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Androgen receptor gene mutations in 258 Han Chinese
patients with polycystic ovary syndrome
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Abstract. Polycystic ovary syndrome (PCOS) affects 8-13%
of reproductive-age females worldwide and mutations or aber-
rant expression of androgen receptor (AR) may cause the onset
of this disease. In the present study, 258 samples from Han
Chinese patients with PCOS were analyzed for the presence
of AR mutations via sequencing of all coding exons of the
AR gene. A total of five heterozygous missense mutations,
namely p.V3M, p.Q72R, p.S158L, p.S176R and p.G396R,
were identified in five of the patients. Among these, p.S158L
was a novel mutation that, to the best of our knowledge, has
not been reported previously. Although the remaining four
mutations have been reported previously, they existed at low
frequencies or were absent in the control subjects and in the
Exome Aggregation Consortium database. The results of
evolutionary conservation and in silico analysis revealed that
the p.V3M, p.S158L and p.S176R mutations were pathogenic,
whereas the p.Q72R and p.G396R mutations were benign.
Compared with the patients with PCOS without AR mutations
or with benign AR mutations, markedly lower estrogen levels
on the day of human chorionic gonadotropin injection were
observed in the three patients with PCOS with potentially
pathogenic mutations. In addition, patients with PCOS with
pathogenic mutations had lower numbers of oocytes; however,
the difference was not statistically significant. Of note, these
observations should be interpreted with caution due to the
relatively small sample size in the present study. Therefore, a
larger number of samples should be collected to validate the
results of the present study in future studies. In summary, the
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present study identified three potential pathogenic mutations
in 258 Han Chinese patients with PCOS and these mutations
may have an implication in the pathogenesis of PCOS.

Introduction

Polycystic ovary syndrome (PCOS) is one of the most common
endocrine disorders in females, affecting 8-13% of reproduc-
tive-age women (1,2). It is a multifactorial disorder with a
broad spectrum of clinical manifestations, characterized by
elevated levels of luteinizing hormone (LH) and androgen,
ovulatory dysfunction and irregular menstrual cycles, as well
as the appearance of a polycystic ovarian morphology on
ultrasound imaging.

Among patients with PCOS, 60-80% suffer from hyperan-
drogenemia and most of them have slightly elevated levels of
circulating androgens (3-5). The effects of androgen are mainly
mediated via the androgen receptor (AR), a ligand-dependent
nuclear transcription factor belonging to the steroid hormone
nuclear receptor family. Increasing evidence has suggested
that AR may serve roles in the development of PCOS (6-10).
Previous studies have demonstrated that AR (CAG)n
repeats (5) and rs6152A (6) gene polymorphisms are associ-
ated with the pathogenesis of PCOS (11-15). Xia et al (16)
performed a case-control study involving 261 patients with
PCOS and 278 healthy controls, revealing that shorter alleles
of (CAG)n in exon 1 of the AR gene enhance the susceptibility
to PCOS, either by upregulating AR activity or by causing
hyperandrogenism. Mohlig et al (17) demonstrated that the
AR CAG repeat polymorphism may result in metabolic
disorders by modifying the impact of testosterone (T) on
insulin resistance in PCOS, which is consistent with previous
studies (12,14). Splice variants of AR have been reported to
occur in various androgen-sensitive types of cancer, including
prostate cancer, breast cancer and liver cancer cell lines (18).
Wang et al (19) proposed that somatic mutations in AR have
an etiological role in the pathogenesis of PCOS. The study
revealed that in the majority of PCOS samples, ovarian
granulosa cells possess somatic insertions or deletions in the
AR gene. These samples have a higher total serial T, serial
dehydroepiandrosterone and follicular fluid free androgen
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index and only the insertion allele is associated with higher
follicular fluid levels of anti-Miillerian hormone (AMH),
a growth factor produced solely by small follicles (19-22).
Furthermore, Nam et al (23) observed that a patient with
AR-mutated PCOS gave birth to a baby girl with androgen
insensitivity syndrome. Therefore, it was hypothesized that
abnormally expressed and/or dysfunctional AR may serve
certain roles in the pathogenesis of PCOS.

