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Abstract: Overexpression of aquaporins (AQPs) has been reported in several human cancers. Extracellular signal-
regulated kinases 1/2 (Erk1/2) are associated with tumorigenesis and cancer progression and may upregulate 
AQPs expression. In this study, we examined cervical tissue samples to establish the relationship between Erk1/2 
and AQPs in cervical carcinoma by RT-PCR, Western blot and immunohistochemistry. We also examined the relation-
ship between AQP8, Erk1/2 and clinicopathological variables in patients with cervical cancer. Our results showed 
that Erk1/2 was differentially expressed at the level of transcription and was most highly expressed in CIN samples 
(P < 0.05). At the level of translation, significant differences were seen in the expression of AQP8, Erk1/2 and P-
Erk1/2 (P < 0.05). Expression was highest in CIN samples, where 80.9%, 76.6%, and 66% of samples were positive 
for AQP8, Erk1/2 and P-Erk1/2, respectively. Expression in cervical carcinoma samples was higher than in normal 
cervical tissues (P < 0.01). AQP8 expression was associated with the depth of invasion of cervical cancer cells, and 
the expression of Erk1/2 and P-Erk1/2 was increased in earlier clinical stages and in lymphatic metastasis. AQP8 
expression was positively correlated with Erk1/2 expression in cervical cancer. In conclusions, increased AQP8, 
Erk1/2 and P-Erk1/2 expression may play a role in transformation of CIN into cervical cancer, and in early invasion 
and lymphatic metastasis of cervical cancer. These proteins could potentially be used as molecular markers for 
early diagnosis of cervical carcinoma.
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Introduction

Cervical cancer is the most common cancer 
among women in developing countries and the 
second most common cancer among women 
globally. In 2008, it accounted for 9% (529,800) 
of new cancer cases and 8% (275,100) of all 
cancer deaths among women. More than 85% 
of cases and deaths occurred in developing 
countries, including China [1, 2]. In Xinjiang, 
China, especially southern Xinjiang, the inci-
dence of cervical carcinoma in women of Uygur 
ethnicity is very high, with a prevalence of 527 
per 100,000 females. Furthermore, approxi-
mately 80% of cervical carcinoma patients 
present at an advanced stage [3]. Although 
early diagnosis and the survival rate for patients 
with cervical carcinoma have improved in 

recent years, the efficacy of treatment and 
prognosis for patients with advanced cervical 
cancer remains poor. Further research on the 
pathogenesis of cervical carcinoma and the 
identification of molecular biomarkers for early 
diagnosis, especially for women of Uygur ethnic-
ity is, therefore, essential.

Aquaporins (AQPs) increase cell plasma mem-
brane water permeability 5-50 times compared 
to membranes where water moves primarily 
through the lipid bilayers. In mammals, 13 
members of the aquaporin gene family (AQP0 
through AQP12) have been identified [4]. AQPs 
are expressed in a variety of epithelial tissues 
where they are responsible for regulating rapid 
water movement across epithelial barriers driv-
en by osmotic gradients. Malignant tumor cells 
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have vigorous life cycles and active metabo-
lism, and thus have an increased demand for 
water. Recent evidences suggest that AQPs are 
also involved in cell migration [5], angiogenesis 
[6], and tumor growth [7]. They are strongly 
expressed in tumor cells of different origins, 
particularly aggressive tumors. In contrast to 
the pro-tumorigenic effects resulting from 
enhanced AQP expression in some tumors, 
reduced expression of AQP8 in hepatocellular 
carcinoma is associated with increased resis-
tance to apoptosis [8]. AQPs are involved in cell 
migration induced by extracellular signal-regu-
lated protein kinases 1 and 2 (Erk1/2). The 
Erk1/2 pathway is a critical signal transduction 
pathway in the mitogen-activated protein 
kinase (MAPK) family, and is closely related 
with tumorigenesis and tumor progression [9, 
10].

To gain insight into the role of AQPs and Erk1/2 
in human cervical carcinoma, we probed the 
effects of AQP8 expression and phosphoryla-
tion of Erk1/2 on cervical carcinogenesis at the 
levels of transcription and translation, and ana-
lyzed the clinical significance.

