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ABSTRACT 
Purpose: The prostate and the seminal vesicles (SVs) are analogous in terms 
of pelvic location, function, and response to hormones; however, prostate 
cancer (PC) is the most common cancer in men, whereas adenocarcinoma of 
the SVs is one of the rarest cancer types. This manuscript studies the 
similarities and dissimilarities between these organs and through them 
attempts to provide insights into the pathogenesis of PC. 
Views: The number of prostatic luminal (the origins cells of PC) and SV cells 
is similar (1.5 × 109 and 1.9 × 109 cells), and so is the number of daily 
mitotic cycles in these organs (3 × 106 in the prostate and 3.8 × 106 in the 
SVs). Thus, numerical differences cannot account for the difference in cancer 
incidence. Nevertheless, remarkable anatomical and physiological 
differences can be noted. The SVs are surrounded by loose connective tissue, 
whereas the prostate is surrounded by a non-expandable collagenous-
muscular capsule. The SVs excrete into two thin and long ducts, whereas the 
prostate into multiple short ducts. The prostate is subjected to the high 
pressure generated by the contractions of the levator ani muscle on which it 
lies. By the end of the contraction, the intra-prostatic pressure drops, and 
urine is sucked from the urethra to the acini, exposing them to high 
concentrations of pro-inflammatory substances, such as monosodium-urate. 
Repeated exposures to high pressure and to urine initiate prostatic 
inflammation, commonly observed in prostate biopsies, but exceedingly rare 
in SVs. Inflammation promotes proliferative inflammatory atrophy which can 
degenerate into prostatic intraepithelial neoplasia and to PC. Neutralizing 
the deleterious components of urine could possibly prevent PC. 
Conclusions: The prostate and SVs are similar in number of cells and in 
daily mitotic cycles. The prostate with its non-expandable capsule and short 
excretory ducts is repeatedly exposed to urine at high pressures. This 
offence initiates a chain of events that starts with inflammation and continues 
with proliferative inflammatory atrophy and PC. The SVs are not exposed 
to these insults.  
Keywords: Prostate cancer, Adenocarcinoma of the seminal vesicles, Urine 
reflux, Intraprostatic pressure, Proliferative inflammatory atrophy 
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Introduction 
The seminal vesicles (SVs) and prostate are the most 
important male accessory sex glands. Their secretions 
constitute most of the seminal fluid volume, with the SVs 
accounting for 70–80% and the prostate to 20–30% of 
the seminal fluid volume. The prostate develops from 
epithelial buds originating in the urogenital sinus 
(Endoderm) during the 10th week of gestation, whereas 
the SVs develop from the mesonephric (Wolffian) duct 
(Mesoderm) around the 12th week of gestation. Both 
glands respond to testosterone and exhibit 5-alpha 
reductase activity.  
 
Prostate cancer (PC) is the most common type of cancer 
affecting men. A total of 313,780 men are expected to 
be diagnosed with prostate cancer in the US in 2025, 
with 35,770 patients to succumb to this disease 1. In 
contrast, malignancies of the SVs are extremely rare. In 
fact, the commonest type of SVs cancer is invasion by PC, 
a condition that is more common in base-dominant tumors 
and has a variable effect of patient’s prognosis 2,3. There 
are approximately 60 recorded cases of primary 
adenocarcinoma of the SVs in the medical literature 4.  
 
The risk factors of PC are well known and include age, 
race, family history and mutations like in the BRCA1/2 
genes and Lynch syndromes, the pathogenesis of PC is 
mostly obscure. This manuscript theorizes that study of the 
similarities and dissimilarities between the prostate and 
SVs in terms of anatomy, histology, physiology, 
mechanical pressures and exposures to body fluids can 
provide the missing links in the pathogenesis of PC and 
hopefully suggests ways for its prevention.  
 
The following issues will be addressed: 
1. The number of normal cells in the prostate vs. those in 

the SVs (assuming that cancer originates from 
previously normal luminal cells). 

2. The number of daily mitoses in the prostate vs. those 
in the SVs (assuming that mitosis is the cell-cycle phase 
most vulnerable to mutations). 

