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Condensation 

Human seminal fluid enriched with different macromolecules may promote the 

growth of endometrial cells derived from women with endometriosis.  
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Abstract 

Objectives: We investigated the effect of human seminal fluid on the growth of 

endometrial cells derived from women with and without endometriosis.     

Study design: Seminal plasma (SP) was collected from 18 healthy fertile men. Sera, 

peritoneal fluid (PF) and tissue specimens from the eutopic and ectopic endometria were 

collected from 45 women with endometriosis and 20 women without endometriosis 

during laparoscopic surgery. Prostaglandin (PG) E2, hepatocyte growth factor (HGF), 

and estradiol (E2) levels in each sample of SP, sera and PF were measured by 

enzyme-linked immunosorbent assay. Growth pattern of cells derived from eutopic and 

ectopic endometria in response to SP was examined by 5-bromo-2-deoxyuridine (BrdU) 

incorporation assay. 

Results: Seminal plasma was able to significantly stimulate the growth of epithelial cells 

and stromal cells derived from the eutopic and ectopic endmetria of women with 

endometriosis (2-3 fold) when compared with control media. The SP-promoted 

proliferation of both glands cells and stromal cells derived from eutopic endometria was 
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also remarkably higher in women with endometriosis than that of women without 

endometriosis. Although levels of PGE2, HGF and E2 in SP were variable when 

compared with other body fluids, the levels of PGE2 and HGF in SP were significantly 

higher than that in either peritoneal fluid or serum of women with or without 

endometriosis. Pretreatment of cells with individual anti-PGE2 antibody, anti-HGF 

antibody and two selective estrogen receptor modulators, tamoxifen and raloxifene was 

unable to suppress SP-mediated growth of endometrial cells. However, pretreatment of 

cells with combined anti-PGE2 antibody plus anti-HGF antibody or combined anti-PGE2 

antibody plus anti-HGF antibody plus tamoxifen or raloxifene was able to significantly 

suppress SP-promoted growth of eutopic and ectopic endometrial cells.  

Conclusion: Human seminal fluid enriched with different macromolecules may promote 

the growth of endometrial cells derived from women with endometriosis. Our findings 

may hint some detrimental effect of unprotected sexual intercourse in women with 

endometriosis.  

Key Words: Seminal plasma; macromolecules; peritoneal fluid; cell growth; 

endometriosis.  
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Introduction 

Endometriosis, the presence of functional endometrium outside of the uterine 

cavity, causes abdominal pain, dysmenorrhea, dyspareunia and infertility in about 10% of 

the female population (1). However, an in-depth understanding of the physiopathology of 

endometriosis is still elusive. A number of literatures have demonstrated the potential 

role of ovarian steroid hormones in the regeneration of endometrium after menstruation 

and the growth of endometriosis (2, 3).  

Endometriosis induces a variable amount of inflammatory reaction in pelvic 

environment depending on the staging and morphologic appearance of disease (4, 5). The 

inflammatory reaction associated with endometriosis was demonstrated both in vitro and 

in vivo by the infiltration of immune cells, presence of a number of primary and 

secondary inflammatory mediators in tissue and body fluids (6, 7). With regard to 

etiology, genetic factors may also be involved in the development of endometriosis (8, 9). 

It appears that all the triggering factors in the generation or in the regulation of this 

enigmatic disease reside in an in vivo environment of female reproductive tract either in 

intrauterine cavity, ovary or in pelvic cavity.  

While endogenous factors were enormously reported, different exogenous 
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factors for the regulation of endometriosis are scarcely described. Some endocrine 

disruptors and bacterial or viral infection were found to be involved in the regulation or 

malignant transformation of endometriosis (7, 10-12). Since, human seminal fluid is 

enriched with different macromolecules, information regarding the effect of seminal fluid, 

as an additional exogenous factor, on the changes in endometrial cell growth is unknown.  

Seminal fluid of bovine animals and humans contains a number of 

macromolecules, such as cytokines, chemokines, growth factors, steroid hormones, and 

immune cells (13, 14). The entry of seminal fluid-enriched macromolecules into 

endometrium and pelvic cavity as a consequence of hematogenous dissemination after 

tissue absorption and local tissue perfusion has been described (15, 16). Therefore, there 

is a possibility that some macromolecules of seminal fluid can approach either to 

endometrial bed or to endometriotic lesions after sexual intercourse and may exhibit 

some biological changes in these tissues. Here we report that human seminal fluid retains 

some active macromolecules that may promote the growth of endometrial cells derived 

from women with and without endometriosis. 

