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A high expression of AQP5 facilitates the proliferation 
and migration of endometrial glandular cells
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Abstract: Objective: To explore the expression of aquaporin 5 (AQP5) in endometrial glandular cells and its mecha-
nism in promoting the cells’ proliferation and migration. Methods: Fifty seven samples of ectopic endometria col-
lected from abdominal operations were prospectively selected as the ectopic group. Fifty seven samples of eutopic 
endometria collected from the same subjects were prospectively selected as the eutopic group. 57 samples of 
endometria from patients who underwent surgery for salpingitis obstructive acyesis comprised the control group. 
RT-PCR was used to measure the expressions of AQP5 mRNA in the endometria of each group. Ectopic endometrial 
glandular cells that were not transfected comprised the blank group, those transfected using AQP5-short hairpin 
RNA using lentivirus comprised the silencing group, and those transfected by the plasmids carrying the negative 
control sequence comprised the negative control group. The proliferation ability of the three groups of cells was 
determined using MTT assays, and the migration ability of the cells in vitro was determined using the Transwell 
technique. Results: The endometrial endothelia samples from the eutopic and ectopic groups displayed significantly 
higher (P<0.05) expressions of AQP5 mRNA than the samples from the control group. The expressions of AQP5 
mRNA in the eutopic group were significantly increased in comparison with the ectopic group (P<0.05). Following 
transfection, the cells in the silencing group displayed significantly lower expressions of AQP5 mRNA in comparison 
with the expressions in the blank and negative control groups (P<0.05), Comparisons of the cell proliferation rates 
among the three groups at day 1 and day 3 showed no significant differences, but from day 5, the cell proliferation 
rate in the silencing group was significantly lower than it was in the blank and negative control groups (both P<0.05). 
Transwell assay results indicated a significantly lower migration of cells in the silencing group compared to the 
negative control and blank groups (both P<0.05). Conclusion: AQP5 protein is highly expressed in the endometrial 
glandular cells of patients with endometriosis. The expression can facilitate the proliferation and migration of endo-
metrial glandular cells, providing a novel target for the treatment of endometriosis. 
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Introduction

Endometriosis is a common gynecological dis-
ease characterized by the tissue that makes up 
the uterine lining (the lining of the womb) being 
present on other organs inside the body [1]. 
Although it is benign, the cells have invasion 
and migration abilities similar to malignant 
tumors, which can severely affect women’s 
health [2]. 

Endometriosis involves cell invasion, adhesion, 
and angiogenesis. Studies have focused on ad- 
hesion and angiogenesis rather than the mech-
anism of cell migration [3]. The transport of 
water influences cell morphology and volume, 
which results in cell migration [4]. Aquaporins 

(AQPs) are a family of small molecular trans-
membrane proteins. Their functions include the 
promotion of cell migration, the acceleration of 
the passive transport of water, and the regula-
tion of intracellular and extracellular pressure 
[5]. 

AQP5 has been correlated with gland function, 
and it has been frequently described in tumor-
related studies [6, 7]. A high expression of AQP5 
increases tumor cell proliferation and invasion 
[8], including in both lung cancer and human 
brain glioma cells [9]. AQP5 harbors the se- 
quence for the phosphorylation of protein 
kinase [10]. A prior investigation of the short-
term regulation of aquaporin concluded that 
the transport of water in membranes is incre- 

http://www.ijcem.com


AQP5 expression and endometrial glandular cells

2314 Int J Clin Exp Med 2020;13(4):2313-2321

ased when AQP is phosphorylated rather than 
non-phosphorylated [11]. AQP5 is expressed in 
ectopic endometrial glandular epithelial cells 
[12] and is involved in pathophysiological  
processes in the reproductive system [13]. 
However, the role of AQP5 in the endometrial 
cells is unclear. 

Presently, we aimed to investigate the expres-
sion pattern of AQP5 in ectopic endometriosis 
patients and the biological effect of endome-
trial glandular cells, with the goal of aiding  
the development of prophylactic and therapeu-
tic strategies and a target for treating ectopic 
endometriosis.