3. The anatomical differences between the prostate 
and SVs. 

4. The pressures applied to the prostate vs. those 
applied to the SVs.  

5. The degree of exposure of the prostate and SVs to 
urine and sperm. 

6. The potential effects of exposure to urine 
7. The degree and role of inflammation in the prostate 

and SVs. 
8. Age-related changes in the prostate and SVs. 

 

Comparison of the prostate and the 
seminal vesicles  
COMPARISON BETWEEN THE NUMBER OF NORMAL 
CELLS IN THE PROSTATE AND SEMINAL VESICLES 
The prostate is composed of transitional zone- the source 
of benign prostatic hyperplasia, anterior fibromuscular 
zone, central zone and peripheral zone- the source of 
prostate cancer. Two layers of cells, basal and luminal, 
cover the normal prostatic acini. Prostate cancer is 
believed to arise from the luminal cells 5. Thus, 
determining the number of luminal cells in the peripheral 
zone of the prostate is imperative. Prostatic volume is 
highly variable and tends to increase with age. Notably, 

most of the increase occurs in the transition zone. Changes 
in the volume of the peripheral zone are much smaller. 
The “normal” prostatic volume is approximately 25 cc 6. 
This volume will be used to calculate the number of 
susceptible cells in the prostate. The peripheral volume of 
the normal prostate accounts for about 50% of total 
gland volume and is therefore, approximately 12 cc 7. 
Prostatic glands occupy approximately half of this 
volume (6 cc); the remaining is stroma.  
 
A typical adult prostatic acinus is an ellipsoid, with 
dimensions of 500 × 250 × 250 µm 8. The volume of a 
single prostatic acinus (V1) can be determined using the 
ellipsoid volume formula (v = 4/3π × a axis × b axis × 
c axis): 4/3π × 500 µ × 250 µ × 250 µ = 1.3 × 108 
µm3.  
 

The diameter of the cellular lining of the acinus is 
approximately 60 µm. Accordingly, the volume of 
prostatic lumen (V2) is: 4/3π × 440 µm × 190 µm × 190 
µm = 6.6 × 107 µm3. The volume of the acinar cells (V3) 
is V1-V2: 1.3 × 108 µm3 - 6.6 × 107 = 6.4 × 107 µm3. 
Since the volume of the luminal cells (V4) is half that of 
the glandular cells: V3/2 = 3 cc or 3 × 1012 µm3. The 
volume of a single luminal prostatic cell ranges from 
1000 µm3 to 3000 µm3. Considering an average volume 
of 2000 µm3, the number of epithelial luminal cells in the 
peripheral zone is: 3 × 1012 µm3/ 2000 µm3 = 1.5 × 109 
cells 
 

The SVs volume is highly variable. The mean volume of 
each gland is 7.1 cc (SD 5.2); however, organs as small 
as 1.9 cc and as large as 12.6 cc have been reported 
9,10. An average volume of 14.2 cc (both glands) will be 
considered in further calculations. Three-dimensional 
images of seminal vesicles revealed that the luminal 
structure of SVs is similar to that of their external 
morphology. Each SV comprises an average of 9.2 curls 
and 11.8 diverticula. Most of the SV volume is occupied 
by diverticula. A typical diverticulum measures 5 mm in 
diameter, comprising an outer smooth muscle layer of 2 
mm diameter, a lumen of approximately 1.5 mm 
diameter, and an inner folded glandular cell layer 
covering approximately 1.5 mm of the lumen. The volume 
of a single SV diverticulum with (V1) and without (V2) its 
muscular coating is 523 mm3 (4/3π × 53) and 113 mm3 

(4/3π × 33), respectively. The volume of a single SV 
diverticulum lumen (V3) is 14 mm3 (v = 4/3π × 1.53), and 
the volume of a single SV diverticulum glandular cells (V4) 
is 99 mm3 (V4 = V2-V3). The ratio of the glandular cell 
volume to the total glandular volume (V4/V1) is 0.19. 
Thus, the volume of the SV glandular cell, at 2.84 cc, 
accounts for approximately 20% of all gland volume. The 
volume of a single SV glandular cell ranges from 1000 
µm3 to 2000 µm3. Considering an average of 1500 µm3, 
the number of SV cells can be estimated at 1.9 × 109 
(2.84 cc/ 1500 µm3), which is remarkably similar to the 
number of prostatic luminal cells. To the best of our 
knowledge, this is the first attempt to calculate the number 
of prostatic luminal cells and number of glandular cells in 
the SVs.  
 

