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and PCDH7 expression

De Qing Wu1,2, Zi Feng Yang2, Ke Jian Wang3, Xing Yu Feng2, Ze Jian Lv2, Yong Li2, Zhi Xiang Jian1,2

1Southen Medical University, No. 1838 Guangzhou Avenue, Baiyun District, Guangzhou, Guangdong, China; 
2Guangdong General Hospital, Guangdong Academy of Medical Science, No. 106, Zhongshan 2nd Road, 
Guangzhou, Guangdong, China; 3The Third Afiiliated Hospital of Guangzhou Medical University, No. 63 Dorbao 
Road, Liwan District, Guangzhou, Guangdong, China

Received November 7, 2017; Accepted November 29, 2017; Epub February 1, 2018; Published February 15, 
2018

Abstract: Colorectal cancer (CRC) is one of the most common malignant cancers and the leading cause of cancer-
related deaths in worldwide. Although the monoclonal antibody therapy is prescribed for CRC, the metastasis re-
sistant to therapy is the major cause of death of patients with CRC, which indicating the urgent demands for new 
therapeutic targets discovery. Aquaporin 8 (AQP8) has been identified alter expressed in several cancers including 
breast cancer, lung cancer and prostatic carcinoma. Our study demonstrated the functional significance of AQP8 
in CRC cells growth and metastasis. Over-expression of AQP8 remarkably decreased growth, aggressiveness and 
colony formation in the CRC SW480 and HT-29 cells. Mechanistically, AQP8 over-expression inhibited tumorigenic 
phenotype by inactivating PI3K/AKT signaling and inhibiting PCDH7 expression. Furthermore, in vivo studies using 
nude mice xenograft and metastasis model identified the pivotal role of AQP8 in CRC cells growth and metastasis. 
Taken together, the present study verifies the vital role of the endogenous AQP8 in colorectal cancer progression.
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Introduction

Colorectal cancer is the most frequently diag-
nosed malignant cancer and is the third leading 
cause of cancer deaths globally [1]. The distant 
metastasis of colorectal cancer cells is a multi-
stage process, in which cells escape from pri-
mary cancer sites and establish metastasis 
foci at distant tissues [2]. The metastasis of 
colorectal cancer cells is closely associated 
with aberrant activation of diversified signaling 
pathways which promote mobility, invasion and 
survival of tumor cells [3]. Currently, chemo-
therapeutics and many targeted agents includ-
ing antibodies against epidermal growth factor 
receptor (EGFR) are utilized in the therapy of 
metastatic CRC [4]. Unfortunately, less than 20 
percent of patients possess wild type KRAS 
benefit from monoclonal antibodies. Mean- 
while, targeting several down-stream kinases 
of EGFR, including B-RAF and MEK, exhibits 
inconspicuous efficacy in CRC treatment [5]. 

Thus, it is important to reveal new mechanism 
which drives the progression of CRC. 

Cancer cells growth and metastasis depend on 
nutrient-supply and metabolism [6]. Aquaporins 
(AQPs) compose of a family of membrane trans-
port proteins, which are expressed in a variety 
of epithelial tissues [7]. 13 AQPs members 
have been identified and subdivided into two 
groups: AQP1, 2, 4, 5 and 8 functions as water-
selective transporters, while AQP3, 7, 9 and 10 
which transport water as well as other small sol-
utes. Recent evidences suggest that the over-
expression of several AQPs is implicated into 
tumorigenesis, including tumor cells migration, 
angiogenesis and tumor growth [8]. For exam-
ple, AQP5 is over-expressed in cervical cancer, 
breast cancer and ovarian cancer [9]. In hepa-
tocellular carcinoma, the reduced expression of 
AQP8 is associated with increased resistance 
to apoptosis [10]. Furthermore, the expression 
of AQP6 in uterine serous carcinoma was obvi-
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ously decreased as compared with normal tis-
sues [11]. Previous study has identified that 
AQP8 is expressed in all normal colon samples 
[12] but not, or to a less extent, in the colorec-
tal tumors. However, the molecular functions of 
AQP8 in CRC growth and metastasis remain 
unexplored. 