Material and Methods 

Collection of seminal plasma. Ejaculates from 18 healthy and fertile male 
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donors with normal spermiogram according to the WHO criteria (17) were collected and 

liquefied. Seminal plasma (SP) was extracted by centrifugation at 700 g for 10 min. A 

second round of centrifugation was performed at 10,000 g for 10 min. The supernatant, 

SP, from each donor was collected and stored at -20℃ until subsequent bioassay. An 

aliquot of fresh (non-frozen) SP was used for experiments in primary culture.    

Collection of PF and serum. Peritoneal fluid (PF) and sera were collected from 

45 women with endometriosis and 20 women without endometriosis during and before 

laparoscopy, respectively. Women with endometriosis between 18 and 44 years of age 

underwent laparoscopy for pelvic pain, dysmenorrhoea, and/or infertility and 

endometriosis free women between 17-39 years of age were operated for dermoid cyst or 

other benign ovarian tumors by laparoscopy. The staging and the morphological 

distribution of peritoneal lesions were based on the revised classification of the American 

Society of Reproductive Medicine (r-ASRM, 1997) (18). Biopsy specimens were 

collected during laparoscopy and the diagnosis of endometriosis was confirmed in all 

women by histopathology. Neither the study group nor the endometriosis free group had 

been on hormonal medication in the 3 months prior to the surgical procedure. All control 
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women and women with endometriosis had regular menstrual cycles (28-32 days). The 

details of physical collection and preparation of PF and sera were reported elsewhere (5, 

6). All samples of PF and sera were stored at -70℃ until assayed. All tissues and fluid 

samples were collected in accordance with the guidelines of the Declaration of Helsinki 

and with the approval by the Nagasaki University Institutional Review Board. An 

informed consent was obtained from all male volunteers and women.  

Isolation of cells in primary culture. Stromal cells and epithelial cells were 

collected from the biopsy specimens of the eutopic and ectopic endometria derived from 

30 women with endometriosis and 20 women without endometriosis during laparoscopy. 

The detail procedure of the isolation of cells in primary culture is described previously 

(19, 20). All these cells derived from individual women were subsequently used for their 

growth potential in response to SP.    

The characteristics of the cultured stromal cells and epithelial cells were 

determined by morphological and immunocytochemical studies. The isolated cells were 

placed in four-chamber slide (Nunc, Naperville, IL). After 24 hours, the slides were 

washed in PBS, fixed with 4% paraformaldehyde for 10 minutes, and rinsed with PBS. 
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Slides then were incubated in 0.1% Triton X-100 for 5 minutes and incubated for 3 hour 

in 37 ℃  as follows: against human cytokeratin monoclonal antibodies (mAb) 

(epithelial-cell specific) at a dilution of 1:50 (MNF 116;Dako, Denmark), against human 

vimentin mAb (stromal cell specific) at a dilution of 1:20 (V9; Dako), against human von 

Willebrand factor mAb (endothelial-cell specific) at a dilution of 1:50 (Dako), and 

against CD45 mAb (other leukocytes) at a 1:50 (Dako) dilution. The specificity of the 

immunocytochemical staining was confirmed by immunoreaction to non-immune mouse 

immunoglobulin (Ig) G1 antibody at a 1:50 (Dako) dilution. The purity of stromal cell 

and epithelial cell preparation was more than 95%, as judged by positive cellular staining 

for vimentin and cytokeratin, respectively.  

Cell proliferation assays. 5-Bromo-2-deoxyuridine (BrdU) labeling and 

detection kit measures cell proliferation by quantitating BrdU incorporated into the newly 

synthesized DNA of replicating cells (21). The incorporated BrdU can be detected by a 

quantitative cellular enzyme immunoassay (Biotrak, Amersham Pharmacia Biotech Ltd., 

UK) using monoclonal antibodies directed against BrdU. It offers a non-radioactive 

alternative to the [
3
H]-thymidine-based cell proliferation and carries equal sensitivity and 
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specificity (21). The detail procedure of BrdU incorporation assay was described 

previously (6, 19, 20). We first examined the proliferation of stromal cells and epithelial 

cells (initial plating, 10
5
/ml/well) in response to SP in serial dilution (1:100 to 1:1000) 

and after an incubation period of 24 hrs. We used Phenol Red-free DMEM media with 

5% charcoal-stripped FBS throughout the experiment for the initial culture of cells. In 

order to examine the individual and combined effect of PGE2, HGF and E2 presenting in 

SP on cell growth, respective cells (10
5
/ml/well) were pre-treated with anti-PGE2 

antibody (10μg/mL, Sigma Chemical Co. USA), anti-HGF antibody (10μg/mL, R&D 

system, USA), and two selective estrogen receptor modulators (SERM), tamoxifen and 

raloxifene (10
-6

 mol/L each, both from Sigma Chemical Co. USA). After 20min of 

incubation, these cells were treated with SP (1:200). Any change in cell proliferation was 

examined after a further incubation period of 24 hrs and are expressed as the percentage 

of controls (only culture media-treated cells). The specificity of the inhibitory effects of 

the antibodies was examined by parallel treatment of cells with mouse IgG2a (20μg/mL) 

adjunction in the culture medium.  

