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Abstract
Background: Endometriosis is one of the most common gynecological diseases associated with infertility. Endometriosis may affect the 
androgen receptor (AR) mRNA expression in human granulosa cells and the methylation of the promoter region of AR. We investigated 
28 patients with endometriosis and 47 subjects without endometriosis undertaking IVF treatment. 
Methods: Granulosa cells were obtained from 28 patients with endometriosis and 47  subjects without endometriosis as a control. 
Expressions of AR and FSHR mRNA were then evaluated by OneStep real-time PCR analysis, and the level of methylation of the 
­promoter region was qualified by methylation-specified PCR (MSP). 
Results: The expression of AR mRNA in the endometriosis group was statistically lower than that in the control group. As well, 
FSHR mRNA expression in the control group showed a positive correlation with AR mRNA expression; however, there was no such 
correlation in endometriosis patients. In the control group, AR mRNA expression was statistically higher in pregnant subjects compared 
with non-pregnant subjects; however, in the endometriosis group, no significant difference was identified. The promoter of AR was 
heavily methylated in all endometriosis cases; however, only 5 (45.4%) were methylated in the control group.
Conclusion: Lower AR mRNA expression and methylation of the AR promoter region might affect the expression of AR and FSHR in 
the presence of endometriosis, thus leading to a disturbance in the regulation of AR and FSHR.
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Introduction
Endometriosis is one of the most common 
gynecological diseases associated with pelvic pain 
and infertility.1 An association between endometrio-
sis and infertility has often been reported; however, 
the mechanism of endometriosis-associated infertility 
is not well understood. Lower oocyte quality, preg-
nancy rates and implantation rates in patients with 
endometriosis undertaking IVF-ET treatment were 
compared with patients without endometriosis.2–4 We 
reported that mitochondrial gene expression in granu-
losa cells might serve as a marker of oocyte quality 
and IVF-ET outcomes.5 Furthermore, in 2011, we 
reported that a higher PR-A gene expression in granu-
losa cells might have a negative effect on both clini-
cal outcomes and the embryo quality of patients with 
endometriosis undertaking IVF-ET.6

Androgen either enhances or inhibits granulosa 
cell steroidogenesis, depending on the stage of folli-
cular development. Thus, granulosa cells of dominant 
follicles show stronger nuclear staining for androgen 
receptor (AR) than in theca cells. In the luteal phase, 
the staining intensity of AR is strongest in the early 
luteal phase just after ovulation and then gradually 
declines.7 Subsequent studies have demonstrated 
interactions between FSH and androgen in the fol-
licular development and have revealed that follicles 
demonstrate a highly significant positive correlation 
between FSH receptor (FSHR) and AR mRNA lev-
els when comparing the mean expression from each 
group of follicles in individual test monkeys.8 It has 
also been suggested that androgen promotes follicu-
lar growth by sensitizing granulosa cells to FSH.8

The mechanism by which DNA methylation 
exerts its respective function has not been completely 
defined. Many studies associated with gene inactiva-
tion with methylation depend on an analysis at one 
or several CpG sites typically using a methylation-
sensitive restriction enzyme. Sodium bisulfite treat-
ment has also been used to permit the examination of 
methylation at each CpG site within a CpG island.

In endometriosis cases, there is a possible involve-
ment of epigenetic anomalies such as the methylation 
of steroidogenic factor-1 (SF-1), ER and the deacety-
lation of the promoter region of histones 3 and 4. 
Recently, Bulun mentioned genetic predisposition, or 
the exposure to environmental toxins, of fetal progen-
itor cells destined to form adult female pelvic organs 

may result in epigenetic events, including promoter 
hypomethylation and overexpression of SF-1 and 
ER-β, which can play critical roles in the pathogen-
esis of endometriosis.9 Androstenedione (A4) induces 
aromatase in human endometrial cells, which might 
lead to a pathogenesis of endometriosis, as A4 is the 
predominant sex steroid in the peritoneal fluid in all 
phases of the menstrual cycle.10,11 Additionally, A4 has 
been shown to increase the proliferation and survival 
of endometrial cells and explants collected in the early 
secretory phase.12 Thus, the influence of endometrio-
sis on androgen activity via AR in human endome-
trial cells has gradually become better understood. 
Until now, however, there has been no report as to the 
expression of AR and the possible involvement of the 
methylation of AR in follicle development in human 
granulosa cells of endometriosis patients.

To evaluate how endometriosis affects the expres-
sion of AR mRNA and FSHR mRNA in granulosa cells, 
our study evaluated the mRNA expression of  both in 
granulosa cells of mature follicles and compared it 
between endometriosis and non-endometriosis cases.