In the present study, we reanalyzed the GEO 
data set GSE32323 [13] and compared the 
expression pattern of differential genes bet- 
ween CRC tissues and corresponding normal 
tissues. The results revealed that AQP8 was 
significant decreased in CRC tissues which con-
sistent with the previous study. Although, AQP8 
is identified down-regulated in CRC, its role in 
CRC cells growth and metastasis remains 
unknown. Herein, we reported that AQP8 was a 
potential independent prognostic factor for 
patients with CRC. Over-expression of AQP8 
inhibited CRC cells growth, mobility and aggres-
siveness in vitro. Mechanistically, we demon-
strated down-regulation of PI3K and AKT ex- 
pression in AQP8 over-expression CRC cells. 
The anti-cancer function of AQP8 was partly 
dependent on inhibiting PI3K/AKT signaling 
axis. Co-expression analysis identified the gene 
PCDH7 significantly co-expressed with AQP8  
in CRC. Subsequently, we demonstrated over-
expression of AQP8 promoted CRC migration 
and invasion dependent on PCDH7. Further- 
more, up-regulation of AQP8 in CRC cells con-
fers sensitivity for chemotherapeutic agents. 
Finally, in vivo xenograft models, we demon-
strated that over-expression of AQP8 affected 
CRC cells growth and metastasis. Altogether, 
our results illustrated the functional of AQP8 in 
CRC progression and its effectiveness as a 
potential therapeutic target in CRC patients. 

Materials and methods

Cell lines and tissue samples

CRC cell lines (SW480, HT-29, Colo-205, LOVO 
and HCT116), normal colorectal epithelial cell 
line HCoEpiC and murine colon epithelial cells, 
YAMC and MSIE were purchased from the 
Guang Zhou Jennio Biotech Co., Ltd (Guang- 
Zhou, China) and were cultured in 1640 or 
DMEM supplemented with 10% FBS. 47 paired 
of CRC and adjacent normal tissues were 
obtained from CRC patients who underwent 
surgery at the Guangdong General Hospital. 
None of CRC patients had been treated with 
chemotherapy before surgery. All tissues were 

snap-frozen in liquid nitrogen and stored at 
-196°C until protein and RNA extraction. Our 
study was approved by the Research Ethics 
Committee of the Guangdong General Hospital. 

Transient or transfection of CRC cells

To over-express AQP8, PI3K or AKT, we trans-
fected SW480 and HT-29 cells with pcDNA4-
myc/his-AQP8, pcDNA4-myc/his-PI3K, pcD-
NA4-myc/his-AKT or control vectors. Stably 
transfected cells were selected using G418 
(500 µg/ml; Life Technologies, Carlsbad, CA, 
USA). To down-expression PCDH7, SW480 and 
HT-29 cells were transfected with PCDH7 
shRNA plasmid (CCGGGCTGGCATTATGACGGT- 
GATTCTCGAGAATCACCGTCATAATGCCAGCTTTT- 
TG) or with control shRNA. 

Cell proliferation assay

1 × 105 cells were cultured for 24 h, 48 h, 72 h 
and 96 h, respectively. At each time point, 
supernatant was removed and MTT (100 μl) 
was added into wells for additional 4 h incuba-
tion. The absorbance was determined at 490 
nm. 

Cell wound closure assay

1 × 106 CRC cells were seeded into six well 
plates until formed cell monolayer. A wound 
was generated using a 100 µl tip. After 24 h, 
the wounds were photographed, and percent-
age of wound closure was calculated [14].

Boyden invasion assay

1 × 104 cells were plated into the Boyden cham-
ber inserts (Corning) which coated with base-
ment membrane Matrix (BD, San Jose, CA, 
USA). Cells invasion analysis was conducted as 
described previously [15].

Colony formation analysis

CRC cells were cultured in 6 well plates (1000 
cells per well). After CRC cells were cultured for 
two weeks, the cells colonies were stained with 
0.1% crystal violet (Sigma-Aldrich, Dorset, USA) 
and counted. 

Immunofluorescence assay

Cells were seeded in a chamber slide and stain-
ing was conducted with anti-AQP8, anti-PCDH7, 
anti-E-cadherin or anti-N-cadherin antibodies 
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(Cell Signaling, Beverly, MA, USA) and second-
ary antibody (anti-human Alexa 488 or Alexa 
647; Cell Signaling, Beverly, MA, USA). Cell 
nucleus was stained with DAPI (Beyotime 
Biotechnology, Nanjing, China).

Western blotting assay

Cell lysate was prepared using RIPA lysis buffer 
supplemented with proteinase inhibitors (Cal- 
biochem, Darmstadt, Germany). Immunoblot- 

ting assay was conducted using anti-PI3K, anti-
AKT or anti-GAPDH antibodies (Cell Signaling 
Technology, CA, USA). The signals were visual-
ized using chemiluminescence system accord-
ing to the instruction from manufacturer (GE 
Healthcare, Little Chalfont, USA).

