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Abstract

Background: To investigate the effect of the methylation rate of the androgen
receptor (AR) promoter region in granulosa cells in patients with endometriosis-
induced infertility.

Method: Eighteen patients with moderate to severe endometriosis and a control
group of 24 patients without endometriosis who underwent assisted reproductive
technologies (ART) were investigated. Genomic DNA was extracted from granulosa
cells and subjected to bisulfite treatment. The methylation rate of the AR promoter
region was compared between the endometriosis group and the control group,
and the relationship between clinical outcome and the methylation rate of the AR
promoter region was investigated using real-time methylation-specific polymerase
chain reaction (MSP). The MSP data was confirmed using bisulfite sequencing.
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Results: Antral follicle count (AFC) and number of retrieved oocytes was lower in =] yoppy1205@gmail.com

the endometriosis group than in the control group (p < 0.05). The methylation rate
of the AR promoter region was statistically higher in the endometriosis group than
in the control group; moreover, the methylation rate was negatively correlated
with AFC and the number of retrieved oocytes.
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Introduction steroidogenic factor-1 (SF-1) and estrogen receptor-B (ER-B), both
of which play critical roles in the pathogenesis of endometriosis
The resulting poor outcome of in vitro fertilization-embryo  [4]. In patients with endometriosis, non-methylation of the
transfer (IVF-ET) in patients with endometriosis is widely  promoter region of ER-B results in the overexpression of ER-B
considered to be due to altered fO”iCUlOgenesiS [1], embryo and, consequent]y’ the expression of ER-o and progesterone
toxicity against early embryonic development [2], and impaired  receptors (PRs) is suppressed [5].
fertilization [3]. Although endometriosis is still one of the most
enigmatic of all gynecological diseases, recent epigenetic changes
in the disease have gradually come under closer investigation [4,
5]. Bulun speculated that genetic predisposition or the exposure

The most notable stimulatory action of androgen is its ability to
induce follicular differentiation by follicle-stimulating hormone
(FSH) [6-8].

to environmental toxins of fetal progenitor cells destined to
form adult female pelvic organs may result in epigenetic events,
including promoter hypomethylation and the overexpression of

In contrast, however, androgen has also been reported to inhibit
follicular differentiation and follicular atresia [9, 10]. These
opposing androgenic actions are mediated by a specific nuclear

© Under License of Creative Commons Attribution 3.0 License | This article is available from: //www.raredisorders.imedpub.com ‘|


mailto:yoppy1205@gmail.com

2015

Journal of Reproductive Endocrinology & Infertility

receptor, or androgen recepto. Granulosa cells in dominant
follicles show stronger nuclear staining for androgen receptors
than that found in thecal cells. Moreover, the staining intensity
of AR is strongest in the early luteal phase just after ovulation
and then gradually declines [11]. We previously reported that the
expression of AR mRNA is positively correlated with FSHR mRNA
in non-endometriosis patients; however, such correlation was
not confirmed in patients with endometriosis. These results may
imply that endometriosis has a negative effect on the interaction
between AR and FSHR in granulosa cells and, therefore,
we hypothesized that the promoter region of AR might be
methylated in the presence of the disease [12]. However, there
have been no reports so far quantitating the methylation rate of
the AR promoter region in the granulosa cells of patients with
endometriosis. Therefore, in this study, we performed real-time
methylation-specific polymerase chain reaction (MSP) in order to
investigate the effect of the methylation rate of the AR promoter
region on IVF-ET outcome in patients with moderate to severe
endometriosis.

