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Abstract. The aim of the present study was to investigate
aquaporin (AQP)8 and AQP9 expression in patients with poly-
cystic ovary syndrome (PCOS) and its association with in vitro
fertilization-embryo transfer (IVF-ET) outcomes. A total of
45 patients with PCOS undergoing IVF-ET (test group) and
50 patients with oviduct obstruction or ovarian cyst (control
group) were assessed for the mRNA expression of AQP8 and
AQP?Y in ovarian tissues by reverse transcription-quantitative
(RT-q)PCR. The levels of luteinizing hormone, anti-mullerian
hormone and testosterone were determined, which were
revealed to be significantly different between the two groups
(P<0.05). The RT-qPCR results indicated that AQP8 expres-
sion in the control group was lower than that in the test group
(t=37.75, P<0.01), whereas AQP9 expression in the control
group was higher than that in the test group (t=19.59, P<0.01).
The number of eggs obtained in the group with high AQPS
expression was significantly lower than that in the group
with low AQP8 expression (t=2.64, P<0.01). The number of
high-quality embryos in the high AQPS8 expression group was
not significantly different from that in the low AQPS expres-
sion group (t=1.02, P>0.05). The pregnancy rate in patients
with high AQP9 expression was higher than that in the low
AQP9 expression group (P<0.05) and the abortion rate in the
former was lower than that in the latter (P<0.05). In conclu-
sion, AQP8 and AQPY are differentially expressed in ovarian
tissues of patients with PCOS vs. normal control subjects. The
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expression of AQPS is closely associated with the occurrence
and development of oocytes, whereas the expression of AQP9
is associated with the success rate of pregnancy in patients
with PCOS.

Introduction

Polycystic ovary syndrome (PCOS) is a common but complex
reproductive dysfunction and is an endocrine disorder
comprising an abnormal glucose metabolism (1). Surveys have
revealed that PCOS is mainly detected in adolescent females
and women of childbearing age, and the incidence rate is ~10%
of all women globally (2). Other studies have indicated that
>70% of female cases of infertility and ~40% of spontaneous
abortions are linked to PCOS (3). PCOS is associated with
sparse ovulation or prolonged anovulation and significantly
elevated androgen levels, while its clinical manifestations have
a high degree of heterogeneity amongst patients (4).

In the early stage of the disease, infertility, obesity and
menstrual disorders may occur. In the advanced stage, the risk
of cardiovascular and cerebrovascular diseases and type II
diabetes increases significantly, which markedly affects the
quality of life, as well as the physical and mental health of
patients (5). At present, the majority of studies suggest that
PCOS is caused by genetic mutations as well as antiepi-
leptic drugs, particularly valproate (6). Although the in vitro
fertilization-embryo transfer (IVF-ET) technique is a routine
method to remedy infertility in patients with PCOS wishing
to conceive, the associated endocrine and glucose metabolism
disorder induces abnormal follicular development, which
leads to the production of poor-quality embryos in patients
with PCOS undergoing IVF-ET. This results in fewer oocytes
available for the patient and reduces the success rate of the
transplantation (7).

Aquaporin (AQP) is a hydrophobic internal membrane
protein that selectively lets water molecules pass, which is
an important pathway for water to diffuse through the cell
membrane (protein-mediated water transport) apart from
physical diffusion (8). To date, 13 types of AQPs, AQP0-12,
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have been discovered in mammals. AQPs are small-molecule
proteins with a molecular weight of 25-34 kDa that are located
on the membranes of epithelial and endothelial cells (9). The
family of AQPs is divided into three subgroups based on their
genetic structure: Classical aquaporin proteins (AQP0-2, -4-6
and -8), glycerol-water channel proteins (AQP3, -7, -9 and -10),
and super AQP (AQPI11 and -12) (10). A study suggested that
AQPs are selectively expressed in the membranes of cells of
the reproductive system tissue, with their functions including
involvement in saliva secretion and the re-absorption and
transportation of water molecules, suggesting a close asso-
ciation between AQP and the maintenance of the reproductive
system (11). In a study by McConnell et al (12), flow cyto-
metric analysis revealed that AQP7-9 were present on the cell
membranes of rats, and these AQPs were involved in water
transportation of granulosa cells and associated with the
development of follicles.