Quantitative PCR

Total RNA was isolated from clinical samples or 
cultured cells with Trizol reagent (Invitrogen). 

Figure 1. The expression of AQP8 in CRC. A. Volcano Plot. Genes with fold change ≥ 2 and statistical significance 
were marked with green or red dots. B. The differentially expressed genes between CRC tissues and normal tissues 
were analyzed using GEO data-set GSE32323. C. AQP8 expression in CRC of two independent cohorts from Onco-
mine database. D. Immunohistochemical staining of AQP8 in CRC tissues and corresponding normal tissues. Scale 
bar: 200  μm. E. The mRNA level of AQP8 was determined by qPCR in 47 paired CRC tissues and normal tissues. 
F. Kaplan-Meier plots shown overall survival in CRC patients with different level of AQP8. G. Relative expression of 
AQP8 in a panel of colorectal cancer cell lines. **P < 0.01 compared to cells transfected with HCoEpic cells. H. 
Expression of AQP8 in SW480 cells and HT-29 cells was measured by immunofluorescence. Scale bar: 50 μm.
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The cDNA was synthesized from 1 ug total RNA 
using PrimeScript RT-polymerase (Thermo). 
qPCR reactions of target genes were conduct-
ed using SYBR Green Master Mix (Applied 
Biosystems, Foster City, CA, USA). GAPDH was 
used as an internal control. The comparative 
cycle threshold (Ct) method was applied to cal-
culate the expression levels through calculating 
the 2(-ΔΔCt) method. Primer sequences were list-
ed in the Supplementary Table 1.

Mouse xenograft experiment

BALB/c-nu mice (18-20 g) were purchased from 
SLAKE experimental animal limited company 
(Shanghai, China). 100 µl parental cells or 
AQP8 over-expressing CRC cells (5 × 106) were 
subcutaneously inoculated into the nude mice 
(n=6). Tumor growth was recorded every three 
days using digital calipers and tumor volumes 
were estimated using the formula: 0.5 × (L × 
W2), (L=length; W=width). In experimental 
metastasis model, (5 × 105) indicated SW480 
cells were injected into nude mice via the lat-
eral tail vein. Mice were sacrificed four weeks 
after inoculation and lung metastatic nodules 
were determined under a dissecting micro-
scope [16]. All procedures were approved by 
the Committee for the Purpose of Control  
and Supervision of Experiments on Animals 
(CPCSEA) of Guangdong General Hospital.

Statistical analysis

All values were presented as Mean ± SD. The 
differences were analyzed using Student’s 
t-test. P-value < 0.05 was considered signifi- 
cant.

Results

AQP8 is down-expressed in colon adenocarci-
noma

To identify the potential genes that were aber-
rantly expressed in human CRC, we analyzed 

the expression of diverse genes in cancerous 
and normal adjacent tissues using GEO data 
set GSE32323. A volcano plot showed up- or 
down-regulated genes from CRC samples com-
pared with normal tissues (Figure 1A). The heat 
map generated using differential genes show- 
ed that AQP8 was remarkably down-regulated 
in CRC tissues (Figure 1B). Then, we queried 
the Oncomine database (http://oncomine.com) 
and found the over-expression of AQP8 in three 
CRC data-sets, namely, Skrzypczak et al [17] 
and Hong et al [18]. In both datasets, we 
observed significant AQP8 down-regulation in 
colon adenocarcinoma (Figure 1C). Analysis of 
other data-sets using TCGA and Kaiser et al 
[19] studies further supported the down-
expression of AQP8 in CRC compared to normal 
tissues (Supplementary Figure 1A). In addition, 
we determined the level of AQP8 in 47 paired 
CRC tissues and corresponding normal tissues 
using immunohistochemistry (IHC) and qPCR 
analysis. The level of AQP8 was remarkably 
lower in CRC tissues than in adjacent normal 
tissues (Figure 1D and 1E). Kaplan-Meier sur-
vival analysis showed that patients with lower 
AQP8 expression had shorter overall survival 
(Figure 1F). Next, we assessed the expression 
of AQP8 in various colon adenocarcinoma cell 
lines. This identified SW480 cell line had the 
lowest AQP8 expression followed by HCT116, 
HT-29, LOVO and Colo-205 (Figure 1G). The 
expression of AQP8 protein in SW480 and 
HT-29 cells was confirmed by immunofluores-
cence (Figure 1H). All these results demon-
strated that AQP8 was down-expressed in CRC.