Materials and methods

Human cervical tissues and reagents

Expression of AQP8 and Erk1/2 in cervical tis-
sues was examined by real-time (RT)-PCR using 
a one-step RT-PCR kit (QIAGEN, Germany). 
Thirty fresh tissue samples were collected from 
gynecological procedures at the Department of 
Gynecology, Third Affiliated Hospital of Xinjiang 
Medical University. Samples were collected 
between January 2012 and March 2013. Ten 
samples were obtained of normal tissue, ten 
samples of cervical intraepithelial neoplasia 
(CIN), and ten samples of early cervical cancer. 
Immunohistochemistry was performed on 
paraformaldehyde-fixed and paraffin-embed-
ded tissues obtained from the Department of 

Pathology, Third Affiliated Hospital of Xinjiang 
Medical University, including 47 CIN samples 
(grade 2-3; age range 30 to 51 years, median 
age 38.5 years), 108 cervical cancer samples 
(age range 25 to 68 years, median age 46 
years; 95 cases for grade 1-2, 13 cases for 
grade 3; 17 cases for stage 1, 90 cases for 
stage 2, 1 cases for stage 3) and 79 normal tis-
sue samples (age range 38 to 60 years, median 
age 39.5 years). Tumor distribution was defined 
according to the International Federation of 
Gynecology and Obstetrics stages.

Inclusion and exclusion criteria

Patients with abnormalities in the uterine cer-
vix were included in the study. Clinical stage 
was determined by two gynecologists, while 
two pathologists confirmed diagnoses of squa-
mous cell carcinoma. Patients had not under-
gone chemoradiotherapy prior to surgery. All 
patients provided informed consent for this 
study.

Real-time PCR

Total RNA from human cervical tissues was 
extracted using TRIzol Reagent (Invitrogen, 
USA). The RT-PCR conditions were as follows: 
reverse transcription 50°C, 30 min; PCR initial 
activation step 95°C, 15 min; denaturation 
94°C, 15 s; annealing 55°C, 30 s; extension 
72°C, 30 s. Steps were repeated for 40 cycles. 
Melting curve analysis: 95°C, 1 min; 55°C, 30 
s; 95°C, 30 s. PCR products were analyzed by 
1.5% agarose gel electrophoresis. Gene expres-
sion of AQP8 and ERK1/2 was calculated using 
the 2-ΔΔCt method. β-actin expression was used 
as a control. Primers (Table 1) were purchased 
from QIAGEN (German).

Western blot analysis

Tissue lysates were prepared in 1 mL ice-cold 
radio-immunoprecipitation assay (RIPA) buffer 
(25 mM Tris, pH 7.6, 150 mM NaCl, 1% NP-40, 
1% sodium deoxycholate, 0.1% SDS) with  
the addition of a 1 × concentration of the prote-
ase inhibitor phenylmethanesulfonyl fluoride 
(PMSF). Crude protein lysates were collected in 
microcentrifuge tubes and centrifuged for 15 
min at 15,000 rpm at 4°C. Supernatants were 
transferred to clean microcentrifuge tubes and 
kept at -80°C until use. Protein (60 μg of each 
sample) was mixed with an equal volume of 5 × 