Materials and methods

General information

A prospective analysis was performed using 
the clinical data of 57 patients (average age 
31.07±5.13 years) with advanced endome- 
triosis who received semi-radical excisions or 
endocervical curettages in our hospital be- 
tween May 2013 and June 2017. The 57 sam-
ples of the ectopic endometria which were ran-
domly collected from abdominal operations 
comprised the ectopic group. Another 57 sam-
ples of eutopic endometria which were random-
ly collected from the same subjects comprised 
the eutopic group. At the same time, 57 sam-
ples of endometria which were randomly col-
lected from patients who underwent surgery for 
salpingitis obstructive acyesis comprised the 
control group. The criterion for inclusion for the 
patients in the ectopic group was a diagnosis of 
advanced ectopic endometriosis by a patho-
logical examination. The criterion for those in 
the control group was a diagnosis of salpingitis 
obstructive acyesis by an ultrasonic examina-
tion and a laparoscopic examination. A com-
parison of the age and body mass index (BMI) 
of the patients in the ectopic and control groups 
revealed no significant differences (both P> 
0.05; Table 1). The exclusion criteria were hor-
mone therapy, radiotherapy, or chemotherapy 
prior to the operation; pregnancy; other gyneco-
logical diseases or tumors; intrauterine trans-
plantation of a contraceptive device within 3 
months before the operation; and cognitive 
dysfunction or difficulty in communication. All 
the patients provided written informed con-
sents for their participation. The study was 

approved by the Ethics Committee of the First 
People’s Hospital of Wenling.

Reagents and materials

Ectopic endometrial glandular cells were iso-
lated from the patients in the ectopic group.

The PRC and RT kits were purchased from 
Santa Cruz Biotechnology (USA). 

Dulbecco’s modified Eagle’s medium (DMEM)/
F12 medium and 0.25% trypsin were pur-
chased from Gibco (USA). Mouse monoclonal 
anti-AQP5 antibody and anti-β-tubulin anti- 
body were purchased from CST (Germany). The 
3,3’-diaminobenzidine (DAB) kit was purchased 
from Fuzhou Maxim Biotech Co., Ltd. (China). 
The AQP5 mRNA, AQP5-shRNA, and internal 
control β-actin primers were chemically synthe-
sized by Shanghai GenePharma Co., Ltd.

Methods

Detection of the AQP5 expressions in the endo-
metria: First, the samples were ground, and 
after the grinding, Trizol reagent was added to 
extract the total RNA. After the extraction, the 
purity and concentration of the extracted RNA 
was determined using an ultraviolet spectro-
photometer. After passing the test, 1 μg of total 
RNA was strictly used according to the instruc-
tions of the RT kit for the cDNA synthesis. The 
reaction conditions were: 37°C for 45 min, 
95°C for 5 min. Then PCR amplification was 
carried out, and the amplification conditions 
were pre-denaturation at 95°C for 30 s; 95°C 
for 10 s, 60°C for 31 s, 49 cycles. Taking β-actin 
as an internal reference, the primer sequence 
is shown in Table 6. The relative expression of 
AQP5 is represented by 2-ΔCt.

Culture and transfection of ectopic endometrial 
glandular cells: The endometrial specimens 
taken during the operations were confirmed by 
pathological examination as proliferative phase 
membranes and that the patients were in the 
follicular phase, and each specimen was patho-
logically diagnosed as having an endometrial 
glandular structure. The endometria samples 
were rinsed sufficiently and cut into pieces that 
were placed in a DMEM/F12 medium contain-
ing 10% fetal bovine serum (FBS), and 100 U/
mL ampicillin and streptomycin for culture at 
37°C in an atmosphere of 5% CO2. When the 
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cell confluence reached 85%, the cells were 
sufficiently digested with 25% trypsin and then 
cultured in the medium. The logarithmic phase 
cells were used to prepare a single cell suspen-
sion, followed by the transfection. Prior to the 
transfection, the cells were grouped into a 
blank group, a silencing group for lentivirus 
transfection of AQP5-short hairpin (sh)RNA, 
and a negative control group using plasmids 
carrying the sequence of the negative control 
(Table 6). For the lentivirus infection, a well-
packed virus was added to the medium con-
taining ectopic endometrial glandular cells for 
culture and incubated at 37°C and 5% CO2 for 
48 hours. Puromycin was then added and the 
cell density was adjusted to 10 μg/mL. Cells 
that fluoresced green were infected by the 
virus.

AQP5 protein expressions of the cells in each 
group using Western blot: The transfected cells 
were rinsed using PBS to remove the medium, 
and a RIPA buffer containing 100 μL protease 
inhibitor was added. The cells were lysed on 
ice. The lysate was centrifuged (13000×g, 4°C, 
15 min), and the supernatant was collected. 

The proteins in each sample were 
separated using electrophoresis 
and were incubated with the corre-
sponding antibodies at 4°C over-
night. The gray values of the immu-
noblot bands were analyzed using 
an ECL reagent. With β-actin as an 
internal control, the samples dis-
playing the lowest expressions of 
AQP 5 were selected for the follow-
ing experiment. 