PGE2, HGF and E2 bioassay in SP, PF and sera. The concentrations of PGE2 
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and HGF in each sample of SP, PF and sera were measured in duplicate using a 

commercially available sandwich enzyme-linked immunosorbent assay (ELISA) 

developed by R & D system in a blind fashion (Quantikine, R & D system, Minneapolis, 

MN) and estimated the mean for all cases. The antibodies used in PGE2 and HGF 

determination do not cross-react with other cytokines. The levels of estradiol (E2) in each 

sample of SP, PF and sera were measured by a modified immulize-enzyme amplified 

luminescence system and as described previously (22). The detection limits were 6.78 

pg/ml for PGE2, 40.0 pg/ml for HGF, and 20.0 pg/ml for E2. Both the intra-assay and 

inter-assay coefficients of variation were <10% for all these assays.  

Statistical analysis. The clinical characteristics of the subjects were evaluated 

by one-way analysis of variance. The data were expressed as either mean ± SEM or ± 

SD or median and interquartile range (IQR). The differences between two groups were 

compared using non-parametric Mann-Whitney U-test and linear regression analysis. For 

comparison among three or more groups, the Kruskal-Wallis test was used to determine 

the difference among the groups. P<0.05 was considered statistically significant.  

Results 

  The mean ages of the control group and the women with endometriosis were 
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29.2±3.9 years and 31.6±4.2 years (±SD), respectively. The distribution of the phases 

of menstrual cycle between these two groups of women, dominant endometriotic lesions 

in the peritoneal cavity and r-ASRM staging of endometriosis are shown in Table 1. 

There were no significant differences in ages and other clinical characteristics between 

women with endometriosis and without endometriosis.  

 SP-stimulated growth of eutopic and ectopic endometrial cells. All SP 

samples were individually tested for their proliferative effects on eutopic and ectopic 

endometrial cells and we found similar fashion of cell growth in response to each SP 

sample. As shown in Figure 1 (A and B), we found that direct application of SP 

stimulated dilution-dependent growth of epithelial cells and stromal cells derived from 

the eutopic endometria of women with endometriosis and without endometriosis. A 

similar pattern of cell growth in response to SP was also observed for cells derived from 

ectopic endometria of women with endometriosis (Figure 1, C). The SP-mediated growth 

of endometrial cells was remarkably higher (2-3 fold) when compared with 

SP-non-treated cells. The SP-promoted (1:100 to 1:300 dilution) growth of both epithelial 

cells and stromal cells derived from the eutopic endometria of women with endometriosis 
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was significantly higher (p<0.05 for each dilution) when compared with that of similar 

cells derived from women without endometriosis (Figure 1, A and B).  Although a 1.7-to 

3-fold and significant increase in the proliferation of epithelial cells and stromal cells 

derived from ectopic endometria (p<0.001 or p<0.05 vs. control cells) was observed in 

response to 1:100-1:500 dilution of SP, this difference in cell proliferation was lost with 

further dilution of SP (1:750-1:1000) (Figure 1, C).  

PGE2, HGF and E2 levels in different body fluids. We measured levels of 

PGE2, HGF and E2 in each sample of SP (1:100) of healthy volunteers, PF and sera of 

women with and without endometriosis. Using Kruskal-Wallis analysis, we found that 

among three different body fluids, levels of PGE2 and HGF in SP was significantly 

higher than that in PF and sera derived from women with endometriosis and 

non-endometriosis (p<0.01 for each) (Figure 2, A, B). No apparent difference in E2 levels 

was observed among these three different body fluids (Figure 2, C). When compared 

between groups, PGE2 and HGF concentrations in the PF of women with endometriosis 

were significantly higher than those of women without endometriosis (p<0.05 for each, 

Figure 2, A, B). Although data not shown, there was no significant difference in the levels 
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of either PGE2 or HGF between the proliferative phase and the secretory phase of the 

menstrual cycle. 