Table 1. Primer sequences for amplification 
of AQP8, Erk1/2 and the house keeping gene 
β-actin
Primer Cat. no. Size of product (bp)
β-actin QT00095431 146
AQP8 QT00039123 87
Erk1/2 QT00065933 118
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Figure 1. Amplification plots and dissociation curves by RT-PCR. (A) Amplification plot for AQP8 gene, (B) Dissociation curve for AQP8 gene; (C) Amplification plot 
for Erk1/2 gene, (D) Dissociation curve for Erk1/2 gene. X axis of amplification plots: cycles, Y axis of amplification plots: fluorescence value; X axis of dissociation 
curves: temperature, Y axis of dissociation curves: fluorescence value.
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loading buffer, heated at 100°C for 5 min and 
cooled on ice for 3 min before loading. Protein 
samples were resolved on a 7.5% SDS-
polyacrylamide gel and transferred onto polyvi-
nylidene fluoride membranes (Millipore), and 
blocked for 1 hour with 5% nonfat dry milk in 
Tris-buffered saline with 0.05% Tween 20. 
AQP8 primary rabbit polyclonal antibody (sc-
28624, Santa-Cruz), Erk1/2 primary rabbit 
monoclonal antibody (4695, Cell Signaling 
Technology, USA), P-Erk1/2 (Thr202/Thr204; 
Cell Signaling Technology, USA) at 1:200, 
1:800, and 1:1000, dilutions respectively, were 
incubated overnight at 4°C. Incubation with the 
secondary goat antibody ready to use (PV-
9000, Zhongshan Golden Bridge, Beijing, 
China) was performed for 1 h at room tempera-
ture. Protein bands were detected by chemilu-
minescence using LumiGlo reagent A/B (Cell 
Signaling Technology, MA, USA). β-actin was 
used as a loading control.

Immunohistochemistry

Four percent paraformaldehyde-fixed cervical 
lesion tissues were prepared in 2 µm thick sec-
tions on slides. The sections were labeled using 
anti-AQP8, Erk1/2, P-Erk1/2 primary antibod-
ies at 1:100, 1:100, and 1:200 dilutions, 
respectively, at 4°C overnight. Secondary anti-
body ready to use was then added for 30 min at 
room temperature. Following DAB (3,3’-diami-
nobenzidine) staining, hematoxylin counter-
staining, dehydration, and mounting were  
performed. AQP8, Erk1/2 and P-Erk1/2 immu-
nolabeling was reviewed by expert patholo-
gists. Staining intensity and tumor cell propor-
tion were scored. Immunolabeling intensity was 
scored as negative (-), dilute brown (score 1), 
brown (score 2), and deep brown (score 3). The 
proportion was the approximate number of 
AQP8, ERK1/2 and P-ERK1/2 positive cells 
among total tumor cells. Scoring was as fol-
lows: 0-4% (-), 5-25% (score 1), 26-50% (score 
2), 51%-75% (score 3), and > 75% (score 4). The 
intensity plusing proportion was scored as - 

(score 0-1), + (score 2-3), ++ (score 4-5), and 
+++ (score 6-7).

Statistical analysis

Data were analyzed using SPSS 20.0 statistical 
software. Measurement data were expressed 
as the _x  ± s. Statistical differences among gr- 
oups were compared using one-sample T-test 
for measurement data and x2 test for numera-
tion data. P < 0.05 was considered to be statis-
tically significant.

Results

Expression differences in Erk1/2 are statisti-
cally significant across groups at the level of 
transcription

Expression of AQP8 and Erk1/2 was detected 
by RT-PCR (Figure 1A-D). The data were showed 
with 2-ΔΔCT value. Expression levels of Erk1/2 in 
normal tissue, CIN and cervical cancer tissue 
were significantly different, expression level of 
Erk1/2 in CIN was highest (P < 0.05; Table 2). 
Expression levels of AQP8 in normal tissue, CIN 
and cervical cancer tissue were not significant-
ly different (P > 0.05; Table 2).

Expression and localization of AQP8, Erk1/2, 
and P- Erk1/2 proteins in CIN and cervical 
carcinoma

Western blotting and immunohistochemistry 
assays were performed. AQP8, Erk1/2, 
P-Erk1/2 proteins were found to be expressed 
in cervical lesion tissues. AQP8 localized to the 
cytoplasm and nuclei of CIN and carcinoma 
cells. In normal tissues, it localized to the mem-
brane and cytoplasm of basal and proliferative 
cells (Figure 2A-D). AQP8 expression was high-
est in CIN samples, and expression in cervical 
carcinoma samples was higher than in normal 
tissues (Figure 2E-G, P < 0.01). Erk1/2 mainly 
localized to the cytoplasm, with some protein 
present in the nuclei of CIN and carcinoma 
cells. Expression in normal tissues occurred in 