COMPARISON BETWEEN THE NUMBER OF DAILY 
MITOSES IN THE PROSTATE AND SEMINAL VESICLES 
S phase is the most vulnerable cell cycle to mutations. The 
number of S phases is equal to the number of mitoses 



Prostate Cancer and Seminal Vesicles Cancer 

© 2025 European Society of Medicine 3 

which is reflected in the mitotic index. The basal cells of 
the prostate proliferate. Their number is roughly equal to 
that of the luminal cells. The mitotic index of these cells is 
0.2% 11. Accurate rates remain to be established for SVs, 
but experts estimate a similar rate of 0.2%. Thus, there 
are 3 × 106 daily mitotic cycles in the prostate and 3.8 
× 106 in the SVs. Differences in the number of daily 
mitotic cycles cannot explain the variations in cancer 
incidence. To the best of our knowledge, this is the first 
attempt to calculate the number of daily mitoses in the 
prostate and in the SVs.  

 
COMPARISON BETWEEN THE ANATOMICAL 
CHARACTERISTICS OF THE PROSTATE AND THE 
SEMINAL VESICLES 
Major anatomical differences have been observed 
between the prostate and SVs in terms of their excretory 
ducts and capsule. The SVs excrete into ducts that are 
joined by the vasa deferencia to form the ejaculatory 
ducts. A long tube, 2–4 cm in length with lumen diameter 
of 1–3 mm. It runs through the prostatic parenchyma and 
enters the prostatic urethra at an acute angle. The 
prostate secrets through multiple short ducts that enter the 
urethra at a right angle. The SVs have no capsules; they 
are surrounded by loose connective tissue that blends with 
the retroperitoneal fat and can accommodate pressure. 
The prostate is surrounded by a collagenous and muscular 
capsule, which limits its expansion upon an increase in 
pressure. The impact of these unique anatomical 
differences on organ physiology and potentially on 
carcinogenesis will be discussed in later sections.  
 
COMPARISON BETWEEN PRESSURES APPLIED TO THE 
PROSTATE AND SEMINAL VESICLES 
Owing to their anatomy, the intraluminal pressure of the 
SVs is always low and equals that of the retroperitoneum. 
Conversely, the prostatic ductal and acinar cells are 
exposed to intra- and periacinar pressures. The acinar 
pressure theory proposes that during micturition, the 
bladder neck is open and the pressure within the prostatic 
urethra equals that of the bladder. Between micturitions, 
when the bladder neck is closed, contractions of the 
bulbourethral portion of the levator ani control the 
prostatic urethra pressure. This striated muscle generates 
forceful contractions during emergent switching off 
urination, defecation, and ejaculation. This pressure is 
transmitted directly to the acini by the short prostatic 
ducts. On the other hand, the distance between the SVs 
and the levator ani, the long and thin ejaculatory ducts, 
their compression by prostatic parenchyma upon pressure 
rises and the absence of a capsule, all protect the SVs 
from pressure rises. 
 
Wadhera 12 suggested that the peripheral zone, which is 
sited right on the levator ani, is exposed to the highest 
pressure, whereas the distant central zone to the lowest. 
He also suggested that the apex of the prostate, which 
essentially rests on the muscle, is subjected to the utmost 
pressure levels and that prostatic pressure distribution 
parallels the distribution of cancer.  
 
Cyclic stretching of cells is obnoxious by itself. In-vitro 
studies showed that cyclic stretching conferred resistance 
to etoposide-induced apoptosis in prostatic stromal and 
epithelial cells. Notably, an increase in the production of 
the anti-apoptotic factor Bcl-2 and the proliferation 

inducer platelet-derived growth factor (PDGF) was 
observed in this model 13. Atrophic changes in the 
epithelium, which are commonly observed in prostate 
biopsies, and proliferative inflammatory atrophy (PIA) 
have been observed in prostatic acini repeatedly 
exposed to high pressure. The significance of this finding 
is discussed in subsequent sections of this paper.  