In the present study, a total of 258 Han Chinese patients
with PCOS were recruited and analyzed for the presence of
AR mutations with the aim of exploring the potential involve-
ment of AR mutations in the pathogenesis of PCOS.

Materials and methods

Patients and blood samples. A total of 258 infertile females
with PCOS (average age, 27.85+3.46 years; age range,
21-41 years) who underwent in vitro fertilization/intracy-
toplasmic sperm injection-embryo transfer (IVF/ICSI-ET)
cycles were recruited at Jiangxi Provincial Maternal and Child
Health Hospital (Nanchang, China) between October 2016
and September 2018. PCOS was diagnosed according to the
Rotterdam criteria (24), requiring the presence of two of the
following features: i) Oligo/anovulation; ii) hyperandrogenism;
and iii) polycystic ovaries detected by ultrasound imaging.
Hyperandrogenism was diagnosed on the basis of either
hirsutism or hyperandrogenemia. Hirsutism was determined
by means of a modified Ferriman-Gallwey score >6 (25).
Hyperandrogenemia was defined as an elevated total T level
according to laboratory criteria (normal level, 10.83-56.94 ng/
dl). Polycystic ovaries on ultrasound imaging were defined
as the presence of =12 antral follicles measuring 2-9 mm in
diameter and/or an increased ovarian volume (>10 cm?®) (26).
Other causes of hyperandrogenism and ovulation dysfunc-
tion, including ovarian interstitial tumor or adrenal tumor,
congenital adrenal hyperplasia, hyperprolactinemia and
thyroid dysfunction, were ruled out.

Patients were excluded from the present study if they
had congenital or acquired uterine malformations, including
septate uterus, duplex uterus, adenomyosis, submucous
myoma or intrauterine adhesion, abnormal results of chromo-
some karyotyping or medical conditions that contraindicated
assisted reproductive technology or pregnancy. Patients with
controlled diabetes and hypertension were not excluded.
There were no male-factor exclusions and the use of donor
semen was not allowed. In addition, a total of 520 female Han
Chinese control (average age, 31.48+5.59 years; age range,
20-42 years) subjects without PCOS were recruited at Jiangxi
Provincial Maternal and Child Health Hospital (Nanchang,
China) between October 2016 and September 2018. Details of
the cases and controls are provided in Table I.

Measurement of hormones and biochemical parameters.
All hormones and biochemical indicators were assessed at
the Clinical Laboratory of Jiangxi Provincial Maternal and
Child Health Hospital (Nanchang, China). The basal levels
of follicle-stimulating hormone (FSH), LH, estrogen (E2),
T, prolactin (PRL), AMH, free triiodothyronine (FT3), free
thyroxine (FT4), thyroid-stimulating hormone (TSH) and
cancer antigen 125 (CA125), and the levels of LH, progesterone

and E2 on the day of human chorionic gonadotropin (hCG)
injection were measured by radioimmunoassay methods
as described previously (27). Fasting blood glucose (FBG),
triglyceride, total cholesterol (TC), high-density lipo-
protein cholesterol (HDL) and low-density lipoprotein
cholesterol (LDL) levels were examined using a Beckman
AUS800 fully automatic biochemical analyzer (Beckman
Coulter, Inc.) and the gold-labeling method (28). Other
clinical data, including age, duration of infertility, body mass
index (BMI), antral follicle count (AFC), length of menstrual
cycle, duration of ovarian stimulation, total dose of gonadotro-
phins and number of oocytes retrieved, were collected from
the clinical records of the patients (Table I).

