observed in semen (rarely). The cells 
detaching from the plasmodia resemble in size and morphology the candidate microbes 
from which hyphae grow (Figure 123). 
 

 
Figure 122: 5 um diameter multinucleated (?) plasmodium (?). Whole semen triple washed in physiological 
saline. 2 ul drop inoculated on HardyCHROM Candida incubated for 24h at 31C. Oil immersion: 15 x 15 um. 
 

 
Figure 123: A pair of 2 um diameter singly nucleated cells (?) adjacent to two multi-nucleated (?) plasmodia 
(?). Whole semen triple washed in physiological saline. 2 ul drop inoculated on HardyCHROM Candida 
incubated for 24h at 31C. Oil immersion: 14 x 12 um. 
 

 
Figure 124: Multinucleated (?) plasmodia (?). Whole semen triple washed in physiological saline. 2 ul drop 
inoculated on HardyCHROM Candida incubated for 48h at 31C. Oil immersion: 18 x 15 um. 
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8.4.14 Structures resembling Ruffer’s bodies can sometimes be seen 
In 1894, Ruffer reported an intracellular inclusion in cancer cells. Clusters of similar 
bodies are sometimes seen in semen, though the significance of this resemblance is not 
clear. On HardyCHROM Candida, these bodies often darken and spawn hyphae, like the 
candidate microbes, but are somewhat larger (3-5 um in diameter). They may be 
Michaelis-Gutmann bodies, which are thought to be calcified remnants of microbes which 
have been incompletely digested by macrophages. Such bodies have been associated with 
fungal infections507. Alternatively, these bodies could be microbial cells containing a 
vacuole—compare them to a microphotograph of Malassezia globosa published by Yayoi 
Nishiyama: http://www.pfdb.net/photo/nishiyama_y/box20010917/wide/024.jpg. 

 

Figure 125: Ruffer’s intracellular inclusion bodies508.  

 

 
Figure 126: A cluster of bodies similar to those reported by Ruffer. 2 ul drop inoculated on HardyCHROM 
Candida incubated for 24h at 31C. Oil immersion: 49 x 41 um. 

http://www.pfdb.net/photo/nishiyama_y/box20010917/wide/024.jpg
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Figure 127: A cluster of bodies similar to those reported by Ruffer. 2 ul drop inoculated on HardyCHROM 
Candida incubated for 24h at 31C. Oil immersion: 27 x 23 um. 

 
Figure 128: A cluster of bodies similar to those reported by Ruffer. Many are darkening. 2 ul drop 
inoculated on HardyCHROM Candida incubated for 24h at 31C. Oil immersion: 52 x 53 um. 

 
Figure 129: A cluster of bodies similar to those reported by Ruffer. Here they can be seen darkening and 
producing growth similar to that of the surface hyphae with pale tips reported earlier. 2 ul drop inoculated on 
HardyCHROM Candida incubated for 24h at 31C. Oil immersion: 31 x 22 um. 
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8.5 Microscopic observation technique 
Most microscopic images in this section were taken using a 1.3 mega pixel camera and a 
100X oil immersion lens (with 10X ocular magnification = 1000X). This gives a resolution 
of about 0.1 um per pixel, which is as good a resolution as one can get with a conventional 
microscope. A thin cover glass is placed directly on the moist agar surface, on which a 
drop of immersion oil is added. Note that very large cells (such as macrophages filled with 
phagocytosed microbial cells) may burst once the cover glass is applied. The entire Petri 
dish is placed on the microscope stage and is moved by hand. A complete list of supplies, 
equipment and methods can be found here: www.psp94.com/sem . 
 

 
Figure 130: Petri dish placed on microscope stage on which four cover slips are visible. 

http://www.psp94.com/sem
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8.6 Summary 
The identification of the candidate microbe isolated from semen is still ongoing: only once 
its ribosomal DNA unit has been sequenced will we know what we are dealing with. All 
previous attempts to amplify its ribosomal DNA unit using common consensus fungal and 
bacterial primers have failed. This leaves four possibilities: selected consensus primers are 
not working on this species, DNA extraction is not working on these cells, PCR 
amplification experiments have all been done incorrectly*, or the dark hypha-like structures 
seen growing on HardyCHROM Candida are not forming from microbial cells. Most of the 
evidence supports one of the first three possibilities. In particular, time-lapse 
microphotographs in Figure 66, Figure 70 and Figure 71 clearly demonstrate hyphae 
forming from dark round globose bodies 1.5 um to 4.5 um in diameter, strongly suggestive 
of a living microbe—though one must also consider the possibility that these globose 
bodies are not microbes but rather non-cellular human material such as lipid droplets†. 
Figure 70 shows that darkening and hypha formation is not synchronized in all cells, 
Figure 82 shows that cells do not swell symmetrically, and Figure 118 shows septation: 
these three characteristics are rather inconsistent with non-living processes. 

PCR and unbiased high-throughput sequencing experiments using DNA extracted from 
semen sporadically yield Malassezia sequences, usually closest to Malassezia globosa. 
Malassezia species are common on the human skin, and thus are often inserted in the 
laboratory as contaminants; they may also be present in small quantities in semen collected 
through the urethra without necessarily being present in the prostate. Finding sequences 
from Malassezia species was thus expected. Malassezia globosa shares many 
characteristics with the candidate microbe: it is small, fastidious, facultatively intracellular, 
forms hyphae and often contains vacuoles. Morphologically, only one important difference 
exists between Malassezia globosa and candidate microbe cells: the former are generally 

                                                
* Given the considerable effort I have deployed trying to genetically identify the candidate microbe (PCR 
reactions with different primers and unbiased high-throughput DNA sequencing), one must come to the 
conclusion that it’s either not a microbe or I’m a lousy molecular biologist! My money is on the latter! :-) 
† Can hypha-like structures sprout from degenerating lipid droplets? I have often asked myself this question 
because lipid droplets share many properties with the candidate microbe: (1) lipid droplets can be found 
within all kinds of cells (including leukocytes) as well as extracellularly; (2) they are of varying sizes (0.03 to 
100 um) which easily cover the range of the candidate microbe; and (3) they are commonly found in urine. 
Beyond hypha formation—which is wholly unexpected for lipid droplets—, there are three important 
properties which suggest at least some candidate microbe cells are not degenerating lipid droplets: (1) 
internal structures are clearly visible in some candidate microbe cells (see Figure 70 D and E, and Figure 87) 
yet are absent in lipid droplets; these internals structures resemble those found in Saccharomyces cerevisiae 
and Malassezia globosa (see Figure 86); (2) lipid droplets are buoyant (density <1.010 g/ml, though I could 
not find an exact figure) yet the candidate microbe is not—it precipitates in seminal plasma (density 1.010 to 
1.014 g/ml); (3) lipid droplets are globose, yet the candidate microbe is often subglobose (see Figure 66, 
Figure 82 and Figure 86). Nonetheless, the most plausible alternate hypothesis for the nature of the candidate 
microbe would be lipid droplets—this hypothesis would be especially credible if fungi expected to be present 
in small quantities such as Malassezia globosa and lipid droplets both darken, swell and form pale-tipped 
hyphae, though this appears quite far fetched! 
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considered 2.5 to 8 um in diameter509, whereas the latter are most often in the 1 to 3 um 
diameter range (prior to darkening and swelling, see Figure 83 and Figure 84 for 
approximate size distribution)—this is a significant difference, but it is not irreconcilable. 
Given the number of cells seen growing on HardyCHROM Candida from semen (see 
Section 8.4.1), consistent PCR amplification would be expected if these cells were in fact 
known Malassezia species*. In the two unbiased high-throughput sequencing experiments† 
reported in Table 52, very few reads matched Malassezia sequences, which means the 
human to Malassezia DNA ratio would be ~15 million to one; given the high number of 
candidate microbe cells seen in semen, to explain such a low ratio, DNA extraction 
efficiency would have to be extremely low on Malassezia cells (if the efficiency was equal 
to that of human DNA extraction from spermatozoa, the cell ratio would be 50000 
spermatozoa for one Malassezia cell, about 1000x less than observed). If the numerous 
candidate microbe cells seen in semen are in fact Malassezia cells which were 
underrepresented due to inefficient DNA extraction, then pathogenicity and urogenital tract 
origin can be inferred due to the extremely high load—over 1 million cells could never 
have been picked up during specimen collection or laboratory manipulations. Furthermore, 
leukocytes in semen are thought to mostly originate from the prostate, so candidate 
microbe cells contained within leukocytes originated deep in the urogenital tract. 

One must also bear in mind that even if the candidate microbe described in this section is 
in fact a novel species, it may not be involved in prostate disease. 

The literature review presented in earlier sections predicted the existence of a sexually 
transmissible fungus which infects most men’s prostates. Seminal plasma’s extremely 
potent fungicidal activity has been demonstrated both by Edström and by this 
investigation. Candidate microbe cells darken, swell and sprout substrate and surface 
hyphae; a similar effect can be seen when inoculating a control fungus (Exophiala 
mesophila) in the presence of seminal plasma. In both cases, this effect is specific to the 
HardyCHROM Candida medium, and does not occur on other media; in both cases, 
seminal plasma must be present for the darkening to take place. A blue dot is visible within 
candidate microbe cells prior to darkening (see Figure 79 to Figure 84); this is likely due to 
an organelle in which there is N-acetyl-d-glucosaminidase. Bacteria can be excluded due to 
chloramphenicol in the medium, large internal structures (vacuoles/organelles?), the size 
limits imposed on bacterial cells‡, and the failure to amplify bacterial 16S ribosomal DNA. 
Non-fastidious microbes can be excluded by the lack of growth on a wide variety of 
culture media. The most likely conclusion (by far) is that the process being observed on 
HardyCHROM Candida is a fastidious eukaryotic microbe originating from semen. 
                                                
* Note that the most commonly used fungal consensus primers ITS1 and ITS2/ITS3 have respectively two 
and one mismatch to Malassezia sequences, resulting in reduced PCR product (see Table 14). 
† Unlike consensus PCR experiments, “unbiased high-throughput sequencing” experiments have no primer 
bias, thus can be used to accurately estimate the ratio of microbial cells to human cells. 
‡ Unlike eukaryotic cells such as fungi, prokaryotic cells are limited in volume due a lack of cytosolic protein 
transport systems (prokaryote cells mainly rely on diffusion). 
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There are three specific clues which link the candidate microbe to disease. First, the 
distribution of candidate microbe cells and substrate mycelia within the medium follows a 
peculiar pattern: clusters of candidate microbe cells are found within (and the largest 
mycelia form under) round cells 10-50 um in diameter (see Section 8.2.2). If these cells are 
leukocytes, then this suggests that the candidate microbe is being targeted by the immune 
system within the body, so it would probably be pathogenic. The accumulation of intact 
spores in monocytes has been reported in a murine model of respiratory mycosis250; 
similarly, the dissemination of bacterium Fancisella tularensis occurs within 
macrophages510, thus there exist some precedents for this kind of observation. Second, the 
candidate microbe appears to be susceptible to PSP94 as it seems to produces melanin as a 
defense mechanism (it darkens), yet it still grows despite very high PSP94 concentration 
under which other susceptible fungi roll over and die, suggesting it has evolved resistance 
to PSP94—these two properties are expected of the fungal species which infects prostate 
epithelial cells and eventually causes prostate cancer. Finally, Dickson found a similar 
microbe in the genitourinary tract and suspected its involvement in chronic bladder and 
prostate pain. Unfortunately, this evidence is insufficient to definitely demonstrate 
pathogenicity. 

8.7 Unanswered questions 
What is the species of the candidate microbe, or is it a non-living precipitate? 
Why does DMSO prevent growth of the candidate microbe? 

Why does phosphatase in semen fail to react with the chromogenic substrate immediately 
under the inoculation area? What is inhibiting it? 

What is the internal structure of the candidate microbe? An electron microscope could be 
used to confirm the presence of organelles. 

What is the prevalence of the candidate microbe within the population (especially in young 
men)? 
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9    Conclusion 

The five most important novel findings reported in this monograph are: (1) PSP94 is 
fungicidal within epithelial cells’ cytosol; (2) men with BPH synthesize a truncated version 
of PSP94 which is not fungicidal; (3) low prostatic fungicide concentration increases 
prostate cancer risk in a dose-dependent manner; (4) the infection putatively involved in 
prostate disease must be highly prevalent*; (5) PSP94’s distribution in the body matches 
late onset cancer sites. Prostate disease mechanisms which account for these findings have 
been proposed in Section 1.4. The main take-away is that microbes involved in prostate 
disease probably have ergosterol in their plasma membrane, thus are not bacteria or viruses 
as was assumed previously, and are likely susceptible to ergosterol targeting drugs. 

Despite the rapid evolution of PSP94 over the last 90 million years, its C-terminus remains 
fungicidal in humans and pigs, indicating that fungicidal activity is one of its fundamental 
properties. This fungicidal activity seems to be restricted to low calcium ion or low pH 
environments, of which there are few in the body. Large quantities of calcium ions are 
present in all extracellular fluids: only the cytosol has a low enough calcium ion 
concentration to unleash PSP94’s fungicidal activity. Some cells which synthesize PSP94 
do not secrete it extracellularly (such as in the breast), further supporting PSP94’s 
intracellular activity—though it remains unclear which intracellular microbe it is targeting. 

A truncated form of PSP94 lacking the fungicidal C-terminus region can be found in the 
prostatic secretion of men with BPH, but not in age matched non-BPH men: since BPH is 
caused by inflammation of unknown etiology, could the non-fungicidal version of PSP94 
be enabling the proliferation of an intracellular microbe causing this inflammation? PSP94 

                                                
* Four important observations must follow: (a) low positive correlations between prostate diseases, despite a 
common infectious etiology; (b) low odds ratios for sexual risk factors (other than the causative infection 
itself), because nearly everyone is eventually infected regardless of promiscuity level (bar abstinence); (c) the 
causative infection has generally been acquired by age 35, which means sexual activity beyond this age has 
minimal impact on prostate cancer risk; (d) the STI’s prevalence is so high that all known STIs can be 
summarily excluded, with the exception of all genital HPV types combined. 
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confers dose-dependent protection against prostate cancer: could this be due to its 
fungicidal properties? Either of these leads is sufficient to prompt a serious investigation of 
the microbiome of the prostate. 
The epidemiological model of prostate disease proposed in Sections 3, 5 and 6.4 provides 
strong evidence that prostate cancer, BPH, CP/CPPS and ankylosing spondylitis share a 
common infectious etiology: they all seem to be caused by a single yet-to-be-identified 
ubiquitous sexually transmissible infection (STI). This epidemiological model is not 
dependent on the PSP94 hypotheses or on the nature of the infectious agent. Twelve 
predictions made by this model match epidemiological data measured in the population 
(see Section 3.6), supporting the STI hypothesis proposed by Strickler, Goedert and other 
epidemiologists to explain the etiology of prostate cancer. 
The final major insight is related to PSP94’s distribution in the body: its gene is expressed 
in all late onset cancer sites, but not in any early onset cancer sites of unknown etiology. 
This is unlikely to be a coincidence. PSP94 may play a role in preventing most late onset 
cancers, as it does in the prostate. This finding is independent of the prostate disease 
mechanisms of Section 1.4, thus would remain valid even if these mechanisms prove to be 
inaccurate. Understanding the mechanisms through which PSP94 prevents prostate cancer 
may thus elucidate the etiology of several other cancers, including breast cancer. 

Given the variety and strength of the evidence presented in this book, it appears quite 
likely that the fastidious intracellular fungus first discovered by Dickson77 is a necessary 
environmental factor in the development of most prostate cancer and BPH cases. Once this 
microbe’s existence has been proven beyond all doubt, it should be named after him, for 
example Malassezia dicksonii*. 
While this monograph strongly supports the hypothesis that an as-yet-unidentified STI 
infects the prostate, this hypothesis is not new. In 1961, Catterall made a compelling case 
justifying an exhaustive search for this microbe263: “Progress in the diagnosis and 
treatment of [prostatitis, reactive arthritis and ankylosing spondylitis] is hindered by the 
failure to find the causative organism of non-specific urethritis and chronic genital 
infection. Further research into this aspect of the problem is urgently required, using new 
and improved techniques”. Fifty years later, we finally have high-throughput DNA 
sequencers needed to test Catterall’s hypothesis. 

9.1 Further research 
Section 8 presented a candidate microbe which may be causing prostate disease, though 
further research is needed to confirm this. Until this candidate microbe’s ribosomal DNA 
unit has been sequenced, it is not even clear that it is a living organism—it could be a life-
mimicking precipitate (though this seems unlikely). Commonly used bacterial and fungal 
consensus PCR primers have failed to amplify its ribosomal DNA unit, so unbiased high-

                                                
* This name is not already in use, though it implies that the fungal STI is part of the genus Malassezia, which 
is plausible but by no means certain.  
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throughput sequencing36-39 (which avoids primer selection) will be attempted in the future. 
This method has been successfully used in studies searching for novel viruses36-38. 
Preliminary results from this technique applied to semen are presented in Appendix B. A 
comprehensive review of microbe detection techniques applicable to this project and to 
other microbe discovery projects was published separately by Shipshaw Labs, in a book 
entitled “No microbe left behind”. 

Four studies are proposed to demonstrate the existence of a yet-to-be-identified STI and 
link it to prostate disease (see Table 39). The first two studies in this table are not 
dependent on the accuracy of the PSP94 hypotheses, thus would provide additional 
evidence supporting the existence of a yet-to-be-identified STI regardless of its nature 
(viral, bacterial, fungal, protistan). The third study in this table would demonstrate that 
BPH is caused by an infection kept in check by PSP94’s C-terminus—again without regard 
to the nature of the infectious agent. The fourth study would demonstrate that ergosterol is 
likely present in the microbe causing chronic inflammation of the prostate. Once a 
candidate microbe has been genetically identified, species specific PCR primers can be 
developed, and further studies can link it to prostate disease (see Table 40). 

9.2 Very important unanswered questions 
Regardless of the accuracy of the PSP94 hypotheses, four very important questions need to 
be answered. Answering any may suffice to elucidate the etiology of prostate cancer. 
Why is PSP94 so potently fungicidal? Why has PSP94’s C-terminus region conserved its 
calcium ion inhibited fungicidal properties for 90 million years, despite rapid evolution of 
this protein? Which microbial species is it targeting? 

Why does the synthesis of PSP61 coincide with the onset of BPH? Is BPH caused by 
the truncation of PSP94, or it is the other way around? 

Why is PSP94’s gene (MSMB) expressed in the epithelial cells of all late onset cancers, 
but not in early onset cancers of unknown etiology? Why is PSP94 synthesized in large 
quantities in breast epithelial cells, yet is not secreted into the lumen of the breast? 
Is there a ubiquitous yet-to-be-identified STI or not? Epidemiologists have proposed 
that a yet-to-be-identified STI may be involved in prostate cancer6, reactive 
arthritis/ankylosing spondylitis263 and multiple sclerosis7. In recent years, the Human 
Microbiome Project clearly demonstrated that many ubiquitous medically important 
microbes remain to be discovered: the existence of a ubiquitous yet-to-be-identified STI is 
thus plausible. Table 41 provides a summary of the evidence supporting the existence of 
such an STI. 
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Table 39: Studies which can confirm the prostate disease model but do not require the prior identification of 
the putative sexually transmitted infection. 
Study name Hypothesis Experimental design 
“Elevated 
leukocytes by 
age” 

If elevated leukocytes in EPS/semen are a 
manifestation of a ubiquitous chronic 
asymptomatic infection, its prevalence should 
increase as men age, and follow an asymptote 
in older men as infection prevalence 
approaches 100%. 

Count the number of leukocytes per volume of 
EPS/semen in men of different age groups, and 
plot the results at various cut-offs. 

“Elevated 
leukocytes by 
sexual activity” 

If elevated leukocytes in EPS/semen are a 
manifestation of a ubiquitous yet-to-be-
identified sexually transmitted infection, then 
the sexual history of young men will affect 
the probability of having elevated leukocytes 
in EPS/semen. 

Count the number of leukocytes per volume of 
EPS/semen in young men (18-21 y/o), and 
correlate the results with HPV/HSV-2 
seropositivity or lifetime number of sexual 
partners. 