Cell proliferation assay 

Transfected cells in the third gen-
eration in each group were inocu-
lated in the wells of a 96-well plate 
at a density of 2×103 cells/mL. On 
days 1, 3, 5, and 7, 5 mg/mL of 
3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) 
reagent was added to each well, 
followed by 4 h of incubation. Then, 
150 μL of dimethyl sulfoxide was 
added to each well, and the optical 
density of each well was deter-
mined at a wavelength of 550 nm 
using a microplate reader to pre-

Table 1. General information

Factor Test group
n=57

Control group
n=57 X2 P

Age (years) 0.143 0.706
    ≤30 26 (45.61) 24 (42.11)
    >30 31 (54.39) 33 (57.89)
BMI (kg/m2) 0.142 0.706
    ≤22 33 (57.89) 31 (54.39)
    >22 24 (42.11) 26 (45.61)
Married 0.158 0.691
    Yes 39 (68.42) 37 (64.91)
    No 18 (31.58) 20 (35.09)
Pregnancy history 0.036 0.850
    Yes 32 (56.14) 33 (57.89)
    No 25 (43.86) 24 (42.11)
Smoking 0.225 0.635
    Yes 12 (21.05) 10 (17.54)
    No 45 (78.95) 47 (82.46)
Drinking 0.037 0.848
    Yes 23 (40.35) 22 (38.60)
    No 34 (59.65) 35 (61.40)
Menstrual period changes 0.058 0.809
    Yes 46 (80.70) 47 (82.46)
    No 11 (19.30) 10 (17.54)

pare the growth curve. The experiment was 
conducted in triplicate. 

Measurement of the in vitro cell invasion

In each group, the cells that were transfected 
as required were starved, and the cell density 
was adjusted to 4×105 cell/mL using DMEM. In 
the lower chamber of a 24-well plate, 100 μL 
cell suspension was incubated with DMEM sup-
plemented with 10% FBS at 37°C. After 6 h of 
culture, the supernatant of each well was 
removed using a cotton swab, and the cham-
bers were rinsed using PBS. The lower cham-
bers were then fixed in 70% ethanol for 30 min, 
and rinsed using PBS. The cells in the lower 
chambers were stained using 0.1% crystal vio-
let, and the transmembrane cells in six ran-
domly selected wells were calculated and aver-
aged. This experiment was conducted in tripli- 
cate.

Cell scratch test

The transfected ectopic endometrial glandular 
cells were seeded on a 6-well plate, and the 
cells were diluted to 3×105 cells/ml, and then 
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cultured in a 6-well plate by adding medium 
based on the above described grouping. After 
48 hours, 200 μl of a sterile pipette tip was 
used to cut the cells in the plate to form a cell-
free region, and the cells drawn from the PBS 
washing were cultured by adding a new medi-
um. After the cells were dissected, the scratch 
width of the cell-free region was calculated 
through microscopy at three different positions 
at 0 h (W0) and 24 h (W24). The cell migration 
index (M1) = (W0-W24)/W0×100%.

Statistical analyses

SPSS 19.0 software (USA) was utilized for the 
statistical analysis of the data. The continuous 
data were expressed as the mean ± standard 
deviation and compared using one-way analy-
ses of variance followed by post hoc Bonferroni 
t tests. The enumeration data were analyzed 
using chi-square tests. All the images in this 
study were prepared using GraphPad Prism 6 
(GraphPad Software, USA). A P-value <0.05 
indicated statistical significance. 

Results

Comparison of the AQP5 mRNA expressions

The AQP5 mRNA expressions were significantly 
higher in the endometrial endothelium samples 

of the eutopic and ectopic 
groups compared to the 
control group (P<0.05) in- 
dicating the abundant ex- 
pressions of AQP5 mRNA  
in the patients with ectopic 
endometria. The AQP5 mR- 
NA expressions in the eu- 
topic group were signifi-
cantly increased compared 
with the ectopic group (P< 
0.05; Table 2).

AQP5 expressions in the 
cells of each group after 
transfection

Following transfection, the 
cells in the silencing group 
displayed significantly low- 
er expressions of AQP5 
mRNA compared with the 
blank and negative control 
groups (both P<0.05). The 
difference between the bl- 
ank and negative control 
groups was not significant 

(P>0.05). The results indicated the successful 
silencing of AQP5 in the ectopic endometrial 
glandular cells (Table 3; Figures 1 and 2).