Mutational analysis of the AR gene. Genomic DNA was
isolated from the peripheral blood samples of patients with
PCOS using the DNeasy Blood kit (cat. no. 69504; Qiagen,
Inc.) according to the manufacturer's protocol. The entire
coding regions and the adjacent exon/intron boundaries of
the AR gene were amplified by PCR with 10 sets of primer
pairs (Table II). In brief, for each PCR amplification reaction,
~50 ng total DNA was used in a final volume of 30 ul, with
the following amplification protocol: Initial pre-denaturation
step at 94°C for 3 min, followed by 35 cycles of denatur-
ation at 94°C for 30 sec, annealing at different temperatures
(52-60°C; Table II) for 30 sec and extension at 72°C for 30 sec;
final extension at 72°C for 7 min. PCR was performed using
a Thermal Cycler 2720 (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The PCR amplification products were then
purified and sequenced on an ABI Prism 3730 DNA sequencer
(Applied Biosystems; Thermo Fisher Scientific, Inc.). An addi-
tional independent PCR amplification and DNA sequencing
experiment was performed with samples of patients with
PCOS harboring potential AR mutations. PCR amplification
and DNA sequencing were performed as described above.
The identified mutations were confirmed by bidirectional
sequencing on ABI 3730 Prism DNA sequencer (Applied
Biosystems; Thermo Fisher Scientific, Inc.).

Bioinformatics prediction of the pathogenicity of AR muta-
tions. Two online bioinformatic programs, PolyPhen-2 (http://
genetics.bwh.harvard.edu/pph2/) (29) and MutationTaster
(http://mutationtaster.org/) (30) were used to analyze the
disease-causing potential of the identified missense muta-
tions. Bioinformatics analysis was performed in July 2019.
PolyPhen-2 and MutationTaster automatically assessed
whether each mutation was either pathogenic or benign,
respectively.

Evolutionary conservation analysis of AR mutations. The
protein sequences from 14 vertebrate species in the GenBank
database (https:/www.ncbi.nlm.nih.gov/genbank/) were used
to analyze the evolutionary conservation status of the AR muta-
tions. The species included Homo sapiens (NP_000035), Pan
troglodytes (XP_024208738), Rattus norvegicus (NP_036634),
Sus scrofa (NP_999479), Bos taurus (NP_001231056),
Canis lupus familiaris (NP_001003053), Equus caballus
(NP_001157363), Felis catus (XP_023105265), Loxodonta
africana (XP_003412790), Myotis brandtii (XP_003412790),
Octodon degus (XP_004644568), Orycteropus afer
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Table I. Potential association analysis of clinical data and potential pathogenic mutations in the androgen receptor gene.

PCOS cases (n=258)

Parameter Mutation (n=3) Without or with benign mutations (n=255)  P-value®
Age (years) 27.33+4.51 27.86+3.46 0.795
Duration of infertility (years) 3.67+1.53 4.12+2 .48 0.753
BMI (kg/m?) 20.94+0.65 23.33+34 0.225
Basal FSH (IU/1) 6.94+1.66 5.82+1.39 0.169
Basal LH (IU/1) 9.92+0.81 9.76£5.19 0.803
LH/FSH 1.48+0.36 1.73+1.08 0.690
Basal E2 (pg/ml) 4145144 55.03£99.94 0.252
Basal T (ng/dl) 44.12+13.87 60.29+210.68 0.317
Basal PRL (ng/ml) 17.71+6.08 16.33+£14.62 0.870
AMH (ng/ml) 6.52+1.71 9.28+4.95 0.337
FT3 (pg/ml) 3.26+0.44 3.36+£0.41 0.677
FT4 (ng/dl) 1.44+0.05 1.43+1.03 0.813
TSH (mIU/1) 1.95+0.31 24+1.79 0.665
CA125 (U/ml) 22.79+26.25 17.67+£25.23 0.727
FBG (mM) 4.9+0.17 4.84+0.5 0.828
Triglyceride (mM) 0.72+0.23 1.39+0.95 0.226
TC (mM) 4.02+0.46 4.46+0.81 0.349
HDL (mM) 1.26+0.24 1.25+£0.27 0.926
LDL (mM) 243+0.34 2.58+0.74 0.730
AFC (n) 19.00+3.61 23.27+5.28 0.164
Length of menstrual cycle (days) 45.83x13.77 63.81+42.25 0.463
Duration of ovarian stimulation (days) 12.00+1.73 12.99+2.93 0.559
Total dose of gonadotrophins (IU) 1404.17£199.35 1989.85+954.69 0.290
Oocytes retrieved (n) 13.33+2.52 17.08+7.94 0416
LH level on hCG injection day (IU/1) 1.40+0.58 0.94+0.77 0.304
Progesterone level on hCG injection day (ng/ml) 0.78+0.22 0.62+0.33 0.426
E2 level on hCG injection day (pg/ml) 2227.00+184.82 3180.24+1710.25 <0.001
2PN fertilized oocytes (n) 10.00+2.00 11.01+£6.04 0.772
Available embryos (n) 6.33+1.53 4.67+2.89 0.322
High-quality embryos (n) 3.67+£2.52 2.69+2.50 0.500
Embryo transfer rate 1/3(33.33) 146/255(57.25) 0.579
Clinical pregnancy rate 1/1(100) 98/142(69.01) 1.000