“Non-BPH 
despite PSP61” 

If the onset of PSP61 synthesis occurs 
independently of infection status, a small 
fraction of elderly men should secrete PSP61 
yet not have BPH because they are not 
infected. 

Detect the presence of PSP61 in the semen of 
white American men 55-70 y/o who do not have 
BPH. Expect: 
-  6% to have PSP61 at aged 55; 
-  9% to have PSP61 at aged 60; 
- 12% to have PSP61 at aged 65; 
- 15% to have PSP61 at aged 70; 

“Elevated 
leukocytes by 
antifungal drug” 

If elevated leukocytes in EPS/semen are a 
manifestation of a ubiquitous fungal 
infection, then individuals taking systemic 
antifungal drugs (oral itraconazole or 
terbinafine) should see a reduction in such 
leukocytes during treatment. 

Count the number of leukocytes per volume of 
EPS/semen in men immediately prior and at the 
end of an antifungal regimen; expect the count to 
go down. Men undergoing antifungal treatment for 
other conditions (ex: onychomycosis) can be 
entered in such a study. 

Table 40: Studies linking a specific candidate microbe with prostate disease. 
Study name Hypothesis Experimental design 
“Infection status 
by age” 

The infection prevalence by age should 
match the function presented in Section 3.2.3. 

Determine infection status of white American men 
of different ages. Compare with model in Section 
3.2.3. 

“Infection status 
by elevated 
leukocytes” 

If elevated leukocytes in EPS/semen are a 
manifestation of infection, uninfected 
individuals should be much less likely to 
have elevated leukocytes in EPS/semen. 

Determine infection status and count of leukocytes 
per volume of EPS/semen in young men (18-21 
y/o). 

“Infection status 
by sexual 
activity” 

If the infection is acquired through sexual 
activity, then the sexual history of young men 
will affect the probability of infection. 

Determine infection status in young men (18-21 
y/o), and correlate the results with HPV/HSV-2 
seropositivity and lifetime number of sexual 
partners. 

“Infection status 
by BPH” 

If BPH is caused by this infection, uninfected 
individuals should be much less likely to 
have BPH. 

Determine infection status of men 55-70 y/o and 
correlate with BPH. 

“Infection status 
by prostate 
cancer” 

If prostate cancer is caused by this infection, 
uninfected individuals should be much less 
likely to have prostate cancer. 

Determine infection status of men 55-70 y/o and 
correlate with prostate cancer. 

“Infection level 
by SNP 
rs10993994” 

If SNP rs10993994 reduces the “infection 
intensity”, the number of yet-to-be-identified 
microbes in semen should be lower in CC 
men vs. TT men. 

Using qPCR, determine the ratio of human DNA 
to microbial DNA in semen, and correlate with 
SNP rs10993994 allele pair. 
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9.3 Robustness 
John Ioannidis’ landmark paper “Why Most Published Research Findings Are False” 
brought much attention the reproducibility crisis in science. Could key findings cited in 
this book turn out to be wrong, weakening or even invalidating the conclusion that a yet-
to-be-identified STI is causing prostate cancer? 
I have high confidence in genome wide association studies (GWAS) which linked PSP94’s 
concentration to prostate cancer risk (via SNP rs10993994). I also have high confidence in 
Edström’s PSP94 findings because: (1) I accidentally reproduced her findings in my lab, 
before reading her work; (2) a mycology lab reproduced her findings at my request; (3) 
Edström found PSP94’s fungicidal activity by chance while searching for antibacterial 
factors; (4) I worked with Ole Sørensen (Edström’s supervisor) for a few months, and have 
complete confidence in his lab’s ability to conduct this type of research. After excluding 
tumor suppression as a plausible function of PSP94 (see Section 7 and Appendix C), the 
GWAS results and Edström’s findings are sufficient to directly link prostate cancer with a 
microbe targeted by PSP94—other evidence presented here is not even necessary! 
In the first edition I wrote: “Anneli Edström enabled this review by demonstrating PSP94’s 
fungicidal properties. Without this finding, the evidence linking prostate disease to a 
sexually transmitted infection would have been too weak to warrant much attention.” This 
is no longer true. While Edström’s thesis remains the strongest evidence of an infectious 
cause for prostate cancer, it is not the only evidence supporting this hypothesis: Table 41 
lists seven independent types of evidence, four our which strongly support this hypothesis. 

9.4 Prior probability 
How likely are the main conclusions of this book? Are there precedents? Let’s see.  
Do any ubiquitous infections cause substantially all cases of common cancer types? Yes: 
HPV and Helicobacter pylori are highly prevalent and cause nearly all cases of cervical 
cancer and stomach cancer, respectively. Can fungal infections cause adult onset cancers? 
Yes: chronic oral Candida infections cause otherwise rare oral and oesophageal squamous 
cell carcinoma9, 10. Have all medically important microbes been discovered? No: the 
Human Microbiome Project clearly demonstrated this. Are most microbe detection assays 
universal? No: large swaths of the tree of life were discovered this year using 
metagenomics, showing that “universal 16S assays” were not universal511. Have 
researchers predicted the existence of a novel STI? Yes: epidemiologists studying prostate 
cancer6, reactive arthritis/ankylosing spondylitis263 and multiple sclerosis7 suspect the 
existence of such a microbe based on unrelated evidence. Do any STIs infect a majority of 
Americans? Yes: the probability of acquiring HPV (all types) is >80% by age 4575. Do 
STIs cause long-lasting infections? Yes: they must persist until a change in sexual partner 
occurs, usually hiding within human cells in the meantime. Do any ubiquitous intracellular 
microbial eukaryotes chronically infect humans? Yes: examples include Pneumocystis 
jiroveci (fungus), Malassezia globosa (fungus), Microsporidia (fungi) and Toxoplasma 
gondii (protist). Do humans produce antimicrobial peptides/proteins (AMPs) like PSP94? 
Yes: more than a hundred have been found so far, 58 of which are fungicidal, and new 



    

 205   

ones are frequently discovered512. The conclusions presented here are thus plausible. This 
does not mean they are correct—it means they must be tested ASAP, given what is at 
stake! 

Table 41: Is there a yet-to-be-identified (YTBI) STI or not? This table lists the most direct evidence in 
support of such an STI. Rows are grouped into five independent types of evidence, separated by thick lines; 
four types of evidence strongly support the existence of a YTBI STI etiologically involved in prostate 
disease. Strong evidence is shown in green or red. ↑ = increases/elevated; ↓ = decreases/depressed. 
Evidence YTBI STI exists YTBI STI does not exist 
HPV seropositivity when young ↑ 
prostate cancer risk73 

YTBI STI infection causes slow 
accumulation of mutations in epithelial 
stem cells; odds ratios are low because 
HPV and HSV-2 are acting as surrogates 
for a ubiquitous YTBI STI6 

Sex hormone levels affect both sexual 
activity and prostate cancer risk; 
studies of sex hormones fail to find 
prostate cancer link because they are 
flawed (seems highly unlikely) 

HSV-2 seropositivity when young ↑ 
prostate cancer risk74 

Circumcision when young ↓ prostate 
cancer risk49, 120 

YTBI STI transmissibility reduced by 
circumcision (effect also seen in HIV) 

Studies did not properly control for 
ethnicity/religion or have other flaws 

High number of sexual partners ↑ 
prostate cancer risk45, 47, 117 

YTBI STI infection causes slow 
accumulation of mutations in epithelial 
stem cells; odds ratios are low because 
YTBI STI prevalence exceeds 80% 

Effect due to recall or other bias 
Low age at first intercourse ↑ prostate 
cancer risk45, 47, 117 
Multi-stage model puts onset of 
prostate mutations in men’s 20s 

Mutations begin when men are infected 
with YTBI STI, usually in their twenties 

Multi-stage model based on too many 
assumptions, likely flawed 

Onset age of ankylosing spondylitis 
(AS) matches prevalence by age of 
YTBI STI in prostate disease275 

YTBI STI causes both ankylosing 
spondylitis and diseases of the prostate263 Coincidence 

Reactive arthritis (ReA) coincides 
with new sexual partners263 

YTBI STI disseminates throughout 
body261, causing ReA Chlamydia trachomatis causes 

sexually acquired ReA, but eludes 
detection in >70% of cases217, 267 
(seems highly unlikely) 

Chlamydia trachomatis seropositivity 
associated with ReA267 

Chlamydia trachomatis is acting as a 
surrogate for YTBI STI which causes 
ReA 

ReA/AS associated with prostatitis263 
and antibodies against the prostate282 

ReA/AS individuals produce antibodies 
targeting YTBI STI in the prostate Coincidence (seems unlikely) 

Antibodies against fungi are 
associated with ReA/AS14 YTBI STI is a fungus Coincidence 

HLA-B*27 ↑ ReA/AS risk YTBI STI is an intracellular infection Unknown immune mechanism513 
Cytotoxic T cells ↑ in CP/CPPS 
IIIB128, TCR γ/δ T cells ↑ in BPH58 

Cytotoxic & TCR γ/δ T cells respond to 
an intracellular infection Unknown immune mechanism  

Prostate inflammation progressively 
increases in adulthood, reaching 
>80%51 

Immune response to chronic infection, 
whose prevalence increases during 
sexually active years 

Caused by autoimmune disease which 
is sixteen times more prevalent than 
any other known autoimmune disease 
(seems highly unlikely) BPH affects >80% of elderly men60 PSP61 unleashes growth of YTBI STI, 

causing death of infected prostate 
epithelial cells, preventing prostate 
cancer but also causing BPH/LUTS 

PSP61 secreted in BPH41 Unknown mechanisms in BPH cause 
secretion of PSP61 

PSP94 only fungicidal within the 
cytosol of epithelial cells 

Limits but does not prevent YTBI STI, 
which is an intracellular fungal infection 

PSP94 so fungicidal that intracellular 
prostate fungal infections never occur 

Low PSP94 synthesis increases risk 
of prostate cancer (OR = ~1.6)42, 70 

PSP94 slows growth of intracellular 
infection, limiting inflammation and cell 
turnover, reducing mutation rate 

PSP94 kills cancer cells directly 
(information in Appendix C casts 
doubt about this property of PSP94) 
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A    Afterword 

This project began in the fall of 2011 when I setup a lab to investigate what appeared to be 
a blind spot in prostate disease research first described by Garst241 in the 1990s. Garst 
proposed fungi as a possible cause of idiopathic genitourinary symptoms in men, and 
published his findings in the Textbook of Prostatitis. After reviewing the medical 
literature, I realized that the links between fungi and prostate disease described by Garst 
had not been researched further, so I drafted a budget to determine how expensive it would 
be investigate this. Garst’s hypothesis was based on circumstantial evidence, and thus was 
much too weak to justify funding from traditional (conservative) sources like the NIH514. 
Ecommerce has reduced the price of laboratory equipment to such low levels that I 
managed to finance the initial phase of this project with less than a thousand dollars. I 
quickly noticed narrow hyphae growing from very small cells found in semen when 
inoculated on a proprietary cell culture medium produced by Hardy Diagnostics named 
HardyCHROM Candida. My observations matched specifically those of Dickson, who had 
associated a novel fastidious fungus to idiopathic genitourinary tract symptoms in the 
1920s77. These observations combined with Garst’s research motivated me to pursue this 
lead for a few weeks, mainly trying to get Dickson’s fungus to grow into macroscopically 
visible colonies by modifying culture conditions. 

By February 2012 I had not managed to get sustained growth of Dickson’s fungus despite 
hundreds of attempts. During one of these failed attempts, I used a physiological saline 
solution as a negative control—to my surprise, a large colony formed on the negative 
control, indicating that my physiological saline solution was contaminated with fungi. This 
made little sense because I had used the same physiological saline solution to wash away 
seminal plasma the previous week, yet no colony had formed when this solution was 
inoculated on HardyCHROM Candida. How could this be? 
After further investigation, I discovered that seminal plasma on HardyCHROM Candida 
was extremely fungicidal, preventing fungal contaminants present in the physiological 
saline solution from growing (except when used alone as a negative control, without any 
seminal plasma in the culture medium). Surprisingly, seminal plasma showed no fungicidal 
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activity on any other fungal culture media manufactured by Hardy Diagnostics. As often 
occurs in science, the main evidence required for this project was found due to a series of 
coincidences and errors, not unlike how penicillin was discovered in 1928. 
On March 5th 2012, I found Anneli Edström’s 2010 PhD thesis43 by searching “seminal 
plasma” and “fungicide” on Google Scholar. Unlike Pubmed, Google Scholar indexes PhD 
theses as well as journal articles, which was essential in this case since the journal article 
based on her thesis was not yet published23. Her thesis revealed that PSP94 was the 
component of seminal plasma most likely to explain the fungicidal activity I had observed. 
I then reviewed the PSP94 literature, and found that this protein was associated with BPH41 
and prostate cancer70 in a manner consistent with there being a chronic fungal infection in 
most adult prostates. I immediately realized the importance of Garst’s observations: they 
probably applied to prostate cancer and BPH as well as chronic idiopathic pain. That 
afternoon, I contacted Ole Sørensen (Anneli Edström’s PhD supervisor, see email below). 
After recovering from the astonishment associated with the fact that someone outside the 
doctoral advisory board had read her thesis, he and I quickly wrote a review manuscript 
describing how PSP94 could be the key to understanding the etiology of diseases of the 
prostate. Despite numerous submissions, this manuscript was not accepted by any journal. 
It was typically rejected outright by the editors, who considered it insufficiently important 
for their readers. 

Mon, Mar 5, 2012 at 3:59 PM 

Dear Dr. Sorensen, 

I could not find the attached article41 as a reference in any of your papers. It explains that a variant of 
PSP94 is present only in patients with BPH, not in healthy controls. They called this variant PSP61, and 
described it as PSP94 lacking the C-terminal. In Dr. Edström's doctoral dissertation, she states that the 
C-terminal of PSP94 was deemed to be responsible for the antifungal activity. Combined with my work 
and that of Dr. Edström, this evidence points to a possible fungal cause for BPH. 

Best regards, 

Martin 

Given the high stakes involved now that BPH and prostate cancer had a direct connection 
with the fungal infection proposed by Garst, I became committed to getting a review article 
published one way or another. Since publication in peer reviewed journals appeared to be 
difficult for manuscripts written by authors outside the field of prostate cancer research—
despite the fact that the reasoning underpinning this article could easily be verified by 
editors and referees, and did not depend on original experimental work—, I realized that I 
would need coauthors who had already published in this field. 
From May to September 2012, I contacted a dozen prostate cancer researchers, but did not 
manage to find a coauthor for the review article. I came to the conclusion that publishing a 
review article about PSP94 in a scientific journal would take a very long time. Since 
Google Scholar (unlike Pubmed) includes theses and books as well as scientific journal 
articles, and is now used by many researchers, I decided to publish a book reviewing 
PSP94 in order to quickly disseminate this information to as many researchers as possible. 
From mid-September to mid-October 2012, I wrote the first edition of “PSP94, what is it 
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good for?” and published it using CreateSpace, Amazon’s print-on-demand service. I then 
snail mailed it to about a hundred prostate cancer researchers. The response rate was very 
low, and no one wanted to know more about this. 
Mailing “PSP94, what is it good for?” was useful in at least one instance: it prompted 
researchers at the Fred Hutchinson Cancer Research Center to study the interaction 
between rs10993994 and number of sexual partners22, giving support to the revised 
Strickler Goedert hypothesis proposed in Section 1.4. I received this email completely out 
of the blue: “Dear Martin, I am attaching a copy of a manuscript my group just had 
accepted by The Prostate. I thought you would find this interesting. Thanks for your help 
in sending me the interesting papers from your work. Best wishes, Janet” (received July 
8th, 2013). Prior to receiving this email, I had no idea anyone else was working in this. 
From the publication of the first edition in October 2012, it took me four more months to 
find researchers willing to coauthor a review of PSP94 and prostate cancer, enabling 
publication in a Pubmed indexed journal. This review article76 was finally published on 
January 24th 2014, nearly two years after I realized the importance of PSP94 in prostate 
disease. Between Match 5th 2012 and the publication of this review article, I knew that if 
the Strickler Goedert hypothesis was correct, my failure to publish that day meant a 
thousand men would die. Sadly, I lived through 690 such days. 

The process required to disseminate my insights to relevant researchers was long, 
inefficient and expensive. I was in a favorable financial situation which enabled me to see 
this through to the end; it appears likely that many important insights brought forth by non-
academic researchers are lost due to difficulties similar to the ones I encountered. 

The gatekeepers of the channels through which these insights could be disseminated were 
uninterested in analyzing how PSP94 could inform a possible infectious etiology for 
prostate cancer. Not a single person I contacted pointed out material flaws in my research. 
It seems that gatekeepers used the low prior probability of receiving a novel, actionable 
hypothesis as to the etiology of prostate cancer to conclude that even considering this 
research was not worth their time. It is very easy to ignore important insights in scientific 
publishing: if a gatekeeper ignores an important manuscript, scientific progress is 
somewhat delayed—so what? Everyone in society suffers a little, but this externality 
barely impacts the gatekeeper. However, if a gatekeeper accepts an important insight that 
eventually proves to be incorrect, he is blamed. The gatekeeper is acting rationally, he is 
just trying to keep his job. 
Due to this externality, the current channels through which novel scientific insights are 
disseminated do not serve society well. Slowly, new channels are being setup which 
partially address this problem. For example, F1000 Research offers a new model where 
journal articles are immediately published without peer review, followed by public reviews 
by non-anonymous referees. Not only does this method eliminate most publication delays 
but it also forces transparency: it is no longer possible for anonymous reviewers to say the 
manuscript is not interesting or relevant, resulting in rejection—as repeatedly happened to 
my PSP94 manuscript in 2012. 
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Unfortunately, transparency may not be enough. It took ten years for Barry Marshall to 
convince the medical establishment that his Helicobacter pylori treatment could saves the 
lives of infected individuals. If the medical establishment were a single person, this person 
would have been charged with criminal negligence, having caused the deaths of hundreds 
of thousands of patients. After the Barry Marshall incident, one would assume that changes 
to the system would be made to avoid repeating such a tragedy in the future. Whatever 
those changes may have been, they did not enable the dissemination of my PSP94 
findings—an easily verifiable material discovery in prostate cancer research. 

Given that markets are possibly the most efficient information systems invented to date, a 
market similar to Intrade for important scientific questions (such as “Does a novel 
infectious agent cause stomach ulcers?”) could be a useful tool to inform scientific 
research515. Markets are not perfect: they are often illiquid, lead to litigation and can be 
manipulated for short periods of time. Nonetheless, a market based approach to 
quantitatively establishing the probability of an important hypothesis being correct 
should be developed by economists and financed by philanthropists516, 517. This monograph 
materially changed the probability of the Strickler Goedert hypothesis being correct, which 
means the return on investment for prostate cancer research projects also changed. As long 
as this information is only known by few individuals, research efforts will be misguided 
and inefficient. Dozens of studies of infectious agents in the prostate have been conducted 
over the last decades, yet not one has looked for fastidious fungi. Despite this blatant 
oversight, I’ve had much difficulty finding anyone willing to address this issue. 
The discoveries related to PSP94 described here led to important new insights for both 
prostate disease and other conditions (see Sections 5 and 6). Many of these insights 
warrant a review article published in a scientific journal. Unfortunately, the time and effort 
required to find suitable coauthors and a journal willing to accept an unsolicited review 
article written in part by an outsider has discouraged me from publishing additional 
articles—this process took nearly two years for the first simple article! Fortunately, 
“PSP94, what is it good for?” is indexed in Google Scholar, so relevant sections will come 
up in search results for researchers using this indexing service. It is also possible to have 
this work indexed in Pubmed by submitting it to the NCBI Bookshelf: I submitted the first 
edition on October 27th 2012, but it was deemed insufficiently important to be freely 
distributed on Pubmed. 

Thu, Nov 1, 2012 at 6:34 PM 

Dear Martin Laurence, 

"PSP94, what is it good for?" was reviewed and a decision was made not to include the book in the 
NCBI Bookshelf. Please understand that this decision is based on Bookshelf’s goal of collecting only 
content which is viewed as of very high or essential importance to a broad audience in the biomedical 
and bioclinical field. This audience includes researchers, clinicians, administrators, policy-makers, 
consumers, and students. 