Comparison of the cell proliferation in all groups

Comparisons of the cell proliferation in the 
three groups at days 1 and 3 did not reveal any 
significant differences (P>0.05). However, from 
day 5 onward, the cell proliferation in the silenc-
ing group was significantly lower than it was in 
the blank and the negative control groups (both 
P<0.05), but the differences in cell proliferation 
in the blank and negative control groups were 
not significant (P>0.05). The results suggested 
that silencing AQP5 in the ectopic endometrial 
glandular cells inhibits cell proliferation in ecto-
pic endometria (Table 4 and Figure 3).

Comparison of the cell migration in all the 
groups

The Transwell results indicated that significant-
ly fewer cells passed through the membrane in 
the silencing group compared to the negative 
control and blank groups (both P<0.05). The 
blank and negative control groups did not differ 
significantly (P>0.05). These results suggest 
that silencing the AQP5 in ectopic endometrial 
glandular cells can suppress the migration of 
the cells. A high expression of AQP5 mRNA pro-

Table 2. Expression of AQP5 mRNA on the endometria in each group
Incumbent group

n=57
Ectopic group

n=57
control group

n=57 F P

AQP5 mRNA 2.31±0.24* 1.89±0.31# 1.01±0.08 470.1 <0.001
Note: *,#compared with the control group.

Table 3. Expression of AQP5 mRNA in each cell after transfection

Factor Silent group Blank group Negative control 
group F P

AQP5 mRNA 0.21±0.04* 0.98±0.14# 1.01±0.13 32.38 <0.001
Note: *,#compared with the negative control group.

Table 4. Comparison of the cell viability in each group
Time Silent group Blank group Negative control group F P
1 d 0.65±0.12 0.66±0.09 0.64±0.13 0.015 0.985
3 d 0.93±0.22 1.09±0.23 1.01±0.21 0.264 0.784
5 d 1.02±0.23 1.98±0.28 2.13±0.26 10.95 <0.050
7 d 1.32±0.31* 2.35±0.31* 2.34±0.31* 21.23 <0.050
F 4.317 5.81 8.93 - -
P <0.05 <0.05 <0.05 - -
*Compared with 1 d and 3 d.
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motes the migration of ectopic endometrial 
glandular cells (Table 5).

Comparison of the cell migration index in each 
group 

The cell migration index of the silent group was 
(24.53±2.31)%, and the migration indexes of 
the control and blank groups were (48.72± 
4.57)% and (47.92±4.66)%, respectively. The 
cell migration index of the silent group was sig-
nificantly lower than it was in the control and 
blank groups (P<0.05). There was no significant 
difference in the cell migration index between 
the blank group and the negative control group 
(P>0.05) (Figure 4).

Discussion

Ectopic endometriosis is a common disease 
among women of childbearing age. The inci-
dence and relapse rates are increasing [14]. It 
is a benign disease, but cell invasion can occur 
[15]. The biological features of ectopic endome-
triosis are quite similar to those of the metasta-
sis and migration of cancerous cells [16], which 
also contributes to the high relapse rate. Efforts 
to decrease the relapse rate have become a 
clinical priority in many countries. 

A previous study [17] demonstrated that the 
molecular mechanisms of endometrial cell 
migration are critical to the development of the 
disease. The AQP family contains a variety of 
membrane proteins that can promote the pas-
sive transport of water. The expressions of 
AQP2, AQP5, and AQP8 in the endometrium 
have been described [17]. Although many stud-
ies have examined the structure and functions 
of AQP2 and AQP8, there is little information 
about AQP5 [18, 19]. Estrogen can promote the 
expression of AQP5 in endometrial cancer, 
thereby enhancing the invasion and migration 
of tumor cells [12]. Ectopic endometriosis has 
been identified as a hormone-dependent dis-
ease, in which AQP5 is highly expressed in the 
ectopic endometrium. Thus, in addition to the 

measurement of AQP5 expressions in all kinds 
of endometria, we also silenced the expression 
of AQP5 using lentivirus carrying AQP5-shRNA 
to obtain the AQP5-silencing phenotype, in our 
assessments of cell proliferation and migra-
tion. RT-PRC was performed to determine the 
expressions of AQP5 mRNA in the eutopic 
endometria, ectopic endometria, and normal 
endometria collected from the salpingitis ob- 
structive acyesis. In the endometrial endothe- 
lia samples of the eutopic and ectopic groups, 
the AQP5 mRNA expression was significantly 
higher than it was in the control group (P<0.05), 
and in the eutopic group compared with the 
ectopic group (P<0.05). These findings suggest 
abundant expressions of AQP5 mRNA in pati- 
ents with ectopic endometria, and the involve-
ment of AQP5 in the migration of endometrial 
cells. Furthermore, a previous study [20] re- 
ported a similar expression pattern of AQP5 in 
endometria to the one we found, but the previ-
ous study did not investigate the mechanism in 
any detail. 