Table 2. AQP8 and Erk1/2 mRNA expression (
_
x  ± s)

Group AQP8 2-ΔΔCT t value P value Erk1/2 2-ΔΔCT t value P value
Cervical carcinoma 2.372 ± 2.436 1.781 0.109 2.348 ± 3.682 1.158 0.277**
CIN 1.104 ± 1.383 0.239 0.817 7.109 ± 6.745 2.864 0.019***
Normal tissue 1.834 ± 2.128 1.239 0.247 5.806 ± 4.491 3.384 0.008*
*Cervical carcinoma vs Normal tissue, **Cervical carcinoma vs CIN, ***CIN vs Normal tissue.
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the cytoplasm of basal and 
proliferative cells (Figure 
3A-D). Erk1/2 expression 
was highest in CIN sam-
ples, and expression in cer-
vical carcinoma was higher 
than in normal tissues 
(Figure 3E-G, P < 0.01). 
P-Erk1/2 localized to the 
nuclei in CIN samples, cer-
vical carcinoma samples 
and proliferative cells of 
normal tissues (Figure 
4A-D). P-Erk1/2 expression 
was highest in CIN sam-
ples, and expression in cer-
vical carcinoma samples 
was higher than in normal 
cervical tissues (Figure 
4E-G, P < 0.01).

AQP8, Erk1/2 and P-
Erk1/2 expression in cervi-
cal carcinoma is correlated 
with clinicopathological 
parameters

Correlation of AQP8, Erk1/2 
and P-Erk1/2 expression in 
cervical carcinoma with 
clinicopathological variabl- 
es was analyzed. AQP8 
expression significantly in- 
creased with deeper tumor 
infiltration (P < 0.05). Er- 
k1/2 and P-Erk1/2 expres-
sion were significantly high-
er in early clinical stages 
and metastatic lymph no- 
des (P < 0.05). AQP8, Er- 
k1/2 and P-Erk1/2 expres-
sion in cervical carcinoma 
was not correlated with 
pathological grade, tumor 
size or patient age (P > 
0.05; Table 3).

AQP8 expression in cervi-
cal carcinoma is corre-
lated with the presence of 
Erk1/2

Correlation of AQP8 expres-
sion in cervical carcinoma 
with expression of Erk1/2 

Figure 2. AQP8 expression in cervical tissues. A: AQP8 expressed in the mem-
brane and cytoplasm of basal and proliferative prickle cells in normal cervical 
tissue; B: AQP8 expressed in the nuclei in CIN; C: AQP8 expressed in the cyto-
plasm and membrane in cervical cancer; D: Negative control of AQP8 expression 
in cervical cancer; E: Fraction of AQP8 positive cells in each group. A-E: AQP8 
expression detected by Immunohistochemistry. Magnification × 200. *P < 0.05. 
F, G: AQP8 expression detected by Western blot was higher in CIN than in cervi-
cal carcinoma or normal tissue samples *P < 0.05.



Aquaporin 8 and phosphorylation of Erk1/2 in cervical epithelial carcinogenesis

3933 Int J Clin Exp Pathol 2014;7(7):3928-3937

and P-Erk1/2 was ana-
lyzed. AQP8 expression 
was increased with higher 
expression of Erk1/2 in 
cervical carcinoma (r = 
0.286, P < 0.05; Table 4).

Discussion

Tumor growth, invasion 
and metastasis depends 
on nutrition provision and 
metabolism, and water 
molecules play an impor-
tant role in maintaining the 
microenvironment and me- 
tabolism of tumor cells. 
AQPs are a family of hydro-
phobic, small, and integrat-
ed transmembrane gluco-
proteins (30 kDa monomer) 
that are involved in multi-
ple physiological and path-
ological processes in the 
human body, and are cl- 
osely associated with ma- 
ny types of human tumors 
[11, 12]. High expression 
of both AQP3 and AQP5 is 
a poor prognostic factor in 
esophageal squamous cell 
carcinoma patients [13]. 
The AQP8 gene, situated in 
chromosome 16 p12 [14], 
encodes a 261 amino acid 
protein that participates in 
water metabolism. The pr- 
otein is mainly distributed 
in gastrointestinal epitheli-
al cells (especially in the 
colon), the liver, pancreas, 
and male and female 
reproductive organs. AQP8 
may contribute to the pro-
liferation of astrocytomas, 
and may be a biomarker 
and candidate therapy tar-
get for patients with astr- 
ocytomas [15]. However, 
some experiments show 
controversial results about 
AQP8. Wang et al. [16] 
reported that expression 
of AQP8 was low in colorec-
tal carcinoma cells. The 