We thank you for your interest in the NCBI Bookshelf. 

Sincerely, 

Sam 



 210 

A.1 The stuff of nightmares 
The links between genital exposure to fungi and various diseases reported here are 
probably correct, yet I have not managed to figure out which species are involved. 
Skepticism is useful in any research project: I often ask myself if I’m barking up the wrong 
tree (or mushroom*)! This book was written based on the hypothesis of an as-yet-
unidentified fungal STI; however, an as-yet-unrecognized genital infection caused by 
known fungal species is also plausible—though proving this second hypothesis would be 
more difficult. For example, Chlamydia trachomatis was discovered in eye infections in 
1907, but it took over 60 years to realize that it was also the most common STI! 

A.1.1 Commensals may only reach internal genitalia after sexual debut 
Candida infections and colonization of the mouth and gut are common in children518, yet 
vulvovaginal candidiasis is not359. The distribution of lifetime risk of vulvovaginal 
candidiasis359 is nearly identical to that of known STIs (see Figure 24), and is associated 
with sexual activity358, 360, 361. This means sexual activity is likely necessary for an 
infectious dose of normal human microbiota to reach internal genitalia†, and perhaps other 
internal organs as well.  

However, it appears highly unlikely that permanent Candida infections of the prostate, 
spine, brain, joints or eyes could have gone unnoticed by researchers for over a century. 
Candida species readily grow on synthetic culture media, and even trace amounts can be 
detected using this classic method. Fastidious fungi such as Malassezia, Pneumocystis and 
microsporidia could easily have gone unnoticed.  
Fungal species which permanently infect humans (such as Malassezia and Pneumocystis) 
may better resist the immune system in their primary site of infection (respectively the skin 
and lung) if they are also sometimes present in vital organs (see Section 5.4.18). This could 
explain why they would only spread within the body after sexual debut: this is when 
pressure applied against immunity alleles targeting them begin to taper off—infecting 
internal organs earlier in life would unnecessarily reduce host fitness. Infecting internal 
organs could thus be a one-way ticket: sexual transmission from the prostate would not be 
required to complete its lifecycle (contra Section 4.4). 

A.1.2 Sexual risk factors are a surrogate for early genital exposure to commensals 
Three sexual risk factors are moderately associated with prostate cancer: young age at first 
intercourse, high number of lifetime sexual partners and exposure to any STI (see Section 
3). These three risk factors are highly correlated, and act as surrogates for one another118, 

                                                
* This reminds me of “The Chicken Roaster” (Seinfeld): Kramer: “Of course there’s the possibility that 
you’ve gone right out of your mind” George: “I’ve looked at that, seems unlikely” Kramer: “I’d look again” 
† This reminds me of “The Pill” (That 70’s Show). Red: “You’ve got strange thoughts in your little head 
mister and that Donna’s a nice girl!” Kitty: “Red, you’re giving him the wrong idea about sex. It’s not dirty.” 
Red: “But it’s not clean either.” Kitty: “Okay, cleanliness, now, that reminds me, always make sure your 
nails are trimmed and clean. Oh, foreplay is very important.” Red: “No, no it’s not.” Kitty: “Yes, it is.” 
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119. While moderate associations with known STIs have clued us in on the presence of as-
yet-unidentified STIs in the past6, 126, in prostate cancer this association could simply be 
due to earlier genital exposure to ubiquitous commensals which would occur even if both 
sexual partners were virgins. 

A.1.3 Sexual risk factors are a surrogate for new sexual partners 
The association with a recent change in sexual partner and Chlamydia exposure is very 
strong in reactive arthritis217, 267, so age at first intercourse cannot explain this association. 
Instead, this suggests genital commensals differ between individuals*, and first exposure to 
causative species often occur immediately after changing sexual partners. This could 
explain the sexual risk factors of prostate cancer, multiple sclerosis and ankylosing 
spondylitis as well. 

A.1.4 Nightmare scenario 1 
Could sexual exposure—but not oral, gut or skin exposure—to an infectious dose of 
ubiquitous known fungi such as Malassezia species be causing these diseases, meaning 
there is no novel fungal STI species to be found? Proving causality under this scenario 
would be difficult, as Malassezia species are common contaminants nearly always present 
when running sensitive molecular microbe detection assays. This scenario would explain 
why psoriasis can occur in children (but psoriatic arthritis only occurs in adult) and why no 
one has found this microbe yet (it is always dismissed as a contaminant). 

A.1.5 Nightmare scenario 2 
Most observations in this book are consistent with a persistent or a transient intracellular 
genital fungal infection causing prostate cancer, BPH, multiple sclerosis, reactive arthritis 
and ankylosing spondylitis. Symptoms could either be due to a sustained attempt at 
clearing a persistent infection, or a permanent loss of immune tolerance to self-antigens 
through molecular mimicry triggered by a transient infection. Proving the latter scenario 
would be very difficult. Fortunately, much evidence is inconsistent with a transient genital 
fungal infection causing autoimmunity (see Table 42). 

A.1.6 Nightmare scenario 3 
Could a persistent intracellular Malassezia infection reach the prostate and other organs— 
possibly even during childhood209—and manage to avoid immune detection until an 
unrelated transient genital fungal infection (ex: Candida albicans) permanently breaks 
immune tolerance to the Malassezia infection? Chronic inflammation and symptoms 
would only begin once the immune system has detected the Malassezia infection. This 
scenario is consistent with many of the sexual risk factors described in this book, and is 
supported by a variety of observations (see Section 5.4.17). 

                                                
* For example, only some women are colonized with genital Candida albicans. 
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Table 42: Persistent or transient intracellular genital fungal infection? Autoimmunity would have to arise in 
CD8+ (cytotoxic) T cells, CD4+ (helper) T cells and memory B cells to explain all these diseases. Strong 
evidence is shown in green or red. 

Evidence Persistent intracellular 
genital fungal infection 

Autoimmunity following a transient 
intracellular genital fungal infection 

Prostate inflammation affects >70% of the 
adult male population 

Inflammation consistent 
with a persistent genital 
infection 

Autoimmune disease affects majority of 
population because causative genes provide a 
huge advantage in clearing other infections 

HLA-B*27 increases reactive arthritis 
(ReA) and ankylosing spondylitis (AS) risk  Immune response consistent 

with a persistent 
intracellular infection 

Autoimmunity occurs through memory CD8+ 
(cytotoxic) T cells and molecular mimicry  
(a fungal peptide mimics a human peptide) CD8+ (cytotoxic) T cells in multiple 

sclerosis, BPH, CP/CPPS lesions 
B cells necessary in multiple sclerosis 

Immune response consistent 
with a persistent fungal 
infection 

Autoimmunity occurs through CD4+ (helper) 
T cells, memory B cells and molecular 
mimicry (a fungal peptide mimics a human 
peptide) 

Antibodies against fungi elevated in 
ReA/AS and multiple sclerosis 
Antibodies against a component of the 
prostate found in ReA/AS and prostatitis 
Truncation of PSP94 to PSP61 in BPH, 
resulting CD8+ (cytotoxic) T cells 
destruction of prostate epithelial cells 

Consistent with a persistent 
genital intracellular fungal 
infection targeted by PSP94 

Single study (probably flawed) 

Brown intracellular melanin “granules” in 
prostate epithelial cells targeted by CD8+ 
(cytotoxic) T cells 

Consistent with a persistent 
genital intracellular fungal 
infection 

Few studies (probably flawed) 

Enteric ReA does not affect children, 
produces genital symptoms 

Consistent with a loss of 
immune tolerance to a 
persistent genital infection 

Enteric ReA has a non-sexual non-fungal 
etiology; unknown mechanism prevents 
disease in children 

A.2 Important notions I learned along the way 
There are a few important notions that took me quite some time to figure out. These will 
seem as obvious to some readers as they are to me now. For others, these may be new and 
enlightening. If I could have read this section before starting, it would have saved me much 
time and effort. 

A.2.1 Some medically important microbes remain to be discovered 
During the first six months of this project, I could not bring myself to believe that the 
hypothesis of a yet-to-be-identified fungal species infecting the prostate of most men was 
plausible. I was convinced all ubiquitous medically important species had been discovered 
already—I knew a few of them had been discovered as late as the 1980s, but I thought this 
decade had definitely closed the books on ubiquitous microbes which infect humans. If I 
found a ubiquitous fungus in the prostate, it was because prostate researchers had 
overlooked a species which was well known to medical mycologists, rather than because 
medical mycologists had missed a species which infects humans. 
Every statement in the previous paragraph is wrong. There are ubiquitous medically 
important fungi which have just been discovered34. These species don’t have names yet. In 
all likelihood, there are many more species of bacteria, fungi and protists in humans which 
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will be discovered in coming years using unbiased high-throughput sequencing37, and 
some of these species will be implicated in diseases currently deemed idiopathic. 

A.2.2 One person’s commensal is another person’s pathogen 
The distinction between commensal and pathogenic microbes can be subtle519. Microbes 
which cause acute illness in most infected hosts can be labeled “pathogens”, whereas 
microbes which never cause illness in immunocompetent hosts, and maintain their 
presence for prolonged periods by avoiding immune detection can be labeled 
“commensals”. How would one call a parasitic microbe which infects >80% of the 
population, yet causes symptoms in only a small minority of individuals? Helicobacter 
pylori. Helicobacter species have been infecting primates for millions of years; 
Helicobacter pylori only infects humans, and does not have an alternate ecological niche. 
It is a necessary factor for most stomach ulcers and gastric cancers, though it is unclear if 
this bacterium reduced host fitness in prehistoric times. Evolutionary biology suggests 
Helicobacter pylori has coevolved with humans in such a way that our immune system and 
this bacterium get along quite well—overall, it may even increase host fitness, making it a 
symbiont520, 521! 

It is not trivial for the immune system to leave commensals alone and kick pathogens out: 
they often look alike! The prevalence of pathogens and commensals in a geographic region 
will influence the optimal frequency of immunity related alleles. A well known example is 
sickle cell anemia and malaria40. A second example is the HLA-DRB1*1501 allele, which 
seems to increase the immune response to fungi, protecting humans from dangerous fungal 
pathogens328, but causing loss of fitness to due to overreaction to benign fungal antigens453. 
Having the right immune response to fungi is extremely important for the survival of entire 
of species of plants and animals522, suggesting that the distinction between commensal and 
pathogenic fungi is particularly difficult to make for the immune system. For example, the 
fungus responsible for white nose syndrome in bats (P. destructans) causes no symptoms 
in European bats (it’s a commensal), but kills nearly all North American bats (it’s a 
pathogen)—despite the fact that these bats are genetically very close! 

It appears plausible that many chronic idiopathic diseases could be caused by a loss of 
immune tolerance to a few or even a single ubiquitous microbe523, which is in large part 
genetically determined. This hypothesis has been around for at least 60 years277. Having a 
single microbe cause many seemingly unrelated symptoms may seem far-fetched at first*, 
but the evidence presented here points firmly in this direction: the specific symptoms and 
afflicted organs are mostly determined by immunity genes, not by microbe strain. While 
eliminating these microbes would perhaps have been an optimal solution, they evolve 
much faster than their hosts and are completely dependent on the host for survival, so the 
microbes are sure to win this evolutionary race. 

                                                
* This reminds me of “Lisa the vegetarian” (The Simpsons). Homer: “Are you saying you're never going to 
eat any animal again? What about bacon?” Lisa: “No.” H: “Ham?” L: “No.” H: “Pork chops?” L: “Dad, those 
all come from the same animal.” H: “Yeah, right, Lisa. A wonderful, ‘maaagiiical’ animal.” 
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A.2.3 STIs are bad microbes, much worse than I thought 
While reviewing the scientific literature, I kept finding links between prostate disease and 
apparently unrelated symptoms236, 283, but I could not bring myself to acknowledge that an 
STI could be spreading outside the genitourinary tract (GU). My priors were completely 
wrong here, and it cost me many months during which I refused to investigate these links. 
It was not until I read this article261 in February 2013 that I started to think it was possible 
for Dickson’s fungus to reach sites beyond the GU. Had I read about syphilis286 or other 
STIs which cannot be cleared by the immune system, I would have known that a plethora 
of non-GU symptoms are the norm for sexually transmitted infections which cannot be 
cleared by the immune system*. 

Since STIs often cause chronic systemic disease years after infection onset, yet-to-be-
discovered STIs are excellent etiological candidates for chronic idiopathic diseases. A new 
microbe discovery technique coined “unbiased high-throughput sequencing” (developed as 
early as 200836) can be used to detect novel STIs. I am baffled by the fact that this 
technique has yet to be used to survey the microbiome of the male GU: one or more STIs 
may just be waiting to be discovered, and known STIs suggest they may be causing 
chronic systemic symptoms. 
Evidence supporting the existence of a yet-to-be-discovered STI is not new: it was first 
recorded in the medical literature by Hippocrates! Any of these three articles6, 7, 217 written 
in the 2000s suffice to justify running this experiment as soon as the technology became 
available. The editorial response524 to one of these articles may explain why it is taking so 
long: “A more prudent approach is perhaps to await the discovery of new infectious 
organisms, including STI, and to assess directly any relationship to MS as has occurred for 
HTLV-1, HIV, and other agents.” It seems that researchers are waiting for someone else to 
find new STIs, even though the odds of finding at least one such STI are non-negligible, 
while the cost of doing so is trivial as compared to the sums invested in multiple sclerosis, 
prostate cancer and seronegative arthritis research. Perhaps the outcome of such a study is 
too uncertain for researchers to attempt, due to the very conservative and risk averse 
culture of academic science funding. 

A.2.4 Literature reviews are grossly incomplete 
Very important insights can be discovered in the scientific literature without doing any 
experimental work. Anyone who reads Edström’s 2010 thesis43 or 2012 article23, then 
reads any of these previously published articles linking PSP94 to prostate disease41, 42, 69-71 
must come to the conclusion that a disease causing fungus is likely infecting the prostate. I 
realized this on March 5th 2012, and it took me almost two years to publish an article 
which described this insight—mainly due to the fact that I was an outsider who could not 
publish without credible coauthors. Clearly, prostate cancer researchers did not pick up on 
                                                
* Common (genetically determined) immune pathways involved in unrelated diseases could easily justify 
associations between such diseases. Initially, this appeared like an overwhelmingly more likely explanation 
for comorbidities than a shared infectious etiology. Now, I consider both explanations as being plausible. 
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this, otherwise they would have published long before me. This means it took 3.25 years 
between PSP94’s fungicidal properties being made public, and the revised Strickler 
Goedert hypothesis appearing in Pubmed—a very long delay given what is at stake. 
When I needed to learn about a given topic, I read a recent Pubmed indexed review article 
published by experts. Initially, I assumed that all relevant articles published in the 
scientific literature were known by these researchers and systematically considered in the 
review article. This could not be further from the truth. Reviews reflect the current 
scientific consensus, and often ignore observations which do not fit neatly with trending 
concepts. Using such reviews as a starting point to study the etiology of idiopathic 
conditions biases researchers toward the current scientific consensus. This bias creates 
blind spots, such as not considering fungi as a possible cause for prostate disease. 
There should be better ways of converting experimental results into hypothetical 
explanations of biological process (review articles). For example, a very important open 
question in prostate research is what causes prostatic inflammation: is it caused by an 
autoimmune disease or some form of infection? Based on the literature available before 
Edström’s discovery, the odds were already overwhelmingly in favor of an infection, yet 
this was not clearly stated in review articles. 
Review articles are currently written by experts, but a case could be made that they should 
be written by neophytes: hire thirty individuals who have no prior knowledge in biology to 
write a review article on a given subject. For example, ask physics majors to answer the 
question “What causes prostate cancer?” Let them research this topic for a month with 
minimal guidance, each writing a review article independently of one another to prevent 
biases from spreading and producing a consensus view. Publish all thirty review articles as 
is, each accompanied with an editorial note written by an expert. 

Then, quantify the odds for each proposed hypothesis using market mechanisms with the 
following steps. Ask these authors to submit with their review article concise hypotheses 
which they think may be the right answer to the question at hand. Bring all the authors 
together to share and debate their ideas; ask authors to write up more hypotheses if they 
deem the original list incomplete. Give each author 20000$ to invest in this hypothesis 
market (very similar to Intrade) over a period of a day, which will payout over the coming 
years as hypotheses are proven right or wrong. The positions at the end of the trading day 
represent a minimally biased view of the odds of each hypothesis being correct. A few 
experts could also be added as punters, forcing them to quantify the probability of their 
own opinions being correct, which may be a desirable goal in its own right. 

Other approaches are possible, and this proposed approach may not be optimal for various 
reasons. In particular, I am concerned that the prevailing scientific consensus will still bias 
non-experts, preventing them from turning every stone. Perhaps individuals who have a 
personal connection with the question at hand would turn more stones than others. 

There are likely many insights in the scientific literature which have not come to light due 
to a suboptimal literature review process: finding these insights and quantifying the odds of 
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hypotheses correctly describing disease processes could unlock trillions of dollars of 
utility. Economists should analyze and solve this literature review problem. 

A.3 Putative pioneers 
Many researchers arrived at conclusions similar my own based on much weaker evidence. 
Had any of these leads been thoroughly researched, I would have had the pleasure to not 
write this book, and live in a world with a lower disease burden. 

In 1927, Dickson proposed that chronic idiopathic genitourinary inflammation was caused 
by a fastidious fungus77. Had this microbe been studied further, cures for many diseases 
could have been found as early as 90 years ago! This is reminiscent of Jaworski’s work on 
Helicobacter pylori and stomach disease, published 80 years before Marshall and Warren 
reached similar conclusions. What an incredible missed opportunity! 
The treatment of seemingly unrelated idiopathic diseases using oral nystatin (a fungicidal 
drug) has been reported by many researchers. Truss reported in 1981 that oral nystatin 
cured multiple sclerosis patients315. Crutcher reported in 1984 that oral nystatin cured 
psoriasis patients319, a finding corroborated by Baker318, Ganor320 and Ascioglu322. 
Menzel525, Soyuer323, Buslau526, Senff527 and Waldman431 reported that psoriasis patients 
have high levels of Candida albicans in the gut, giving oral nystatin a target (oral nystatin 
is not absorbed and only kills fungi in the gut). Dismukes reported in 1990 that oral 
nystatin reduced chronic vaginitis symptoms29. In 1990, Cater speculated that gut fungi 
combined with a sexually transmitted infection could cause a wide variety of symptoms 
described as Somatization Disorder, Briquet’s Syndrome or Chronic Fatigue Syndrome528, 

529. Garst reported in 1999 that oral nystatin reduced CP/CPPS symptoms241. Santelmann 
reported in 2001 that oral nystatin relieved polysymptomatic patients316. Many authors at 
the margin of mainstream medicine530-532 have been claiming for 35 years that Candida 
albicans colonization of the gut causes a variety of idiopathic chronic symptoms528. The 
mechanisms proposed by these authors to explain the observed link between fungi and 
disease are very speculative315, 533, and probably wrong. However, the link itself may well 
be real, and should not be dismissed outright. 

Researchers—including Hippocrates!—have long suspected a missing STI in reactive 
arthritis: in the 1950s, researchers in London had solved all aspects of reactive arthritis, 
ankylosing spondylitis and chronic prostate inflammation, with the exception of the 
missing STI’s identity263, 277. In 2001, Strickler and Goedert inferred the existence of a 
missing STI based on sexual risk factors of prostate cancer6. In 2002, Hawkes found 
several links between multiple sclerosis and sexual activity, concluding that the cause was 
a missing STI7. Unfortunately researchers in these fields did not seem to be aware of 
evidence outside their own discipline supporting their hypothesis. 
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B    Microbiome of the male GU 

The Leif Microbiome Analyzer is a bioinformatics tool developed by Shipshaw Labs to 
identify cellular microbes and viruses in clinical specimens without the use of consensus 
primers. Performing high-throughput sequencing without consensus primers results in an 
unbiased survey of the DNA or RNA in a sample. Unlike polymerase chain reaction (PCR) 
based assays such as Abbott’s Ibis system, unbiased high-throughput sequencing can 
identify all cellular microbes and viruses37. This appendix describes how Leif can be 
used for a specific application: identifying microbes in the male genitourinary tract. 
Detailed information about the Leif Microbiome Analyzer can be found here: 
www.shipshaw.com/leif 

B.1 Rationale 
As humans age, many organs become chronically inflamed. For example, Helicobacter 
pylori and hepatitis B infections are associated with chronic inflammation and increased 
risk of cancer of the stomach and liver, respectively. While the etiology of chronic 
inflammation has been established in some cases (as in these two examples), it remains 
unexplained in many others. Understanding the etiology of chronic inflammation in other 
sites may enable preventative measures which could reduce the incidence of some types of 
cancer and inflammatory conditions. 