Material and Methods
Patient population

Eighteen patients with moderate to severe endometriosis and
a control group of 24 patients without endometriosis were
recruited. All 42 patients in the study received ART between
October 2010 and December 2013 at Osaka Medical College.
When patients with endometriosis had undergone a laparoscopic
bilateral endometriotic cystectomy, the diagnosis of moderate
or severe endometriosis was confirmed based on the revised
American Society of Fertility & Sterility (rAFS) score. Among those
18 patients with endometriosis, five cases were complicated due
to deep infiltrating lesions. In all 24 patients in the control group,
the absence of endometriosis was confirmed during laparoscopic
surgery for an ectopic pregnancy within 1 year of receiving ART.
All of the endometriosis patients had undertaken a laparoscopic
bilateral endometriotic cystectomy and were diagnosed as
having moderate to severe endometriosis using the revised
American Society for Reproductive Medicine (rASRM) score. In all
patients in the control group, the absence of endometriosis was
confirmed when laparoscopic surgery for an ectopic pregnancy
was carried out. The inclusion criteria were as follows: (i) 30-42
years of age with regular menstrual cycles and (ii) the absence of
any endocrine disease. The excluding criteria were as follows: (i)
evidence of postmenopausal FSH and estradiol levels and (ii) any
suspicion of malignant ovarian disease.

The institutional review board approved this protocol (2012-135)
and its consent form, and informed consent for this study was
obtained from all participants.

Table 1 Primers used in Real-Time MSP.
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Protocol for controlled ovarian
hyperstimulation

Controlled ovarian hyperstimulation (COH), hormone assays,
follicle monitoring, retrieval of oocytes, insemination, embryo
culture, embryo transfers, and confirmation of embryo quality
were performed as previously described [13]. Hormone assaying
was carried out at the time of oocyte retrieval, and basic values
for LH and FSH were assayed at the time of the antral follicle
count, :"(AFC)" The number of antral follicles was counted at
day 2 before starting hMG/FSH administration. Pregnancy was
confirmed by the identification of an intrauterine gestational sac
during ultrasound examination.

Genomic DNA preparation from
granulosa cells

After oocyte retrieval, granulosa cells 18mm or larger in the
aspirated follicular fluid from each patient were isolated and
suspended in a tube according to the methods reported by Toya
et al. [14].

Genomic DNA was extracted from the granulosa cells shortly after
retrieval of the oocyte using an Easy-DNA Kit ™ (Life technologies,
California, US) in accordance with the manual.

Real-time MSP and bisulfite genomic
sequences

Bisulfite conversion of genomic DNA extracted from the granulosa
cells was performed with the EZ DNA Methylation-Gold Kit
(Zymo Research, California, US). Converted DNA was quantified
prior to downstream PCR application, and the amount of DNA
was determined by spectrophotometric measurement using the
NanoDrop 2000 spectrophotometer (Thermo Scientific, Waltham,
MA) [15]. Real-time MSP using SYBR Green was performed on
the DNA from the granulosa cells in accordance with the manual.
Real-time MSP reactions were performed on 20ul of each
patient sample by OneStep realtime PCR (Perkin-Elmer Applied
Biosystems, Tokyo, Japan). The mixture contained 500nM of
each forward primer and reverse primer, 1IxPOWER SYBR® Green
PCR Master Mix (Life technologies, California, US), and 100 ng
of DNA. To create standard curves of AR methylation and non-
methylation, methyl and non-methyl DNA were synthesized (Life
technologies, California, US). The primers for real-time MSP were
designed and synthesized (Life technologies, California, US) as
shown in Table 1. These primers were designed using Methylation
Primer Express (Life technologies, California, US) to detect any
methylated CpG islands of the AR promoter region. PCR amplicon
wasl1l04bp in size and corresponded to GenBank accession
number X78592 and nucleotides 5,860 to 5,963 (UCSC Genome

AR Methylation Forward 5’-TAGAGGGAAAAAGGGTCGAGTTAGTC-3’
AR Methylation Reverse 5’-AAAACGTTAACTATCGCTAAAACCG-3’
AR non-Methylation Forward 5’-TAGAGGGAAAAAGGGTTGAGTTAGTT-3’
AR non-Methylation Reverse 5’-CAAAAAACATTAACTATCACTAAAACCA-3’

2 This article is available from: //www.raredisorders.imedpub.com
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Browser: chrX: 66,763,945 to 66,764,048; GRCh37/hg19). PCR
Conditions were 95°C for 2 minutes, followed by 35 cycles of 95°C
for 30s, 56°C for 30s, and 72°C for 45s, then a final extension cycle
of 72°C for 4 minutes. DNA sequencing was performed with the
Big Dye Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems
Inc.) in accordance with the manufacturer’s instructions. The
methylation rate was calculated as follows: methylation rate (%)
= X+(X+Y) x 100 (X: the number of methylated molecules, Y: the
number of non-methylated molecules).