 
COMPARISON BETWEEN THE DEGREE OF EXPOSURE OF 
THE PROSTATE AND SEMINAL VESICLES TO URINE AND 
SPERM  
Prostatic acinar pressure increases during the contractions 
of the levator ani. By the end of the contraction, pressure 
drops, and the distended acini suck urine and sperm from 
the urethra. Kirby et al. demonstrated this by injecting 
carbon-particle suspension into the bladder prior to 
prostatectomy and detecting it intraductally in the 
peripheral zone 15. Reflux of contrast media into the 
prostate can also be seen in urethrography but is 
extremely rare in SVs 16, 17. 
 
Reflux of sperm on the other hand, into both the prostate 
and SVs is common. In a study of 69 radical 
prostatectomies sperm was found in the SVs only and in 
the SVs and prostate in 31.9% and 26.1% of the cases, 
respectively 18. 
 
THE POTENTIAL EFFECTS OF EXPOSURE TO URINE  
Only 84,870 Americans develop bladder cancer 
annually despite the bladder being constantly exposed 
to urine 1. The normal urothelium can cope with exposure 
to urine owing to the presence of multi-layered, 
terminally differentiated, non-dividing apical (umbrella) 
cells covered with uroplakins that provide resistance to 
chemicals and microbes. However, non-urothelial tissues 
exposed to urine do not possess this ability. The risk of 
developing adenocarcinoma increases by 7000-fold 
after ureterosigmoidostomy 19,20. This extremely high risk 
is attributed to high levels of carcinogenic N-nitroso 
compounds. These molecules are not found in significant 
amounts in urine or feces. They originate from reduction 
of nitrates from urine by gut bacterial nitrate reductase.  
 
The risk of developing cancer upon exposure to urine is 
high even in the absence of stools. The inclusion of any 
bowel segment into the urinary system, including small 
bowel and stomach, has been associated with an 
increased incidence of cancer. Most tumors are 
adenocarcinomas, and the latency between bladder 
augmentation and cancer diagnosis is usually >10 years 
21,22. The proposed mechanism for carcinogenesis includes 
inflammatory changes and papillary hyperplasia at the 
enterovesical junction. In-vivo studies showed these 
changes in half of the animals one year after 
ileocystoplasty, gastrocystoplasty, or sigmoid cystoplasty 
23.  
 
Another support for the importance of urine in 
carcinogenesis is found in the pathogenesis of Skene’s 
gland cancer. These glands are the female homolog of 
the prostate. They empty through small ducts near the 
urethral orifice and are not normally exposed to urine. 
Malignant tumors of Skene’s gland are rare. They 
resemble PC in histologically, age distribution (median 
age 70 years), are associated with elevated serum PSA 
that drops with treatment and can be classified according 
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to the Gleason score 24. More than a quarter of the 
reported cases were associated with urethral diverticula, 
and constant exposure of the glands to urine.  
 

Thus, anatomical and physiological differences between 
the prostate and SVs results in exposure of the prostatic 
luminal cells to urine while SVs cells are protected. 
Inflammation could be the missing link between exposure 
to urine and cancer. 
 

COMPARISON BETWEEN THE DEGREE AND ROLE OF 
INFLAMMATION IN THE PROSTATE AND SEMINAL 
VESICLES 
Chronic inflammation, especially in the context of 
proliferation, has been identified as a risk factor for 
carcinomas of the colon, urinary bladder, stomach, and 
liver. The proposed mechanism involves tissue damage 
and regeneration in a reactive oxygen and nitrogen 
species-rich environment (H2O2, NO, etc.). These 
substances are mutagenic 25.  
 

Inflammation of the SVs is uncommon. It usually presents 
as an acute condition accompanying acute prostatitis. 
Asymptomatic seminal vesiculitis is extremely rare. 
Asymptomatic (type IV) prostatitis on the other hand, is 
found in approximately 40% of prostate biopsies. When 
accompanying PC, the aggressiveness of the 
inflammation correlates with PC grade 26,27. High-grade 
inflammation surrounding malignant glands is a 
prognostic factor for biochemical failure after radical 
prostatectomy 28. Follow-up of participants in the 
prostate cancer prevention trial (PCPT) and Selenium and 
Vitamin E Cancer Prevention Trial (SELECT) cohorts with a 
negative end-of-study biopsy found that the odds of 
being diagnosed with PC six years after study completion 
correlated with an increase in the mean percentage of 
inflamed tissue area (OR 3.31, p-trend 0.047) 29.  
 

