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Abstract: The rodents’ uterus undergoes extensive morphologic changes for embryo implantation. Uterine edema is
a general feature in the peri-implantation period of rodents. Uterine swelling facilitates closure of the uterine lumen
around the free-floating blastocyst. In the absence of a blastocyst the uterine becomes ultimately a closing down
of the lumen, but the mechanisms that regulate fluid transport during implantation are not fully understood. To
determine the presence and distribution of aquaporin3 (AQP3) in mouse uterine tissue, experimental manipulation
of AQP3 activities was performed in vivo. Histological examination of endometrial tissues was performed through-
out the estrous cycle and early pregnancy. In this study, we showed that AQP3 immunoreactivity was located in the
stromal cells and the expression levels increased from the metestrous to proestrous phase. Additionally, the results
of Gross anatomic of uteri and immunohistochemistry showed endometrial thickening, uterine edema, and an en-
larged uterine cavity gap in the proestrous and estrous of mice. In early pregnancy, intense staining for AQP3 was
seen in the stromal cells of D5 uterine tissue sections, with its localization intensely confined in the cells surround-
ing implantation site. On day 8 of pregnancy, AQP3 showed no obvious expression in the uterine decidual tissue.
However, AQP3 expression showed a specific increase in the uterine stromal cells around the non-attachment site of
embryo implantation. This result suggests that AQP3 may play a role in stromal edema, uterine closure and uterine
fluid homeostasis during implantation.
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Introduction

Uterine edema is a general feature of implanta-
tion in rodents, nonhuman primates, and hu-
mans [1, 2]. On the progress of embryo implan-
tation, AQPs mediate water imbibitions and
movement of water into the luminal cavity of
the uterus. Water moves across the cell not
only by permeating through the membrane lipid
bilayer but also through water channels protein
(WCPs). Water channel proteins (Aquaporins,
Agps) widely expressed in prokaryotic and
eukaryotic cell membranes remains open and
do not need energy consumption to rapid trans-
port water and glycerin molecules. In mam-
mals, there are 13 kinds of subtypes AQPs
(AQP0O-AQP12), which show a wide range of dis-
tribution in different organs [3]. According to
their structural and functional properties, AQPs
are divided into three subgroups: aquaporins
(AQPs), aquaglyceroporins, and S-aquaporins.

AQPOQ, 1, 2,4, 5, 6 and 8, belonging to classical
aquaporins, are water-selective channels per-
meable to water but not to small organic and
inorganic molecules. Based on their sequenc-
es, AQPG6 (also permeable to anions) and AQP8
(also permeable to urea) can also be included in
this subgroup [4, 5]. AQP3, 7,9, and 10, belong-
ing to aquaglyceroporins, are nonselective wa-
ter channels permeable to glycerol, urea, other
small nonelectrolytes, and water [6]. AQP9 also
facilitates the flux of neutral solutes such as
monocarboxylates, purines and pyrimidines [7,
8]. The remaining two members, AQP11 and
12, belonging to the third subfamily, are named
by various authors as “super-aquaporins”,
which are localized in the cytoplasm and whose
permeabilities have not yet been fully deter-
mined [9, 10].

Further studies report that AQP4-deficient mice
are sub-fertile [11], however AQPS8-deficient
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mice have higher than normal fertility [12].
AQP7 is important in uterine decidualization,
which might transport glycerol as an extra ener-
gy source in the process. The studies of Richard
et al found that AQPO, AQP1 and AQP3~AQP9
are expressed in the CD1 mice uterus. AQP4
expression is highest in the luminal epithelium
at D1 of pregnancy (AQP4 is only expressed in
the luminal epithelium at D1), whereas AQP4
showed no obvious expression in the uterine at
the time of implantation [13]. It is found that
AQP1 was present in the myometrium of the
pregnant rat uterus with the intensity of AQP1
immunore activity increasing from day 1 to day
6 of pregnancy. It is suggested that AQP1 plays
a role in stromal edema, uterine closure and
orientation of the blast cyst [14]. AQP5 and
AQP9 are weakly expressed in the uterine glan-
dular epithelium in early pregnancy; however,
after blast cyst attachment, AQP5 and AQP9
expression are markedly increased. AQP5 is
dependent on estrogen stimulation of the pro-
gesterone-primed uterus [15]. Research indi-
cate that the promoter of AQP5 gene contains a
functional estrogen response element (ERE)
motif, which may mediate estrogen-induced up
regulation of AQP5 expression [16]. The pres-
ence of uterine edema before implantation, the
uterine contraction after blast cyst attachment,
and the rapid onset of highly localized vascular
permeability surrounding the implanting mouse
blastocyst suggest that AQPs might regulate
tissue fluid balance during implantation.
Aquaporin3 was also only found in the mouse
uterus in ovariectomized control and estrogen
treated animals [17]. Microarray studies sug-
gest that AQP3 is present in human uterine
luminal epithelial cells [18].