TaqMan Real-Time PCR

Of the 42 patients in the study, complementary DNA (cDNA) was
constructed in 15 patients in order to investigate the AR mRNA
expression ratio in the granulosa cells. The isolation of RNA and
cDNA preparation of the cells following oocyte retrieval was
carried out as previously described [12].

Oligonucleotide primers for TagMan probes were designed using
Primer Express (version 1.0, Perkin-Elmer Applied Biosystems)
using the Gene Bank database and based on published sequences
of mitochondrial DNA. Human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH: Perkin-ElImer Applied Biosystems,
Tokyo, Japan) was used as an internal standard. The primers used
in TagMan Real-Time PCR and their expected sizes are as follows:
AR-forward: 5’-TGTCGTCTTCGGAAATGTTATGA-3’, AR-Reverse:
5’-TTCCTCCTGTAGTTTCAGATTACCAA-3’, AR-TagMan: 5'-FAM-
ACTCTGGGAGCCCGGA-MGB-3’. Quantitative analysis of AR mRNA
levels was performed in a 20 pl reaction containing 1 x TagMan
Universal PCR Master Mix (Perkin-Elmer Applied Biosystems,
Tokyo, Japan) and 200 nM for each forward and reverse primer
corresponding to 100 nM of TagMan probe (Perkin-Elmer Applied
Biosystems, Tokyo, Japan). PCR conditions were 95° C for 10
minutes, followed by 60°C for 1 minute, for 40 cycles on OneStep
realtime PCR (Perkin-Elmer Applied Biosystems, Tokyo, Japan).
The relative AR mRNA expression ratio to GAPDH was analyzed
using the AACt method [12].

Statistical analysis

All experiments were performed in duplicate. Statistical

Table 2 Patients’ characteristics.
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calculations were performed using Stat View statistical software
(SAS Institute Inc., Cary, NC, USA). The total sample size and actual
power were calculated to be 42 (18 + 24) and 0.79, respectively,
with a-err = 0.05, B-err = 0.21, and an effect size d = 0.8.

Data followed a normal distribution and was statistically analyzed
using one-way analysis of variance. The comparison between
the two nonparametric groups was performed using the
nonparametric Mann—Whitney U test or the X2 test. The Pearson
correlation coefficient was analyzed in normally distributed data,
and differences were considered to be statistically significant at p
< 0.05. Furthermore, a forward stepwise multivariate regression
analysis was performed in order to determine the factors
associated with the methylation rate of the AR promoter region
of the granulosa cells using JMP® 11 (SAS Institute Inc., Cary, NC,
USA). A value of p < 0.05 was considered statistically significant.

Results
Index stimulated ART cycles

Table 2 depicts the demographic data and clinical data from the
index stimulated ART cycle. Mean age and body mass index of
patients with endometriosis showed no statistical difference
compared with the control group. Serum level of FSH, luteinizing
hormone (LH), estradiol (E,), progesterone (P,), Anti-Miillerian
hormone (AMH), total dose of human menopausal gonadotrophin
(hMG) fertilization rate, high-quality embryo rate, and pregnancy
rate were comparable between the two groups; however, mean
AFC and number of retrieved oocytes in the endometriosis group
were significantly lower than the same two outcomes in the
control group (p < 0.05).

Outcome of Real-time MSP, bisulfite
genomic sequences and TagMan Real-
Time PCR

Whencomparedwiththecontrolgroup (p=0.018),the methylation
rate of the AR promoter region was significantly higher in patients
with endometriosis (Figure 1). As well, the methylation rate of
the AR promoter region was positively correlated with patient

Age 36.54+4.30
BMI (Kg/m?) 21.1242.50
FSH level(mIiU/ml) 6.92+2.66
LH level(mIU/ml) 3.36+1.99

Estradiol level (pg/dl)