*Student's t-test. Values are expressed as the mean + standard error of the mean or n/totals (%). BMI, body mass index; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; E2, estrogen; T, testosterone; PRL, prolactin; AMH, anti-Miillerian hormone; FT3, free triiodothyronine;
FT4, free thyroxine; TSH, thyroid-stimulating hormone; CA125, cancer antigen 125; FBG, fasting blood glucose; TG, triglyceride; TC, total
cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; AFC, antral follicle count; hCG, human
chorionic gonadotropin; PN, pronucleus; PCOS, polycystic ovary syndrome.

(XP_007954477), Ovis aries (NP_001295513) and Acinonyx
jubatus (XP_026909508). Multiple sequence alignment
was performed using the ‘ClustalW’ tool of the alignment
function in the Molecular Evolutionary Genetics Analysis
software (version 4.0) which was created and developed by
Kumar et al (31).

Statistical analysis. Clinical data and the frequency differ-
ences of AR mutations were analyzed by two-tailed Fisher's
exact tests using SPSS software (version 18.0; SPSS, Inc.).
Continuous quantitative data are expressed as the mean =+ stan-
dard deviation. Differences among groups were compared

using Student's t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

AR mutations. In the present study, all eight coding exons
of the AR gene were sequenced for the presence of AR
mutations in 258 samples from patients with PCOS. A total
of five heterozygous missense mutations, p.V3M (c.7G>A),
p-Q72R (c.215A>G), p.S158L (c.473C>T), p.S176R (c.528C>A)
and p.G396R (c.1186G>C), were identified in 5/258 PCOS
samples (Fig. 1; Table IIT). Among these mutations, p.S158L was
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Table II. Primers for PCR mutational analyses of the androgen receptor gene.

Target Annealing Forward primer Reverse primer PCR amplicon
region temperature (°C) (5'-3Y) (5'-3" length (bp)
Exon 1-1 52 GTGGGCAGCTAGCTGCAGC GTAATTGTCCTTGGAGGA 789
Exon 1-2 56 ACAGCAGCAGGAAGCAGT AGGTCCCCATAGCGGCACT 645
Exon 1-3 54 CCACGCTCGCATCAAGCTG ACGGGAGAGCTCTAGGTT 611
Exon 2 55 GCAGGTTAATGCTGAAGAC CTCCTAAGTTATTTGATAG 377
Exon 3 58 TCATGTGGTAGGATATAAT TGGCTGATGGCCACGTTGC 388
Exon 4 58 AAGGAGTTTAGAGTCTGTG ATTGAGACTTGTAACAAT 571
Exon 5 52 TAGGGGATGCCCGAATACC GCCAGTTGGCTGAAAGCC 430
Exon 6 50 TCCCTGGAGCACCAGCAGG TTGTTTCTTGTTAGGAA 442
Exon 7 60 AGCACACAGACTTCAACTA TTCACAATATCCAGCTGG 497
Exon 8 55 TCGCTGTCTCTCTCTAACA TGTGGCTGGCACAGAGTA 693
Table III. Androgen receptor mutations identified in the present study.
PCOS  Control
Polyphen-2  MutationTaster ID in Novel cases subjects
Mutation  prediction prediction dbSNP mutation (n=258) (n=520) P-value* EXAC P-value®
p.V3iM Probably Disease-causing 15778912582 No 1/516 0/1040 0332  5/73236  0.041
damaging
p.Q72R Benign Polymorphism 1s767121593 No 1/516 0/1040 0332 0/48582 0011
p.SI58L  Probably Disease-causing - Yes 1/516 0/1040 0332  0/43682 0.012
damaging
p.S176R  Probably Disease-causing  rs777131133 No 1/516 0/1040 0332  45/39906 0.446
damaging
p.G396R  Benign Polymorphism rs202150225 No 1/516 1/1040 0.553  4/28463  0.086