The present study investigates the distribution
of AQP3 expression in the mice uterus during
the estrous cycle and early pregnancy, and the
distribution of AQP3 expression in the uterine
decidualization and the non-attachment site of
embryo implantation and the attachment site.

Materials and methods
Animals and treatments
Mice of Kunming species were approved by the
Institutional Review Board on the Use of Live
Animal in Teaching and Research, the Dalian

Medical University. The mice were housed in a
temperature 22-25°C, humidity 60%, and light-
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controlled (12 h light: 12 h darkness) with ad
libitum access to water and food. Adult female
mice weighted 20-24 g and adult male mice
weighted 40-44 g was maintained under con-
trolled environmental conditions.

The mouse which the estrous cycle was deter-
mined by a vaginal smear was immediately
killed to collect its uterus. Adult female mice,
which were intended to be the estrous phase,
were mated with fertile males of the same
strain to induce natural pregnancy. Pregnancy
was ascertained on days 1 (D1 = day of vaginal
plug) by recovering embryos from the oviduct.
The implantation sites on D5 and D8 were iden-
tified by intravenous injection of 0.1 ml of 1%
Chicago blue in saline (Sigma-Aldrich Co. LLC,
Louis, MO, USA). The entire uteri of pregnant
mice on D1 and D5 of pregnancy were collected
immediately after the mice were sacrificed by
cervical dislocation.

Vaginal cytology method

Absorbent cotton swab wetted with ambient
temperature physiological saline inserted into
the vagina of the restrained mouse. The swab
was gently turned and rolled against the vaginal
wall and then removed. Vaginal cells were
transferred to a dry glass slide by rolling the
swab. The slide was natural air dried and fixed
with 95% ethanol for 10 min. Then the stage of
the estrous cycle was determined based on the
presence or absence of leukocytes, cornified
epithelial, and nucleated epithelial cells by
hematoxylin-eosin (HE) staining. The slides
were overlaid with a coverslip, and viewed
immediately at 400x magnification under
bright field illumination.

Immunohistochemistry

Uterine tissues were dipped in 4% (v/v) parafor-
maldehyde (Sinopharm Chemical Reagent,
Shanghai, China) in PBS (pH 7.4) for24 hat 4°C
and then dehydrated in sucrose. The frozen
sections of uteri were cut at a thickness of 5
pm and were blocked with 4% paraformalde-
hyde for 15 min at room temperature and
washed in PBS. Endogenous peroxidase activi-
ty was blocked with 3% H,O, for 15 min at room
temperature. The sections were then washed in
PBS, and incubated in 5% goat serum at 37°C
for 15 min. The sections were incubated with
rabbit anti AQP3 (1:100; Abcam) overnight at
4°C. After being washed three times with PBS,
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Figure 1. Vaginal cytology representing each stage of estrous by HE staining. Stages of estrous include proestrus
(A), estrus (B), metestrus (C), diestrus (D). Three cell types are identified: leukocytes (L), cornified epithelial (C), and
nucleated epithelial (N).

sections were incubated with a biotinylated
secondary antibody (ZSGB-Bio Co., Ltd., Beijing,
China) at 37°C for 40 min. And sections were
washed with PBS, and then they were incubat-
ed with streptavidin-horseradish peroxidase
(ZSGB-Bio, Beijing, China) at 37°C for 40 min.
Positive reactions were visualized with a diami-
nobenzidine (DAB)-peroxidase substrate (ZS-
GB-Bio, Beijing, China) and counterstaining wi-
th haematoxylin for 30 s. Photomicrographs
were taken by using an OLYMPUS TH4 micro-
scope. PBS was used as a negative control pri-
mary antibody.