Figure 3. Erk1/2 expression in cervical tissues. A: Erk1/2 expressed in the cy-
toplasm in normal cervical tissue; B: Erk1/2 expressed in the cytoplasm in CIN; 
C: Erk1/2 expressed in the cytoplasm in cervical cancer; D: Negative control of 
Erk1/2 expression in cervical cancer; E: Fraction of Erk1/2 positive cells in each 
group. A-E: Erk1/2 expression detected by Immunohistochemistry. Magnification 
× 200. *P < 0.05. F, G: Erk1/2 expression detected by Western blot was higher in 
CIN than in cervical carcinoma or normal tissue samples *P < 0.05.
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pro-tumorigenic and/or 
anti-tumorigenic functions 
of AQPs, however, are poor-
ly understood.

In this study, we detected 
AQP8 expression in cervi-
cal tissues of Uyghur wo- 
men from the Xinjiang 
region of China at the level 
of transcription and trans-
lation. We analyzed the cor-
relation between expres-
sion and clinicopathological 
variables in cervical carci-
noma patients. We found 
that AQP8 exhibited signifi-
cantly differential expres-
sion across samples of cer-
vical carcinoma, CIN and 
normal tissues at the level 
of translation. AQP8 ex- 
pression was highest in 
CIN, and increased mark-
edly with deeper infiltra-
tion. These results agree 
with our previous study 
[17], showing that AQP8 
may play a role in the trans-
formation of precancerous 
CIN lesions into cervical 
cancer and deeper infiltra-
tion of cervical carcinoma. 
Similar findings were re- 
ported elsewhere. It was 
reported that AQP8 was 
over-expressed in human 
astrocytoma and cervical 
carcinoma, and its expres-
sion boosted with higher 
pathological grade [15, 
18]. Expression of other 
AQP subtypes was also 
upregulated in different 
tumor types. AQP5 expres-
sion in colorectal carcino-
ma cells was closely asso-
ciated with differentiation, 
tumor node metastasis 
stage and distant lymph 
node metastasis [19]. Epi- 
dermal growth factor en- 
hanced MPC-83 pancreatic 
cancer cell migration thr-
ough the upregulation of 

Figure 4. P-Erk1/2 expression in cervical tissues. A: P-Erk1/2 mainly expressed 
in the nuclei in normal cervical tissue; B: P-Erk1/2 expressed in the nuclei in 
CIN; C: P-Erk1/2 expressed in the nuclei in cervical cancer; D: Negative control 
of P-Erk1/2 expression in cervical cancer; E: Fraction of P-Erk1/2 positive cells 
in each group. A-E: P-Erk1/2 expression detected by Immunohistochemistry. 
Mmagnification × 200. *P < 0.05. F, G: P-Erk1/2 expression detected by West-
ern blot was higher in CIN than in cervical carcinoma or normal tissue samples. 
*P < 0.05.
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AQP3 [20]. AQPs are small, transmembrane 
proteins that facilitate osmotically driven water 
transport. We propose that AQP8 overexpres-
sion in CIN and early cervical cancer may 
enhance tumor cell permeability to water, alter-
ing tumor cell volume and shape, and promot-
ing infiltration of cervical carcinoma. Other 
groups [19, 21] have reported that AQP8 
expression is downregulated in human colorec-
tal carcinoma and mouse hepatocellular carci-
noma models, findings that are not consistent 
with ours. It is necessary to study whether 
AQP8 differential expression in tumor tissues is 
associated with specific tumor tissues. We also 
found that expression of AQP8 was not signifi-
cantly different among the three groups stud-
ied at transcription level. AQP8 protein expres-

sion could be regulated by interactions between 
AQP8 and other proteins. Zhang et al. [22] 
reported that AQP5 protein overexpression 
resulted in enhanced activation of the epider-
mal growth factor receptor (EGFR), Erk1/2 
pathway in cancer cells.