Progesterone level (ng/dl) 0.82+0.43
Total dose of hMG (IU) 2206.82+778.70
AMH (ng/ml) 2.27+1.64
Antral follicle count 15.62+8.73
Number of mature follicles (>18 mm) 8.321+4.12
Number of oocyte 9.42+5.42
Number of embryo 5.6715.14
Fertilization rate(%) 56.90
Grade I and llembryos rate(%) 25.65
Pregnancy rate (%) 25.0

© Under License of Creative Commons Attribution 3.0 License

3291.28+2641.86

38.2+3.62 0.22
22.88+4.09 0.42
8.92+3.53 0.17
3.90+3.29 0.98
2150.70+£1202.37 0.39
0.55+0.11 0.20
2353.85+678.14 0.28
1.82+2.62 0.19
8.91+3.59 0.04
3.57+2.81 0.03
4.81+3.37 0.006
3.00+2.65 0.08
59.75 0.63
34.39 0.59
16.67 0.29
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age in both groups (Control: R=0.45, Endometriosis 0.2) (Figure 2).
In patients with endometriosis, the methylation rate of the AR
promoter region was negatively correlated with AFC (Figure 3A),
the number of retrieved oocytes (Figure 3B), the rate of retrieval
of oocytes (the number of retrieved oocyte / AFC x 100) (Figure 3C), and
fertilization rate (the number of fertilized oocyte / the number
of retrieved oocyte x 100) (Figure 3D). However, it was not
correlated with grade | + Il embryo rate (the number of grade |
+ |l embryo / the number of fertilized oocyte x 100) (Figure 3E).
Unlike patients with endometriosis, the methylation rate of the
AR promoter region in the control group showed no correlation
with these factors. Furthermore, direct PCR sequencing data of
the AR promoter region showed that CpGs were methylated in all
specimens examined (Figure 4).

Moreover, TagMan Real-Time PCR indicated that the AR
MRNA expression ratio in the granulosa cells from patients
with endometriosis was lower than that in the control group.
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Figure 1 Methylation rate of the AR promoter region in the
endometriosis and control groups. p values <0.05 were
considered significant, and the test was two-tailed. The
nonparametric Mann—-Whitney test was used to test
whether the samples were from identical distributions.
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Additionally, the AR mRNA expression ratio was negatively
correlated with the AR methylation ratio in the 15 patients
examined (Figure 5).

Multiple analyses of variance

Forward stepwise multivariate regression analysis revealed that
age and endometriosis were significantly and independently
associated with the methylation rate of the AR promoter region
(Table 3).

Discussion

The present study evaluated human granulosa cell material from
mature follicles retrieved from ovaries under COH. The present
study showed that: 1) the methylation rate of the AR promoter
region was significantly higher in patients with moderate to
severe endometriosis when compared with the control group;
2) the methylation rate of the AR promoter region correlated
negatively with AFC, number of retrieved oocytes, and rate of
retrieval of oocytes; and 3) the AR methylation rate of the AR
promoter region was positively correlated with patient age in
both groups.

These findings support the concept that moderate to severe
endometriosis is associated with the methylation of the AR
promoter region, thus leading to poor follicular development.

Granulosa cells are the main site of AR expression in human
ovaries [16, 17]. The expression is highest in early and pre-antral
follicles and gradually decreases as the follicles mature [6, 7, 11].
The AR protein is a key mediator in the enhancement of FSH-
stimulated follicular differentiation [6-8, 17], whereas androgen
has been thought to inhibit follicular differentiation and induce
follicular atresia [9, 10]. AR is present in granulosa cells at almost
every stage, particularly in the mid and late-follicular phase [11,
18], and AR-mediated androgen signaling is considered to play
an important role in the female reproductive system, such as in
follicular development and luteinization [11]. Recently, it has been
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Figure 2 Correlation rate of the methylation rate of the AR promoter region with the patient age. The Pearson correlation coefficient was
analyzed in normally distributed data. Differences were considered to be statistically significant at p<0.05.
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Figure 3 The methylation rate of the AR promoter region with AFC (Figure 3A), the number of retrieved oocytes (Figure 3B), oocyte
retrieval rate (the number of retrieved oocyte / AFC x100) (Figure 3C), fertilization rate (the number of fertilized oocyte / the
number of retrieved oocyte x100) (Figure 3D) and grade | + Il embryo rate (the number of grade | + Il embryo / the number of
fertilized oocyte x100) (Figure 3E).
The Pearson correlation coefficient was analyzed in normally distributed data. Differences were considered to be statistically
significant at p<0.05.
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Figure 4 Summarized bisulfite sequencing of androgen receptor (AR) promoter region. In direct bisulfite sequencing data, CpGs were found
to be partially methylated, as indicated by C/T, and unmethylated, as indicated by T. DNA sequencing was performed with a BigDye
terminator v1.1 cycle sequencing kit (Applied Biosystems Inc.) following the manufacturer’s instructions.
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whether the samples were from identical distributions.