RNA extraction and real-time reverse transcrip-
tion plus polymerase chain reaction

Total RNA was extracted with the TRIzol (Takara,
Dalian, China) reagent according to the manu-
facturer’s protocol, and RNA samples were
quantified by the measurement of the optic
absorbance at 260 and 280 nm with a resul-
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tant A260/A280 ratio that ranged from 1.8 to
2.0, which indicated a high purity of the extract-
ed RNA. The concentration of total RNA was
calculated according to A260. Aliquots of total
RNA (1.0 pg each) from each sample were
reverse transcribed into cDNA according to the
instructions of the PrimeScript RT Reagent Kit
(Takara, Dalian, China). Real-time polymerase
chain reaction (PCR) was performed in an ABI
Step One Plus Real-time PCR system according
to the manufacturer’'s recommendations. The
real-time PCR contained 10 ul 2x SYBR Premix
Ex Taq, 0.8 ul primer mix (10 uyM), 0.4 ul 50x%
ROX Reference Dye I, 4 ul cDNA, and 4.8 ul
deionized water to make a total volume of 20
pl. The relative amount of specific mRNA was
normalized to GAPDH (D-glyceraldehyde-3-
phosphate dehydrogenase). All PCRs were run
in triplicate and were performed over 40 cycles.
Analysis of the results was carried out by using
the 2-ACt method. The primers used were as
follows: AQP3 primer forward: 5-AACTTGGCT-
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Figure 2. Gross anatomic of uteri during estrous cycle. Stages of estrous include proestrus (A), estrus (B), metestrus

(C), diestrus (D).

TTTGGCTTCGC-3’ and reverse 5-GGCCCAGA-
TTGCATCGTAGT-3’; GAPDH primer forward: 5'-
GGTTGTCTCCTGCGACTTCAACAGC-3’' and reve-
rse 5-CGAGTTGGGATAGGGCCTCTCTTGC-3'.

Western blotting

Proteins from uterine tissues or cells were
extracted using Lysis Buffer (KeyGen Biotech
Co., Ltd., Nanjing, China) and the determination
of protein concentration was tested by the BCA
assay (KeyGen Biotech Co., Ltd., Nanjing,
China). Equal amounts of protein extracts (35
ug) were separated by 12% sodium dodecyl
suphate (SDS)-polyacrylamide gel electropho-
resis (PAGE) and transferred to nitrocellulose
filter (NC) membranes. The membranes were
blocked in 5% non-fat milk in TRIS-buffered
saline containing 0.1% Tween 20 (TBST) for 2 h
at room temperature and probed with primary
antibodies raise against AQP3 (Abcam, 1:800),
overnight at 4°C. The membranes were washed
with TBST three times. Then the membranes
were incubated with horseradish-peroxidase-
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conjugated antibody for 1 h at room tempera-
ture. After being washed with TBST four times,
the membranes were detected by using
enhanced chemiluminescence and visualized
at Bio-Rad Laboratories. The Western blots
shown are representative of at least three inde-
pendent experiments. Densitometry of each
band for the target protein was quantified by
densitometry analysis with Labworks 4.6. The
protein band intensity was quantified by the
means + SEM of three experiments for each
group as determined from densitometry rela-
tive to B-Tubulin (Bioworld, 1:2000).

Analysis and statistics

All of the experiments were replicated three
times independently. All data were presented
as the means * standard error mean (SEM).
Statistical analysis was performed by using
one-way analysis of variance (ANOVA) or t-test
for data that were normally distributed. *P<
0.05 and **P<0.01 were considered to be
significant.
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Function of AQP3 in the mice endometrium

Figure 3. Expression of AQP3 in mouse uterus during estrous cycle. A. Immunohistochemical analysis of mouse
uterine sections in different phases of estrous cycle using rabbit polyclonal antibody against mouse AQP3 detected
AQP3 in the mouse endometrium with maximum immunostaining in the proestrus phase endometrium. Inset: Nega-
tive control of the diestrus phases (i), uterine sections stained using normal rabbit IgG. Photographs were taken with
bright-field illumination. Magnification: (a-d) 100x; (e-i) 400x. proestrus (a), estrus (b), metestrus (c), diestrus (d).
stromal cells (S), glandular epithelium cells (GE), luminal epithelium cells (LE). B. (a, b) Immunobloting analysis de-
tected presence of AQP3 protein (32 kDa) in the total protein isolated from endometrial tissues of mice in proestrus,
estrus, metestrus, diestrus phases. represents negative control where blots were probed with normal rabbit IgG; (c)
The mRNA level of AQP3 expression by Real-time PCR. (*P<0.05, **P<0.01).

