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RNA interference-mediated silencing of aquaporin (AQP)-5 hinders angiogen-
esis of colorectal tumor by suppressing the production of vascular endothelial 
growth factor 
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Aquaporin (AQP)-5 is an essential member of AQP family involved in the tumorigenesis of various malignant tumors. 
However, its role in the angiogenesis of colorectal cancer is unclear and requires further investigation. In this study, 
a pRNA-H1.1 vector containing the short hairpin RNA (shRNA) targeting AQP5 mRNA was constructed to inhibit the 
endogenous expression of AQP5 in human umbilical vein endothelial cells (HUVECs). We found that the AQP5-silenced 
HUVECs acquired decreased proliferation, migration and tube formation ability. AQP5 shRNA also inhibited the enzyme 
activity of matrix metalloprotease (MMP)-9 in HUVECs without affecting the MMP-2. Further, two colorectal cancer cell 
lines (HT29 and HCT116) stably transfected with scrambled or AQP5 shRNA were established. The expression and secre-
tion of vascular endothelial growth factor (VEGF)-A (a pro-angiogenic factor) in colorectal cancer cells were downregu-
lated by AQP5 shRNA. HUVECs cultured in low-VEGF conditioned media (CM) obtained from cancer cells developed 
less vessel-like tubes and had decreased proliferation and migration. The growth and angiogenesis of xenograft tumors were 
suppressed when the endogenous AQP5 in HT29 cells was knocked down. Tumor samples were additionally collected from 
patients with colorectal cancer to analyze the expression of AQP5. The immunofluorescence data indicated that AQP5 was 
expressed in both inner cancer areas and CD31-positive vessels. Taken together, our study suggests AQP5 as a novel anti-
angiogenesis target for colorectal cancer. 
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Colorectal cancer, one of the most common malignan-
cies, continues to be a major cause of cancer mortality world-
wide [1]. Diagnosis and treatment have been investigated 
and implemented to reduce the mortality of patients with 
colorectal cancer [2], but more efficient therapy depending 
on the tumor biology should be investigated to increase the 
recovery rate and reduce the tumor recurrence.

Metastatic spread has always been a big problem in anti-
tumor therapy. The growth and metastasis of malignant 
tumors depend on the blood vessels. It is reported that the 
tumors will be starved to death if the blood vessels don’t 
supply the nutrients [3, 4]. The growth and proliferation of 
both primary and metastatic tumors are closely related to 
neovascularization [5]. Therefore, the inhibition of neovas-
cularization has been suggested as one of the most important 
anti-tumor therapies for the control of tumorigenesis.

Aquaporins (AQPs) are a family of water channel proteins 
that regulate water transport across the cell membrane [6]. 
AQP5 as a critical member of AQP family was first cloned 
from rat submandibular gland [7], and has been shown to 
contribute to the progression of various types of malignant 
tumors [8–12]. Recent studies reveal AQP5 as an oncogene 
involved in carcinogenesis [13] and suggest it as a novel 
prognostic biomarker for various types of tumors [14, 15]. 
Interestingly, an abnormal overexpression of AQP5 has been 
found in colorectal cancer samples, which is linked to the 
aggressiveness and metastasis [15, 16]. AQPs may be involved 
in the angiogenesis [17], however, whether and how AQP5 
affects the angiogenesis of colorectal cancer is still unknown 
and requires further elucidation.

In the present study, AQP5 short hairpin RNA (shRNA) 
was applied to inhibit the endogenous expression of AQP5 in 
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vascular endothelial cells and colorectal cancer cells. Further, 
the conditioned media (CM) were obtained from HT29 and 
HCT116 stably transfected with AQP5 shRNA to incubate 
human umbilical vein endothelial cells (HUVECs). The cell 
proliferation, migration and angiogenesis of HUVECs were 
detected. The basal expression levels of AQP5 in human 
colorectal carcinoma samples were also analyzed.

Patients and methods

Patients. Tumor tissues were collected from 9 patients with 
colorectal cancer at the First Affiliated Hospital of Jinzhou 
Medical University between December 15, 2016 and January 
8, 2017. Written informed consents were provided by the 
patients, and all procedures were approved by the Research 
Ethics Board of Jinzhou Medical University. No neoadjuvant 
therapy was applied before sampling. The clinicopathological 
parameters were summarized in Supplementary Table 1.