Afterwards, genomic DNA from the granulosa 
cells of endometriosis patients was secured, and 
methylation-specific PCR (MSP) was carried out in 
order to investigate the epigenetic modification of 
promoter regions of AR.

Material and Methods
Patient population
Twenty-eight patients with r-AFS stage IV endo-
metriosis and 47  subjects without endometriosis, 
as a control group, were investigated to quantify 
the mRNA expression of AR and FSHR. Moreover, 
genomic DNA was collected from 11 patients with 
endometriosis and 11 without endometriosis for MSP. 
All of them undertook IVF-ET from October, 2009 
to June, 2011 at Osaka Medical College. Our insti-
tutional review board approved this protocol and its 
consent form. Moreover, we received informed con-
sent for this study from all participants.

Protocol for controlled ovarian 
hyperstimulation (COH)
Controlled ovarian hyperstimulation, hormone 
assays, follicle monitoring, oocyte retrieval, insemi-
nation, embryo culture and embryo transfers were 
performed as previously reported.6 Embryo quality 
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was ­evaluated based on Veek’s classification,13 and 
pregnancy was confirmed during ultrasound exami-
nation by the identification of an intrauterine gesta-
tional sac.

Isolation of RNA, cDNA preparation 
and genomic DNA preparation from 
granulosa cell
Isolation of RNA and cDNA preparation of granulosa 
cells was carried out as previously described.14

Genomic DNA was extracted from granulosa cell 
using DNeasy Tissue kit (Qiagen, Valenica, CA) in 
accordance with the manual.

Real-time PCR
Oligonucleotide primers for TaqMan probes were 
designed using Primer Express (version 1.0, Perkin-
Elmer Applied Biosystems) using the GeneBank data-
base, based on published sequences of mitochondrial 
DNA. Human glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as an internal standard. 
Table 1 shows the primers used in this study and the 
expected sizes from the reported cDNA sequences. 
Quantitative analysis of AR mRNA and FSHR mRNA 
levels was in a 20 µl reaction containing 1× TaqMan 
Universal PCR Master Mix (Perkin-­Elmer Applied 
Biosystems, Tokyo, Japan), 200nM each forward 
primer and reverse primer corresponding to 100 nM 
of TaqMan probe (Perkin-Elmer Applied ­Biosystems, 
Tokyo, Japan). PCR conditions were 95  °C for 
15  seconds, followed by 60  °C for 1  minute, for 
40  cycles on OneStep realtime PCR (Perkin-Elmer 
Applied Biosystems, Tokyo, Japan). Amplification of 
AR and FSHR mRNA relative to GAPDH was com-
pared using ∆∆Ct method.

Bisulfite treatment and MS-PCR
Bisulfite treatment of genomic DNA was performed 
with the EZ DNA Methylation-Gold Kit (Zymo 
Research), and MS-PCR was carried out for DNA 
of granulosa cell. The primers used for MS-PCR are 
shown in Table 1.

Statistical analysis
All experiments were performed in duplicates. 
Statistical calculations were performed by using Stat 
View statistical software (SAS Institute Inc., Cary, 
NC, USA). The statistical significance of each differ-
ence was determined using Mann-Whitney U test or 
χ2 tests. The Spearman’s rank correlation coefficient 
was also used to analyze the relation between two dif-
ferent values. A value of P  ,  0.05 was considered 
statistically significant.

Results
Patient age
The mean age of patients with endometriosis was 
significantly older than that of the control group 
(P , 0.008) (Table 2). However, no correlation of AR 
and FSHR mRNA expression with the patient’s age 
was identified in either group (Fig. 1).

Clinical outcomes
Serum E2 and P4 levels at oocyte retrieval did not 
reveal a significant difference and, furthermore, fer-
tilization rates, high-quality embryo rates, and preg-
nancy rates showed no statistical difference between 
the two groups. Implantation rates tended to be lower 
in endometriosis patients, compared with those in the 
control group, and no significant difference was iden-
tified in either group (Table 2).

Table 1. Primers used in realtime PCR.