Results al representation of cell types and relative pro-
portion of each cell type present during the four
stages of the estrous cycle. The three cell lines
included leukocyte (Figure 1L), cornified epithe-
The estrous cycle in mice of the Kunming spe- lial (Figure 1C), nucleated epithelial cells
cies takes about 4-5 days. We took a vaginal (Figure 1N) shown in the circle mark. The
smear to determine the stage of the estrous amount of each cell type and the relative pro-

AQP3 expression varies across the estrous
cycle and peaks in proestrus phase

cycle, which included proestrus, estrous, met-
estrus and diestrus phase. This tool was a visu-
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portion of each cell type were used to deter-
mine the stage of the estrous cycle. The vaginal

Int J Clin Exp Pathol 2016:9(8):8037-8046
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Table 1. Expression of AQP3 protein image
analysis in the mice endometrial stromal cells
during estrous cycle

EC PP EP MP DP

H-score* 2.5+0.21 1.3+0.20 1.0+0.19 0.9+0.12

EC, estrous cycle; PP, proestrus phase; EP, estrus phase;
MP, metestrus phase; DP, diestrus phase. Eight specimens
each from different phases. *Results were expressed as
the mean + SEM of H-score.

smear represented a mouse in diestrus (Figure
1D), with all or most of the leukocytes and a
large volume of mucus. A vaginal smear with
nucleated epithelial cells and a small number
of leukocytes represented a mouse in proes-
trus (Figure 1A). A vaginal smear with cornified
epithelial cells and a small number of nucleat-
ed epithelial cells represented a mouse in
estrous (Figure 1B). A vaginal smear with half
cornified epithelial cells and half leukocytes
represented a mouse in met estrus (Figure 1C).
Gross anatomic of uteri and immunohistochem-
istry showed endometrial thickening, uterine
edema, and an enlarged uterine cavity gap in
the proestrus and estrous of mice (Figures 2A,
2B, 3A, 3B). However, in the metestrus and
diestrus stages, the endometrium thinned, the
uterus narrowed, and the uterine cavity showed
little to no gap (Figures 2C, 2D, 3C, 3D).
Immunohistochemical results revealed the
AQP3 was located in the stromal cells in the
proestrus and estrous phase (Figure 3AaS,
3AbS), (Table 1), but not in the glandular epi-
thelium (Figure 3AaGE, 3AaGE) and luminal
epithelium (Figure 3AaGE, 3AbGE). To analyze
the expression levels of AQP3 across the
estrous cycle, we collected mice uterine endo-
metrial tissue in the four phases of estrous
cycle. The relative amounts of AQP3 mRNA
were determined by performing a comparative
real-time PCR analysis (Figure 3Bc). AQP3 tran-
script levels varied across the cycle. AQP3 tran-
script levels steadily increased from the metes-
trus to proestrus phase. After peaking in
proestrus, AQP3 transcript levels decreased in
the estrous phase. Immunoblot analysis re-
vealed the presence of a 31 kDa band, repre-
senting the glycosylated form of AQP3 in mice
uterine endometrial tissue. This trend was simi-
lar compared to the transcription levels (Figure
3Bb). The polyclonal rabbit anti-mouse AQP3
antibody also detected an approximately
32~34 kDa band, representing a glycosylated
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form of AQP3 [19-21], on all of the blots (Figure
3Ba). The glycosylation was associated with
increased stability and intracellular transloca-
tion of AQPs but had no influence on water per-
meability [22-24]. However, the 33~34 kDa
band did not display differential levels.

AQP3 expression in the pregnant mouse
uterus

AQP3 expression varied in the pregnant mouse
uterus. We took a vaginal smear to determine
estrous cycle, then female mice were cohabit-
ed overnight with fertile males. Once mating
was confirmed by observing the vaginal plug
the following morning (D1), female mice were
euthanized at different time (D1, D5) points
and uteri were collected. AQP3 transcripts were
detected at D1 and D5 of pregnancy. Immuno-
histochemical analysis revealed intense stain-
ing for AQP3 in the stromal cells of D5 uterine
tissue sections, with its localization intensely
confined in the cells surrounding implantation
site (Figure 4Ab). Spotty distribution and rela-
tively weak immunoreactive cells were observed
at D1 uterine tissue sections (Figure 4Aa),
(Table 2). Low levels of AQP3 transcripts were
detected at D1 compared with D5 (Figure 4Bc).
Low levels of AQP3 protein was detected at D1
compared with D5 (Figure 4Bab).