A site of particular interest is the prostate, since it is commonly subjected to chronic 
idiopathic inflammation and its secretory epithelial cells often become cancerous: both 
chronic inflammation and latent prostate cancer can be found in the prostate of the majority 
of American men by age 75, and to a lesser extent in young men. The cause of this 
inflammation and the specific links between inflammation and prostate cancer are largely 
unknown127. As in the stomach and liver, it is possible that a microbe is chronically 
infecting the prostate, and driving both inflammatory and oncogenic processes127. Many 
studies have investigated known microbes located in the male genitourinary tract (GU) in 
relation to prostate disease, yet they have not found any strong associations50, 57, 58, 131. 

http://www.shipshaw.com/leif
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Previous studies of GU microbes have classified them as either commensal or pathogenic 
based on their association with other known diseases50. For studies seeking to explain 
chronic idiopathic inflammation, it appears more appropriate to classify microbes based on 
infection persistence. Microbes which cause infrequent acute infections and are rapidly 
cleared by the immune system are of secondary interest, whereas microbes which avoid a 
strong immune response and maintain their presence for long periods of time are of 
primary interest. Such microbes are referred to hereafter as “parasitic”, encompassing both 
commensal microbes (like Staphylococcus epidermidis and Pneumocystis jirovecii in 
immunocompetent individuals) and pathogenic microbes (like Helicobacter pylori) which 
have the capability of persisting in the host for long periods of time. Prolonged exposure to 
weak mutagenic conditions (such as chronic inflammation) has been shown to be a greater 
risk factor for oncogenesis than brief exposure to much stronger mutagenic conditions162. 

Parasitic microbes are often fastidious and have small genomes which are the result of 
coevolution with their host; these two properties make them difficult to detect using well 
established techniques such as cell culture and consensus PCR. For example, the consensus 
sequences of the human STI Trichomonas vaginalis have diverged so much from other 
microbial eukaryotes that it is undetectable using most consensus PCR primers designed to 
detect microbial eukaryotes. Fortunately, recent advances in high-throughput sequencing 
technology have enabled new methods which can detect substantially all parasitic microbes 
in clinical specimens. A recently developed workflow based on the Illumina HiSeq 
sequencing platform and the Leif Microbiome Analyzer is one such method534. Two 
similar methods have also been described535, 536. 

The prostate is very well suited for the study of novel parasitic microbes. It is believed to 
be nearly sterile in healthy men, so any novel microbe would be highly suspicious—this is 
in sharp contrast to the colon or the skin which are known to have a complex microbiome. 
Two different lines of evidence suggest high prevalence of idiopathic inflammation (>40% 
by age 40)50, 54. If this inflammation is mainly caused by an as-yet-undiscovered parasitic 
microbe, a similarly high fraction of prostates would have to be infected by that age (at a 
minimum), so finding infected individuals should be easy. 
Strong evidence supports the existence of a yet-to-be-identified parasitic microbe which 
infects secretory epithelial cells of the prostate, has ergosterol in its plasma membrane and 
increases prostate cancer risk76. Epidemiological evidence suggests that a yet-to-be-
identified parasitic microbe acquired through sexual activity increases the risk of prostate 
cancer6, 22, 47-49. Localization within secretory epithelial cells of the prostate suggests that 
this putative parasitic microbe is shed via prostatic fluid during ejaculation. However, it is 
unclear if infected men would be shedding it permanently or sporadically. If shedding is 
sporadic, prostate tissue specimens could be a desirable alternative despite their 
shortcomings: higher cost, biased population sampling (e.g. older, diseased prostates) and 
higher risk of contamination. 
Since the yet-to-be-identified parasitic microbe is expected to have ergosterol in its plasma 
membrane, it is most likely a eukaryote such as a fungus rather than a bacterium or a virus. 
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This means DNA/RNA extraction may be somewhat difficult, as fungal cells are known to 
be resistant to disruption537. 

B.2 Cells in semen 
Cells in healthy men’s semen consist mainly of spermatozoa and leukocytes, with trace 
amounts of bacteria (see Table 43). Note that some bacteria grow in seminal plasma at 
room temperature: if DNA extraction is not done quickly, these counts no longer hold. 
Table 43: Cells in semen. Note that the amount of RNA per spermatozoon has been reported to be as low as 
10 fg and as high at 400 fg by different studies. It appears to be highly variable between individuals538. 
Type DNA per cell  

RNA per cell 
Cell per ml  Size Comment 

Spermatozoa 3300 fg  
~37 fg538 

10000K129  
to 200000K129 

3 x 3 x 5 um Spermatozoa contain about 
99.5% of DNA in semen. 

“Round cells” 
(mainly leukocytes) 

6600 fg  
~20000 fg 

<10K129 
 to 1000K129 

8 to 20 um Can be eliminated by size using 
syringe filters or centrifugation 

Commensal bacteria 
(mainly Staphylococcus50) 

~5 fg 
~50 fg 

~1K 1 um  

Uropathogens 
(mainly Enterococcus50) 

~5 fg 
~50 fg 

~1K 1 um Enterococcus faecalis grows in 
semen at room temperature. 

Epithelial cells  
(mainly transitional) 

6600 fg  
~25000 fg 

<1K >30 um Can be eliminated by size using 
syringe filters or centrifugation 

Yet-to-be-identified 
microbe (fungi/protists) 

3 - 30 fg 
5 - 50 fg 

? <5 um (?) If this microbe had a very large 
diameter, it probably would 
have been found already using 
light microscopy 

A rough estimate of human DNA to yet-to-be-identified microbe DNA ratio in semen can 
be calculated by multiplying the number of spermatozoa per milliliter by the number of 
base pairs per spermatozoa (100000K x 3000M = 300P bp/ml), and then comparing to the 
guessed number of yet-to-be-identified microbe cells per milliliter multiplied by the 
guessed number of base pairs per microbe cell (100K x 10M = 0.001P bp/ml). This yields 
a DNA ratio of 300000 to 1, so of the 150M read pairs produced by one Illumina HiSeq 
2500 lane, about 500 read pairs should be from the yet-to-be-identified microbe—
assuming that DNA extraction is as efficient for human cells and microbial cells. 

Substantially all spermatozoa can be eliminated by using semen from men who have had a 
vasectomy, greatly improving the human DNA to microbe DNA ratio. The bulk of human 
DNA in such specimens would originate from leukocytes whose concentration is quite 
variable50, 129. Assuming a leukocyte concentration of 250K per milliliter, the amount of 
human DNA would drop to 1.5P bp/ml. This brings the DNA ratio down to 1500 to 1, and 
thus would yield 100K read pairs from the yet-to-be-identified microbe per Illumina HiSeq 
2500 lane (based on the assumptions stated in the previous paragraph). 
Finally, separating human cells in post-vasectomy semen from yet-to-be-identified 
microbe cells is possible based on size alone, given that the diameter of leukocytes (>7 
um) is substantially larger than the diameter of most microbes. Several techniques can be 
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used to do this, including syringe filters with <7 um pores and centrifugation. However, 
filtering by size adds two concerns: (1) avoiding laboratory contamination; (2) ensuring 
that a sufficient number of yet-to-be-identified parasitic microbe cells are small and free 
floating (not contained within leukocytes or other human cells). 

Centrifugation is the simplest and cheapest cell separation method listed above. If the 
sought microbial cells are of a different buoyant density as compared to human cells, 
isopycnic centrifugation can be used to separate them based on this property alone: 
unfortunately, the buoyant density of spermatozoa539 (1.11 to 1.12 g/ml) is close to that of 
the reference fungus Saccharomyces cerevisiae540 (1.11 to 1.12 g/ml), so this method may 
not work. This leaves two other options: differential and rate-zonal centrifugation. 

The terminal velocity of round cells subject to a gravitational force is proportional to the 
square of the cell’s diameter (see Equation 12). This means large cells will precipitate 
more quickly than small cells, as long as their relative buoyant densities are similar. When 
applied to cells found in semen, small microbial cells will precipitate more slowly than all 
types of human cells (see Table 44). Differential centrifugation (applying a centrifugal 
force to semen and then only keeping the top half of the supernatant) results in a somewhat 
purified microbial solution (see Figure 131 and Table 45)—albeit with less total microbial 
DNA, since all microbial cells starting in the bottom half are lost, as well as those which 
moved down during centrifugation. Better yields can be achieved using rate-zonal 
centrifugation (delicately placing a thin layer of cells on top of a solution of known 
density, then applying a centrifugal force), since cells of a given size will migrate down the 
tube together, in bands. Spermatozoa create a clearly visible white band which can be used 
as a reference to know which part of the supernatant should be kept. 
Any of the above methods can be combined or repeated to improve purification, keeping in 
mind that each additional step increases contamination risk, and results in some loss of 
cellular material. 

It is important to note that extracting DNA/RNA from very low cell counts poses extra 
difficulty, in part because DNA/RNA sticks to plasticware, reducing the yield of the 
extraction step, and in part because trace amounts of contaminant DNA/RNA inserted 
downstream are no longer negligible. The first problem can be solved by adding a large 
amount of control DNA/RNA to the input of the extraction step; this control DNA/RNA 
will then be eliminated in a downstream step either due to sequence, length or both. The 
second problem is much harder to solve. 
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Equation 12: Terminal velocity of spherical particles in a liquid medium when subject to a gravitational 
force. Terminal velocity is proportional to the square of the diameter of a particle, meaning that large 
particles (such as white blood cells) typically precipitate much faster than small particles (such as bacteria). v 
= velocity; d = diameter; ρ = density of particle divided by density of the liquid medium; η = viscosity of 
liquid medium; g = relative gravitational force. 
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Table 44: Relative terminal velocity of various cells in semen, in physiological saline (ρL = 1.0046 g/ml). 
Type d (um) ρ (g/ml) v Comment 
Spermatozoa ~4 1.115 1.00 (ref) Actual size is 3 x 3 x 5 um. 
Monocytes 12 1.07 5.33  
Granulocytes 8 1.08 2.73  
Lymphocytes 8 1.07 2.37  
Microbe (1 um) 1 1.115 0.06  
Microbe (2 um) 2 1.115 0.25  
Microbe (3 um) 3 1.115 0.56  
 

 
Figure 131: Differential centrifugation protocol which eliminates the bulk of human cells in semen, leaving 
smaller microbial cells (roughly <3 um in diameter). The first centrifugation step is critical: too little 
centrifugation can leave a substantial amount of spermatozoa, and too much can discard small microbial 
cells. 2000 g for 5 minutes (5000 RPM on Eppendorf Centrifuge 5415 C) also gives decent results. The steps 
shown in the green tube are optional: they simply remove 90% of cell-free DNA in seminal plasma. This 
protocol is thought to be simple enough to not introduce laboratory contaminants. Cells should be suspended 
immediately prior to centrifugation by vortex mixing. 

 
Table 45: Example differential centrifugation results. 500 ul whole semen is centrifuged as specified in the 
first column of the table, 400 ul supernatant is removed, vortex mixed; DNA is then extracted using the 
Zymo Research Fungal/Bacterial DNA MiniPrep Kit and quantified. Note that the theoretical DNA 
concentration of whole semen should be about 300000 pg/ul, meaning extraction yield is about 1%; this is 
about 10x lower than the yield with the Epicentre MasterPure Yeast DNA kit; when used on Saccharomyces 
cerevisiae cells, the yield of both kits is similar. 
Centrifuge conditions 
(Eppendorf 5415C) 

RCF  DNA 
(pg/ul) 

DNA 
adjusted 
(pg/ul) 

Comment 

None (whole semen) N/A 2400 2341 Most DNA is from spermatozoa.  
2000 RPM x 5 min 325 g 168 109  
3500 RPM x 5 min 1000 g 114 55  
6000 RPM x 5 min 3000 g 85 26  
10000 RPM x 30 min 10000 g 59 0 (ref) Most DNA is “cell free” in seminal plasma. 
Distilled water N/A 1 N/A Negative control using distilled water. 
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Using centrifugation, it may be easier to separate white blood cells (mainly macrophages, 
monocytes and neutrophils) from other cells in semen (see Figure 132). Macrophages are 
particularly large (>20 um in diameter and get much larger when filled with phagocytosed 
microbes), so they precipitate easily; since the DNA of recently phagocytosed microbes is 
likely still intact within macrophages, their content can be used to survey microbes 
specifically targeted by the immune system. As shown in Section 8.2.2, the candidate 
microbe is likely phagocytosed, thus its DNA should be present in white blood cells in 
semen. Macrophages containing a large number of phagocytosed microbes (but only two 
haploid human genomes!) should result in an excellent human to microbial DNA ratio as 
compared to whole semen, allowing entire microbial genomes to be sequenced. 
Commercial white blood cell separation kits based on isopycnic separation can be also 
used, such as Ficoll Paque (GE) or Histopaque (Sigma), since spermatozoa are denser than 
white blood cells. 
 

 
Figure 132: Differential centrifugation protocol which eliminates the bulk of spermatozoa in semen, leaving 
larger cells (mainly monocytes, macrophages and neutrophils). The first centrifugation step is critical: too 
little centrifugation will lead to a loss of larger human cells, and too much will capture many spermatozoa. 
200 g for 3 minutes (1500 RPM on Eppendorf Centrifuge 5415 C) gives decent results. Cells should be 
suspended immediately prior to centrifugation. 

An alternate approach to increasing sensitivity would be to use specimens from men 
suffering from CP/CPPS IIIB, either using semen (for men who have had a vasectomy) or 
expressed prostatic secretion (regardless of vasectomy status); such men are likely infected 
due to the fact they have CP/CPPS symptoms, and since they have low leukocytes counts 
in semen/EPS, the assay sensitivity would be markedly improved without the need to 
separate cells by size. 
If the bulk of human cells can be eliminated using one of the above methods, remaining 
cells should be washed prior to DNA extraction to remove any “cell free” human DNA. If 
the yet-to-be-identified microbe DNA ratio is sufficiently high, it may even be possible to 
assemble entire chromosomes, which would confirm beyond any doubt the existence of a 
novel microbe and allow taxonomic classification. Perhaps this can be achieved with 
centrifuged semen samples using currently available sequencing technology. 
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B.3 Methods 
Semen was collected in a sterile cup. DNA was extracted using the MasterPure Yeast DNA 
Purification Kit (Epicentre) following the manufacturer’s instructions. Extracted DNA was 
sequenced using one Illumina HiSeq 2500 lane for each sample using whole genome 
shotgun (WGS) library preparation (2x150, see Figure 133). Reads were downloaded in 
FASTQ format and processed using the Leif Microbiome Analyzer version 0.6.4 and 
NCBI BLAST “nt”, “human_genomic”, “other_genomic” and “wgs” databases 
downloaded on October 11th 2013 (see Figure 134). The following Leif commands were 
run: 
leif fastq2fx step1.fx “#” <sample>_1.fastq.gz <sample>_2.fastq.gz human.fd ebv.fd phage.fd 
leif fxgroup step2.fx step1.fx 
leif fxsample 0 1 step3.fx step2.fx 
leif qblast qblast_settings.txt taxid.git blast_*.fa.gz step3.fx 
leif qbmajority single 70 50 primate_ebv_phage.qb step4.qb step3.qb taxid.git Taxid 9443 10376 10841 
leif qbconsensus single 90 5 step4.qb taxid.git 
leif qblowhom single 90 below_90.fa step4.qb 

 
Figure 133: Overview of experiment. DNA was extracted from clinical specimens and sequenced using one 
an Illumina HiSeq 2500 lane (2x150). Read pairs were processed by the Leif Microbiome Analyzer. 

 
Figure 134: Overview of alignment flow used by the Leif Microbiome Analyzer. 
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B.4 Risks 
The following three tables list the risks which may prevent the experiment from 
succeeding, as well as mitigation strategies for each risk. 
Table 46: List of important risks. 
Risk description Risk level Mitigation strategies and comments 
Sample is contaminated with 
microbes from the laboratory or 
environment 

Medium The genomes of laboratory contaminants have generally been 
sequenced. However the presence of “exotic” laboratory 
contaminants remains a possibility. Mitigation: (1) UVC 
irradiate all vessels and reagents for 24 hours; (2) run controls 
using pure cell sources to quantify/identify laboratory 
contaminants; (3) sequencing total RNA rather than genomic 
DNA mostly solves this problem. 

Novel strain of known microbe 
has not been uploaded to 
Genbank, so some DNA regions 
of known microbe are mistaken 
for novel microbe sequences 

Medium Novel strains of known microbes within the specimen can be 
cultured and sequenced, and these reads can be used to 
eliminate matching reads from the sequencing of DNA from 
the uncultured specimen. If known fastidious microbes are 
present (such as microsporidia) this technique becomes more 
difficult as special culture media would be required. Some 
Malassezia species present on the skin have not been fully 
sequenced, thus could appear to be novel sequences. 
Sequencing total RNA rather than genomic DNA mostly solves 
this problem. 

Sample does not contain microbe 
because subject is not infected 

Low Mitigation: (1) Given how prevalent prostate diseases are, this 
appears unlikely if half a dozen middle aged men donate 
specimens. (2) Men known to have symptoms suspected being 
linked to the putative fungal infection could be selected (ex: 
ankylosing spondylitis, CP/CPPS IIIA, IIIB or IV). 
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Table 47: List of hard to quantify risks. 
Risk description Risk level Mitigation strategies and comments 
There are no unidentified 
microbes in the prostate 

Unknown  

Microbial DNA to human DNA 
ratio is too low in specimens 

Unknown Mitigation: (1) More reads could be sequenced, but this is 
expensive. (2) Semen samples from men who had vasectomies 
could be used. (3) Flow cytometry, syringe filters or 
centrifugation could be used to isolate candidate cells by size. 
(4) 10% KOH can be used to dissolve and wash away human 
cells, while most fungal cells should remain intact. (5) 
Sequencing total RNA rather than genomic DNA improves 
sensitivity about 100x due to the low RNA content of 
spermatozoa. 

DNA extraction method works 
poorly on microbes, lowering the 
microbial DNA to human DNA 
ratio 

Unknown Mitigation: (1) Try different DNA extraction methods, 
including mechanical and chemical lysis. Discussions with 
mycologists suggest mechanical disruption is key (ex: using a 
bead mill). Enzymes such as Zymolyase can be used dissolve 
cell walls. If hyphae can be grown, mechanical disruption yield 
will improve. 

Sample does not contain microbe 
because subject is not “shedding” 

Unknown Mitigation: (1) Different samples types can be used, such as 
prostate tissue. (2) The number of subjects can be increased. 

Sample contains multiple 
unknown microbe species 

Unknown Mitigation: (1) use qPCR to determine the quantity of each 
sequence in the clinical specimens: sequences with matching 
concentrations likely originate from the same microbe. (2) 
Sequencing total RNA rather than genomic DNA mostly solves 
this problem. 

 

 
Table 48: List of technical risks which are unlikely to compromise results. 
Risk description Risk level Mitigation strategies and comments 
Sample is contaminated with 
known microbes from the 
subject’s GU 

Minimal The genomes of known microbes in the GU have been fully 
sequenced, so they can be identified and removed 
programmatically by the Leif Microbiome Analyzer. 

“Junk” reads are produced by the 
sequencing technology 

Minimal This does not appear to occur with Illumina HiSeq 2000/2500. 

Frequent insertions/deletion 
errors by sequencing technology 

Minimal This does not appear to occur with Illumina HiSeq 2000/2500. 

Genome of novel microbe is very 
similar to human genome 

Minimal This is highly unlikely. 

Genome of novel microbe has 
been uploaded to Genbank under 
the wrong name/integrated into 
another genome 

Minimal Several Genbank entries contain contaminants or are otherwise 
mislabeled. It is possible (though very unlikely) that the novel 
microbe has been sequenced and uploaded to Genbank 
accidentally under the wrong name or taxonomic identifier. 