Therefore, the present study examined the association
between the relative expression levels of AQP8 and -9 in ovary
tissues of patients with PCOS and examined their possible
associations with the outcomes of IVF-ET.

Materials and methods

Reagents. The reverse transcriptase and reverse transcrip-
tion (RT) kit (iScript Advanced cDNA Synthesis kit; cat.
no. 1708842) was purchased from Takara Bio, Inc. The 2X
SYBR Green quantitative PCR (qPCR) Mix and the RevertAid
First Strand complementary (c)DNA Synthesis kit (DyNAmo
Flash SYBR Green qPCR Kkit; cat. no. F415S) were purchased
from Invitrogen (Thermo Fisher Scientific, Inc.), and the
B-actin, AQP8 and AQP9 primers (Sangon Biotech Co., Ltd.)
were designed and synthesized by Shanghai Sangon Biotech.
The primer sequences used are listed in Table I.

Clinical information of patients. A total of 45 cases with
PCOS undergoing IVF-ET (test group) at Guangzhou
Women and Children's Medical Center (Guangdong, China)
from January 2015 to May 2016 were included in the present
study. They had an average age of 28.45+4.86 years with an
age range of 24 to 35 years. The patients were diagnosed
based on the assessment criteria of the American Society
for Reproductive Medicine and the European Society of
Human Reproduction and Embryology (13,14). In the control
group, 50 cases were included that had oviduct obstruction
or ovarian cysts and who had undergone ovary biopsies
with an age range of 25-34 years and an average age of
28.21+4.23 years. The inclusion criteria included sparse or
prolonged anovulation or irregular ovulation (determined
by blood and ovulation tests), elevated hormone expression
levels, increased ovarian size, and >12 follicles on each side
(diameter, 2-8 mm). The exclusion criteria were a family
history of disease (e.g., diabetes), endocrine disorders
(e.g., congenital adrenal hyperplasia, hypothyroidism or
hyperthyroidism and hyperprolactinemia), no compliance
with the treatment and follow-up schedule and spouses
with infertility. The present study was approved by the
Ethics Committee of the First Affiliated Hospital of Jinan
University (Guangzhou, China), and the patients and their
families provided written informed consent.
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Medication protocol. The superovulation regimen (standard
long-term ovulation promotion) included Inda (ethinyl estra-
diol cyproterone tablets) administered orally, 1 tablet per day
on the third day of the first week of the menstrual period. The
long-acting Daphneline (1.25 mg) was intramuscularly injected
on the 17th day of the administration of Inda and patients
were treated with Gonafin (recombinant follicle-stimulating
hormone; 150 U/day) by intramuscular injection to promote
follicular growth when the adjustment was satisfactory. When
>2 follicle diameters measuring 18 mm and >3 measuring
17 mm were reached, human chorionic gonadotropin (HCG;
10,000 U) was intramuscularly injected and the eggs were
retrieved after 35-36 h. The [VF/intracytoplasmic sperm injec-
tion was performed based on standard clinical practice and at
three days after oocyte retrieval, the oocytes were selected.
A total of 2-3 embryos were selected for transplantation and,
from the remaining oocytes, 2-4 high-quality embryos were
preserved in liquid nitrogen at -126°C. The low-quality oocytes
were further cultured for 5-6 days and the embryos formed
were reserved in liquid nitrogen at -126°C for subsequent use
if a high-quality embryo was unavailable.

Pregnancy outcomes. The patients who had received IVF for
14 days were tested for fasting progesterone and HCG hormone
expression levels. If the expression level of HCG was =5 IU/ml
and, after a further 2 weeks, the gestational sac within the
uterus was observed by B-ultrasound, clinical pregnancy was
diagnosed.

Identification of high-quality embryos. Embryos were divided
into four grades: Level I, uniform blastomeres and a cyto-
plasmic fraction of <10%; level 11, slightly uneven blastomeres
and cytoplasmic fraction of 10-20%; level 111, slightly uneven
blastomeres and cytoplasmic fraction of 21-50%; and grade IV,
cytoplasmic fraction of >50%. Embryos with >6 cells and a
grade of I/II were rated as high-quality embryos.

Specimen collection. Ovary tissues were obtained after resection
from the fallopian tube (e.g., laparoscopic ovarian wedge resec-
tion) for patients in the control group or the ovarian tissue was
obtained by ovarian biopsy during surgery for ovarian cysts.