The role of AQP8 in CRC cells growth and inva-
sion 

To identify the function role of AQP8 in CRC pro-
gression, AQP8 over-expressing SW480 and 
HT-29 cells were generated using pcDNA4-
myc/his-AQP8. The transfection efficiency of 
AQP8 in both CRC cells was measured by qPCR 
(Figure 2A) compared with cells transfected 

Figure 2. Over-expression of AQP8 inhibits cells growth, invasion and colony formation. A. SW480 and HT-29 cells 
were transfected with pcDNA4-myc/his-AQP8 or pcDNA4-myc/his vector and the mRNA of AQP8 were analyzed by 
qPCR. B. Cell proliferation of control CRC cells and AQP8 over-expressing cells was determined by MTT analysis. C. 
The mobility of AQP8 over-expressing cells was assessed by wound healing analysis. Scale bar: 200  μm. D. Boyden 
invasion assay was conducted using control cells and CRC cells transfected with AQP8. Scale bar: 200  μm. E. Colony 
formation assay was conducted to evaluate the anchorage-independent growth of indicated cells. **P < 0.01 com-
pared to control cells. F. AQP8 knocked-down accelerated cell proliferation in YAMC and MSIE cells as shown in MTT 
analysis. G. Cell invasion was determined by Boyden invasion assay using AQP8 knocked-down YAMC and MSIE 
cells. Scale bar: 200  μm. **P < 0.01 compared to cells transfected with shCon.
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Figure 3. Over-expression of AQP8 inhibits PI3K/AKT signaling and alters the expression of E-cadherin/N-cadherin. A. SW480 and HT-29 cells were 
transfected with pcDNA4-myc/his-AQP8 or pcDNA4-myc/his vector and the expression of PI3K and AKT were determined by western blotting. B. Cell prolif-
eration assay using cells co-transfected with AQP8 and PI3K or AKT. C. SW480 and HT-29 cells were co-transfected with pcDNA4-myc/his-AQP8 or and pcD-
NA4-myc/his-PI3K or pcDNA4-myc/his-AKT. Colony formation assays were performed to determine the effect of PI3K/AKT over-expression on CRC cells 
growth in vitro. D. pcDNA4-myc/his-PI3K or pcDNA4-myc/his-AKT was transfected into AQP8 over-expressing CRC cells and wound closure analysis was con-
ducted. Scale bar: 200 μm. E. Boyden chamber Matrigel invasion assay using indicated cells. Scale bar: 200 μm. **P < 0.01 compared to control cells.  
##P < 0.01 compared to AQP8 over-expressing cells. F. qPCR analysis of E-cadherin and N-cadherin protein expression in indicated cell lines. qPCR results were 
standardized in relation to GAPDH. G. Cell immunofluorescence staining for E-cadherin (green), N-cadherin (red) and nuclei (DAPI; blue). Scale bar: 50  μm. **P < 
0.01 compared to control cells.
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with vector. To investigate the role of AQP8 in 
cell growth, we conducted MTT analysis with 
pooled AQP8 over-expressing SW480 and 
HT-29 as well as control cells. As shown in 
Figure 2B, AQP8 over-expression CRC cells 
exhibited significantly decreased proliferation 
as compared to control cells. To confirm the 
effect of AQP8 in cells migration and invasion, 
wound healing and Boyden chamber invasion 
analysis were conducted. Ectopic expression of 
AQP8 decreased both CRC cell lines migration 
(Figure 2C) and invasion (Figure 2D) as com-
pared with control cells. Furthermore, the colo-
nies formed by AQP8 over-expressing CRC cells 
were significantly decreased in soft agar assay 
as compared with the control cells (Figure 2E). 
To elaborate the effect of AQP8 in normal co- 
lon cells, immortalized colon epithelial cells 
were transfected with shRNA targeting AQP8 
(shAQP8) and subjected to MTT and invasion 
analysis. AQP8 down-expression in YAMC and 
MSIE cells resulted in remarkably increase in 
growth (Figure 2F) and aggressive (Figure 2G). 
Altogether, these results demonstrated that 
AQP8 had an important role in CRC cell prolif-
eration, mobility and invasion in vitro.