The Erk1/2 signaling pathway plays a critical 
role in regulating cell proliferation, differentia-
tion, survival, and apoptosis of various cancer 
types such as bone, prostate, breast, liver, and 
lung [23, 24]. It has been estimated that Erk1/2 
targets more than 180 different molecules that 
are responsible for cell growth, survival, and 
differentiation; thus, aberrant regulation great-
ly affects cell growth. Erk1/2 kinase couples 
the signals from cell surface receptors to mol-
ecules that transmit cell proliferative signals. 
Following a cascade reaction, Erk1 phosphory-
lates Erk1/2, leading to the upregulation of 
various transcription factors such as Ets-1, 
c-Jun, c-Myc, and HIF1α [25]. Our research 
demonstrated that Erk1/2 and P-Erk1/2 
expression is significantly higher in CIN than 
cervical carcinoma, and lowest in normal tis-
sues at both transcription and translation lev-
els. Additionally, expression is associated with 
earlier clinical stages and metastatic lymph 
nodes. We also found that Erk1/2 was mainly 

Table 3. Correlation of AQP8, Erk1/2 and P-Erk1/2 expression in cervical carcinoma with clinicopath-
ological parameters
Clinicopathological 
parameter n

AQP8 Erk1/2 P-Erk1/2
+ x2 value P value + x2 value P value + x2 value P value

Stage 0.369 0.544 8.275 0.004 5.108 0.024
    I-IIa 43 16 30 24
    IIb~VI 65 28 27 22
Grade 0.050 0.822 1.555 0.212 0.042 0.838
    G1-G2 95 47 56 41
    G3 13 6 10 6
Infiltrating depth 9.111 0.003 0.170 0.680 0.899 0.343
    ≤ 1/2 31 7 18 11
    > 1/2 77 42 48 35
Age 3.620 0.057 0.164 0.685 0.032 0.858
    ≤ 40 50 21 30 25
    > 40 58 35 37 30
Tumor diameter 0.036 0.850 2.218 0.136 0.606 0.436
    ≤ 4 cm 97 50 58 56
    > 4 cm 11 6 4 5
Metastatic lymph node 0.238 0.626 10.699 0.001 8.682 0.003
    + 41 17 37 26
    - 67 31 41 23

Table 4. Correlation analysis of AQP8 and 
Erk1/2, P-Erk1/2 expression in cervical 
carcinoma

AQP8
+ - r value P value

Erk1/2 + 40 29 0.286 0.003
- 11 28

P-Erk1/2 + 21 21 0.074 0.445
- 28 38
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localized to the cytoplasm, while P-Erk1/2 was 
mainly localized to the nuclei. AQP8 protein 
expression was positively correlated with 
Erk1/2 expression. Our results suggested that 
synergy between AQP8 and the Erk1/2 signal-
ing pathway may be involved in the transforma-
tion of precancerous lesions into cervical can-
cer, and favor infiltration and lymph node 
metastasis of cervical cancer. Other studies 
support these findings. Kang et al. [26] report-
ed that induction of AQP5 expression during 
colorectal carcinogenesis occurred through the 
interaction of AQP5 with the Ras/Erk1/2/reti-
noblastoma protein signaling pathway.

In summary, AQP8, Erk1/2 and P-Erk1/2 
expression increased in CIN and cervical carci-
noma samples from Uyghur women in China. 
The expression of these proteins facilitated 
infiltration and lymph node metastasis of cervi-
cal carcinoma, suggesting that they could be 
candidate molecular markers for early diagno-
sis of cervical carcinoma. Future studies will 
probe the interactions and functions of AQP8 
and the Erk1/2 signaling pathway by investigat-
ing AQP8 gene expression.
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