Cell culture, plasmid construction and transfec-
tion. The HT29, HCT116 and HUVECs were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Grand Island, NY, USA) with 10% fetal bovine serum (FBS; 
Hyclone, Logan, UT, USA) at 37 °C in a 5% CO2 humidi-
fied environment. Cells were plated in 6-well plates at a 
density of 1×105 per well and cultured at 37 °C in a 5% CO2 
incubator for 24 h. The specific shRNA of human AQP5 gene 
(AQP5-shRNA) and nonspecific control (NC) were inserted 
into pRNA-H1.1 vector (GenScript, Piscataway, NJ, USA). 
These plasmids were confirmed by DNA sequencing. Then, 
the AQP5-shRNA plasmid and NC plasmid were transiently 
transfected into HUVECs by using a Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. G418 (Invitrogen) was used to 
select HT29 (100 μg/ml G418) and HCT116 cells (200 μg/ml 
G418) stably transfected with NC or AQP5 shRNA. Where 
necessary, 10 ng/ml recombinant VEGF (Sino Biological Inc. 
Beijing, China) was added into CM.

Quantitative real-time PCR (qRT-PCR) assay. Total 
RNAs were obtained by using a RNApure total RNA fast isola-
tion kit (BioTeke, Beijing, China) and the cDNA synthesis 
was performed via Super M-MLV reverse transcriptase 
(BioTeke) according to the manufacturer’s instructions. The 
qRT-PCR assay was conducted in Exicycler 96 (Bioneer, 
Daejeon, Korea) to determine the expression levels of AQP5 
in untreated, NC transfected and AQP5-shRNA trans-
fected HUVECs. Moreover, CM from HT29 and HCT116 
cell lines which were stably transfected with NC plasmid 

or AQP5-shRNA plasmid were harvested. RT-PCR was 
conducted to investigate the expression levels of AQP5 and 
VEGFA. Two pairs of primers (AQP5-F/R and VEGFA-F/R) 
were designed (Table 1) and the primer of β-actin-F/R was 
used as a control throughout all analyses. The reactions were 
performed in triplicate in 20 μl volume containing: 1 μl of 
cDNA, 0.5 μl of each primer, 10 μl of SYBR GREEN master 
mix (Solarbio, Beijing, China) and 8 μl ddH2O. The expres-
sion levels were determined via the 2–ΔΔCT method [18].

Western blot. The following primary antibodies were 
used for western blot: AQP5 antibody (1:200; Santa cruz, 
Santa Cruz, CA, USA), matrix metalloprotease-2 (MMP-2) 
antibody (1:500; Bioss, Beijing, China), MMP-9 antibody 
(1:500; Sangon, Shanghai, China) and β-actin (1:1000; Santa 
Cruz).

The cell lysates were obtained in RIPA buffer (Beyotime, 
Beijing, China) containing 1% phenylmethylsulfonyl 
fluoride (PMSF) (Beyotime), and the protein concentration 
was measured using a BCA Protein Assay Kit (Beyotime) 
according to the manufacturer’s instruction. The same amount 
of protein samples was separated on a 13% sodium dodecyl 
sulphate–polyacrylamide gel electrophoresis (SDS-PAGE) 
and then transferred onto PVDF membranes (Millipore, 
Bedford, MA, USA). After transfer, the membranes were 
washed with TTBS buffer for 5 min and blocked with 5% 
skim milk for 1 h, followed by incubation with antibodies. 
After being washed with TTBS, HRP-labeled Goat Anti-
Mouse IgG (H+L) (1:5000; Beyotime) was used to incubate 
the membranes for 45 min at 37 °C. Finally, the protein blots 
were visualized by ECL Reagent (7sea biotech, Shanghai, 
China), and analyzed with the gel imaging system software. 
β-actin was used as endogenous control.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazo-
lium bromide (MTT) assay. HUVECs cultured in 96-well 
plates for different time periods were subjected to MTT 
assay. Cells were incubated with MTT (0.5 mg/ml) for 4 h at 
37 °C, and then 200 μl dimethylsulfoxide (DMSO; Sigma, St. 
Louis, MO, USA) was added. The OD values at a wavelength 
of 490 nm were measured using a microplate reader (BioTek, 
Winooski, VT, USA). Each experiment was carried out in 
quintuplicate.