Blocking experiments and changes in cell growth. In order to examine which 

macromolecule in SP might be responsible for the promotion of cell growth, we 

performed blocking experiments with respective antibodies against PGE2 and HGF and 

with two SERMS. Since the proliferative effect of SP on epithelial cells and stromal cells 

derived from the eutopic and ectopic endometria of women with endometriosis was 

almost the same at two different dilutions (1:100 and 1:200) of SP, we used higher 

dilutions of SP (1:200) for our blocking experiments. We found that individual co-culture 

of epithelial cells and stromal cells pre-treated with each of these antibodies or SERMS 

failed to suppress SP (1:200)-promoted growth of these cells (Figure 3). In contrast, 

combined co-culture of cells pre-treated with either double antibodies (anti-PGE2 + 

anti-HGF) or double antibodies + SERM (anti-PGE2 + anti-HGF + tamoxifen) were 

found to significantly suppress SP (1:200)-promoted growth of epithelial cells (p<0.05) 

and stromal cells (p<0.05) (Figure 3) derived from the ectopic endometria of women with 

endometriosis. A similar growth suppression effect was also observed when we added 
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raloxifene instead of tamoxifen with other two antibodies and when we used epithelial 

cells and stromal cells derived from eutopic endometria of women with and without 

endometriosis (data not shown). No inhibitory effect of cell proliferation was found when 

these cells were treated with control IgG2a adjunction in the culture medium.  

Discussion 

We demonstrated for the first time that direct application of seminal plasma has 

the capacity to stimulate proliferation of endometrial and endometriotic cells derived 

from women with endometriosis. This biologic effect of SP was significantly higher for 

endometrial cells derived from women with endometriosis when compared with that of 

non-endometriosis. The SP-promoted cell proliferation may be due to the combined 

effect of some active macromolecules in SP such as PGE2, HGF and E2.  

The direct growth promoting effect of HGF and E2 on endometrial cells has 

been described previously (6, 19). This time, we reported that seminal fluid containing 

these macromolecules including PGE2 stimulated the growth of endometrial and 

endometriotic cells. Besides other macromolecules, PGE2 is also able to enhance cell 

proliferation, suppress cell apoptosis and induce the production of some proteolytic 
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enzymes with the net result of cell survival and invasion (23, 24). In fact, endometriotic 

cells retain the similar properties. The multifunctional role of HGF in the development of 

endometriosis has been recently reported (7, 25). Basically, endometriosis is one of the 

reproductive diseases and is estrogen dependent (2, 7). For these reasons, we decided to 

measure PGE2, HGF and E2 in SP for our current study. Since seminal plasma is 

enriched with a number of macromolecules (13, 14), we speculated in this study that SP 

could be an additional trigger in the growth of cells derived from women with 

endometriosis.    

Seminal fluid itself or different macromolecules retaining in SP can enter into 

endometrial bed or into peritoneal bed as a result of hematogenous dissemination or direct 

tissue perfusion through anterior or posterior vaginal fornix after sexual intercourse (15). 

According to recent literatures, seminal fluid is enriched with different macromolecules, 

such as immune cells, cytokines, chemokines, growth factors, and sex steroid hormones 

(13, 14). Once these macromolecules are available to endometrial or peritoneal bed, some 

of these macromolecules may stimulate the growth of endometrial or endometriotic cells. 

In fact, we found that SP containing a variable concentration of PGE2, HGF and E2 was 
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able to significantly stimulate the growth of endometrial cells derived from the eutopic 

and ectopic endometria of women with endometriosis when compared with similar cells 

derived from non-endometriosis or SP-non-treated cells. This was supported by the 

findings that when we co-cultured endometrial cells with SP pre-treated with either 

double antibodies against PGE2 and HGF or double antibodies plus either of two SERMs 

such as tamoxifen or raloxifene, SP-promoted growth of cells was significantly 

suppressed. Basically, the histogenesis and proliferative potentiality are different 

between endometrial cells derived from women with endometriosis and control women 

as we reported previously (6, 7). This basic property of eutopic endometrial cells derived 

from women with endometriosis may predispose them to proliferate more in response to 

SP when compared with similar cells derived from control women. 

Tamoxifen and raloxifene are two potential SERMs that function as estrogen 

receptor antagonist in some tissues, but have either partial or full agonist activity in others 

(26, 27). In contrast to the apparent estrogenic effect in the postmenopausal endometrium, 

an anti-estrogenic activity of tamoxifen in the presence of ovarian estrogen secretion has 

been suggested (28). Opposed to tamoxifen, there is ample clinical evidence that 
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raloxifene does not stimulate the endometrium (29, 30). We found a small amount of 

estrogen in SP and the presence of local estrogen in SP may explain the partial 

anti-estrogenic activity of tamoxifen in association with other blocking reagents. 