Detection of relative expression of AQPS and AQP9 mRNA
in ovarian tissues by RT-qPCR. The ovarian tissues were
repeatedly ground with a grinding rod and shaken with TRIzol
reagent (Thermo Fisher Scientific, Inc.), and lysed for 30 min.
The purity and concentration of the extracted total RNA was
determined by UV spectrophotometry. The ratio of the optical
density at 260 vs. 280 nm was within the range of 1.8-2.1.
Complementary (c)DNA was synthesized by strictly following
the manufacturer's protocols for AQP8 and AQP9 mRNA. The
PCR system contained 100 ng/ul cDNA template, 0.5 mol/I of
the primer, 2.0 pl of 2X dNTP, 2.5 ul of the buffer solution,
1.5 mol/l of MgCl, and 1.0 IU of Taq DNA polymerase, which
was adjusted to a total volume of 20 ul using nuclease-free
water. PCR conditions were as follows: Pre-denaturation at
95°C for 5 min, 95°C for 30 sec, 60°C for 15 sec and 60°C for
15 sec, for a total of 45 cycles. U6 was used as the reference
gene and the 224 method (15) was applied to determine the
expression level.
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Table I. Sequences of primers used for PCR.
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Gene Upstream primer Downstream primer

AQP8 5'-CGGATGTCTATCGGTCATTGAGAA-3' 5-GCGACACAGCAGGGTTGAAG-3'
AQP9 5-GGTCTTGAAGAGCAGCTTAG-3' 5-GTTCGCCAGAGATAGATACG-3'
[-actin 5-TTCCAGCCTTCCTTCTGG-3' 5-TTGCGCTCAGGAGGAGCAAT-3'

AQP, aquaporin.

Statistical analysis. SPSS 22 .0 statistical software (IBM Corp.)
was used to analyze the data and GraphPad Prism 5 (GraphPad
Inc.) was used to generate the figures. Measurement data are
expressed as the mean + standard deviation. The comparison
between groups was based on the normality test results from
the t-test. An independent t-test was used for comparison
between groups. A paired t-test was used for comparisons
between the before and after group and a rank sum test was
used for data that did not conform to normal distribution.
Count data were expressed as n (%) and comparisons between
groups were performed using the Chi-squared test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Clinical data of the two groups of patients. When comparing
the clinical information between the two groups of patients,
no significant difference in any of the indicators was identi-
fied (P>0.05; Table II), except for luteinizing hormone,
anti-mullerian hormone and testosterone levels (P<0.05).

AQPS8 and AQP9 mRNA expression in the two groups of
patients. AQP8 and AQP9 mRNA expression in the ovarian
tissues of the two groups of patients was detected by RT-qPCR.
The levels of AQP8 mRNA in the control group were
significantly lower than those in the test group and there was a
significant difference between the two groups (t=37.75, P<0.01,;
Fig. 1A). The AQP9 mRNA expression levels in the control
group were significantly higher than those in the test group
and there was a statistically significant difference between the
two groups (t=19.59, P<0.01; Fig. 1B).

Embryonic quality and number of oocytes retrieved from the
test group. Based on the median expression levels of AQPS
and AQP9 mRNA, the patients were divided into high expres-
sion and low expression groups. The quality of embryos and
the number of oocytes obtained were compared between these
groups, and it was indicated that the number of oocytes obtained
in the AQP8 mRNA high expression group was significantly
lower than that obtained in the low expression group (t=2.64,
P<0.01); however, there was no significant difference in the
number of high-quality embryos between the AQP8 mRNA
high and low expression groups (t=1.02, P>0.05). There was no
significant difference in the number of oocytes obtained from
patients with high vs. low AQP9 mRNA expression (t=0.71,
P>0.05), and there was no significant difference in the number
of high-quality embryos between the high and low expression
groups of AQP9 mRNA (t=1.01, P>0.05; Table III).