at p<0.05.
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A: Comparison of the AR mRNA expression ratio in granulosa cells between the control and endometriosis groups.
p values <0.05 were considered significant, and the test was two-tailed. The nonparametric Mann—Whitney test was used to test

B: The methylation rate of the AR promoter region was negatively correlated with the AR mRNA expression ratio (r=-0.3). The
Pearson correlation coefficient was analyzed in normally distributed data. Differences were considered to be statistically significant

ARmMRNA expression ratio

J

Table 3 Multivariate analysis of variance to evaluate contributors to the methylation rate of AR.

Confouding variables F value
Presence of endometriosis 5.09
Age 13.98
BMI(kg/m?) 0.03

reported that AR knockout mice exhibit a fewer number of antral
follicles and retrieved oocytes at 16 weeks of puberty [19]. The
androgen receptor is also the only sex hormone receptor gene on
the X chromosome and exists in Xg2-12. This gene is more than
90 kb long and codes for a protein that has 3 major functional
domains: the N-terminal domain, the DNA binding domain, and
the androgen binding domain (Figure 6). The AR gene contains
2 highly polymorphic trinucleotide repeat segments that encode
polyglutamine and polyglycine tracts in a protein whose length
and methylation patterns affect both AR expression and function.
An increase in androgen receptors, induced by estrogen, is
perceived as one of the biological phenomena related to the
estrogen-induced growth of uterine endometrium. Moreover,
Cardenas et al. reported that androgens may be responsible for
the regulation of the amount of FSH-receptor mRNA in ovarian
follicles [20]. Female AR”"mice develop a premature ovarian
failure (POF) phenotype, and the number of healthy follicles in
the AR7-ovary gradually declines at 3 weeks of age with a marked
increase of atretic follicles. By 40 weeks, these AR""mice become
infertile, with no follicles detectable in the ovary [18]. These
findings clearly indicate that AR-mediated androgen signaling is
indispensableforthe maintenance offolliculogenesisandimplicate
impaired androgen signaling as a potential cause of POF [18].
Moreover, in cases of prostate cancer, Takahashi et al. reported
that AR methylation may represent a phenotype important in the
development of hormone independence in a subset of advanced

6

P value
0.03
0.0022
0.86

prostate cancers in which AR expression is not found [21]. Jarrard
et al., moreover, reported that the methylation of the androgen-
receptor-promoter CpG Island is associated with the loss of
androgen receptor expression in prostate cancer cells [22]. In the
present study, we were unable to analyze the AR mRNA expression
ratio in all cases because the sample quantity was too small
to allow for the extraction of DNA and mRNA. Factors that are
related with the methylation of CpG islands involve aging, chronic
inflammation, and viral infection; however, in this study, we were
also unable to determine the possible mechanism of a higher
methylation rate of the AR promoter region in endometriosis.

There are some limitations to this study. First, the enrolled
endometriosis group undertook laparoscopic surgery. This fact
raises the possibility that the methylation changes were not
specific to endometriosis and, instead, reflect that methylation
was caused by the prior laparoscopic treatment itself. Second,
the limited number of samples prevented the examination
of epigenetic alterations at different stage of endometriosis.
However, this study indicates that AR methylation ratio is
negatively correlated with AR mRNA expression and that the
AR mRNA expression in granulosa cells from patients with
endometriosis is lower than that in granulosa cells from patients
without the disease. It can, therefore, be hypothesized that AR
genes from patients with moderate to severe endometriosis are
more methylated and, therefore, less active than in patients of
the same age without severe endometriosis.