Human sequences not uploaded 
in Genbank are mistaken for 
novel microbe sequences 

Minimal With the number of human sequences uploaded in Genbank, this 
appears highly unlikely. Perhaps some variable regions of the 
human genome could still cause some issues. 

Unknown microbe does not have 
DNA  

Minimal Some virus types do not have a DNA phase, requiring sequencing 
total RNA rather than genomic DNA for detection. 
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B.5 Results from samples Prostate6, Prostate7 and six negative controls 
Semen samples from two healthy 34 year old men were processed as described in section 
B.3 (labeled “Prostate6” and “Prostate7”). Six sequencing runs from the 1000 Genomes 
Project were used as negative controls (labeled “SRR385759”, “SRR385767”, 
“SRR385773”, “SRR741366”, “SRR768303” and “SRR768309”). A summary of results is 
presented in Figure 135 and Figure 136. Table 50 shows that novel alphaproteobacteria 
sequences are present in both Prostate6 and Prostate7 samples, and in some control runs. 
Table 51 and Table 52 provide a detailed list of genera and species present in the samples. 
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Figure 135: Classification of all read pairs from six 1000 Genomes Project runs, and from samples Prostate6 
and Prostate7. The number of read pairs which reach the step4.qb file is substantially higher in samples 
Prostate6 and Prostate7, when compared to 1000 Genomes Project runs (13.8M and 30.3K vs. a median 
value 372 for the six 1000 Genomes Project runs). This is somewhat explained by the delay between sample 
collection and DNA extraction, which allowed bacteria to grow in semen at room temperature for 7 days 
(Prostate6) and 1 day (Prostate7). 
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Figure 136: Graphical representation of number of read pairs classified using relevant taxonomic groups 
from file step4.qb for six 1000 Genomes Project runs, and samples Prostate6 and Prostate7. The very large 
number Enterococcus faecalis read pairs (~13.8M) from samples Prostate6 were excluded from this figure. 
There is a high number of very low homology read pairs (0%-49%) in Prostate6 and Prostate7 as compared 
to runs from the 1000 Genomes Project: 580 for Prostate6, 454 for Prostate7 and only 4 for all six 1000 
Genomes Project runs combined. These read pairs indicate that either a novel strain of a know species or an 
entirely novel species is present in samples Prostate6 and Prostate7. However, it is not clear if these very low 
homology read pairs originate from laboratory contamination or from the clinical specimens. See Table 49 
for the exact number of read pairs used to produce this figure. Note that the control runs used shorter reads 
(2x100 vs. 2x150) which means very low homology reads (0-49%) do not represent the same “distance” from 
all known sequences: this effect partly accounts for the small number of the very low homology reads in the 
negative controls. 
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Table 49: Exact number of read pairs used to produce Figure 136. 
Taxonomic group Pros 

tate6 
Pros 
tate7 

SRR3 
85759 

SRR3 
85767 

SRR3 
85773 

SRR7 
41366 

SRR7 
68303 

SRR7 
68309 

Low homology (0%-49%) 580 454 0 1 0 0 0 3 
Low homology (50%-59%) 1236 1035 422 475 14 29 3 14 
Low homology (60%-69%) 663 663 203 138 7 7 2 4 
Low homology (70%-79%) 1095 1397 269 67 0 10 4 3 
Low homology (80%-89%) 2230 2663 863 68 16 15 5 2 
Vertebrata 29 103 1 22 0 15 8 11 
Fungi 7 10 0 15 0 0 1 0 
Eukaryote (others) 77 90 8 7 0 6 1 3 
Alphaproteobacteria 
(mainly Bradyrhizobium) 3988 6705 4334 0 126 98 41 46 
Gammaproteobacteria 
(mainly E coli) 1970 552 2 2 11 198 22 95 
Prokaryote (others) 5741 15555 61 29 6 48 24 31 
Others 317 1093 87 7 12 75 2 32 
Total 17933 30320 6250 831 192 501 113 244 
 

Table 50: Read pairs from step4.qb have been split into “Alpha” and “Other” based on having any read with 
a homology ≥50% to alphaproteobacteria in their “contig-like group”. A substantial number of low homology 
read pairs from sample Prostate6 and Prostate7 appear to be from novel alphaproteobacteria species (in 
particular Bradyrhizobium, Sphingomonas and Mesorhizobium). The ratios of low homology 
alphaproteobacteria reads in Prostate6 and Prostate7 are almost identical (see “Alpha %” column), suggesting 
that the same novel alphaproteobacteria species are present in both samples. Alphaproteobacteria species are 
known to be common laboratory contaminants originating from ultrapure water systems534, 541. 
Taxonomic group Prostate6 Prostate7 

Alpha 
% 

Alpha Other Total Alpha 
% 

Alpha Other Total 

Low homology (0%-49%) 0% 0 580 580 0% 0 454 454 
Low homology (50%-59%) 6% 380 856 1236 5% 599 436 1035 
Low homology (60%-69%) 5% 360 303 663 5% 576 87 663 
Low homology (70%-79%) 10% 718 377 1095 11% 1326 71 1397 
Low homology (80%-89%) 21% 1436 794 2230 22% 2576 87 2663 
High homology (90%-100%) 58% 3988 8141 12129 57% 6705 17403 24108 
Total 100% 6882 11051 17933 100% 11782 18538 30320 
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Table 51: Detailed non-eukaryote results from samples Prostate6 and Prostate7, listed in taxonomic order. 
Only specific high homology (≥90%) reads are listed in this table. Substantially all species found are known 
to be present in the human GU, with the exception of alphaproteobacteria which are most likely laboratory 
contaminants. 
Taxonomic group Expected 

in GU? 
Prostate6 
read pairs 

Prostate7 
read pairs 

Comment 

Actinomyces Yes 96 6 Mainly Actinomyces neuii 
Corynebacterium Yes 490 259 Mainly Corynebacterium pyruviciproducens (Prostate6) 

and Corynebacterium glucuronolyticum (Prostate 7) 
Propionibacterium Yes 72 86 Sequences are specific to genus level only: it is unclear 

if they are Propionibacterium acnes or granulosum 
Gardnerella vaginalis Yes 0 2  
Rubrobacter 
xylanophilus 

? 10 4  

Porphyromonas Yes 68 14  
Prevotella Yes 305 35  
Gemella haemolysans Yes 267 8  
Staphylococcus Yes 437 108 Sequences are specific to genus level only: it is unclear 

if they are Staphylococcus epidermidis or other 
Granulicatella elegans Yes 292 4  
Enterococcus faecalis Yes ~13.8M 12950 Grew in semen at room temperature 
Lactobacillus  Yes 650 5 Mainly Lactobacillus iners 
Streptococcus Yes 1376 69 Mainly Streptococcus mitis and urinalis 
Anaerococcus Yes 337 52 Mainly Anaerococcus hydrogenalis, prevotii and 

senegalensis 
Finegoldia magna Yes 823 133  
Peptoniphilus harei Yes 73 47  
Veillonella  Yes 134 13  
Fusobacterium  Yes 57 1 Mainly Fusobacterium nucleatum and periodonticum 
Alphaproteobacteria No 3988 6705 Mainly Bradyrhizobium, Sphingomonas and 

Mesorhizobium species. These are very likely 
contaminants inserted in the laboratory. 

Neisseriaceae Yes 17 2 Mainly Neisseria cinerea, Neisseria lactamica and 
Kingella kingae 

Escherichia coli  Yes 300 518  
Haemophilus Yes 1645 3 Mainly Haemophilus parainfluenzae and 

paraphrohaemolyticus 
Pseudomonadales ? 18 22 Mainly Acinetobacter guillouiae, Enhydrobacter 

aerosaccus, Pseudomonas. These are probably 
contaminants inserted in the laboratory. 

Human 
cytomegalovirus 

Yes 115 0 Also known as human herpesvirus-5 
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Table 52: Detailed eukaryote results from samples Prostate6 and Prostate7, listed in taxonomic order. Only 
specific high homology (≥90%) reads are listed in this table. With the exception of two types of fungi, all 
other read pairs appear to originate from laboratory contamination. 
Taxonomic group Expected 

in GU? 
Prostate6 
read pairs 

Prostate7 
read pairs 

Comment 

Toxoplasma gondii ? 1 0  

Cladosporium 
sphaerospermum 

No 0 1 Common environmental contaminant. 

Clavispora lusitaniae ? 1 3  
Candida tropicalis ? 1 1  
Malassezia Yes 5 5 Commensal fungi located on the skin. 

Mchenga conophoros No 0 6 Fish species specific to lake Malawi in Africa (Genbank 
entry likely contaminated with bacteria) 

Danio rerio No 0 1 Zebrafish 
Mus musculus No 7 5 Mouse 
Canis lupus familiaris No 1 0 Dog 
Bovidae No 9 4 Cow 
Odocoileus virginianus No 0 1 White tailed deer 
Sus scrofa No 1 6 Wild boar 
Meleagris gallopavo No 0 3 Wild turkey 
Gallus gallus No 6 7 Chicken 

Ara macao No 1 59 Parrot (Genbank entry likely contaminated with 
bacteria) 

Chrysemys picta bellii No 1 6 Painted turtle 

Ricinus communis No 43 73 Castor oil plant 
Cannabis sativa No 1 1 Cannabis 
Triticum aestivum No 2 10 Wheat 
 
Table 53: Alignment result files, in gzipped text format. 
Sample Comments 
www.psp94.com/Prostate6_step4.qb.gz  
www.psp94.com/Prostate7_step4.qb.gz  
www.psp94.com/SRR385759_step4.qb.gz  
www.psp94.com/SRR385767_step4.qb.gz About ¾ of read pairs are low homology (50%-90%), 

indicating that an “exotic” bacterial contaminant is 
probably present. Interestingly, there is only a single read 
pair with a homology <50%, suggesting that the “exotic” 
contaminant is closely related to known species. 

www.psp94.com/SRR385773_step4.qb.gz  
www.psp94.com/SRR741366_step4.qb.gz  
www.psp94.com/SRR768303_step4.qb.gz  
www.psp94.com/SRR768309_step4.qb.gz  

http://www.psp94.com/Prostate6_step4.qb.gz
http://www.psp94.com/Prostate7_step4.qb.gz
http://www.psp94.com/SRR385759_step4.qb.gz
http://www.psp94.com/SRR385767_step4.qb.gz
http://www.psp94.com/SRR385773_step4.qb.gz
http://www.psp94.com/SRR741366_step4.qb.gz
http://www.psp94.com/SRR768303_step4.qb.gz
http://www.psp94.com/SRR768309_step4.qb.gz
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Figure 137: Alignment consensus reported by qbconsensus on file step4.qb for sample Prostate6, less the 
very large Enterococcus faecalis group of 13786561 read pairs. 
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Figure 138: Alignment consensus reported by qbconsensus on file step4.qb for sample Prostate7. 
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Figure 139: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR385759. 
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Figure 140: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR385767. 
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Figure 141: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR385773. 
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Figure 142: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR741366. 
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Figure 143: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR768303. 
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Figure 144: Alignment consensus reported by qbconsensus on file step4.qb for sample SRR768309. 
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B.5.1 Analysis of low homology reads using NCBI BLAST tools 
Low homology reads produced by Leif qblast can be further analyzed using NCBI BLAST 
tools. Aligning low homology reads using NCBI blastn (which aligns to known nucleotide 
sequences) can confirm that nucleotide alignments have not been missed by Leif qblast, 
including insertion/deletions and chimeras which are not handled well by Leif qblast. 
Amino acid sequences are better conserved between related species than genomic 
nucleotide sequences. If reads produced from coding regions of microbes could be 
identified, they could be aligned to known protein sequences, perhaps revealing additional 
taxonomic information about their origin. Unfortunately, individual short reads produced 
by Illumina don’t enable the distinction between coding regions and non-coding regions. 
However, most microbial genomic sequences are protein coding, as opposed to human 
genomic sequences where only ~2% are protein coding (see Table 54). This means protein 
alignment will work for most microbial reads. If taxonomic classification is achieved only 
by protein alignment, the sensitivity of the assay is reduced by a factor of at most two, due 
to the fact that about half of eukaryotic microbe reads will be from non-coding regions. 
Table 54: Fraction of genomes which is protein coding for select species. 
Species Total genome Protein coding Fraction Comment 
Homo sapiens 3200M ~130M ~2%  
Encephalitozoon cuniculi 2.5M 1.3M 52%  
Pneumocystis jirovecii 8.2M 4.2M 51%  
Candida albicans 14.5M 8.2M 57%  
Bradyrhizobium japonicum 9.2M 7.8M 85%  
Escherichia coli 4.6M 3.9M 85%  
 

NCBI blastx can be used to convert nucleotide sequences from low homology DNA-Seq 
reads found by Leif qblast into amino acid sequences, and align the converted sequences to 
proteins in the NCBI BLAST “nr” database. The conversion process used in NCBI blastx 
will produce amino acid sequences using all three frame alignments. Codons are converted 
using one of fifteen genetics codes, which must be selected by the user. Two genetic codes 
are appropriate for fungal cells (“Standard (1)” and “Alternate Yeast Nuclear (12)”). Table 
55 shows four low homology read pairs which aligned to fungal proteins from WGS DNA-
Seq run Prostate7. Since these reads did not align well to nucleotide sequences, they likely 
originated from a new strain of a known fungus, an incompletely sequenced known fungal 
species, or an entirely novel species of fungus. The following three commands were used 
to generate protein alignments reported in Table 55: 
leif qblowhom single 60 prostate7_60.fa prostate7_step4.qb 
blastx -query prostate7_60.fa -db nr -outfmt "7 stitle qcovs evalue pident" > prostate7_60.blastx 
leif blastx0 0.06 10 prostate7_blastx_60.csv prostate7_60.blastx taxid.git 
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Table 55: Notable amino acid alignments (from low nucleotide homology reads from sequencing run 
Prostate7) produced by NCBI blastx against the NCBI BLAST “nr” database. Most amino acid alignments 
produced are to bacteria, especially alphaproteobacteria. Those which align to a protein which is specific to 
fungi are listed in the table below. These reads suggest the possible presence of a novel fungal species or 
strain. Given the high number of bacterial contaminants present in the sequencing results, it is unclear if these 
fungal reads originate from the clinical specimen or from the laboratory. Furthermore, ten read pairs aligned 
specifically to fungal nucleotide sequences (see Table 52), so the amino acid alignments below could simply 
be due to novel or not completely sequenced strains of these species (especially Malassezia restricta). 
Species e-

val 
 Comment 

Malassezia 
globosa 

9e-
014 

ATGGTGACTCGGTCCATAGCGTTGAGTGTCGCTTGTCGGAAAATATCGGCATGAGAAGGAGGCGTGAGAGGGAGTG
ATCTGAGCCGCTGTTCAGAGCGCTCGAAGTGCCGTGATCACCCGTTTGAGCAGAAATGTATTGGCCGGACGGGTC 
 
Query  148  PSGQYISAQTGDHGTSSALNSGSDHSLSRLLLMPIFSDKRHSTLWTESP  2 
            PSG+YISAQTGDHG +  L+   DHSLSR+LL+P+FS+ RH+TLWT +P 
Sbjct  238  PSGRYISAQTGDHGAAHTLSPCYDHSLSRILLLPLFSEHRHTTLWTGAP  286 

Probably an 
unsequenced region 
of Malassezia 
restricta, or perhaps 
a novel Malassezia 
species/strain? Malassezia 

sympodialis 
3e-
006 

ACTGTGTATACGAGCCATGCGCGTTCATCATCTTGGTCCGGTGCACCACGAACAAACAGCAGAGCCTCGGGATTGG
ACGTCAGCGTAATGGTATGGCGACGCACGTAGCGGCCTTGCTCGTCCTCATAGATGTGGATGGTTTTGTCATAGC 
 
Query  149  YDKTIHIYEDE----QGRYVRRHTITLTSNPEALLFVRGAPDQDD-----ERAWLVYT  3 
            YDK IHIY  +    +  Y R HT+ L +NPEALLFVRG     D     ER WL+YT 
Sbjct  214  YDKNIHIYAADIRHDKPVYTRLHTLVLPTNPEALLFVRGPATPGDAPGLLERTWLLYT  271 

Neosartorya 
fischeri 

8e-
007 

CTAAATATTCCTGTGCTCGCGGAAATCCACCATGTGCGTTAATTATATCATCAAAATCTTTGCTTACACGGACATA
ATTCTGTCCATAGCGCCCAAGTTCCTGCAGGCGGGCGTATACCCAAGCTCGATGCAAATTGCTCTCACTTGCAAT 
 
Query  151  IASESNLHRAWVYARLQELGRYGQNYVRVSKDFDDIINAHGGFPRAQEYL  2 
            +A+   +++ WV  RL+ELGRYGQNY RVS+ FD+II     F  +Q+ L 
Sbjct  537  VATADRIYQDWVSIRLRELGRYGQNYSRVSRRFDEIIRGSDPFAYSQKQL  586 

Novel fungal 
species? Also aligns 
well with Aspergillus 
and Penicillium. 

Uncinocarp
us reesii 

8e-
006 

GTTCACTCTCGGTAAGCGCCTGAACAACATCGCCATTACCATGACATACAACACCACAGGAGCCAATGGCCCCTCC
TGGATCAAGCGTCTTCCGAACGGTGAGAACGCTTCAAACCTTAAATTGGAGCGCGTGGGTACTCAATATAGTGCC 
 
Query  2    FTLGKRLNNIAITMTYNTTGANGPSWIKRLPNGENASNLKL  124 
            FTLGKR+N + ITM+Y T    GPSW+ RLP  ++ S   L 
Sbjct  433  FTLGKRINTLTITMSYTTANEEGPSWMNRLPRIQSQSKASL  473 

Novel fungal 
species? Also aligns 
well with many 
fungal species. 

Aspergillus 
oryzae 

2e-
002 

GTACTGGCTAATGCTGTCAGGATACCGCCTATGAGTTCCCGTTCCTCGAGGAGGTGTACACCCCCTCCGAAAGCCC
AAAGCTTGAGTATAAGACGCAGCCCGGCAATCCATCATGATGTACTGACAATATCTAACCAGCTTTGTCTTTGTT 
 
Query  24  TAYEFPFLEEVYTPSESPKLEY  89 
           T YEFPFLEEVYTPSE PK+++ 
Sbjct  4   TDYEFPFLEEVYTPSEQPKIDF  25 

Novel fungal 
species? 