Scratch assay. Scratch assay was conducted to investigate 
the migration of HUVECs. Briefly, cells were pretreated with 
1 μg/ml Mitomycin C from Streptomyces caespitosus (Sigma) 
for 1 h and cultured in serum-free medium. The scratch 
wound area was created with a sterile 200-μl pipette tip. Cell 
migration was photographed at 0, 12 and 24 h, respectively. 

Gelatin zymography. After transfection for 48 h, the 
supernatants of HUVECs were collected at 12 h and 24 h 
to detect the activities of MMP-2 and MMP-9. In short, the 
same amount of samples was separated by 0.1% gelatin-10% 
SDS-PAGE gel, eluted twice with 2.5% Triton X-100, and 
then washed with 50 mM Tris-HCl buffer (5 mM CaCl2, 1 μM 
ZnCl2, pH 7.6). Thereafter, the membranes were incubated 
in 50 mM Tris-HCl buffer (5 mM CaCl2, 1 μM ZnCl2, 0.02% 

Table 1. Primer list for real-time PCR.
Primer name Sequence (5’–3’)
AQP5 F TGGCTGCCATCCTTTACTTCTACC
AQP5 R CCCAGTCCTCGTCAGGCTCATA
VEGFA F CCCACTGAGGAGTCCAACATC
VEGFA R ATTAGACAGCAGCGGGCACC
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Brij, 0.2 M NaCl) for 40 h and then stained with Coomassie 
blue (0.05% Coomassie brilliant blue G-250, 30% methanol, 
10% acetic acid) for 3 h.

Tube formation assay. HUVECs were plated in 96-well 
plates coated with Matrigel (BD, Bedford, MA, USA) at 
a density of 3×103 per well, and allowed to grow for 24 h 
at 37 °C. The tubes were photographed (40× magnifica-
tion), and their total number was counted. All assays were 
performed in triplicate.

Enzyme-linked immunosorbent assay (Elisa). The secre-
tory level of VEGFA in cell supernatants was detected with 
a commercial Elisa Kit for VEGFA (USCN, Wuhan, China) 
according to the manufacturer’s instructions.

Immunofluorescence (IF) assay. The 5-μm tumor 
tissue slices were dewaxed and rehydrated before antigen 
retrieval. Cells in each group were fixed with 4% parafor-
maldehyde for 15 min on glass slides, washed with PBS for 
three times, and permeabilized with 0.1% tritonX-100 for 
30 min at room temperature (RT). The tissue slices or cell 
slides were blocked with goat serum (Solarbio) for 30 min 
or 15 min at RT, respectively. Thereafter, the samples were 
incubated with VEGFA antibody (1:200; Beyotime), CD31 
antibody (1:200; CST, Beverly, MA, USA) or AQP5 antibody 
(1:200, Abcam, Cambridge MA, UK) at 4 °C overnight, and 
then with Cy3-labeled goat anti-rabbit IgG (H+L) secondary 
antibody (1:300; Beyotime), Cy3-labeled goat anti-mouse 
IgG (H+L) antibody (1:200; Beyotime) or fluorescein isothio-
cyanate (FITC)-labeled goat anti-rabbit IgG(H+L) (1:200; 
Beyotime) over 60 min. Cell nuclei were counterstained with 
4’,6-diamidino-2-phenylindole (DAPI). Fluorescent imaging 
was captured with a fluorescence microscope (Olympus, 
Tokyo, Japan).

Xenograft tumors. Nude mice (BALB/c-nu) were 
obtained from Vital River Laboratory Animal Technology 
Co. Ltd (Beijing, China), and were randomly divided into 
three groups. Control or AQP5 shRNA-transfected HT29 
cells (1×107/0.2 ml) were subcutaneously infected into the 
armpit of the mice (n=6 per group). The tumor volume was 
measured at day 9, 12, 15, 18, 21, 24, 27 and 30 post injec-
tion. Then, all mice were sacrificed to collect the xenograft 
tumors. All animal experiments were carried out under an 
approved protocol from the Institutional Animal Care and 
Use Committee of Jinzhou Medical University.