After we clarified the expression pattern of 
AQP5 in the ectopic endometrium, the ectopic 
endometrial glandular cells were cultured in 
vitro and transfected using the AQP5-shRNA 
lentivirus. The lower expressions of AQP5 
mRNA in the cells transfected with AQP5-
shRNA than in the blank and negative control 
groups were evidence of a successful trans- 
fection. 

We measured the proliferation and migration 
abilities of the cells in the three groups. 
Beginning at day 5, the cell proliferation rate in 
the silencing group was significantly lower than 
the rates in the blank and negative control 
groups (P<0.05), while the cell vitality between 
the blank and negative control groups were not 
significantly different (P>0.05). Moreover, the 
number of migrating cells in the silencing group 
was significantly lower than the numbers in the 
negative control and blank groups (P<0.05), 
but the blank and negative control groups did 
not differ significantly (P>0.05). And then we 

Table 5. Comparison of the cell migration in each group
Factor Silent group Blank group Negative control group F P
Cell membrane number 112.76±19.88* 287.14±31.52# 279.32±32.71 35.76 <0.001
Note: *,#compared with the negative control group.
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Table 6. Sequence table of related primers
Factor Upstream primer Downstream primers
AQP5-shRNA 5’-CCGGACGCGCTAACAACAACACAACTCGAGTTGTGTTGTTGAGCGCGTTTTTTG-3’ 5’-AATTCAAAAAACGCGCTCAACAACAACACAACTCGAGTTGTGTTGTTGTTGAGCGCGT-3’
AQP5 mRNA 5’-CCCTACCCAGAAGACCCAGT-3’ 5’-CCATCTTGTGGGGATCTACTTCAC-3’
β-actin 5’-AGATGTGGACAGCAAGCAG-3’ 5’-GCGCAAGTTAGGTTTTGTCA-3’ 
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used the cell scratch test to compare the abi- 
lity of cell migration, the results of which show 
that the cell migration index of the silent group 
was significantly lower than that of the control 
and blank groups (P<0.05). The above results 
suggest that silencing AQP5 in the ectopic 
endometrial glandular cells inhibits the cell  
proliferation and migration abilities in ectopic 
endometria. AQP5 can affect the proliferation 
and migration of various cells [21, 22] by totally 
different mechanisms. A previous study investi-
gated the effect of the down-regulation of AQP5 
on the proliferation and migration of ectopic 
endometrial glandular cells; in addition to the 
declines in cell proliferation and migration,  
AKT phosphorylation was also inhibited, while 
AQP5 phosphorylation accelerated cell migra-
tion [23]. Thus, we infer that AQP5 may promote 
cell proliferation and migration through the 
activation of the AKT phosphorylation signaling 
pathway. 

In conclusion, AQP5 is highly expressed in 
endometrial glandular cells in ectopic endome-
triosis patients, facilitating the proliferation 
and migration of endometrial glandular cells. 
Thus, AQP5 could be a novel target for the treat-
ment of ectopic endometriosis. How the high 
expression of AQP5 promotes the proliferation 
and migration of endometrial glandular cells 
remains unclear and will be addressed in larger 
studies.
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Figure 1. Comparison of the AQP5 mRNA expres-
sions in the three groups after transfection. The 
expressions of AQP5 mRNA in the silent group was 
significantly lower than they were in the blank and 
negative control groups (both P<0.05). There were 
no significant differences in the expressions of AQP5 
mRNA between the blank group and the negative 
control group (P>0.05). *Compared with blank group 
and control group, P<0.05.

Figure 2. Expressions of the AQP5 protein. A. West-
ern blot of the AQP protein; B. The AQP5 protein ex-
pressions in the silenced group were significantly 
lower than they were in the blank and negative con-
trol groups.

Figure 3. Growth curve of the cells. Cell growth did 
not differ on days 1 and 3. From day 5 onward, the 
proliferation of the cells in the experimental group 
were significantly poorer than they were in the blank 
and negative control groups (P<0.05). *Compared 
with the blank group and the negative control group, 
P<0.05.
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