 
Since Malassezia restricta has not been completely sequenced (Malassezia restricta’s 
genome is only about half sequenced as of this writing), the low homology matches with 
various Malassezia species may be solely due to reads originating from unsequenced 
Malassezia restricta regions. 
In Prostate6, 4 reads pairs match almost perfectly with Malassezia restricta and 1 read pair 
matches almost perfectly with Malassezia globosa. Six read pairs match so-so with a 
Malassezia amino acids or nucleotide sequences, suggesting they may originate from 
unsequenced regions of Malassezia restricta.  
In Prostate7, 2 reads pairs match almost perfectly with Malassezia restricta and 3 read 
pairs match almost perfectly with Malassezia globosa. One read pair matches so-so with a 
Malassezia amino acid or nucleotide sequence, suggesting it may originate from 
unsequenced regions of Malassezia restricta. 
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Table 56: Read pair from Prostate6 which aligns imperfectly with various macroscopic mushroom amino 
acid and nucleotide sequences. Mates in the read pair overlapped by 125 nucleotides, allowing them to be 
merged into a single nucleotide read. This read likely originated from a laboratory contaminant. 
CCACCGCAGATCCATCTTAGTGAAGCATTTCTTTCCCTTTAATCCGTTGATCAATTCTGAGATAAGGGGTAGCGGATAGTTGTTCCGTATGGTATGCTTGTTTAAGTATTGATAGTCCATA
CACATACGCTTCTTTCTGTCTTTTTTTGGTACAAAAAAAGACAGAAAGAAGCGTAT 
Leucoagaricus gongylophorus Ac12 contig44932, whole genome shotgun sequence 
Sequence ID: gb|ANIS01044932.1 
Expect: 3e-21 
 
Query  165  LSFFVPKKDRKKRMCMDYQYLNKHTIRNNYPLPLISELINGLKGKKCFTKMDLRW  1 
            L FFVPKKDRKKRM  DYQYLN  TI+NNYPLPLIS+LI+ +  KK FTKMDLRW 
Sbjct  440  LVFFVPKKDRKKRMVQDYQYLNSWTIKNNYPLPLISDLIDSIGKKKVFTKMDLRW  276 
Leucoagaricus gongylophorus Ac12 contig44932, whole genome shotgun sequence 
Sequence ID: gb|ANIS01044932.1 
Expect: ~3e-13 
 
Query 1   CCACCGCAGATCCATCTTAGTGAAGCATTTCTTTCCCTTTAATCCGTTGATCAATTCTGAGATAAGGGGTAGCGGATAGTTGTTCCGTATGGTATGCTTGTTTAAGTATTGATAGTCCATACACATACGCTTCTTTCTGTCTTTTTTTGGTACAAAAAAAGACAG 165 
          ||||||||  |||||||| || ||    |||||   |  ||  |  |  ||||  ||||| || || |||| ||||||||| |||   || ||     |||| |  || ||||| ||      ||| |  ||||| || ||||| ||||| ||||| ||   ||| 
Sbjct 276 CCACCGCAAGTCCATCTTCGTAAACACCTTCTTCTTCCCTATACTATCTATCAGGTCTGAAATCAGTGGTAACGGATAGTTATTCTTGATCGTCCAACTGTTCAGATACTGATAATCTTGCACCATCCTTTTCTTCCTATCTTTCTTTGGCACAAAGAACACCAG 434 

Table 57: Read from Prostate6 which aligns imperfectly with Malassezia globosa amino acid and nucleotide 
sequences. Probably an unsequenced region of Malassezia restricta, or perhaps a novel Malassezia 
species/strain. 
CCTCGTCAGTAAGCTGGACGTGGTACTTCCTGAGCGACTTGACGAATTGTTGTCGCGCCTTCTCACGCAGCCCATCGAGGCTTTTCTCGGTAAGCAGCGACTTGGACAGCTCATCCAGCTC
TTTCTGGTCCTTGGTGGCTAGTGGGTTACC 
hypothetical protein MGL_3210 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001729666.1 
Expect: 5e-11 
 
Query  148  NPLATKDQKELDELSKSLLTEKSLDGLREKARQQFVKSLRKYHVQLT  8 
            NPLAT+DQ  +DELSKS L   +LD L++KAR+Q+VKSL+KY+V+LT 
Sbjct  23   NPLATEDQHHIDELSKSFLGRGNLDALKQKAREQYVKSLKKYNVELT  69 
Malassezia globosa CBS 7966 hypothetical protein MGL_3210 partial mRNA 
Sequence ID: ref|XM_001729614.1 
Expect: 2e-11 
 
Query  7    CAGTAAGCTGGACGTGGTACTTCCTGAGCGACTTGACGAATTGTTGTCGCGCCTTCTCAC  66 
            |||| || |  |||| ||| ||| | | ||| || ||| ||||||  ||||| || |    
Sbjct  208  CAGTGAGTTCCACGTTGTATTTCTTCAACGATTTAACGTATTGTTCACGCGCTTTTTGCT  149 
 
Query  67   GCAGCCCATCGAGGCTTTTCTCGGTAAGCAGCGACTTGGACAGCTCATCCAGCTCTTTCTGGTCCTTGGTGGCTAGTGGGTT  148 
              ||  |||||||  |   |  |   |  |  ||||||||||||||||| |  |  | |||||| |  || || |  || || 
Sbjct  148  TAAGTGCATCGAGATTGCCCCTGCCCAAAAATGACTTGGACAGCTCATCAATGTGATGCTGGTCTTCTGTAGCCAAGGGATT  67  

Table 58: Read pair from Prostate6 which aligns imperfectly with Malassezia sympodialis mitochondrial 
genome. Nucleotides at the end of the reads match very poorly with the reference. Probably an unsequenced 
region of Malassezia restricta, or perhaps a novel Malassezia species/strain. 
TCCCCAAACTTTCATCTCTCAGCGTCAATTCTTACCTGGAAAATTGCTTTCGCCTTTAGTATTCCGTTAAGTATCAACAAATATCATCTCTACTCTTAACGTTCTATTTTCCTCTATTGAA
TTCTAGCTATGAAAAGAAAAATCTATTTCT ----------> 
GACAACTGATCGATCGGTTTATTAAAACCAATTGCGGGAATAGAAGCTTTCGCTCTTTCCTATTTGTCACCGGCTTGGTACGCCACTATCGTACCAACTACCTACAAAACAAAGAATGAAT
CTATCAAAATATCAAGGCATCTATTCTTTG 
Probably not amino-acid coding. 
Malassezia sympodialis ATCC 42132 complete mitochondrial genome 
Sequence ID: emb|HF558646.1 
Expect: 2e-39 
 
Query  1      TCCCCAAACTTTCATCTCTCAGCGTCAATTCTTACCTGGAAAATTGCTTTCGCCTTTAGT  60 
              ||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||| 
Sbjct  32248  TCCCCAAACTTTCATCTCTCAGCGTCAATTCTTACTTGGAAAATTGCTTTCGCCTTTAGT  32189 
 
Query  61     ATTCCGTTAAGTATCAACAAATATCATCTCTACTCTTAACGTTCTATTTTCCTCTATTGA  120 
              |||||  ||  ||||||| |||||||||||||||  || | ||||||||||||| ||||| 
Sbjct  32188  ATTCCACTAGATATCAACGAATATCATCTCTACTTCTAGCATTCTATTTTCCTCCATTGA  32129 
 
Query  121    ATTCTAGCTAT  131 
              |||| |||||| 
Sbjct  32128  ATTCAAGCTAT  32118 
 
Malassezia sympodialis ATCC 42132 complete mitochondrial genome 
Sequence ID: emb|HF558646.1 
Expect: 2e-29 
 
Query  1      GACAACTGATCGATCGGTTTATTAAAACCAATTGCGGGAATAGAAGCTTTCGCTCTTTCC  60 
              || |||||||  |||||| |||||||||||||||||| |||||||||||||||||||| | 
Sbjct  31907  GAAAACTGATTCATCGGTCTATTAAAACCAATTGCGGAAATAGAAGCTTTCGCTCTTTTC  31848 
 
Query  61     TATTTGTCACCGGCTTGGTACGCCACTATCGTACCAACTACCTACAAAACAAAGAATGAATC  122 
              |||||||||| |||||| |  |||  || |  | |||||||||||||||  ||||||||||| 
Sbjct  31847  TATTTGTCACTGGCTTGTTGAGCCGTTACCTCAACAACTACCTACAAAATGAAGAATGAATC  31786  
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Table 59: Read pair from Prostate6 which aligns imperfectly with Malassezia globosa amino acid and 
nucleotide sequences. Probably an unsequenced region of Malassezia restricta, or perhaps a novel 
Malassezia species/strain. 
GACATTCAGCTGCTGCACGGTCTCAAAGAGGTATACGTGCCCCGAGGGCCGAATCGCGACCATGTGGCTGTGATCGGTGAACTCGCGCATCGAGACAGCGTCGTACCACTGCCCACGCTCG
TTGCGCGATATGTGCAGGTCGAGCATCTCG ----------> 
GCTGTGCGCCTTTCGTGGCGCCATGCTGCCCATATACGCCGCTGTACTCGGACGGCGTAATGAACAGCTTGTCATTGGCACCGTGTCCCATGGTGGAGGACAACCTCGGCGCTCGCGGTGG
TTGTCCTCCACCATGCGCGGATGCCAGGGG 
hypothetical protein MGL_2429 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001730633.1 
Expect: 1e-14 
 
Query  150  EMLDLHISRNERGQWYDAVSMREFTDHSHMVAIRPSGHVYLFETVQQLNV  1 
            ++L LHIS+NER    D VSMREFTDHSH+VAIR SGHVYL++TV QLNV 
Sbjct  88   DILILHISQNERQMSQDPVSMREFTDHSHLVAIRTSGHVYLYDTVFQLNV  137 
 
hypothetical protein MGL_2429 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001730633.1 
Expect: 2e-08 
 
Query  91  MGHGANDKLFITPSEYSGVYGQHGATKGAQ  2 
           MGHG+NDKLFITPSEYSG +GQHGAT GA+ 
Sbjct  1   MGHGSNDKLFITPSEYSGQHGQHGATSGAR  30 
Malassezia globosa CBS 7966 hypothetical protein MGL_2429 partial mRNA 
Sequence ID: ref|XM_001730581.1 
Expect: 5e-11 
 
Query  1    GACATTCAGCTGCTGCACGGTCTCAAAGAGGTATACGTGCCCCGAGGGCCGAATCGCGACCATGTGGCTGTGATCGGTGAACTCGCGCATCGAGACAGCGTC  102 
            ||||||||||||   |||||| ||| | | ||| || || || || | ||| || || |||| ||| ||||| || ||||| || ||||||||||| | ||| 
Sbjct  411  GACATTCAGCTGAAACACGGTGTCATACAAGTACACATGTCCGGACGTCCGGATTGCCACCAAGTGACTGTGGTCCGTGAATTCACGCATCGAGACGGGGTC  310 
 
Malassezia globosa CBS 7966 hypothetical protein MGL_2429 partial mRNA 
Sequence ID: ref|XM_001730581.1 
Expect: 3e-14 
 
Query  4   GTGCGCCTTTCGTGGCGCCATGCTGCCCATATACGCCGCTGTACTCGGACGGCGTAATGAACAGCTTGTCATTGGCACCGTGTCCCAT  91 
           ||||||||   || || |||||||||||||     |||||||||||||||||||| ||||||| ||||||||| |  || |||||||| 
Sbjct  88  GTGCGCCTGAGGTTGCTCCATGCTGCCCATGCTGTCCGCTGTACTCGGACGGCGTTATGAACAACTTGTCATTCGATCCATGTCCCAT  1  

 
Table 60: Read pair from Prostate6 which aligns imperfectly with Malassezia globosa amino acid and 
nucleotide sequences. Overlapping reads were merged into a 253 nucleotide read. The translated amino acid 
sequence of nucleotides 2-70 aligns perfectly with a hypothetical Malassezia globosa protein, whereas the 
nucleotide alignment has only 53/69 identify: differences are probably due to synonymous codon changes. 
Probably an unsequenced region of Malassezia restricta, or perhaps a novel Malassezia species/strain. 
CAGGTGTGCGTAATACGGGCGCACTGACGATCTCCACGAGGGCTACGCCAGCGCGGTTATAGTCAATAAGGCATACCTGCGACGCGTCATCGGTCGCTGCATACGTCGTCTTGCCTGTGTC
CTGCTCGAGCTGCAGCTGCACGATAGGAATATCGAGCGCATCGTCTGGCGATGACAAGAAGCCATCTTCGAAGCGAATCGACACAGACCCATTTCGTGCAAATGGCTGTCGGTGCTGCGTG
ATTTGATATCC 
hypothetical protein MGL_3290 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001729746.1 
Expect: 2e-38 
 
Query  253  GYQITQHRQPFARNGSVSIRFEDGFLSSPDDALDIPIVQLQLEQDTGKTTYAATDDASQV  74 
            GYQITQ R+PFA +G+VSIRFEDG+LS+P+DA+D+PI+QLQLEQDTGK+ YAATD  S V 
Sbjct  54   GYQITQKRKPFAHSGTVSIRFEDGYLSTPNDAVDVPILQLQLEQDTGKSMYAATDADSHV  113 
 
Query  73   CLIDYNRAGVALVEIVSAPVLRTP  2 
             LIDYNRAGVALVEIVSAPVLRTP 
Sbjct  114  SLIDYNRAGVALVEIVSAPVLRTP  137 
Malassezia globosa CBS 7966 hypothetical protein MGL_3290 partial mRNA 
Sequence ID: ref|XM_001729694.1 
Expect: 2e-38 
 
Query  1    CAGGTGTGCGTAATACGGGCGCACTGACGATCTCCACGAGGGCTACGCCAGCGCGGTTAT  60 
            |||| ||||| |  || || || || ||||| || || || || ||||||||||| || | 
Sbjct  412  CAGGCGTGCGAAGCACTGGAGCGCTAACGATTTCAACAAGCGCAACGCCAGCGCGATTGT  353 
 
Query  61   AGTCAATAAGGCATACCTGCGACGCGTCATCGGTCGCTGCATACGTCGTCTTGCCTGTGT  120 
            ||||||| || |  || || ||  |  |||| || ||||| ||| |||  ||||| |||| 
Sbjct  352  AGTCAATTAGACTAACGTGGGAATCTGCATCTGTAGCTGCGTACATCGATTTGCCAGTGT  293 
 
Query  121  CCTGCTCGAGCTGCAGCTGCACGATAGGAATATCGAGCGCATCGTCTGGCGATGACAAGA  180 
            | ||||||||||| ||||| | ||| || | |||||  |||||||  |||| ||||||   
Sbjct  292  CTTGCTCGAGCTGGAGCTGAAGGATCGGGACATCGACTGCATCGTTCGGCGTTGACAAAT  233 
 
Query  181  AGCCATCTTCGAAGCGAATCGACACAGACCCATTTCGTGCAAATGGCTGTCGGTGCTGCGTGATTTGATATCC  253 
            |||| || ||||| || || ||||| |  ||     |||||||||||| ||| | ||| |||||||| ||||| 
Sbjct  232  AGCCGTCCTCGAACCGGATTGACACCGTACCTGAATGTGCAAATGGCTTTCGCTTCTGGGTGATTTGGTATCC  160  
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Table 61: Read pair from Prostate6 which aligns imperfectly with Malassezia globosa amino acid and 
nucleotide sequences. Probably an unsequenced region of Malassezia restricta. 
GGTGTGTTACTGTTTCGTGAAGAGCTTCCCGGCGCTTCCGAACACCACTCGCGGGAACGAGCGGCAGGGTGGCATTGCGCGTCTTGCGATCATCTCGCTTGTGCCGATTGCATGGAACGCC
GCGGTGCTCCTCATTCTGTTCCTCGTGAGTNNNTTCTTTGGACCGGCACTGCACTCGTGCTGCGCCAAGTTTGGCAGCGTGATTGCCGCTGTGGCGCATCTGCTGGCCGTCGGCGGTATCC
TGGCCGTGGGCGAGTTCCTGTGGTACATTGAGTACTACAACACGGGTAACACTGTGCTCGGTA 
Catalytic subunit B-1,3-glucan synthase-like protein [Malassezia sympodialis ATCC 42132] 
Sequence ID: emb|CCV00004.1 
Expect: 2e-40 
 
Query  2     VCYCFVKSFPALPNTTRGNERQGGIARLAIISLVPIAWNAAVLLILFLVSXFFGPALHSC  181 
             V Y +VKSFPA   +      QGGIARLAIISLVPIAWNAAVL+++F +S FFGPALHSC 
Sbjct  1490  VAYSYVKSFPAPYLSFEDGRYQGGIARLAIISLVPIAWNAAVLMVIFFISLFFGPALHSC  1549 
 
Query  182   CAKFGSVIAAVAHLLAVGGILAVGEFLWYIEYYNTGNTVLG  304 
             CAKFGSV+A +AH LAV G+LAV EFLWYIEY+NT NTVLG 
Sbjct  1550  CAKFGSVMAGIAHTLAVVGMLAVFEFLWYIEYWNTANTVLG  1590 
Malassezia sympodialis ATCC 42132 WGS project data, contig msy_sf_13-1 
Sequence ID: emb|CANK01000023.1 
Expect: 7e-30 
 
Query  65     CAGGGTGGCATTGCGCGTCTTGCGATCATCTCGCTTGTGCCGATTGCATGGAACGCCGCG  124 
              |||||||| ||||| ||||| || ||||| ||||| || || ||||| ||||| || ||  
Sbjct  66813  CAGGGTGGTATTGCTCGTCTAGCAATCATTTCGCTGGTTCCTATTGCGTGGAATGCGGCT  66754 
 
Query  125    GTGCTCCTCATTCTGTTCCTCGTGAGTNNNTTCTTTGGACCGGCACTGCACTCGTGCTGC  184 
              |||||  |  || | ||| |  |       |||||||| || ||  |||| || |||||| 
Sbjct  66753  GTGCTTATGGTTATCTTCTTTATCTCCCTCTTCTTTGGTCCTGCTTTGCATTCATGCTGC  66694 
 
Query  185    GCCAAGTTTGGCAGCGTGATTGCCGCTGTGGCGCATCTGCTGGCCGTCGGCGGTATCCTG  244 
              || |||||||| || || || || |   | || |||   || || || |  ||||| ||  
Sbjct  66693  GCTAAGTTTGGAAGTGTCATGGCTGGCATTGCTCATACTCTCGCGGTGGTTGGTATGCTA  66634 
 
Query  245    GCCGTGGGCGAGTTCCTGTGGTACATTGAGTACTACAACACGGGTAACACTGTGCTCGGT  304 
              || |||  ||| ||| ||||||||||||||||||  ||||| |  ||||| || || ||| 
Sbjct  66633  GCTGTGTTCGAATTCTTGTGGTACATTGAGTACTGGAACACTGCGAACACGGTTCTTGGT  66574 

Table 62: Read pair from Prostate6 which aligns imperfectly with Malassezia globosa amino acid and 
nucleotide sequences. Probably an unsequenced region of Malassezia restricta. 
GGCAGTACCTCGAAATGAACACACCGCGTCTCATGATGGTGATCAAGCCGCTCAAGATCATTATTGAAAACCTGCCTGATGACTATGCGCTCGATATCACGAAGCCGCTGCATCCCAAGGT
GCCTGAGATGGGCCAGGTGACCGTGCCGTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTACGAAAACGGTGCGTCGCCGGTCGTGCCCAAGACATATATCC
AATGGGTCGCGGAGCATGCTCCGAGTCAGAGTCCCGTGCGTGTCGCAGAAGCGCGCCTCTTCCACCCGCTCTTTACGTGCGAAGACCCCGCGGCCCAGGACGACTTTT 
hypothetical protein MGL_1647 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001731464.1 
Expect: 2e-18 
 
Query  3    QYLEMNTPRLMMVIKPLKIIIENLPDDYALDITKPLHPKVPEMGQVTVP  149 
            QYLEMNTPRLMMVI+PLK++IENLPDD+ L +TKPLHPKVP+MGQV+ P 
Sbjct  576  QYLEMNTPRLMMVIEPLKVVIENLPDDFVLHVTKPLHPKVPDMGQVSAP  624 
 
hypothetical protein MGL_1647 [Malassezia globosa CBS 7966] 
Sequence ID: ref|XP_001731464.1 
Expect: 6e-16 
 
Query  325  YENGASPVVPKTYIQWVAEHAPSQSPVRVAEARLFHPLFTCEDPAAQDDF  474 
            YE G +PVVPKTYI WVAEHAPS+SPV V EARLF+ LFTCE+PAA D+F 
Sbjct  682  YEQGPTPVVPKTYIHWVAEHAPSKSPVHVREARLFNSLFTCENPAAHDNF  731 
Malassezia globosa CBS 7966 hypothetical protein MGL_1647 partial mRNA 
Sequence ID: ref|XM_001731412.1 
Expect: 1e-35 
 
Query  1     GGCAGTACCTCGAAATGAACACACCGCGTCTCATGATGGTGATCAAGCCGCTCAAGATCA  60 
             |||||||||| |||||||| ||||| |||||||||||||||||  |||| |||||| ||  
Sbjct  1724  GGCAGTACCTGGAAATGAATACACCTCGTCTCATGATGGTGATTGAGCCACTCAAGGTCG  1783 
 
Query  61    TTATTGAAAACCTGCCTGATGACTATGCGCTCGATATCACGAAGCCGCTGCATCCCAAGG  120 
             | ||||| ||| |||| || || | ||  ||  || |||| ||||| ||||||||||||| 
Sbjct  1784  TGATTGAGAACTTGCCAGACGATTTTGTTCTTCATGTCACAAAGCCACTGCATCCCAAGG  1843 
 
Query  121   TGCCTGAGATGGGCCAGGTGACCGTGCCGTT  151 
             |||| || |||||||| ||| | | |||||| 
Sbjct  1844  TGCCCGACATGGGCCAAGTGTCTGCGCCGTT  1874 
 
Malassezia globosa CBS 7966 hypothetical protein MGL_1647 partial mRNA 
Sequence ID: ref|XM_001731412.1 
Expect: 5e-21 
 
Query  337   CGCCGGTCGTGCCCAAGACATATATCCAATGGGTCGCGGAGCATGCTCCGAGTCAGAGTC  396 
             |||| |||||||| || || || ||||| |||||||| ||||| || ||     |||| | 
Sbjct  2060  CGCCTGTCGTGCCGAAAACGTACATCCACTGGGTCGCAGAGCACGCACCATCAAAGAGCC  2119 
 
Query  397   CCGTGCGTGTCGCAGAAGCGCGCCTCTTCCACCCGCTCTTTACGTGCGAAGACCCCGCGGCCCAGGACGACTTT  470 
             |||| | |||    |||||||| || ||| || ||||||| || || ||| |||||||||| || ||| ||||| 
Sbjct  2120  CCGTACATGTACGGGAAGCGCGGCTGTTCAACTCGCTCTTCACCTGTGAAAACCCCGCGGCGCACGACAACTTT  2193  
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B.6 Discussion 
Though the results of this preliminary run cannot be used to confirm the presence of a yet-
to-be-identified parasitic microbe in the prostate, they demonstrate that the Illumina HiSeq 
2500 sequencing platform combined with the Leif Microbiome Analyzer can detect DNA 
from unknown microbes in human clinical specimens. 
Several elements in the methods section were not followed in this preliminary run. 
Samples were kept at room temperature for one week (for Prostate6) and one day (for 
Prostate7) prior to DNA extraction. This led to the growth of a very significant amount of 
Enterococcus faecalis in sample Prostate6, which accounted for about 10% of the total 
DNA in the sample. Both semen samples were from men who had not had a vasectomy, 
resulting in a very high human to microbe DNA ratio. Finally, vessels and reagents were 
not irradiated with UVC light, quite possibly introducing contamination—especially from 
one or more novel alphaproteobacteria species. 
1816 read pairs from Prostate6 and 1489 read pairs from Prostate7 had lower than 60% 
homology to all known sequences in the NCBI BLAST databases. Some of these low 
homology read pairs originated from novel alphaproteobacteria species which are common 
contaminants in high-throughput sequencing runs534 (see Table 50). Other low homology 
read pairs may be originating from one or more novel species, either present in the clinical 
specimen or accidentally introduced in the laboratory. The introduction of contamination 
from a novel species appears to have occurred in the 1000 Genomes Project sequencing 
run labeled SRR385767 (see fourth row in Figure 136), making “exotic” laboratory 
contamination a plausible explanation for low homology read pairs in Prostate6 and 
Prostate7 as well. Due to contamination, it is not possible to know if a novel species is 
present in the original clinical specimens without further experimentation. 