Immunohistochemistry (IHC). IHC was performed 
to detect the expression of CD31 (an endothelial marker) 
[19] in xenograft tumors. First, the harvested xenograft 
tumor samples were embedded in paraffin, then cut into 
5-μm sections with a microtome (Leica, Wetzlar, Germany) 
and placed on glass slides. The sections were deparaf-
finized in xylene, rehydrated in ethanol, boiled in antigen 
retrieval buffer for 10 min and then incubated in 3% H2O2 
at RT for 15 min. Following several washes in PBS, the 
sections were incubated with goat serum for 15 min at RT 
and then with CD31 antibody (1:50; Santa cruz) at 4 °C 
overnight. Thereafter, the slices were rinsed with PBS and 

incubated with biotin-labeled goat anti-rabbit IgG (H+L) 
secondary antibody (1:200; Beyotime) for 30 min and then 
with HRP-labeled streptavidin for additional 30 min at RT 
in a humidified box. Finally, the slides were visualized by 
100 μl DAB (Solarbio) and counterstained with hematoxylin 
(Solarbio) for 3 min. Images were captured to analyze the 
CD31 positive vessels.

Statistical method. All data were analyzed with the 
Graphpad Prism 6 software (GraphPad, San Diego, CA, 
USA). The homogeneity of variance was first analyzed, and 
the significance of difference between two groups was deter-
mined with the unpaired Student’s t-test. Data from different 
time points were evaluated by two-way ANOVA, followed by 
Bonferroni multiple comparison test. All data were presented 
as means ± standard deviation (SD), and the differences were 
considered significant at p<0.05.

Results

Knockdown of AQP5 inhibits the proliferation, migra-
tion and tube formation of HUVECs. AQP5 shRNA was 
first confirmed to effectively inhibit the endogenous expres-
sion of AQP5 in HUVECs (Supplementary Figure 1). Results 
from MTT assay showed that proliferation of HUVECs was 
suppressed when AQP5 was downregulated (Figure 1A). 
AQP5-silenced HUVECs acquired a reduced migration and 
tube formation capability (Figure 1B–E). Further, AQP5 
shRNA inhibited the activity and expression of MMP-9 in 
HUVECs, but not that of MMP-2 (Figure 1F and G). These 
results illustrate that AQP5 plays a role in maintaining the 
growth and angiogenic ability of vascular endothelial cells.

VEGF secreted by colorectal cancer cells promotes the 
growth and angiogenesis of HUVECs in vitro. HT29 and 
HCT116 cells stably expressing AQP5 shRNA were first 
established. A significant down-regulation of AQP5 was 
observed in these cancer cells (Supplementary Figure 2). 
Results from qRT-PCR and IF assay showed that the mRNA 
and protein expression levels of VEGFA in the two cancer 
cell lines were decreased (Figure 2A–D). The Elisa results 
indicated that AQP5-silenced HT29 and HCT116 cells 
secreted less VEGFA into supernatants (Figure 2E and F). 
Further, HUVECs were incubated in CM collected from NC 
or AQP5 shRNA-transfected cancer cells and their growth 
and angiogenic ability were determined. Data from MTT 
analysis illustrated a decreased proliferation of HUVECs 
cultured in low-VEGF media (Figure 3A and B). Also, their 
migration and tube formation capability were inhibited 
(Figure 3C–F and Figure 4). In addition, HUVECs were 
cultured in cancer cell CM in presence or absence of 10 ng/
ml recombinant VEGF. We found that addition of VEGF 
partly restored the impaired migratory and angiogenic 
ability of HUVECs cultured in low-VEGF media (Figure 5). 
Collectively, these results suggest that the VEGF secreted by 
colorectal cancer cells promotes the growth and angiogen-
esis of HUVECs.
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Figure 1. AQP5-shRNA inhibited the proliferation, migration and angiogenesis of HUVECs. (A) The cell proliferation was detected at 0, 12, 24, 48 and 
72 h. (B) The migration distance of the cells to close the scratch area was photographed at 0, 12 and 24 h. The borders of cells were marked with dashed 
lines. (C) Showed quantified results from (B). (D) Tube formation was photographed. Scale bar, 500 μm. (E) Showed quantified results from (D). Each 
experiment was run in triplicate and the bars represent the standard deviation. *p<0.05, ***p<0.001, ****p<0.0001 versus NC group. (F) The activities 
and (G) expression levels of MMP-2 and MMP-9 were determined by gelatin zymography and western blot, respectively.
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Figure 2. AQP5-shRNA decreased expression level of VEGFA in HT29 cells and HCT116 cells, and inhibited the activity of VEGFA in CM derived from 
HT29 and HCT116 cells. (A and B) The expression levels of VEGFA in HT29 groups and HCT116 groups were detected by qRT-PCT. The data were 
expressed with standard deviation. **p<0.01 versus NC group. (C and D) The expression levels of VEGFA in HT29 groups and HCT116 groups were 
detected by immunofluorescence microscopy. The red fluorescence images for AQP5 and blue images stained by DAPI for nuclei. Scale bar, 50 μm. (E 
and F) The activities of VEGFA in untreated groups, NC transfected groups and AQP5-shRNA transfected groups by Elisa assay. Each experiment was 
repeated in triplicate. The data were expressed with standard deviation. **p<0.01 versus NC group.