Observation of pregnancy outcomes of patients. Patients were
grouped based on the median expression levels of AQPS and
AQP9 mRNA. The pregnancy rate in the AQP8 mRNA high
expression group was not significantly different from that in
the AQP8 mRNA low expression group (P>0.05). There was
no significant difference in the rate of abortions between the
two groups (P>0.05). The pregnancy rate among patients in
the high AQP9 mRNA expression group was significantly
higher than that in the AQP9 mRNA low expression group
(P<0.05). The high AQP9 mRNA expression group also had a
lower miscarriage rate than the AQP9 mRNA low expression
group (P<0.05; Table IV).

Discussion

As a gynecological endocrine disease, PCOS has a complex
range of causes, which include the metabolic system, endo-
crine system and ovarian regulation system (16). Patients with
PCOS encountered in the clinic may also have varying types
and degrees of metabolic disorders (e.g., insulin resistance,
high blood lipids and high blood pressure); however, what
impairs the reproductive health of females the most is ovula-
tion dysfunction. The mechanisms of ovulation abnormalities
are highly complex and may be induced by factors including
hypothalamic-pituitary-ovarian function disorders and
abnormal hormone feedback signals in the body (17).

As one of the gene families that have been receiving an
increased amount of attention from researchers in recent
years, AQPs constitute an important route of water transpor-
tation that is separate from simple diffusion (18). Previous
studies have indicated that AQPs have a regulatory role in
functions associated with the mammalian reproductive
system and affect the formation of the embryo sac; they may
cause changes in the uterine cavity fluid at the implantation
stage and the formation of the oviduct (19). A difference in
the transportation of substances via AQP8 has been noted
among different species, and it has been indicated that AQPS
facilitates water and urea transportation in mice, but fails to
transport glycerol, whereas it transports only water in rats
but not urea and glycerol (20). However, in recent years, the
known roles of AQP8 have expanded, i.e., in addition to the
expression on the cell membrane, expression of AQP8 has
also been observed on the mitochondrial membrane (21).
The extensive expression of AQP8 in various tissue types
in the body has been assessed numerous times and it has
been indicated that AQP8 mRNA expression is present in
ovarian tissues. As one of the members of the AQP family,
AQP9 is highly expressed in the liver, and varying degrees
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Table II. Comparison of clinicopathological and demographic characteristics between the two groups of subjects [n(%)].

Parameter Observation group (n=45) Control group (n=50) t/y? P-value
Duration of infertility (years) 0.01 091
>2n (%) 23 (51.11) 25 (52.08)
<2n (%) 22 (46.81) 25 (53.19)
Age (years) 0.01 0.96
>30n (%) 25 (55.56) 28 (56.00)
<30 n (%) 20 (44.44) 22 (44.00)
Degree of education 0.22 0.63
<High school n (%) 15 (33.33) 19 (38.00)
=High school n (%) 30 (66.67) 31 (62.00)
Smoking history 033 0.56
Yes n (%) 3 (6.67) 2 (4.00)
No n (%) 42 (93.33) 48 (96.00)
History of alcoholism 0.33 0.56
Yes n (%) 3(6.67) 2 (4.00)
No n (%) 42 (93.33) 48 (96.00)
Area of residence 0.66 041
Rural area n (%) 11 (24.44) 16 (32.00)
City n (%) 34 (75.56) 34 (68.00)
Body mass index (kg/m?) 22.54+2.62 21.84+2.15 142 0.15
FSH (IU/1) 5.95+2.38 6.49+3.29 091 0.37
LH du/n) 12.39+8.12 5.92+3.88 5.03 <0.01
AMH (ng/ml) 9.68+4.21 5.37+4.97 4.53 <0.01
T (ng/ml) 0.69+0.24 0.51+0.18 4.16 <0.01

Values are expressed as n (%) or the mean + standard deviation. FSH, follicle-stimulating hormone; LH, luteinizing hormone; AMH,

anti-mullerian hormone; T, testosterone.
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Figure 1. Expression of AQP8 mRNA in the two groups was detected by reverse transcription-quantitative polymerase chain reaction. (A) The expression of
AQP8 mRNA in the control group was significantly lower than that in the test group. (B) Expression of AQP9 mRNA in the two groups was detected by reverse
transcription-quantitative polymerase chain reaction. The expression of AQP9 mRNA in the control group was significantly higher than that in the test group.