“Fisher's exact test. PCOS, polycystic ovary syndrome; dbSNP, single nucleotide polymorphism database; EXAC, Exome Aggregation

Consortium database.

anovel mutation and, to the best of our knowledge, has not been
reported previously. In addition, it was not detected in either the
520 Han Chinese control subjects or in the Exome Aggregation
Consortium (EXAC) database. The remaining four mutations
were previously reported in public databases; however, they
were absent or only detected in the 520 Han Chinese control
subjects and the EXAC database at low frequencies (Table III).
Compared with the 520 Chinese patients without PCOS, the
mutation frequency of each of the five AR mutations exhibited
no statistically significant difference; however, three of these
mutations, p.V3M, p.Q72R and p.S158L, exhibited significant
differences in mutation frequency when compared with those
in the EXAC database (P<0.05).

Evolutionary conservation and in silico analysis of AR muta-
tions. Evolutionary conservation analysis revealed that three
AR mutations, p.V3M, p.S158L and p.S176R, were highly
conserved among the 14 vertebrate species ranging from
Homo sapiens to Acinonyx jubatus, while the p.Q72R and
p-G396R mutations were not generally conserved among these
vertebrate species, except for Orycteropus afer and Octodon
degus for p.Q72R and Octodon degus for p.G396R (Fig. 2).

Furthermore, in silico analysis of these mutations demon-
strated that the p.V3M, p.S158L and p.S176R mutations were
pathogenic, while the p.Q72R and p.G396R mutations were
likely to be benign. These combined results implicated that
p-V3M, p.S158L and p.S176R, but not the p.Q72R and p.G396R
mutations, may be pathogenic.

Clinical characteristics of patients with PCOS. The general
clinical features of the 258 patients with PCOS are summa-
rized in Table I. The detailed clinical features of the 3 patients
with PCOS with potential pathogenic AR mutations (p.V3M,
p-S158L and p.S176R) are listed in Table IV. In brief, the
average BMI was 20.94+0.65 kg/m? and the average basal
levels of serum FSH, LH, E2 and T were 6.94+1.66 1U/1,
9.92+0.81 1U/1, 41.45+14.4 pg/ml and 44.12+13.87 ng/dl,
respectively. The average serum AMH level was 6.52+1.71 ng/
ml and the average serum levels of FBG, triglyceride, TC,
HDL and LDL were 4.9+0.17,0.72+0.23,4.02+0.46, 1.26+0.24
and 2.43+0.34 mM, respectively. Of note, the patient with the
p-S158L mutation was 27 years old and had slightly elevated
serum levels of T (57.51 ng/dl) and FT3 (3.75 pg/ml), while the
patient with the p.S176R mutation was 23 years old and had
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Figure 1. Sequencing electropherograms of androgen receptor mutations. The arrows indicate the locations of the mutations.