This article is available from: //www.raredisorders.imedpub.com
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AGCAGGGGTCCTCCAGGGCTAGAGCTAGCCTCTCCTGCCCTCGUCCACGCTGUGCCAGCACTTGTTTCTCCAAAGCCA
CTAGGCAGGCGTTAGCGCGCGGT GAGGGGAGGGGAGAAAAGGAAAGGGOAGGGGAGGGAAAAGGAGGTGGGAAGG
CAAGGAGGCCGGCCCGGTGGGGGOGGGACCCGACTCGCAAACTGTTGCATTTGCTCTCCACCTCCCAGCGCCCCCTCC
GAGATCCCGGGGAGCCAGCTTGCTGGGAGAGCGGGACGGTCCGGAGUCAAGCCCACAGGCAGAGGAGGCGACAGAG
GGAAAAAGGGCCGAGCTAGCCGCTCCAGTGCTGTACAGGAGCCGAAGGGACGCACCACGCCAGCCCCAGCCCGGCT
CCAGCGACAGCCAACGCCTCTTGCAGCGCGGCGGCTTCGAAGCCGCCGCCCGGAGCTGCCCTTTCCTCTTCGGTGAA
GTTTTTAAAAGCTGCTAAAGACTCGGAGGAAGCAAGGAAAGTGCCTGGTAGGACTGACGGCTGCCTTITGTCCTCCTCC
TCTCCACCCCGCCTCCCCCCACCCTGCCTTCCCCCCCTCCCCCGTCTTCTCTCCCGCAGCTGCCTCAGTCGGCTACTCTC
AGCCAACCCCCCTCACCACCCTICTCCCCACCCGCCCCCCOCGUCCCCGTCGUCCAGCGCTGCCAGCCCGAGTTIGCAG
AGAGGTAACTCCCTTTGGCTGCGAGCGGGCGAGCTAGC TGCACATTGC AAAGAAGGCTCTTAGGAGCCAGGCGACTG
GGGAGCGGCTTCAGCACTGCAGCCACGACCCGCCTGGTTAGGCTGCACGCGGAGAGAACCCTCTGTTTITCCCCCACTC
TCTCTCCACCTCCTCCTGCCTTCCCCACCCCGAGT GCGGAGUCAGAGATCAAAAGATGAAAAGGCAGTCAGGTCTTCA
GTAGCCAAAAAACAAAACAAACAAAAACAAAAAACAAGAAATAAAAGAAAAAGATAATAACTCAGTTCTTATTTGCA
CCTACTTCAGTGGACACTGAAT TTGGAAGGTGGAGGATTITGTTTIT-

=p ¢
5° [T 11 ] 11 | o u 1L | TN T | I Il I | 5
il ini I I I | L LLLURLLRL L T il nar w o irut ] FTnrTm I l 3
’ I — 6905
(5481.6610)

CPG island

Length: 1905bp I CpG Sites I CpG Islands

Parameters used to find CpG islands

Minimum lenght of island: 300 I Translatin Transcription I Region of

Maximu lenght of island: 2000 Start Codon Bases Interset

C+Gs/Total bases: >50% =) R

CpG observed/CpG expected >0.6 4= Primer

CpG islands found: 1

Figure 6 The androgen receptor is the only sex hormone receptor gene on the X chromosome and exists in Xq2-12. PCR amplicon was 104
bp in size (Region of Interest) and corresponds to GenBank accession number X78592 (http://getentry.ddbj.nig.ac.jp/getentry/na/
X78592).t
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Here, we have investigated for the first time the relationship
between infertility complicated due to moderate to severe
endometriosis and the methylation rate of the AR promoter
region in granulosa cells.

mean AFC and number of retrieved oocytes in patients with
moderate to severe endometriosis.
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In summary, our results need to be confirmed in an unselected
population, and further studies are needed in order to clarify
the influence of endometriosis on not only the methylation

rate of the AR promoter region but also on the function of AR
in granulosa cells. The present study, however, indicates that a
higher methylation rate of the AR promoter region leads to lower
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