Gene Primer
AR Forward 
AR Reverse 
AR TaqMan

5′-TGTCGTCTTCGGAAATGTTATGA-3′  
5′-TTCCTCCTGTAGTTTCAGATTACCAA-3′ 
5′-FAM-ACTCTGGGAGCCCGGA-MGB-3′

FSH Forward
FSH Reverse
FSH TaqMan

5′-TGCCATTCAATGGAACCCAACT-3′ 
5′-CGTGGAAAACATCATTAGGCAAT-3′ 
5′-FAM-ATGAGCTGAATCTAAGCGA-MGB-3′

AR Methylation Forward
AR Methylation Reverse

5′-TAGAGGGAAAAAGGGTCGAGTTAGTC-3′ 
5′-AAAACGTTAACTATCGCTAAAACCG-3′

AR non-methylation Forward
AR non-methylation Reverse

5′-TAGAGGGAAAAAGGGTTGAGTTAGTT-3′ 
5′-CAAAAACATTAACTATCACTAAAACCA-3′
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AR and FSHR mRNA expression  
in granulosa cell
In the comparison of the AR and FSHR mRNA 
expression ratios between pregnant and non-pregnant 
subjects, FSHR mRNA expression revealed no signif-
icant difference (Fig. 2A). However, the AR mRNA 
of pregnant courses in the control group showed a 
higher expression ratio than in the non-pregnant 
group, whereas, such a significant difference was 
not identified in the endometriosis group (Fig. 2B). 
­Moreover, FSHR mRNA expression showed no sta-
tistical difference between the two groups. On the 
other hand, the AR mRNA expression ratio in endo-
metriosis patients was statistically lower than that 
in the control group (Fig. 3A). Additionally, FSHR 
mRNA expression in the control group indicated a 
positive correlation with AR mRNA expression; 
however, there was no such correlation between 
them in the endometriosis group (Fig. 3B).

MSP for genomic DNA secured  
from granulosa cell
Methylation of HRE (Hormone Response Elements) 
was verified in all patients (11/11) with endometriosis; 
however, only 45.4% (5/11) of subjects in the control 
group revealed methylation via MSP. ­Statistical dif-
ference of the methylation ratio in the endometrio-
sis group was higher than that in the control group 
(P  =  0.02) (Table  3). On the other hand, the fertil-
ization, implantation, and high-quality embryo ratios 
in the methylated group revealed no statistical dif-
ference compared with those in the non-methylated 
group (data not shown).

Discussion
The present study comprises material from human 
granulosa cells and lymphatic cells. The data 
revealed that, in the presence of endometriosis, the 
AR mRNA expression ratio was statistically lower 
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Figure 1. There was no correlation between age and mRNA expression of AR and FSHR.

Table 2. Patient’s characteristic.

Endometriosis 
(n = 28)

Control 
(n = 47)

p

Age 37.1 ± 4.39 32.4 ± 4.88 0.008
Estradiol level (pg/dL) 1573.7 ± 1142.4 1699.0 ± 1391.0 NS
Progesterone level (ng/dL) 17.68 ± 15.45 14.49 ± 10.39 NS
Fertilization rate (%) 78.83 ± 21.39 69.82 ± 23.09 NS
Grade I and II embryos (%) 37.37 ± 34.33 35.60 ± 34.16 NS
Implantation rate (%) 12.2 (6/49) 18.1 (17/94) NS
Pregnancy rate (%) 21.4 (6/28) 17.0 (13/47) NS

Mean ± SD
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and the AR promoter region was heavily methylated 
as well.

This suggests that the methylation of the AR pro-
moter region appears to cause a deregulation between 
FSHR and AR, thus leading to infertility in endo-
metriosis patients.

Classic theories have failed to propose a precise 
pathogenetic mechanism for endometriosis.15 It is 
considered that the poor outcome of IVF in cases of 
endometriosis is caused by altered folliculogenesis,16 
embryo toxicity against early embryotic development,17 
and impaired fertilization.18 The androgen receptor is 
the only sex hormone receptor gene on the X chromo-
some, exists in 11q2-12 consisting of 8 exons, and is 
localized in granulosa cells. The most particular stim-
ulatory action of androgen is the ability to enhance 

FSH-stimulated follicular differentiation,19–24 whereas 
androgen has been thought to inhibit follicular differ-
entiation and induce follicular atresia.25,26 Ageing is 
also thought to induce a lower AR expression in gran-
nulosa cells, although there have been no conclusive 
reports so far concerning the correlation between age 
and AR expression in the ovary. In our study as well, 
AR expression showed no correlation with patient’s 
age. The genetic variants of AR, such as the CAG 
repeat alleles of the exon 1 have been correlated with 
the risk of developing endometriosis; however it is 
unclear whether endometriosis affects AR mRNA 
expression in granulosa cells. Recently it has been 
reported that AR knock-out mice exhibited longer 
estrous cycles and fewer ovulations, and it has also 
been concluded that AR promotes pre-antral follicle  
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Figure 2. (A) As for FSHR, there was no statistical difference of mRNA expression in endometriosis patients nor in the control group. There was no 
statistical difference in mRNA expression of FSHR in both the endometriosis group and the control group. (B) AR mRNA expression of pregnant subjects 
in the control group was higher than that of non-pregnant subjects; however, there was no statistical difference in endometriosis cases.
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growth and prevents follicular atresia.15 Transient 
expression of AR and FSHR mRNA in granulosa cells 
isolated from preovulatory follicles induced by an LH 
surge has also been identified27–29 and, furthermore, 
AR-mediated androgen signaling is considered to 
play an important role in the female reproductive sys-
tem, such as follicular development and luteinization.7  