AQP3 expression in the uterine stromal cells
around the non-attachment site of embryo
implantation

Immunohistochemical analysis results revealed
that AQP3 showed no obvious expression in the
uterine decidual tissue on day 8 of pregnancy
(Figure 5B, 5C, 5DZ), or around the attachment
site of embryo implantation (Figure 4B, 4C,
4EN). However, surprisingly, we found that
AQP3 showed a specific increase in the uterine
stromal cells around the non-attachment site
of embryo implantation (where the uterine
lumen closed down around the blastocyst)
(Figure 5A).

Discussion

In the majority of eutherian mammals, implan-
tation occurs in a fixed interval of time after
ovulation when the corpus luteum is fully
formed [25]. In humans, this is during the luteal
phase of the menstrual cycle, while in rodents;
it is in the estrous phase of the estrous cycle

Int J Clin Exp Pathol 2016;9(8):8037-8046
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Figure 4. Expression of AQP3 in mouse uterus during early pregnancy. Female mice were cohabited overnight with
stud males. Once mating was confirmed by observing the vaginal plug the following morning (D1), female mice were
sacrificed at different time points and uteri were collected. Endometrial tissues were divided into 2 groups, D1 and
D5. A. Immunohistochemical analysis of mouse uterine sections using rabbit polyclonal antibody against mouse
AQP3 revealed intense AQP3 staining in the endometrial stromal cells at D5, (Aa) weak staining at D1, (Ab) Inset:
Negative control of the D1, (Ac) uterine sections stained using normal rabbit IgG. Magnification: (Aa, Ab) 100x and
insets 400x; (Ac) 400x. Stromal cells (S), glandular epithelium cells (GE), luminal epithelium cells (LE) (B) (a, b)
Immunoblotting analysis of total protein isolated from the endometrial tissues of mated female mice detected AQP3

protein (32 kDa); (c) The mRNA level of AQP3 expression by Real-time PCR. (*P<0.05, **P<0.01).

Table 2. Expression of AQP3 protein image
analysis in the mice endometrial stromal cells
during early pregnancy

EP D1 D5

H-score* 0.98+0.21 1.6+0.19

EP, early pregnancy; Eight specimens each from different
phases. *Results were expressed as the mean + SEM of
H-score.

[25, 26]. The estrous cycle of mice was divided
into four periods: proestrous, estrous, metes-
trous and disetrous. A cycle is commonly 4 to 5
days. In the diestrous phase in mice, the level
of progesterone gradually increases, owing to
an enhanced secretion from newly formed cor-
pora luteum. This is accompanied by a pre-
implantation surge of estrogen on day 4 of
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pregnancy while embryo implantation takes
place at the midnight of day 4 [26, 27].

The establishment of pregnancy is dependent
on successful ovulation, fertilization, migration
of the embryo to the eventual implantation site,
and strict synchronization of uterine receptivity
with embryonic maturation [28]. Besides the
acquisition of blastocyst competency and uter-
ine receptivity, initiation of embryo implanta-
tion also involves a timely reabsorption of intra-
uterine fluids, which facilitates the apposition
of embryo with the uterine endometrium. The
mammalian uterus undergoes extensive mor-
phologic changes in preparation for embryo
implantation, particularly the uterine edema
[29]. To better understand the mechanisms
that underlie uterine edema during implanta-

Int J Clin Exp Pathol 2016:9(8):8037-8046
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Figure 5. Expression of AQP3 in mouse uteri during the pregnancy on D8. Immunohistochemical analysis of mouse
uterine sections using rabbit polyclonal antibody against mouse AQP3 detected AQP3 with immunostaining in mouse
endometrium of the implantation site with embryo (A, E(b)) and without immunostaining in mouse endometrium of
the implantation site without embryo and decidualization (B, C, E(a)). Inset: Negative control of mouse endometrium
of the implantation site with embryo (D). EN, endometrium. UC, uterine cavity. DZ, decidual zone.

tion, we examined the expression of AQP3
water channels throughout the estrous cycle
and the early weeks of pregnancy.