Epidemiological, experimental and therapeutic clues 
suggest that inflammation contributes to cancer initiation 
and progression, especially in aging people 30. The 
oxidative stress associated with inflammation directly 
induces double-strand DNA breaks, indirectly promotes 
carcinogenesis by suppression of anti-tumor immune 
response and recruits of epigenetically regulated 
proteins, such as DNA methyltransferases and chromatin 
modulators which alter genetic transcription patterns. If 
key protective proteins are silenced, previously 
repressed genes can become active resulting in genomic 
instability, disturbance in cell cycle regulation and 
impairment of differentiation. Glutathione-S-transferase 
P1 (GSTP1) that codes for the enzyme detoxification 
electrophilic substances is such a gene. It is the most 
altered gene in PC, epigenetically hypermethylated in 
>90% of cases 28.  
 

The inflammatory response of the prostate to insults 
(exposure to high pressure and to urinary components) is 

subjected to inherited variations. This could be the 
inherited risk component of PC, which is strong in this 
disease. Variations in many immune-related genes such 
as RNASEL; MSR1; TLR1; IL1B; IL-2, 4, 6, 8, and 10; and 
others have been reported 25. The frequent findings of 
asymptomatic prostatic inflammation and its rarity in the 
SVs suggest that it has a role in the pathogenesis of PC.  

 
COMPARISON BETWEEN AGE-RELATED CHANGES IN 
THE PROSTATE AND SEMINAL VESICLES 
With aging, the SVs undergo mild age-related atrophy 
and fibrosis resulting in minor decrease in size and volume 
of fluid production. The prostate on the other hand, 
exhibits dramatic age-related changes. The most 
significant changes occur in the transition zone - benign 
prostatic hyperplasia (BPH), but age-related changes 
appear also in the peripheral zone including 
inflammation, focal atrophy, proliferation, and PIA. PIA 
could be the link between inflammation and cancer. PIA 
often accompanies inflammation, PIN, and PC. It typically 
exhibits increased expression of the proliferative marker 
Ki-67, downregulation of P27Kip1 (a cyclin-dependent 
kinase inhibitor), increased expression of the anti-
apoptotic Bcl-2 protein, and increased expression 
GSTP1, suggesting stress response. PIA may develop into 
carcinoma directly or indirectly through PIN 32,33.  

 
SUMMARY OF THE COMPARISONS  
The similarities and dissimilarities between the prostate 
and SVs are summarized in Table 1 and Fig. 1. 
Calculations of the number of cells and number of daily 
mitoses in the prostate and SVs, while far from being 
accurate, showed no significant differences. Thus, 
numerical variations cannot explain the difference in 
cancer incidence. There are, however, significant 
anatomical differences between the organs in the 
excretory ducts, in the capsule, and in proximity to the 
levator ani muscle. The results of these differences are 
repeated exposures of the prostate but not the SVs to 
pressure and to urine. Since high incidence of cancer is 
observed following the exposure of any non-urothelial 
tissue to urine, this could also be the case in PC. 
Inflammation is probably the bridge between exposure 
to urine and cancer. It plays a role in carcinogenesis in 
the colon, urinary bladder, stomach, and liver. 
Asymptomatic inflammation (type IV prostatitis) is found 
in 40% of the prostatic biopsies, and the presence of 
inflammation in prostatic biopsy with no malignancy is a 
risk factor of later diagnosis of PC 26,27,29 The 
inflammatory response of the prostate is genetically 
determined. Asymptomatic inflammation of the SVs is 
extremely rare. 

 
In addition, the prostate undergoes marked age-related 
changes while the SVs undergo only minor atrophy and 
fibrosis. In addition to inflammation, age-related 
prostatic changes include focal atrophy and PIA, which 
probably link inflammation and cancer 32,33.  
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Figure 1. Summary of the similarities and differences between the prostate and seminal vesicles. 
 