p.V3M p-Q72R p-S158L p.S176R p.G396R
Homo sapiens ME|V|Q L 0 ololo o D D|s|A A L s|s|cC s D Y|G|S A
Mutated samples M E[M|O L 0 QIR|Q ©Q D DILIA A L S|R|C S DY|RIS A
Pan troglodytes ME|VI[Q L QQI9Q Q D D|S|A A L s|s|c s D Y|G|[s A
Rattus norvegicus M E|V|Q L R R|IQIQ H D D|S|A A L s|s|C s DY|G|S A
Sus scrofa ME|VIQ L QolQle Q D DIS|A A L s|s|c s DY|G|S A
Bos taurus M E|V|O L 0 olgolo 0 D D|IS|A A L s|s|C s DY|GIS A
Canis lupus familiaris M E|v|o L Qolglo © N D|S|A A L s|s|c s D Y|G|S A
Equus caballus ME|V|Q L Q olgl- - D D|S|A A L s|s|cC s DY|[G|s A
Felis catus M E|V|Q L Q golgle 9 D D|S|A A L s|s|C s DY|G|S A
Loxodonta africana ME|V|Q L Q Qlgle @ D D|S|A A L s|s|C S DY|G|S A
Myotis brandtii ME|V|Q L Q Qlgl- - D D|S|A A L s|s|cC s DY|G|S A
Octodon degus ME|V|Q L Q Qf-|- - D D|S|A A L T|S|C S DY|S|Ss A
Orycteropus aferafer M E|v|Q L P Q|P|P Q N D|S|A A L N|S|C s D Y|G|s A
Ovis aries ME|V|Q L Q|9 Q D D|S|A A L s|s|C s D Y|G|s A
Acinonyx jubatus ME|V|Q L Q Qg Q D D|IS|A A L s|s|C s D Y|G|S A

Figure 2. Evolutionary conservation analysis of androgen receptor mutations in 14 different vertebrate species from Homo sapiens to Acinonyx jubatus.

elevated serum levels of CA125 (52.96 U/ml). However, for the
patient with the p.V3M mutation (age, 32 years), no distinctly
aberrant clinical parameters were identified.

Associations between AR mutations and clinical features.
In the present study, the differences in demographic and
clinical characteristics between the three patients with PCOS
with potential pathogenic AR mutations (p.V3M, p.S158L
and p.S176R) were compared with those of the remaining
255 patients with PCOS without AR mutations or with likely
benign AR mutations. The average serum E2 level on the day
of hCG injection in the three patients with pathogenic AR

mutations was 2,227.00+184.82 pg/ml, which was significantly
lower than that of the 255 patients with PCOS with benign AR
mutations or without AR mutations (3,180.24+1,710.25 pg/ml;
P<0.01 (Table I).

Discussion

Previous studies have demonstrated that androgens serve
crucial roles in the regulatory process of follicle development.
They mediate their regulatory actions mainly via their specific
AR receptors, affecting the transcription and translation of
multiple female follicle development-associated downstream
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Table IV. Detailed clinical characteristics of the three patients with polycystic ovary syndrome with potential pathogenic androgen

receptor mutations.

Parameter p.V3M p-S158L p-S176R Reference range
Age (years) 32 27 23 -
Duration of infertility (years) 4 2 5 -
BMI (kg/m?) 20.83 20.36 21.64 18.50-25.00
Basal FSH (1U/1) 8.85 6.08 5.89 3.03-8.08
Basal LH (IU/1) 9.57 10.84 9.34 1.80-11.78
Basal E2 (pg/ml) 56.78 39.38 28.2 21.00-251.00
Basal T (ng/dl) 45.04 57.51 29.82 10.83-56.94
Basal PRL (ng/ml) 21.12 10.69 21.33 5.18-26.53
AMH (ng/ml) 6.16 5.02 8.38 20-29 year-olds: 1.18-9.49
30-39 year-olds: 0.67-5.24