In this study, we demonstrated that AQP3 was
located in the stromal cells, where during the
proestrous and estrous phases, the endome-
trium thicken, uterus fills with water and uterine
cavity gap enlarges. AQP3 might mediate water
transport in this process, which promotes the
accumulation of liquid in the uterine cavity and
forming of the uterine edema. However, in the
metestrous and diestrous phases, AQP3
expression decreased slightly, the endometri-
um thinned, the uterus narrowed, and the uter-
ine cavity showed little to no gap. AQP3 might
be responsible for water transfer out of the cav-
ity. Overall, AQP3 might be responsible for the
two-way water transfer in and out of the uterine
cavity during the estrous cycle.

Water movement in the uterus is not restricted
to imbibitions. Estrogen stimulates water imbi-
bitions in the uterine endometrium. This water
then crosses the epithelial cells into the lumen,
leading to a decrease in viscosity of uterine
luminal fluid [17]. Research indicates that the
promoter of the AQP3 gene contains a function-
al ERE motif, which may mediate estrogen-
induced up regulation of AQP3 expression [30].
Differential AQP3 expression in the uterine
endometrium might be driven by the fluctuation
of estrogen in estrus, affecting intrauterine
fluid accumulation and uterine receptivity.
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Previous studies indicated that AQP3 expres-
sion levels might relate to molecules which are
important in cell-cell and/or cell-matrix interac-
tions [30]. These studies showed a significant
decrease in matrix metalloproteinases (MT1-
MMP, MMP-2 and MMP-9) [31] and cell adhe-
sion molecules (ICAM-1 [32], integrina5p1 [33]
and E-cadherin [34]) after AQP3 knockdown
which played an important role in the embryo
implantation process. These studies also sug-
gested that AQP3 might mediate epithelial-
mesenchymal transition, suggesting that hei-
ghtened levels of AQP3 expression at D5 may
stimulate the expression of some matrix metal-
loproteinases and cell adhesion molecules, in
turn, promoting the integration between the
endometrium and embryo. Endometrial stroma
cells decidulization initiates at the site of em-
bryo attachment, a process that involves com-
plex cellular changes characterized by exten-
sive stromal cell proliferation and differentia-
tion into decidual cells (process somewhat si-
milar to tumor growth regarding cellular behav-
ior and energy metabolism). Previous studies
indicated that the process of uterine decidual-
ization might utilize glycerol as an extra energy
source through AQP7 (an aquaglyceroporin)
facilitated glycerol transport [35]. AQP3 is also
an aquaglyceroporin, but Immunohistochemical
results revealed that AQP3 showed no obvious
expression in the uterine decidualization and
endometrium on D8 of pregnancy. It is known
that on day 6 of pregnancy in mice, the uterine

Int J Clin Exp Pathol 2016;9(8):8037-8046
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lumen closes down around the blastocyst, and
in the absence of a blastocyst the uterine epi-
thelium becomes tightly apposes [36, 37].
Immunohistochemical results revealed that
AQP3 showed heightened expression in the
stromal cells of endometrium and the smooth
muscle of the uterine tube. This led to specula-
tion that AQP3 might mediate water out of the
uterine lumen, leading to uterine contraction
and ultimately a closing down of the lumen and
‘tube locking'.

In summary, this study revealed that the expres-
sion of AQP3 followed a spatiotemporal pattern
in the mouse endometrium during the estrous
cycle and early pregnancy. High expression of
AQP3 in the proestrous, estrous phase sug-
gested that AQP3 might mediate water trans-
port in the uterine cavity. High expression of
AQP3 suggested that AQP3 might stimulate the
expression of some matrix metalloproteinases
and cell adhesion molecules and mediate water
transport on D5 of pregnancy. High expression
of AQP3 in the non-attachment site of embryo
implantation and no marked expression in the
attachment site suggested that AQP3 might be
responsible for uterine contraction and ulti-
mately a closing down of the uterine lumen. We
found no marked expression of AQP3 in the
decidual organization, therefore, AQP3 had no
influence on uterine decidualization. However,
further studies are planned to understand the
precise mechanism underlying the role of
AQP3.
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