AQP8 inhibits PI3K/AKT signaling and EMT in 
CRC cells

Phosphatidylinositol 3-kinase (PI3K/AKT) sig-
naling pathway is known to drive cancer cells 
growth and survival [20]. Hence, to elucidate 
the function of AQP8 in CRC cell growth, we 
conducted western blotting for PI3K and AKT in 
stable AQP8 over-expression SW480 and HT-29 
cells. We found significant down-expression of 
PI3K and AKT in AQP8 over-expression as com-
pared with to control cells (Figure 3A). Further- 
more, we sought to investigate whether recued 
PI3K/AKT in AQP8 over-expressing CRC cells 
could hamper AQP8-mediated effects. We 
transfected with both CRC cells with pcDNA4-
myc/his-PI3K or pcDNA4-myc/his-AKT, respec-
tively and found PI3K/AKT significantly rescued 
CRC cells proliferation and colony formation, 
when compared with SW480 transfected with 
AQP8 alone (Figure 3B, 3C). Consistently, sig-
nificant induction in CRC cells mobility and inva-
sion was observed on PI3K or AKT over-expres-
sion treatment (Figure 3D, 3E). Then, we car-
ried out qPCR and cell immunofluorescence 
analyses with two cell lines. We demonstrated 
that the expression of AQP8 correlated with the 
levels of EMT markers: the level of the epithelial 

marker (E-cadherin) was higher in the AQP8 
over-expression CRC cells than in control cells 
whereas the expression of the mesenchymal 
marker (N-cadherin) was lower in the AQP8 
over-expression CRC cells than in control cells 
(Figure 3F, 3G).

The co-expression of PCDH7 with AQP8 in CRC

Co-expression analysis using four colorectal 
cancer datasets [17-19, 21] from Oncomine 
was performed to identify a set of genes with 
co-expressed with AQP8 in CRC (Figure 4A and 
Supplementary Figure 2). qPCR assay was con-
ducted to verify the common ten co-expressed 
genes that presents in the four co-expression 
datasets, and we found that PCDH7 was sig- 
nificantly decreased in AQP8 over-expressing 
SW480 cells as compared to the parental cells 
(Figure 4B). We future determined the PCDH7 
level in the 47 cases of CRC samples and dis-
covered that PCDH7 was higher in CRC than  
in normal tissues (Figure 4C, 4D). In Skrzypc- 
zak Colorectal [17] from Oncomine database 
(http://oncomine.com), the level of PDH7 was 
higher in CRC compared to normal (Figure 4E). 
To ascertain the co-expression of PCDH7 and 
AQP8 in CRC, we performed qPCR using CRC 
tissues. As expected, we find PCDH7 was nega-
tively correlated with AQP8 in clinical sam- 
ples (Figure 4F). To investigate the function of 
PCDH7 in CRC, we knocked-down PCDH7 by 
transfection of specific shRNA in both SW480 
and HT-29 cells (Figure 4G). Colony formation 
and Transwell assay were performed to exam-
ine growth and invasion of CRC cells. In colo-
nies formation assays, knocked-down of PCD- 
H7 significantly reduced the number of colo-
nies compared with the control (Figure 4H). 
Likewise, the number of invaded cells was 
markedly reduced in PCDH7-shRNA transfect-
ed SW480 and HT-29 cells (Figure 4I). All the- 
se data suggested that PCDH7 co-expression 
with AQP8 in CRC and PCDH7 knocked-down 
efficiently inhibit cells growth and aggressive- 
ness.

The function of AQP8 is dependent on PCDH7

Encouraged by the above findings, we decided 
to investigate whether targeting PCDH7 abro-
gated the function of AQP8. We treated SW480 
and HT-29 cells with PCDH7, and found that 
over-expression of PCDH7 rescued the cells 
migration (Figure 5A) and invasion (Figure 5B) 
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Figure 4. CST4 decreases PCDH7 expression in CRC. A. Co-expression data from Oncomine (www.oncomine.org). We used the following filters: gene ‘AQP8’ Analysis 
Type: ‘Co-expression analysis’ Cancer Type: ‘CRC’. The color changed according to a weaker (blue) or higher (red) expression. B. Venn graph represented the number 
of candidate co-expression genes determined by four datasets (left panel). qPCR analysis of genes in parental SW480 cells and the AQP8 over-expression SW480 
cells (right panel). C. The relative mRNA expression of PCDH7 was evaluated by qPCR in 47 paired human normal colorectal tissues and CRC tissues. D. The level of 
PCDH7 was evaluated by IHC in normal colorectal tissues and CRC tissues. Scale bar: 200 μm. **P < 0.01 compared to normal. E. Box plots derived from gene ex-
pression data in Oncomine comparing expression of PCDH7 in normal and CRC tissue. F. The negative correlation analysis of PCDH7 and AQP8 in colorectal cancer 
tissues. G. SW480 and HT-29 cells were transfected with shRNA targeting PCDH7 (shPCDH7) and the expression of PCDH7 were analyzed by immunofluorescence. 
Scale bar: 50  μm. H. Colony formation assay was conducted to evaluate the anchorage-independent growth of indicated cells. I. Boyden chamber Matrigel invasion 
assay using control cells and CRC cells transfected with shPCDH7. Scale bar: 200  μm. *P < 0.05 compared to control cells, **P < 0.01 compared to control cells.