Table 1. Comparisons of the Seminal Vesicles and the Prostate 

 Seminal Vesicles Prostate 

Location  Posterior inferior to the bladder Inferior to the bladder 

Function Exocrine gland Exocrine gland 

Excretion to  Prostatic urethra Prostatic urethra 

% of seminal fluid  70-80% 20-30% 

Embryonal origin of epithelium  Mesonephric (Wolffian) duct Urogenital sinus 

Testosterone receptors Yes Yes 

5-alpha reductase activity Yes Yes 

Estimated number of Epithelial 
cells 

1.9 × 109 1.5 × 109 

Estimated number of daily 
mitoses 

3.8 × 106  3 × 106 

Exposure to high pressures No Yes 

Reflux of urine Rare Common 

Reflux of sperm cells Common Common 

Clinical Inflammation 
Extremely rare  
(Seminal vesiculitis) 

Common  
(Prostatitis-4 types) 

Pathological inflammation Extremely rare Common 

Age related changes Almost none 100% of men 

Malignant tumors Extremely rare 
The most common malignancy in 
men 

Malignant Tumor type Adenocarcinoma Adenocarcinoma  

Response of cancer to anti-
androgens 

Probably yes Yes (in Hormone naïve patients) 

Benign tumors prevalence Extremely rare 100% of aging men 

Benign tumor types papillary adenomas and cystadenomas Benign Prostatic Hyperplasia 

 

Discussion 
In the attempts to prevent PC, the next analytical step 
should be allocating the offensive component of urine and 
neutralizing it. The primary suspect is monosodium urate 
(MSU). MSU is a strong proinflammatory substance that 
activates the NALP3 inflammasome, stimulates the 

release of inflammatory mediators such as TNF-α, IL-1 α 

and β and many others and recruits inflammatory cells 
34,35. Its levels are in the range of 30 to 60 mg% in the 
urine, compared to 3.4–7 mg% in the serum and 0.2–0.4 

mg% in prostatic secretions. Exposure of prostate cells to 
MSU at levels two-fold higher than their "working range" 
may have deleterious effects. Other characteristic 
features of urine, such as acidic pH, the presence of 
calcium oxalate, proinflammatory cytokines, and multiple 
other factors may also play a role in carcinogenesis.  
 

If exposure of luminal cells to MSU has a role in PC 
pathogenesis, its incidence should be higher in patients 
with gout, and indeed this is so 36. Treatment with 
allopurinol, xanthine oxidase blocker, should therefore 
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decrease the incidence of PC. In a cohort study from 
Taiwan, significant reduction in PC incidence was found 
among allopurinol treated patients. (HR=0.64, CI 0.45-
0.9) 37. These findings were not verified in Finish 
population (HR 1.03, CI 0.92-1.16) and in meta-analysis 
of seven studies (risk ratio 1.13, CI 0.96-1.34) 38,39. All 
these studies were retrospective and are subjected to 
confounding and selection biases. Obviously, patients 
treated with allopurinol have gout, and their prostates 
were exposed to high levels of MSU for years before 
treatment. Only prospective trial randomizing patients 
without PC (preferably at high risk for developing PC) to 
receive allopurinol or placebo in a methodology similar 
to that of the PCPT trial can answer the question 40.  
 

Other mechanisms that could be involved in 
carcinogenesis and were not considered here include the 
potential different effects of hormones on the SVs and 
prostate, the (unlikely) possibility of infectious agent 
involvement, the role of ingested carcinogens (which 
probably play a minor role in PC), the importance of Zinc, 
present in high concentration in prostatic secretion and 

almost absent in SVs sections, and potential significance 
of physical trauma caused by corpora amylacea 41. 
 

Conclusion 
Comparisons between the anatomy and physiology of 
the SVs can potentially reveal noteworthy hints to the 
pathogenesis of PC. These differences result in the 
exposure of prostatic acini and ducts to high pressure and 
to urinary reflux, containing MSU and other potentially 
toxic constituents. The SVs are not exposed to these 
insults. The damage induced by these offenses, as well as 
age-related changes in the prostate, promotes chronic 
asymptomatic inflammation, which is common in the 
prostate and extremely rare in SVs. Inflammation can 
progress to PIA, PIN, and PC. Neutralizing the effects of 
MSU and possibly of other offending agents could 
potentially decrease the risk of PC.  
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