Alphaproteobacteria species have been reported to be common contaminants in ultraprure 
water systems541. In a recent study of microbes in the prostate based on consensus bacterial 
PCR, several ultrapure water contaminants were reported as being present including 
Bradyrhizobium, which indicates contamination rather than the presence of novel 
infectious agents in the prostate56. Two recent studies reported finding Bradyrhizobium in 
clinical specimens: this was most likely the result of laboratory contamination542, 543, 
though the studies (erroneously?) concluded that Bradyrhizobium was infecting patients. 
Table 51 and Table 52 list the number of read pairs in samples Prostate6 and Prostate7 
which match specifically with various non-eukaryotic and eukaryotic sequences from the 
NCBI BLAST databases. Interestingly, almost all non-eukaryotic genera/species in both 
samples are known to be present in the human GU. When read pairs from a single species 
appear in much larger numbers in one of the two samples, such reads are unlikely 
originating from contamination since both samples were processed in the same way. Based 
on this, most species reported in the non-eukaryotic table were present in the clinical 
samples, with the notable exception of alphaproteobacteria contamination. This table must 
be interpreted carefully since bacterial growth occurred after the specimens were collected, 
due to prolonged storage at room temperature. 
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B.7 Conclusion 
The Illumina HiSeq 2500 sequencing platform and the Leif Microbiome Analyzer can be 
used to detect novel microbial sequences in semen, though laboratory contamination 
greatly increased the cost of the downstream PCR confirmation step in this instance.  

This experiment should be repeated using post-vasectomy semen once contamination has 
been eliminated or otherwise contained. Advanced microbial detection techniques 
described in a companion book published by Shipshaw Labs entitled “No microbe left 
behind” provide better sensitivity, tolerance to contamination and other advantages over 
the basic the WGS DNA-Seq method described here. In particular, sequencing total RNA 
should be at least 100x more sensitive to microbes in semen than sequencing genomic 
DNA, and should also be much more tolerant to contamination. 
Sequencing total RNA has four key advantages over sequencing genomic DNA: (1) 
ribosomal RNA strands represent ~80% of total RNA*, which are the best genes to 
taxonomically identify microbes, especially novel microbes; (2) the amount of RNA in 
microbial cells is much greater than the amount of DNA (as compared to human 
spermatozoa—see Table 43) improving assay sensitivity >100x for whole semen; (3) non-
ribosomal RNAs can be eliminated using various methods; (4) human ribosomal RNAs 
can be eliminated using blocking primers. For example, selecting RNAs by size between 
the human SSU and LSU bands targets microbial LSU strands, increasing assay sensitivity 
>1000x as compared to DNA-Seq. 

Follow-up studies using custom PCR primers (synthesized based on the unknown 
sequences found in this study) can be used to verify the presence of novel sequences in 
various types of clinical specimens (see Figure 145). For example, a set of semen samples 
collected from men in a university population could be tested: if positive samples correlate 
with sexual risk factors (such as lifetime number of sexual partners, HPV seropositivity or 
genital HPV DNA159, 544), the sequence can be considered originating from a novel 
sexually acquired infection which may be involved in prostate cancer. 

 
Figure 145: Experimental steps which can be used to associate a novel microbial sequence with idiopathic 
diseases or risk factors of such diseases (such as STI antibody serology). 

                                                
* Human spermatozoa contain a lower fraction of ribosomal RNA as compared to other cells types. 
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C    Is PSP94 a tumor suppressor? 

Many proteins have been shown to inhibit the growth of prostate cancer cell lines545, for 
example NCOA4, CRISP-3113, TNF-α104, TGF-β1

546, and activin A547. PSP94 is one such 
protein which stands out in two ways: it is abundant in the prostate62, 63 and men who 
produce low amounts of PSP94 are at substantially higher risk of prostate cancer42, 69, 70. 

A dozen articles have been published supporting tumor suppression as a biological 
function of PSP94, which could explain why low PSP94 levels in the prostate increase 
prostate cancer risk. Relevant experiments published from the discovery of PSP94 in 1978 
to 2012 are reviewed here: the evidence supporting tumor suppression as a biological 
function of PSP94 is much weaker than what has been presented in peer reviewed journals, 
mainly due to the publication of positive results while null or negative results were 
omitted. 

C.1 Background 
PSP94 was independently identified in semen by two groups around 1980. The first group, 
based at the National Institute for Research in Reproductive Health (NIRRH, Mumbai, 
India), proposed that PSP94 was an inhibin which suppressed the secretion of follicle 
stimulating hormone (FSH) and named it β-inhibin107, 548. The second group, based at 
Kurume University School of Medicine (Fukuoka, Japan) and Boston University Medical 
Center (Boston, Massachusetts), proposed that PSP94 played a role in fertilization and 
named it β-microseminoprotein. The terms PSP94 and β-microseminoprotein are used 
synonymously in the literature today, while the term β-inhibin fell out of favor when 
PSP94’s inhibin-like properties could not be reproduced109. 

In 1992, a patent was filed claiming PSP94 and derived peptides as tumor suppressing 
pharmaceutical compounds. The inventors on the patent were Anil Sheth (NIRRH), Seema 
Garde (NIRRH) and Chandra Panchal (Procyon Biopharma). The patent was assigned to 
Procyon Biopharma. 
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Anil Sheth was director-in-charge of the NIRRH, and coauthored many PSP94 related 
studies published between 1978 and 1995. He was the senior author of the first study 
supporting FSH suppression as a biological function of PSP94549, and senior author in 
many follow-up studies investigating the effect of PSP94 on the secretion of FSH. 

Seema Garde worked as a postdoctoral fellow at the NIRRH from 1985 to 1991. She then 
worked as a senior research scientist on prostate cancer treatments based on PSP94 at 
Procyon Biopharma from 1991 to 2005. 
After obtaining a PhD in biochemical engineering in 1978, Chandra Panchal worked on 
yeast genetics at a Canadian brewing company until 1988. In 1989, he cofounded Procyon 
Biopharma. Procyon Biopharma was first listed as a public company in August 1998. It 
changed its name to Ambrilia Biopharma in 2006, permanently closed its doors in 2009, 
and filed for liquidation in 2011. 

C.2 PSP94 as an inhibin which suppresses FSH 
PSP94 was originally believed to originate from the testes, as it was thought to be a 
testicular hormone involved in the regulation (suppression) of pituitary FSH550, 551. A 
group at the NIRRH lead by Sheth investigated PSP94’s inhibin-like properties from 
1978549 onwards. A detailed study of PSP94’s inhibin-like properties was published in 
1985 by Arbatti, Sheth and colleagues548; this study attributed the inhibin-like activity of 
PSP94 to amino acids 67-94.  
Thereafter, four articles were published in 1986, 1987, 1990 and 2007 by researchers from 
eight institutions who could not replicate Arbatti and colleagues’ results108, 109, 552, 553. The 
second article’s title leaves little doubt as to its conclusion: “Beta-microseminoprotein is 
not an inhibin”. During the two following decades, researchers associated with NIRRH and 
Procyon Biopharma continued publishing many articles referring to PSP94’s inhibin-like 
properties without mentioning or addressing these concerns. For example, in their first 
article investigating the effect of PSP94 on human prostate cancer cell lines, Garde and 
colleagues reported that the inhibitory effect only occurred in the presence of FSH, and did 
not occur with PSP94 alone101: PSP94’s inhibin-like properties were thought to explain 
this101. This study was submitted for publication in 1992, several years after three studies 
strongly questioning PSP94’s inhibin-like properties were published, yet these earlier 
studies were not mentioned. 
The isolation of pure PSP94 from seminal plasma is a complex process which is prone to 
contamination550. Sheth stated in a 1986 article that his group could not rule out the 
presence of contaminants using his purification method554: “the possibility of 5-10% 
contamination in the purified preparation of inhibin [...] cannot be overruled”. Garde later 
stated that preparations of PSP94 made at the NIRRH may have been “impure”104. The 
well documented presence of other inhibin proteins in seminal plasma555, 556 combined with 
the difficulty of isolating PSP94 may explain the results reported by the NIRRH, especially 
since unpurified seminal plasma is known to suppress FSH108. 
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C.3 Original articles and patent 
Within a one month period in the spring of 1992, three documents containing the first 
experimental data supporting PSP94’s tumor suppression properties were submitted for 
publication: two were original research articles101, 102 and one was a patent492. Sheth is 
listed as a coauthor on all three documents. 
The first article102 (Lokeshwar 1993 - submitted on May 29th 1992) investigated the in 
vitro effect of human PSP94 and a peptide derived from PSP94’s amino acids 85-94 
(referred to as the “decapeptide”) on Dunning R3327G rat prostate cancer cells (referred to 
as “DT” cells). Both whole PSP94 and the decapeptide resulted in strong inhibition of 
colony formation and DNA synthesis, though inhibition by the decapeptide was less 
efficient than the whole protein. In vivo tumor suppression using 5 ug/kg/day human 
PSP94 in Copenhagen male rats injected with DT cells also showed strong inhibitory 
effects as measured by tumor volume (~75% reduction). 
The second article101 (Garde 1993 - submitted on June 16th 1992) investigated the effect of 
human PSP94 on the MLL rat and PC3 human prostate cancer cell lines. Neither cell line 
was inhibited in vitro by PSP94 over a wide range of concentrations (see Garde 1993 - 
Figure 1, reproduced in Figure 146); only when FSH was added to the culture medium did 
PSP94 show inhibitory effects, by putatively canceling out the increased growth caused by 
FSH (see Garde 1993 - Figure 2A, reproduced in the left half of Figure 148 below). This 
was attributed to PSP94’s inhibin-like properties. Effective in vivo tumor suppression of 
the MLL cell line was reported at doses of 0.025, 0.25 and 2.5 ug/kg/day in Copenhagen 
male rats (~35% reduction in excised tumor weight, see Garde 1993 - Figure 4, reproduced 
in the left half of Figure 147), and a reduction of serum FSH was measured in 0.025 and 
0.25 ug/kg/day treated animals. 

 
Figure 146: in vitro effect of PSP94 (aka PIP) on MLL cells (left) and PC3 cells (right). No effect is 
observed at any concentration (0.001 ug/ml to 100 ug/ml). Reproduced from Garde 1993 - Figure 1. 
[Permission pending]. 
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The data presented in Lokeshwar 1993 and Garde 1993 were also presented in patent 
US5428011 (filed on June 17th 1992), with notable differences: the patent contains more 
data than the articles, and there are subtle variations in the data. PSP94 is referred to 
interchangeably as PIP, propep and HSPI in the patent. 

The same experimental data of in vivo suppression of MLL tumors in Copenhagen male 
rats is presented in both Garde 1993 and the in patent (see Figure 147). The patent states: 
“Dunning rat studies with propep show that an effective drug dosage "window" of between 
about 5 to 500 ng per 200 grams body weight exists. These results have been corroborated 
by several studies.” This important information is not mentioned in Garde 1993, and the 
data supporting it was dropped. This is a very significant omission, since it is unclear why 
higher dosages of PSP94 would fail to suppress tumor growth. Further inconsistencies 
between the figures suggest that they are not a faithful representation of the experimental 
results: the errors bars are all identical in Garde 1993 (which is highly unlikely to occur by 
chance), and do not match those of the patent. 

 
Figure 147: The same in vivo MLL tumor suppression experiment using PSP94 is reported in Garde 1993 
(left) and in patent US5428011 (right). The dosage was not normalized for animal weight in the patent’s 
figure (though it was correctly normalized in the patent’s text), so it is five times too low in Figure 13. 
Otherwise the data is almost identical, except for: (1) the higher doses 25 ug and 250 ug were not reported in 
Garde 1993; (2) the third column is different; (3) the error bars of the first and fifth columns are different. 
Left reproduced from Garde 1993 - Figure 4 and Table 1 [Permission pending]. Right reproduced from patent 
US5428011 - Figure 13 and Table V. 

The same experiment of in vitro inhibition of MLL cells by PSP94 in the presence of FSH 
is presented in both Garde 1993 and patent US5428011 (see Figure 148). However, the 
concentrations of FSH and PSP94 are reversed between these two documents, and it is not 
immediately obvious which document is correct. If the figure in the patent is correct, this 
experiment does not support any inhibition of the growth of MLL cancer cells lines by 
PSP94, regardless of the presence of FSH. Furthermore, it is difficult to understand which 
column is being compared to the PSP94+FSH column in Garde 1993 - Figure 3A to 
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establish “significance”, as no other column uses 125 ng/ml of FSH—this suggests the 
concentrations in patent US5428011 Figure 10 are correct. Furthermore, the error bars 
don’t match between the article and the patent, suggesting that this data may not faithfully 
represent experimental results (see Figure 148). 

 
Figure 148: The same in vitro MLL inhibition experiment using PSP94 is reported in Garde 1993 (top-left) 
and in patent US5428011 (right). PSP94 (aka HSPI/PIP) and FSH concentrations are reversed between these 
two documents—it is not immediately obvious which figure is correct. Note that the error bars are different, 
which is especially obvious in the last two columns, suggesting that this data may not faithfully represent the 
experimental results. Left reproduced from Garde 1993 - Figure 2 [Permission pending]. Right reproduced 
from patent US5428011 - Figure 10. 

Interestingly, Lokeshwar and Block (the first and last authors of the first original research 
article - Lokeshwar 1993) submitted a study of the tumor suppressing properties of seminal 
plasma during the summer of 1992, and reported very strong in vitro suppression of three 
types of human and rat prostate cancer cells (PC3, DU145 and DT)557, which they 
attributed to the presence of TGF-β1—a protein known to suppress the growth of prostate 
cancer cells546. After neutralizing TGF-β1 in seminal plasma using antibodies, all tumor 
suppression properties were lost, suggesting that other proteins in seminal plasma such as 
PSP94 possess no tumor suppression properties (see quote below). It is not clear why 
Lokeshwar and Block failed to mention PSP94 as a second protein which could inhibit the 
growth of cancer cells in this article, as they had demonstrated this property only a few 
weeks earlier. Importantly, the suppression of growth of DT cells reported in Lokeshwar 
1993 could be explained by trace amounts of TGF-β1 remaining in PSP94 purified from 
seminal plasma, as TGF-β1 is a particularly potent inhibitor of DT cells557. 
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“We found that prostate cancer cell proliferation-inhibiting protein is similar, if not identical, to TGF-β1, and 
might be the only inhibiting factor present in the [seminal plasma] for prostatic adenocarcinoma cells, because 
preincubation with neutralizing anti-TGF-β1 antibodies completely abrogated the inhibiting activity.” 

C.4 Second report 
Six months prior to its initial public offering, Procyon Biopharma submitted for 
publication a comprehensive original research article104 (Garde 1999) in which the effects 
of PSP94 were tested against the human prostate cancer cell line PC3 both in vitro and in 
vivo. No studies regarding PSP94’s tumor suppression properties had been published by 
any group since the two original reports101, 102 submitted in 1992. 
The first experiment reports the effect of PSP94 on PC3 cell survival and proliferation in 
liquid culture using two assays. Cell survival was measured with an MTS assay, which 
showed ~25% inhibition at 1 ug/ml and ~60% inhibition at 10 ug/ml (see Garde 1999 - 
Figure 1A, reproduced in Figure 149 below). Inhibition of proliferation was measured with 
a trypan blue dye exclusion assay, which showed dose-dependent inhibition of 20% at 0.01 
ug/ml to 75% at 20 ug/ml (see Garde 1999 - Figure 1B, not reproduced here). No error bars 
were provided for this assay, thought the article stated that “Similar results were obtained 
with three repeat experiments”; it is unclear why the results of a single experiment were 
selected for Figure 1B, rather than an average of all experiments. The article stated that 
PSP94’s effect is stronger than TNF-α on PC3 cells in vitro, yet the results show PSP94 
and TNF-α have roughly the same effect at the same concentration (see Figure 149 and 
quote below). 

“As shown in Figure 1, PSP94 suppressed PC3 cell growth in a time- and dose-dependent manner, and its 
effect was stronger than that of TNFa.” 

 
Figure 149: Both 1 ug/ml of PSP94 (12.8 kDa) and 1 ug/ml of TNF-α (17.4 kDa) have a similar effect on 
PC3 cell line (in vitro MTS assay). Reproduced from Garde 1999 - Figure 1A. [Permission pending]. 

The second experiment reports the effect of PSP94 on PC3 colony formation in liquid 
media and soft agar. Quantitative results were only reported for the soft agar experiment, 
which showed 40% to 90% inhibition of colony formation when 0.001 ug/ml to 1 ug/ml 
PSP94 were added to the medium (see Garde 1999 - Figure 2, reproduced in Figure 150). 
Zero (or nearly zero) error bars are shown for this assay, thought the article specifies that 
the experiment was run eight times in triplicate—did all experiments give identical results? 
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Figure 150: Dose-dependent inhibition of PC3 colony formation in soft agar by PSP94. Error bars are 
shown, though they appear to all be zero. Reproduced from Garde 1999 - Figure 2. [Permission pending] 

The third experiment reports the effect of 5 ug/kg/day of PSP94 on PC3 tumors implanted 
in athymic male nude mice, periodically measured using a caliper. Statistically significant 
differences appear 21 days after initiation of treatment, with a tumor reduction of about 
50% at the end point (see Figure 3, reproduced in Figure 151 below). The method used to 
collect the animals was specified, suggesting post-mortem measurements were made (as 
was done in Garde 1993, where tumors were excised and weighted101), yet tumor weights 
were not reported in Garde 1999; since measurements of tumor volumes in live animals is 
somewhat subjective, improper blinding could have produced these results. This is a very 
significant omission. 