AQP8 inhibits CRC growth and metastasis

274 Am J Cancer Res 2018;8(2):266-279



AQP8 inhibits CRC growth and metastasis

275 Am J Cancer Res 2018;8(2):266-279

that inhibited by AQP8. As expected, cells co-
transfected with PCDH7 and AQP8 exhibited 
more number of cells colonies compared with 
cells transfected AQP8 (Figure 5C). To reveal 
the role of AQP8/PXDH7 in the CRC cells metas-
tasis in vivo, the experimental metastasis anal-
ysis was conducted. Parental cells, AQP8 over-
expressing SW480 cells, PCDH7 over-express-
ing SW480 cells and cells co-transfected with 
AQP8/PCDH7 were injected into nude mice via 
the lateral tail vein, respectively. We found that 
over-expression of PCDH7 significantly rescued 
the pulmonary metastasis of CRC cells, which 
briefly transfected with AQP8 (Figure 5D). Final- 
ly, we performed qPCR and cell immunofluores-
cence analyses to whether ectopic expression 
of PCDH7 rescued the expression of EMT asso-
ciated markers. As expected, PCDH7 over-
expression decreased the epithelial marker 
(E-cadherin) and increased the mesenchymal 
marker (N-cadherin) in the CRC cells transfect-
ed with AQP8 (Figure 5E, 5F). These results 
implied that AQP8/PXDH7 axis is associated 
the metastasis of CRC cells and the anti-cancer 
function of AQP8 was dependent on PCDH7.

Up-regulation of AQP8 inhibits CRC growth in 
vivo and increases sensitivity to chemothera-
peutic drugs

To investigate whether AQP8 affected the 
growth of CRC cells in vivo, parental and AQP8-
overexpressing CRC cells were subcutaneously 
injected into nude mice. The results suggested 
that AQP8-overexpressing markedly suppress- 
ed tumor growth in vivo (Figure 6A). Tumors 
with AQP8 over-expression exhibited lower 
weight than control tumors (Figure 6B). The 
over-expression of AQP8 was future confirmed 
by immunohistochemical staining (Figure 6C), 
and tumors formed by AQP8 overexpression 
cells exhibited lower positive percentage of 
Ki67 than control tumors (Figure 6D). Then, we 
explored whether the alterations of AQP8 con-
fer sensitivity toward chemotherapeutic agent, 
thus we conducted growth inhibition analysis 

with AQP8 over-expressing CRC cells under 
paclitaxel treatment. Interestingly, AQP8 over-
expressing cells were found to be more sensi-
tive to paclitaxel than control cells (Figure 6E). 
Next, we investigated the relative effect of 
paclitaxel on the colony formation, migration 
and invasion of AQP8 overexpression cells. 
Paclitaxel treatment resulted in more signifi-
cantly inhibition in AQP8 over-expression cells 
colony formation as compared with the inhibi-
tion in control cells treated with paclitaxel 
(Figure 6F). Likewise, the percent inhibition of 
CRC cells migration and cells invasion with 
paclitaxel treatment was significantly higher in 
AQP8 over-expression cells that control cells 
treated with paclitaxel (Figure 6G, 6H). Collec- 
tively these results suggest that AQP8 over-
expression inhibited CRC tumor growth in vivo 
and conferred sensitivity to paclitaxel in colon 
cancer cells.