“P<0.01. AQP, aquaporin.

of differential expression among different individuals have
been reported in the testis, nervous system and thyroid
system (22). In a study by Sales et al (23), AQP9 was indicated
to have an important role in the development of follicular

cells. However, there is a dispute on its expression in patients
with PCOS. In a previous study on PCOS, no difference in
AQP9 expression in ovarian tissues was identified between
the test group and the control group and yet, low expression
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Table III. Embryo quality and egg count in the test group.

AQP8 AQP9
High level Low level High level Low level
Group (n=17) (n=28) t P-value (n=22) (n=23) t P-value
Oocytes retrieved (n) 11.84+3.54  14.36+2.81 2.64 0.01 13.58+2.52 13.08+2.17 0.71 0.47

High-quality embryos (n)  10.84+2.76 9.86+3.29 1.02

0.31 12284228  1148+2.94 101 0.31

Values are expressed as the mean + standard deviation. AQP, aquaporin.

Table I'V. Pregnancy-associated outcomes in the test group.

AQP8 AQP9
Group High level (n=17) Low level (n=28) P-value High level (n=22) Low level (n=23) P-value
Conception 0.76 0.02
No 10 (58.82) 18 (64.29) 4 (18.18) 11 (47.83)
Yes 7 (41.18) 10 (35.71) 18 (81.82) 12 (52.17)
Spontaneous abortion 0.49 0.04
No 14 (82.35) 20 (71.43) 16 (72.73) 9(39.13)
Yes 3 (17.65) 8 (28.57) 6 (27.27) 14 (60.87)

AQP, aquaporin. Values are expressed as n (%).

was detected in the granulosa cells of the PCOS patients (24).
In the present study, a significant reduction of AQP9 mRNA
was detected in the ovarian tissue of PCOS patients compared
to the control group. The discrepancy of these results may be
due to the recruitment of more patients in the current study,
using different tissues.

In the present study, AQP8 and AQP9 mRNA expression
in the ovarian tissue of the two groups of patients was detected
by RT-qPCR. AQP8 mRNA expression in the PCOS group
was significantly higher than that in the control group, while
AQP9 mRNA expression was significantly lower. In previous
studies (25-27), ovarian tissue and follicular fluid were exam-
ined by PCR and it was revealed that AQP9 mRNA expression
was significantly lower in the test group compared with
that in the control group, suggesting that patients with high
expression of AQPS8 and low expression of AQP9 may have
PCOS. AQPS8 and AQP9 are expected to become biological
indicators for the condition. A study by Su ez al (28), indicated
that in female AQP8-knockout mice, the ovulation numbers
were higher than those in wild-type mice. In the present study,
the PCOS patients were divided into high and low expression
groups based on the median value of AQP8 mRNA expres-
sion, and the number of ovulations in the low expression
group was significantly higher than that in the high expression
group in patients undergoing IVF-ET. This may be due to the
water transportation in granulosa cells being affected by the
reduced expression of AQPS, which may result in a reduction
of apoptosis among granulosa cells, as well as inhibition of
follicular disappearance and atresia. This indicates that AQPS

expression is closely associated with the generation and devel-
opment of egg cells. At the time of completion of the present
study, no difference in the number of non-pregnant patients
and the rate of abortions was noted between the AQP8 mRNA
high and low expression groups. By contrast, the number of
non-pregnant patients and patients with miscarriage in the
AQP9 mRNA high group was significantly lower than that in
the AQP9 low expression group. This proved the association
between the expression of AQP9 and pregnancy-associated
processes in PCOS patients.

Of note, the present study has several limitations. First,
only a small number of patient samples were analyzed, which
may have affected the results. Furthermore, only the ovarian
tissue of PCOS patients was examined, while the follicle fluid
was not analyzed; therefore, it remains elusive whether any
possible difference in the follicle fluid levels may have had
an influence. In addition, the underlying mechanism for the
difference in AQP8 and AQP9 levels were not explored with
regard to patients with PCOS. A future study will endeavor
to increase the number of subjects and the type of samples
analyzed, and further explore the association between
AQP8 and AQP9 in PCOS to determine the accuracy of the
experimental results and further confirm the validity of the
conclusions.

In conclusion, a differential expression of AQP8 and AQP9
in ovarian tissues was identified between PCOS patients and
normal patients. AQPS8 expression was closely associated
with the development of oocytes and AQP9 expression was
associated with the success of pregnancy in PCOS patients.
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