FT3 (pg/ml) 291 3.75 3.11 1.71-3.71
FT4 (ng/dl) 1.46 1.39 1.48 0.70-1.48
TSH (mIU/) 2.13 2.13 1.59 0.35-4.95
CA125 (U/ml) 10.2 521 52.96 0.00-35.00
FBG (mM) 4.8 5.1 4.8 3.90-6.10
TG (mM) 0.69 0.97 0.51 0.34-1.69
TC (mM) 3.68 4.54 3.84 0.00-5.20
HDL (mM) 1.01 1.3 1.48 0.90-2.00
LDL (mM) 2.36 2.8 213 0.00-3.74
AFC (n) 15 22 20 -
Length of menstrual cycle (days) 45 325 60 -
Duration of ovarian
stimulation (days) 14 11 11 -
Total dose of gonadotrophins (IU) 1625 1237.5 1350 -
Oocytes retrieved (n) 11 13 16 -
LH level on
hCG injection day (IU/1) 1.17 2.06 0.98 -
Progesterone level on hCG
injection day (ng/ml) 0.86 0.53 0.94 -
E2 level on hCG
injection day (pg/ml) 2109 2132 2440 -
2PN fertilized oocytes (n) 8 12 10
Available embryos (n) 5 8 6
Fresh embryos transferred (n) 0 0 2
Clinical outcomes All embryos All embryos Delivery of

frozen frozen 2 newborns

BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estrogen; T, testosterone; PRL, prolactin;
AMH, anti-Miillerian hormone; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; CA125, cancer antigen 125;
FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol; AFC, antral follicle count; hCG, human chorionic gonadotropin; PN, pronucleus.

target genes (32,33). Furthermore, previous studies have
revealed that nucleotide change (19,34) or aberrant expres-
sion (32,35) of AR may promote the progression of PCOS.

In the present study, a total of five AR missense mutations
were detected among 258 Han Chinese patients with PCOS.
Among these, p.S158L was a novel mutation which, to the best of
our knowledge, has not been reported previously. It was neither
detected in the 520 Han Chinese control subjects nor in the
EXAC database. Furthermore, the evolutionary conservation

and in silico analysis results suggested that the p.S158L mutation
may be harmful. Of note, the patient with the p.S158L mutation
had slightly elevated serum levels of T and FT3. It was speculated
that the increased level of T may be attributed to partial androgen
insensitivity caused by the mutation. However, this hypothesis
requires further validation by in vitro or in vivo studies.

Among the remaining four mutations, the p.V3M and
p-S176R mutations have been reported in the EXAC database
with low frequency, while they were not detected in the 520 Han
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Chinese control subjects. The evolutionary conservation and
in silico analysis results revealed that these two mutations may
be pathogenic. On the other hand, it was speculated that the
p-Q72R and p.G396R mutations may be benign based on the
evolutionary conservation and in silico analysis results.

In the present study, the potential association between the
three pathogenic AR mutations and available clinical char-
acteristics, including age, duration of infertility, BMI, basal
levels of FSH, LH, E2, T and PRL, AMH, FT3, FT4, TSH,
CAI125, FBG, triglyceride, TC, HDL, LDL, AFC, length of
menstrual cycle, duration of ovarian stimulation, total dose of
gonadotrophins, number of oocytes retrieved, the levels of LH,
progesterone and E2 on the day of hCG injection, 2PN fertilized
oocytes, number of available embryos, number of high-quality
embryos, embryo transfer rate and clinical pregnancy rate, was
analyzed. Compared with the 255 patients with PCOS with
benign AR mutations or without AR mutations, significantly
lower serum E2 levels on the day of hCG injection were
observed in the three patients with PCOS with potentially
pathogenic AR mutations (P<0.01). Furthermore, the patients
with AR mutations had a lower number of oocytes retrieved,;
however, this difference was not statistically significant. In
addition, no significant association was observed between AR
mutations and any of the other clinical parameters.

It should be noted that the present study had certain limita-
tions. First, the clinical observations should be treated with
caution due to the relatively small sample size of patients with AR
mutations (n=3) in the present study. A larger number of samples
should be collected to confirm these observations in a future
study. Furthermore, the collection scope of samples was limited
to IVF/ICSI-ET and there may be potential selection bias due to
the setting of the present study (IVF clinic). Finally, for the AR
mutations identified, only a bioinformatics analysis was performed
and functional analysis in vitro is required in a future study to
understand the role of the AR gene in the pathogenesis of PCOS.

In summary, the present study identified a total of three
potential pathogenic mutations in 258 Han Chinese patients
with PCOS and the current study hypothesizes that these
mutations may serve a role in the pathogenesis of PCOS.
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