Discussion

Colorectal carcinoma (CRC) is the digestive 
malignant cancer with high risk of cancer-asso-
ciated death for its highly metastatic potential 
[22]. Recently, both the incident and mortality 
rate of patient with CRC continue to climb. 
Nevertheless, there are no efficacious thera-
peutic strategies for metastatic CRC owing  
to the complicated mechanisms behind CRC 
metastasis [23]. Herein, we identified that 
aquaporin 8 (AQP8) was remarkably decreased 
in CRC tissues as compared with that in corre-
sponding normal tissues. Additionally, we inves-
tigated the prognostic effect of AQP8 in the sur-
vival of CRC patients. The Kaplan-Meier analy-
sis suggested that CRC patients with low 
expression levels possess poor survival. Alto- 
gether, our findings suggested that AQP8 was 
closely associated with CRC progression and 
might function as an prognostic factor for the 
survival of patients.

AQP8 gene located on chromosome 16 p12, 
encodes a 261 amino acid protein, which par-

Figure 5. AQP8 inhibits the growth and metastasis of CRC cells dependent on PCDH7. A. HT-29 and SW480 cells 
were co-transfected with the AQP8 and the PCDH7 plasmid, the mobility of cells was determined by wound healing 
assays. Scale bar: 200  μm. B. HT-29 and SW480 cells were co-transfected with the AQP8 and the PCDH7 plasmid, 
the invasion of cells was determined by Transwell invasion assays. Scale bar: 200 μm. C. PCDH7 over-expression 
counteracted the inhibition effects of colony formation in AQP8 over-expression CRC cells. D. SW480 cells were 
co-transfected with lentiviral particles containing AQP8 and PCDH7. The metastasis of cells was analyzed in vivo 
metastasis xenograft experiment. E. Over-expression of PCDH7 reverse the effect of the AQP8 up-regulation on 
expression of EMT associated markers in CRC cells. **P < 0.01 compared to control cells, ##P < 0.01 compared to 
AQP8 over-expression cells. F. HT-29 and SW480 cells were co-transfected with the AQP8 and the PCDH7 plasmid, 
the expression of E-cadherin and N-cadherin were determined by immunofluorescence. Scale bar: 50  μm.
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Figure 6. Over-expression of AQP8 inhibits colon cancer cells growth in vivo and confers sensitivity to paclitaxel. A. AQP8 overexpression inhibited tumor growth in 
vivo. Tumor pictures from mice inoculated with stable AQP8 overexpression CRC cell lines. Growth curve of tumor volume measured on indicated days. B. Tumor 
weight at the end of experiment. C. Photographs exhibited the IHC staining for AQP8 in tumors (left panel). Number of AQP8 positive cells in control and AQP8 stable 
expression tumors (right panel). Scale bar: 200  μm. D. Photographs exhibited the IHC staining for Ki-67 in tumors. Number of Ki-67 positive cells in control and 
AQP8 stable expression tumors (right panel). Scale bar: 200  μm. **P < 0.01 compared to control. E. In vitro paclitaxel-induced cytotoxicity assay using AQP8 over-
expression colon cancer cells. Cells were cultured in the presence of paclitaxel for indicated time and followed by MTT assay. IC50 value was calculated. F. Cells were 
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ticipates into water metabolism. AQP8 is 
involved into the pathogenesis of inflammatory 
disease [9]. So far, the function of AQP8 in car-
cinogenesis is controversial. Previous studies 
show that AQP8 regulates esophageal cancer 
cells migration via the EGFR-ERK1/2 signaling 
pathway [24]. In addition, the increased AQP8 
expression may play a role in transformation of 
cervical intraepithelial neoplasia (CIN) into cer-
vical cancer, and in early invasion and lymphat-
ic metastasis of cervical cancer [11]. By con-
trast, AQP8 is primarily expressed in paraneo-
plastic normal tissues and rarely existed in 
colorectal carcinoma [12]. Meanwhile, the 
molecular functions of AQP8 in CRC growth and 
metastasis remain unexplored. 

Our research indicated that AQP8 had vital 
roles in CRC growth and metastasis. We dem-
onstrated that AQP8 over-expression abrogat-
ed colorectal cancer cell line SW480 and HT-29 
proliferation, aggressive and colony formation 
in vitro. Furthermore, colon epithelial cells 
exhibited significant increase in cell growth and 
invasion upon transfected with shAQP8. Our 
results also indicated that AQP8 over-expres-
sion in CRC cells remarkably suppressed the 
expression of PI3K and AKT. Finally, over-
expression of the PI3K/AKT rescued CRC cell 
proliferation and invasion, which inhibited by 
AQP8 over-expression. 