Therefore, we presume that the combined effect of these blocking agents may suppress 

the SP-promoted growth of endometrial cells in our current study.   

Recent studies demonstrated that exposure to semen directly promotes embryo 

development and implantation and thereby improves pregnancy rates. This effect of 

seminal fluid on successful pregnancy is contributed by the expansion of CD4+ CD25+ T 

regulatory cell pool that induces tolerance to paternal alloantigens (31, 32). However, the 

detrimental effect of SP on reproduction is elusive. We speculated that this is not due to 

the direct effect of SP rather its indirect effect on the growth of endometriosis as reported 

here. The different macromolecules, such as reactive oxygen species or tumor necrosis 

factor alpha as produced by the endometriotic cells themselves or by the infiltrated 

macrophages, are reported to have detrimental effect on reproductive outcome (33). In 

addition to this, inflammatory adhesion in response to endometriotic lesions may be 

involved in the adverse reproductive outcome (33). We need further studies to clarify the 
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detrimental effect of SP on reproduction.   

In conclusion, we suggest that as an additional exogenous factor, human 

seminal fluid enriched with some active macromolecules may be able to stimulate the 

growth of endometrial cells derived from women with endometriosis. Our current 

findings have some clinical implications. (i) Seminal fluid after unprotected sexual 

intercourse may worsen the growth of cells in women with coexisting endometriosis. Our 

findings may support some detrimental effect of unprotected sexual intercourse in women 

with endometriosis. (ii) In ART clinics, more strict measures are necessary to remove 

macromolecules of seminal fluid during intrauterine insemination for women who 

already harbor endometriosis. Further studies are necessary to examine the changes in the 

growth of endometriotic lesions after insemination in bovine animals or in humans and in 

order to strengthen our current findings.   
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Figure Legends 

Figure 1. Shows the direct effect of seminal plasma (1:100-1:1000) on the 

proliferation of epithelial cells (A, upper column) and stromal cells (B, middle column) 

derived from the eutopic endometria (A and B) of women with endometriosis (white bar) 
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and without endometriosis (black bar) and as measured by the bromodeoxyuridine 

(BrdU) incorporation assay. A similar SP-promoted and dilution-dependent proliferation 

was also observed for epithelial cells (black bar) and stromal cells (white bar) derived 

from the ectopic endometria of women with endometriosis (C, lower column). The 

results are represented as percentage of control (SP-non-treated but only media-treated 

cells). *p<0.05 vs. non-endometriosis (A and B); **p<0.001 vs. control cells and *p<0.05 

vs. control cells at the indicated dilution (C). The results are expressed as mean ± SEM 

of triplicate cultures of cells derived from each patient.  

Figure 2. Shows concentrations of PGE2 (A), HGF (B) and E2 (C) in the 

seminal plasma (SP) collected from healthy fertile men and in the peritoneal fluid (PF) 

and sera derived from women with endometriosis and without endometriosis (control). 

Boxes represent the distance (interquartile range) between the first (25%) and third (75%) 

quartiles, and horizontal lines in the boxes represent medians. Kruskal-Wallis test 

indicated that PGE2 and HGF levels in SP were significantly higher among these three 

groups of body fluids (p<0.01). p<0.05, endometriosis vs. control (A and B). C, control 

women; E, endometriosis women; SP, seminal plasma.     
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Figure 3. Shows the neutralizing effect of individual or combined anti-PGE2 

antibody, anti-HGF antibody, and tamoxifen on SP (1:200)-promoted growth of 

epithelial cells (black bar) and stromal cells (white bar) derived from the ectopic 

endometria of women with endometriosis. The results are represented as percentage of 

control (SP-non-treated but only media-treated cells). Co-culture of cells pretreated with 

individual antibody or tamoxifen failed to suppress SP (1:200)-mediated growth of 

endometrial cells. However, co-culture of epithelial cells and stromal cells pretreated with 

either double antibodies (anti-PGE2+anti-HGF) or combined 

anti-PGE2+anti-HGF+tamoxifen significantly suppressed SP (1:200)-mediated growth 

of these cells (p<0.05 for each). Pretreatment of cells with control mouse IgG had no 

effect on the suppression of cell proliferation. The results are expressed as mean ± SEM 

of triplicate cultures of cells.  

 

 

 

 

 

 