It has also been reported that most ovarian cells, 
including oocyte, granulosa, thecal, stomal and 
luteal cells, have the ability to process AR. In par-
ticular, granulosa cells appear to be the main site 
of AR expression in the ovary in several species, 
humans included.19,30 AR expression is highest in 
pre and early-antral follicles and gradually decreases 
as the follicle matures.7,21,22 However, AR is clearly 
detected in granulosa cells, as well as in theca cells, 
of dominant follicles even in the mid and late follicu-
lar phase.7 Androgen is mainly utilized as a substrate 
for estrogen synthesis in preovulatory follicles,20 and 
ovaries from rhesus monkeys showed that the AR 
gene was most abundantly expressed in granulosa 
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Figure 3. (A) Expression of AR mRNA in patients with endometriosis was statistically lower than that in the control group; however there was no statistical 
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however, it was not identified in the endometriosis group.

Table 3. Results of MSP.

Endometriosis 
(n = 11)

Control 
(n = 11)

p

Methylation 11 5 0.02
Non-methylation 4 6 NS
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cells in the ovary and augmented in healthy follicles.31 
Because it is unclear how endometriosis affects 
AR gene expression in granulosa cells, we carried 
out real-time PCR to confirm this. In our study, the 
results revealed that a higher expression level of AR 
mRNA leads to higher pregnancy rates in the con-
trol group, thus indicating that AR plays an important 
role in the process of oocyte maturation and fertiliza-
tion; however, such functions of AR are thought to be 
disturbed in the presence of endometriosis. In stud-
ies of follicles with a diameter of 3–9 mm, a highly 
significant association between the expression of AR 
and FSHR in granulosa cells has been identified.32 
Vendola reported that AR probably does not regu-
late the FSHR gene because no androgen response 
element on the FSHR gene promoter has yet been 
identified.33 The enhancement of local production 
of IGF1 or inhibin B might be induced by an indi-
rect influence of AR and FSHR with AMHRII,33 and 
Nielsen noted that the AMH signaling system might 
have an impact on the interaction of AR and FSHR 
expression. Our study showed the expression of AR 
mRNA is positively correlated with FSHR mRNA in 
non-endometriosis cases; however, such correlation 
was not confirmed in endometriosis patients. These 
results may imply that endometriosis has a negative 
effect on the interaction between AR and FSHR in 
granulosa cell and, therefore, we hypothesized that 
the HRE of AR might be methylated in the presence 
of endometriosis. Several studies have revealed links 
between DNA methylation and gene expression.34,35 
Sequences near silent genes generally are methylated, 
whereas those near active regions are not. Hyper-
methylation of cytosine-rich areas (CpG island) in 
the promoter region of steroid receptor genes has 
been associated with transcriptional inactivation 
of genes and has been considered to be function-
ally equivalent to an inactivation mutation.36 An AR 
promoter contains specific CpG island methylation 
hot spots which are markers of gene silencing. AR 
gene encodes a ligand dependent transcription factor 
involved in regulating the expression of an array of 
androgen-responsive genes. Recently aberrant DNA 
methylation patterns have been identified in a vari-
ety of human diseases, particularly cancer. In cases 
of prostate cancer, Takahashi et al reported that AR 
methylation might represent a phenotype important 

in the development of hormone independence in 
a subset of advanced prostate cancers in which AR 
expression is not found.37 Although DNA demethy-
lation of the aromatase in endometriosis patients 
has already been reported,38 the epigenetic change 
of AR remains unknown. Our results imply that the 
methylation of the AR promoter region might be an 
important cause of the deregulation between AR and 
FSHR in the presence of endometriosis. In this study 
most subjects in the control group had partners being 
treated for male infertility, unlike those patients in 
the endometriosis group. Therefore, it would have 
been quite difficult to show how the methylation of 
HRE in endometriosis patients actually affects post-
fertilization embryo development.

In conclusion, by using cDNA from granulosa cells 
and genomic DNA from granulosa cells, the present 
study revealed that endometriosis might cause the 
methylation of the AR promoter region, thus leading 
to a disturbance in the regulation of AR and FSHR. 
These results encourage further studies focusing on 
the epigenetic change of the AR promoter region by 
quantitative MSP in order to reveal the effect endo-
metriosis has on the methylation of the AR promoter 
region.
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