To precisely explore the mechanisms by which 
AQP8 contributed to CRC growth and invasion, 
we analyzed Oncomine databases and found 
the correlation coefficient for AQP8 and PCDH7 
was high. PCDH7 is a member of protocadher-
ins (PCDHs) family, belonging to cadherin 
superfamily [25]. The human PCDH7 gene is 
localized in chromosome 4p15, which encodes 
the membrane protein that is believed to func-
tion in cell-cell recognition, adhesion and signal 
transduction [26]. The protocadherin family 
can be classified into two groups: clustered 
PCDHs (PCDH α, β and γ family) and non-clus-
tered PCDHs, based on their genomic structure 
[27]. PCDHs have been shown to be over-
expressed in several malignancies and are cor-
related with cancer cells metastasis [28]. Here, 

we found that over-expression AQP8 inhibit- 
ed CRC cell growth and metastasis through 
decreasing PCDH7 expression. Finally, we 
explored the possible function of AQP8 in CRC 
growth and metastasis in vivo. Consistent with 
the results in vitro, ectopic expression of AQP8 
expression inhibited CRC tumor growth and 
lung metastasis in vivo. In conclusion, our study 
provided the molecular evidences, which sup-
port the vital role of a novel AQP8-PCDH7 sig-
naling axis in growth and metastasis of colorec-
tal carcinoma.
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Supplementary Table 1. qPCR primer sequences of target genes and GAPDH
Gene Primer sequence
AQP8 Sense 5’-GCGAGTGTCCTGGTACGAAC-3’
AQP8 Antisense 5’-CAGGCACCCGATGAAGATGAA-3’
PCDH7 Sense 5’-GGATCGGGTGAGGTGACTTTC-3’
PCDH7 Antisense 5’-GTTCTCGTCGAAGATCATCTGAC-3’
E-cadherin Sense 5’-AAAGGCCCATTTCCTAAAAACCT-3’
E-cadherin Antisense 5’-TGCGTTCTCTATCCAGAGGCT-3’
N-cadherin Sense 5’-AGCTCCATTCCGACTTAGACA-3’
N-cadherin Antisense 5’-CAGCCTGAGCACGAAGAGTG-3’
RFX6 Sense 5’-AAGCAGCGGATCAATACCTGT-3’
RFX6 Antisense 5’-ACCGTGGTAAGCAAACTCCTT-3’
SLC4A4 Sense 5’-TGATCGGGAGGCTTCTTCTCT-3’
SLC4A4 Antisense 5’-GGACCGAAGGTTGGATTTCTTG-3’
SEMA6D Sense 5’-GCTTTGTGCCTACATACTGCT-3’
SEMA6D Antisense 5’-ACCGGATATTGCCTTGAATAGTG-3’
ATXN10 Sense 5’-GGAACTTGGATACGATTGGTGT-3’
ATXN10 Antisense 5’-GCACCCAAACAATAGACTGGGAA-3’
CLDN8 Sense 5’-CAACCCATGCCTTAGAAATCGC-3’
CLDN8 Antisense 5’-TCACGCAATTCATCCACAGTC-3’
TRPM6 Sense 5’-AGCACAATCATACCCAGCTCA-3’
TRPM6 Antisense 5’-CATGGTCTCCAATCAGTCGGC-3’
MARK1 Sense 5’-GAGCGGGACACGGAAAATCAT-3’
MARK1 Antisense 5’-TGCTACTCGACTTGGTAGGCT-3’
RNF152 Sense 5’-CTGTCATCGCCATTCCACACA-3’
RNF152 Antisense 5’-GCAGCATGTAGCACCCATTG-3’
SCN9A Sense 5’-CCTCAGAGCTTTGTCCATTTCA-3’
SCN9A Antisense 5’-TTGTCTGCATAGTAGGGGTCC-3’
GAPDH Sense 5’-ACAACTTTGGTATCGTGGAAGG-3’
GAPDH Antisense 5’-GCCATCACGCCACAGTTTC-3’

Supplementary Figure 1. Box plots derived from gene expression data in Oncomine comparing expression of AQP8 
in normal and CRC tissue.
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Supplementary Figure 2. Co-expression data from Oncomine (www.
oncomine.org). We used the following filters: gene ‘AQP8’ Analysis 
Type: ‘Co-expression analysis’ Cancer Type: ‘CRC’. The color changed 
according to a weaker (blue) or higher (red) expression.