 
Figure 151: Effect of 5 ug/kg/day of PSP94 on PC3 tumor volume in athymic male nude mice. Reproduced 
from Garde 1999 - Figure 3. [Permission pending]. 

Further experiments were conducted to elucidate the mechanisms behind PSP94’s tumor 
suppression properties. Based on these experiments, this study concluded that PSP94 was 
causing apoptosis of cancer cells. This is at odds with Garde 1993 which suggested that 
PSP94 prevented FSH stimulated tumor growth. Importantly, Garde 1993 did not observe 
inhibition of growth of PC3 cells when exposed to PSP94 alone (at concentrations ranging 
from 0.001 to 100 ug/ml), which is in sharp contrast with this article which reported 
inhibition with concentrations as low as 0.001 ug/ml in soft agar and 0.01 ug/ml in liquid 
media. The authors acknowledge this inconsistency, which they attribute to “impure 
preparations” used in the first experiment (see quote below). It would be surprising if 
previous preparations resulted in a 10000x decrease in PSP94 concentration which would 
be required to explain this inconsistency. Finally, Garde 1993 did not show any inhibition 
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of the MLL cell line in vitro, contrarily to what is stated in this article (see Figure 146 and 
quote below). 

“It should be pointed out that in one of our earlier studies, PSP94 did not inhibit the growth of PC3 cells, 
although the protein inhibited the proliferation of rat Dunning MAT LyLu cells. This discrepancy may have 
resulted from the use of relatively impure preparations of PSP94 in the earlier study.” 

C.5 Second patent 
In 2001, Procyon Biopharma filed a second patent (US7053058) claiming PSP94 and 
derived peptides as tumor suppressing pharmaceutical compounds. The four amino acid 
sequences listed in the first patent were listed again: the native protein “nPSP94” (1-94), 
peptide 7-21, peptide 76-94 and the “decapeptide” (85-94). Several new sequences were 
added. A slightly longer version of PSP94 produced by yeast was claimed “rHuPSP94”, 
with 8 amino acids appended to the N-terminus. A new peptide composed of PSP94’s 
amino acids 31-45 was claimed (“PCK3145”). Finally, about a hundred proteins which 
contain PCK3145 were claimed: most of them were simply extensions of the N- or C-
terminus (PSP94 amino acids 1-45, 2-45, 3-45 … 30-45; and 31-46, 31-47 … 31-94). 
Unlike the first patent, the experimental results presented in the second patent were not 
published in peer reviewed journals. While many of the experiments in this second patent 
were similar to those in Garde 1999, minor differences exist (such as measurement times 
or concentrations) which prevent a direct comparison of results. Many important details 
which were not mentioned in Garde 1999 were mentioned in the second patent, giving a 
better understanding of how experiments were conducted. It is unclear why Procyon 
Biopharma would publish results in their second patent which directly contradict their 
published findings. 
Section “EXAMPLE 3” of the patent presented experimental data to demonstrate the 
effects of “rHuPSP94” and PSP94 on PC3 cells as measured by [3H]-Thymidine uptake in 
liquid medium (see Figure 152). No effect is observed at concentrations of 5 to 40 ug/ml of 
PSP94. This is grossly inconsistent with a similar experiment reported in Garde 1999 
which stated that “1 μg/ml of PSP94 inhibited PC3 cell growth by ~30% and 10 μg/ml 
PSP94 by ~60%.” Though Garde 1999 used a different assay (trypan blue dye exclusion) 
to measure cell proliferation, such divergent results cannot be attributed to the assay alone. 

 
Figure 152: Inhibition of [3H]-Thymidine uptake by PC3 cells in the presence of rHuPSP94 and PSP94. 
PSP94 appears to have no effect at concentrations of 5, 10, 20, 40 ug/ml, suggesting that it has no effect on 
cell proliferation. This contradicts Garde 1999-Figure 1B which reports strong inhibition at 10 and 20 ug/ml. 
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In “EXAMPLE 4” of the patent, data is presented to demonstrate the inhibitory effects of 
the decapeptide (derived from PSP94 amino acids 85-94) as compared to PSP94 on PC3 
colony formation in a liquid medium (see Figure 153). One of the original reports102 of 
PSP94’s tumor suppression properties demonstrated that PSP94 and the decapeptide 
inhibited DT rat prostate cancer cells in vitro, though PSP94 was more effective at equal 
molarity. Here, the potency of PSP94 and the decapeptide is reversed: PSP94 shows no 
effect at any concentration (Figure 153, right charts), and the decapeptide shows moderate 
inhibition at high concentration (Figure 153, left charts). The concentrations at which the 
decapeptide shows inhibitory effects are matched with PSP94 experiments of equal 
molarity (for example, 1 ug/ml decapeptide = 10 ug/ml PSP94), yet these show no effect. 
The patent states that the decapeptide has similar inhibitory action as PSP94, which is not 
supported by the data (see quote below). 

“Referring to FIGS. 4 to 6, the decapeptide (SEQ ID NO: 3) had a similar inhibitory action as nPSP94 (SEQ ID 
NO: 1) on in-vitro PC-3 cells studied. Results indicated a 40% decrease in colony number for cells incubated 
with the decapeptide (SEQ ID NO: 3) at a concentration of 1 ug/ml. A decrease in colony number of up to 60% 
was observed for the decapeptide (SEQ ID NO: 3) at a concentration of 10 ug/ml.” 

 
Figure 153: The effect of the decapeptide (derived from PSP94 amino acids 85-94) and PSP94 on PC3 
colony formation in liquid medium. PSP94 shows no effect, and the decapeptide inhibits colony formation at 
high concentrations only, though this effect is probably not statistically significant given the error bars. Top 
row is Figure 4, middle row is Figure 5, bottom row is Figure 6.  
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In “EXAMPLE 6”, data is presented to demonstrate the inhibitory effects of three peptides 
(PSP94 amino acids 7-21, 31-45 and 76-94) as compared to PSP94 on PC3 cells, as 
measured by an optical density ELISA (see Figure 154). Interestingly, each of the three 
peptides outperforms PSP94 in this experiment. The patent reports dose-dependent 
apoptotic cell death for each peptide used, and singles out the second experiment using 90 
uM of PSP94 amino acids 31-45 as particularly significant—despite the fact that the first 
identical experiment showed much lower levels of apoptosis (see quote below). It seems 
unlikely that three regions of PSP94 would each possess functional regions which cause 
apoptosis of cancer cells. 

“Results presented in FIG. 8, indicate a dose dependent increase in the apoptotic cell death effect was observed 
for every polypeptides used (SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO 6). Polypeptide PCK3145 (SEQ 
ID NO: 5) was more potent than the other polypeptides at 90 uM (FIG. 8).” 

  
Figure 154: The effect of PSP94 and various peptides on PC3 cells in liquid media, as measured by an 
optical density ELISA. Higher bars mean more apoptosis occurred. At the highest molarity, all three tested 
peptides widely outperform PSP94. This would suggest that all tested regions of PSP94 cause apoptosis of 
PC3 cancer cells. The molar concentrations used in this experiment are ten times higher than in most other 
experiments. 
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In “EXAMPLE 7”, data is presented to demonstrate the inhibitory effects of four peptides 
(PSP94 amino acids 7-21, 31-45, 61-75 and 76-94) on PC3 cells as measured by the MTS 
assay (see Figure 155). Interestingly, each of the four peptides inhibits the growth of PC3 
cells in a dose-dependent manner. The patent singles out the first experiment using 90 uM 
of PSP94 amino acids 31-45 as particularly significant—despite the fact that the second 
identical experiment showed much lower levels of inhibition (see quote below). It seems 
highly unlikely that four regions of PSP94 would each possess functional regions which 
inhibit the proliferation of cancer cells. 

“A significant growth inhibition was observed for polypeptides as set forth in SEQ ID NO: 4 and SEQ ID NO: 
6 and more importantly with polypeptide PCK3145 (SEQ ID NO: 5).” 

 

 
Figure 155: The effect of various peptides on PC3 cells in liquid media, as measured by the MTS assay. 
Lower bars mean more inhibition occurred. At the highest molarity, all four tested peptides inhibited 
proliferation. This would suggest that all tested regions of PSP94 inhibit the PC3 cancer cell line. The molar 
concentrations used in this experiment are ten times higher than in most other experiments. 
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In “EXAMPLE 10”, data is presented to demonstrate the tumor suppression effects of 
recombinant human PSP94 (“rHuPSP94”) on the in vivo growth of PC3 tumors, as 
measured by tumor volume (see Figure 156). Interestingly, the three higher dosages of 
rHuPSP94 perform no better than control injections. Only the lowest dosage (1 ug/kg/day) 
results in tumor suppression (see quote below). This suggests naturally occurring 
variations within experiments were used to produce “statistically significant” results. 

“Results of this experiment (FIG. 14) demonstrated tumor growth reduction in the group of mice treated with 
rHuPSP94 at a dosage level of 1 ug/kg body weight per day. This reduction was similar to that observed for 
Doxorubicin (given at 5 ug/kg/day) which is a chemotherapeutic agent used as reference gold standard.” 

 
Figure 156: The effect of various concentrations of recombinant human PSP94 (“rHuPSP94”) on the in vivo 
growth of the PC3 tumors. Only the lowest dosage of rHuPSP94 outperforms saline injections, yet the patent 
implies that this result is significant. 
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In “EXAMPLE 11”, data is presented to demonstrate the tumor suppression effects of the 
decapeptide (derived from PSP94 amino acids 85-94) and PSP94 on the in vivo growth of 
PC3 tumors, as measured by tumor volume (see Figure 157). Two control groups were 
used: one with saline injections and another with a “scrambled” peptide (“PBIII”). Out of 
twelve experiments, only a single one obtained (barely) significant results using an 
intermediate concentration of PSP94. This suggests naturally occurring variations within 
experiments were used to produce “statistically significant” results. 

“Results of these experiments (FIGS. 15-17) indicate a significant (p<0.05) tumor growth reduction in mice 
treated with the decapeptide (SEQ ID NO: 3) at a dosage level of 10 ug/kg body weight per day.” 

 
Figure 157: The effect of various concentrations of decapeptide and PSP94 on the in vivo growth of the PC3 
cell line. “PBIII” is a “scrambled” control peptide (length and sequence not specified). 
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In “EXAMPLE 16”, data is presented to demonstrate the tumor suppression effects of 
“PCK3145” (PSP94 amino acids 31-45) on the in vivo growth of PC3 tumors, as measured 
by tumor volume (see Figure 158). Six different regimens are compared to a control group. 
Significance is reached for a single regimen (100 ug/kg/day) at three early points in time. 
One lower and two higher dosages show no effect. This single “working” concentration is 
a thousand times higher than the concentration shown to work in “EXAMPLE 10”. This 
suggests naturally occurring variations within experiments were used to produce 
“statistically significant” results. 

Results of this experiment (FIG. 27) demonstrated a significant tumor growth retardation following treatment 
with PCK3145 at 100 ug/kg/day via the intra-venous route. This effect was statistically significant at days 13, 
17 and 20 after tumor implantation when compared by Student's t-test (p-values were p=0.005, 0.025 and 
0.011, respectively for each time-point) (p values measured by unpaired Student's t-test at p<0.05 as cut-off 
limit). No significant anti-tumor effect was observed following PCK3145 treatment at the other dosage levels 
of 10, 500 and 1000 ug/kg/day injected via the intra-venous route. 

 
Figure 158: Effect of various dosages of “PCK3145” (PSP94 amino acids 31-45) on the PC3 tumors in nude 
mice. Only a single treatment regimen out of six gives statistically significant results. 

The experimental results presented in this patent (US7053058) show that PSP94’s tumor 
suppression properties are difficult to reproduce, if they exist at all. According to this 
patent, all four peptides derived from PSP94 exhibit similar tumor inhibition properties, 
which is highly unlikely. Most importantly, experiments which simultaneously test many 
different groups are deemed to confirm the tumor suppression hypothesis if as little as a 
single group gives positive results—despite the lack of effect in groups receiving lower or 
high concentration treatments. 
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C.6 Subsequent reports by Procyon Biopharma 
Garde 1999 demonstrated PSP94’s tumor inhibition properties in the absence of FSH, so 
the putative inhibin-like properties of PSP94 could no longer explain these results*. In a 
2005 press release entitled “PCK3145 mechanism of action to be extensively published”, 
Procyon Biopharma described novel mechanisms through which one of its patented PSP94 
peptides (PCK3145) was suppressing the growth of tumors (see quote below). 

“MONTREAL, Sept. 20 - Procyon Biopharma Inc. (TSX: PBP) announced today that the results of the research 
conducted by the company's collaborators and scientists on the mechanism of action (ref.: April 19, 2005 and 
December 02, 2004 press releases) of PCK3145, its non-toxic therapeutic peptide in clinical trials for the 
treatment of advanced prostate cancer, are to be published in three peer-reviewed scientific journals. In 
addition, the clinical data on the first portion of the first-in-man study performed in Manchester, UK (ref.: June 
07, 2005 press release) is to be published in a fourth peer-reviewed journal in prostate cancer.  

The data from the laboratories of Dr. Richard Béliveau (Hopital Sainte Justine, UQAM, Montreal) and Dr. 
Shafaat Rabbani (McGill University, Montreal) show PCK3145 to act as a signal transduction inhibitor 
(preventing communication/signaling processes within cells) with anti-angiogenic (preventing the formation of 
new blood vessels in tumors) and anti-metastatic (preventing the cancer from spreading) effects. 

The first article entitled "A prostate secretory protein94-derived synthetic peptide PCK3145 inhibits VEGF 
signalling in endothelial cells: Implication in tumor angiogenesis" is to be published in the International Journal 
of Cancer. This publication highlights the effect of PCK3145 on the receptors and the critical pathway 
associated with tumor blood vessel development. 

The second article entitled "A PSP94-derived peptide PCK3145 inhibits MMP-9 secretion and triggers CD44 
cell surface shedding: Implication in tumor metastasis" will be published in Clinical and Experimental 
Metastasis. This publication highlights the inhibition by PCK3145 of MMP-9 secretion through the binding of 
cell surface receptors. MMP-9 is an enzyme associated with metastasis. 

The third article entitled "Prostate Secretory Protein of 94 amino acids (PSP-94) and its peptide (PCK3145) as 
potential therapeutic modalities for prostate cancer" will be published in Anticancer Drugs. This publication 
highlights several significant anti-tumour and anti-metastasis observations in animal models of prostate cancer. 

The fourth article entitled "Safety and Tolerability of PCK3145, a Synthetic Peptide Derived From Prostate 
Secretory Protein (PSP94) in Metastatic Hormone Refractory Prostatic Cancer (HRPC) Patients" to be 
published in Clinical Prostate Cancer, highlights the results of the first in man trial with the PCK3145. 

"The mechanism of action for many drugs currently in use is still unknown and so we are very pleased with the 
progress made on the mechanism for PCK3145 and the recognition thereof in peer-reviewed journals," said 
Hans Mader, President and CEO of Procyon. "PCK3145 continues to make good progress through the clinic 
and we remain confident of its potential as a novel and effective treatment for advanced prostate cancer and, 
based on its mechanism, also other cancers that spread to the bone," he added.” 

Three novel mechanisms explaining PCK3145’s tumor suppressing properties were 
described in peer reviewed journals by researchers associated with Procyon Biopharma. 
These included inhibition of angiogenesis111, increased apoptosis of cancer cells by 
binding to laminin receptors558 and inhibition of matrix metalloproteinase (MMP-9) 
mediated metastasis110. Paraphrasing Einstein, one mechanism would have been enough; 
the simultaneous discovery of three different mechanisms suggests the studies may have 
suffered from confirmation bias, as often occurs in industry sponsored research, when the 
funding party has strong economic incentives in obtaining positive results. 

                                                
* Let alone the fact that PSP94’s putative inhibin-like properties had been repeatedly disproven by many 
different groups in 1986, 1987 and 1990. 
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Four more in vitro and in vivo tumor suppression studies were published by researchers 
related to Procyon Biopharma before the company permanently closed in 2009. A pair of 
studies tested the properties of PSP94 and three derived peptides (7-21, 31-45, 76-94) on 
the MLL rat prostate cancer cell line105, 106: whole PSP94 and peptide 31-45 showed 
inhibitory properties, while peptides 7-21 and 76-94 did not. An in vitro study of rat PSP94 
on the PAIII rat prostate cancer cell line showed very strong growth inhibition500. Finally, 
an in vivo study of the efficacy of “rHuPSP94” (PSP94 with 8 amino acids appended to the 
N-terminus) on MLL tumors showed moderate suppression559. None of these experiments 
were sufficiently similar to be able to directly compare results to verify consistency or 
repeatability. 

C.7 Independent studies 
In 2010, two studies of the effect of PSP94 on the growth of prostate cells were published. 

A group at the NIRRH investigated the effect of PSP94 on the growth of three human 
prostate cancer cell lines in vitro, and found no effect on the PC3 line, a moderate 
inhibitory effect on the LNCaP line and a strong effect on the WPE1-NB26 line113. 
Pomerantz and colleagues suppressed the expression of PSP94 using RNA interference in 
immortalized prostate epithelial cells, and reported reduced colony formation in soft agar 
in the presence of PSP94560. This suggests that PSP94 may inhibit anchor independent 
growth of prostate epithelial cells—note that RNA interference experiments often 
inadvertently target many different RNA strand types, resulting in artificially stunted 
cellular growth. 

C.8 Discussion 
The in vitro effect of PSP94 on the PC3 human prostate cancer cell line was most widely 
studied experiment in peer reviewed articles: two studies showed no inhibition101, 113, and a 
third showed strong inhibition104. All other experiments involved different cell lines or 
conditions which prevent a direct comparison of results. 

Procyon Biopharma’s first patent (US5428011) reported the same data that was published 
in the first two peer reviewed articles101, 102, with subtle variations. All but two variations 
could be attributed to errors in the patent application. The existence of a treatment dosage 
“window” (where both lower and higher doses of PSP94 fail to suppress the growth of 
tumors) was clearly stated in the patent, yet data supporting this was dropped from the peer 
reviewed article and this effect was not mentioned. This is a major omission. Furthermore, 
the error bars in Figure 4 (Garde 1993) differ from those in the patent, and all seven error 
bars are identical, which is extremely unlikely to have occurred by chance. 

Procyon Biopharma’s second patent (US7053058) reported many experiments which were 
not published in peer reviewed articles. Some of these experiments show that PSP94 has 
no effect on the growth of cancer cells. Others show that many distinct peptides derived 
from PSP94 all inhibit the growth of cancer cells, which can be more easily explained by 
an experimental artifact than by PSP94 having four different approximately equivalent 
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functional tumor suppressing regions. In many experiments, a single regimen is claimed to 
reach significance while very similar regimens show no effect. Significant results seem to 
have been selected from a large pool of experiments which broadly show null results. 
The most credible finding in these studies is that PSP94 prevents colony growth in soft 
agar. Garde 1999 stated that inhibition of growth of PC3 cells occurred in soft agar104, an 
effect which was observed by an independent group using immortalized prostate epithelial 
cells and RNA interference560. 

C.9 Conclusion 
The presence of protein TGF-β1 (a potent tumor suppressor) in seminal plasma reported by 
Lokeshwar can explain why experiments involving inadequately purified PSP94 would 
result in tumor suppression557. Similarly, impure preparations of PSP94 likely caused the 
spurious findings of FSH inhibition by this protein. Most importantly, after neutralizing 
TGF-β1 in seminal plasma, Lokeshwar reported that seminal plasma lost all tumor 
suppression properties despite containing a large amount of PSP94. While it is not possible 
to firmly exclude the effect of PSP94 on tumor growth based on the available data, there is 
currently very little evidence supporting tumor suppression as a biological function of 
PSP94. This is very important, given that low PSP94 levels in the prostate result in a 
marked increase in prostate cancer risk. Mechanisms other than tumor suppression, such as 
the antifungal activity reported by Edstrom, likely mediate the observed effect of PSP94 
concentration on prostate cancer risk. 
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