AQP5 shRNA inhibits the angiogenesis of xenograft 
tumors generated by HT29 cells. Control or shRNA-trans-
fected HT29 cells were injected subcutaneously into nude 
mice, and the tumor tissues were harvested on day 30 post 
injection. We found that the volume of tumors generated by 
AQP5-silenced cancer cells was much smaller as compared to 
those generated by control cells (Figure 6A and B). Further, 
IHC results using CD31 antibody (a marker for blood vessel) 

illustrated that the angiogenesis of xenograft tumors was 
suppressed when AQP5 was knocked down (Figure 6C and D).

Expression of AQP5 in human colorectal cancer tissues. 
Tumor samples were additionally collected from patients 
with colorectal cancer to analyze the expression of AQP5. The 
representative IF images indicated that AQP5 was expressed 
both in cancer cells and CD31-positive vascular endothelial 
cells (Figure 7).
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Figure 3. Effects of AQP5-shRNA on proliferation and migration of HUVECs in CM derived from HT29 and HCT116 cells. AQP5-shRNA inhibited 
the proliferation of HUVECs in HT29 supernatants (A) and HCT116 supernatants (B). Cell proliferation was analyzed at 24 h, 48 h, 72 h, 96 h and 120 
h. The migration distance of HUVECs in HT29 groups was photographed at 0 h, 12 h, 24 h (C) and the migration rate was calculated (D). The migra-
tion images (E) and migration rate (F) of HUVECs cultured in CM derived from HCT116 stable transfectants. The borders of cells were marked with 
dashed lines. CM: conditioned media. All experiments were run in triplicate and results were expressed as the mean ± the standard deviation. *p<0.05, 
**p<0.01, ***p<0.001, ****p<0.0001 versus NC group.
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Discussion

Angiogenesis is a process controlled by molecular factors 
called activators and inhibitors which provides nutrients 
through tumor-induced capillary growth. The formation of 
new vessels is a turnkey event for the growth, metastasis and 
invasion of tumors [5]. Tumor cells continually stimulate new 
capillaries to grow into the tumor by releasing the tumor-
angiogenesis-factor (TAF). The neovascularization and 
growth of tumor can be prevented and can be stopped when 

TAF is blocked [20]. AQP5 has been suggested as a contrib-
utor to carcinogenesis by ample previous evidence [21–23], 
and its abnormal overexpression was observed in colorectal 
cancer tissues before [24, 25]. Although AQP5 participates 
in the proliferation and chemosensitivity of colorectal cancer 
cells [24, 26], whether and how AQP5 affects the angiogen-
esis of colorectal tumor is unclear.

Given the fact that AQPs are involved in the angiogen-
esis of many malignant tumors [17, 27], we here investigated 
the role of AQP5 in colorectal cancer with a focus on angio-

Figure 4. Effect of AQP5-shRNA on angiogenesis of HUVECs in CM derived from colorectal cancer cells. (A and B) The tube formation was photo-
graphed from untreated groups, NC transfected groups and AQP5-shRNA transfected groups. Magnification ×40. Scale bar, 500 μm. CM: conditioned 
media. (C and D) Showed quantified results from (A and B), respectively. All experiments were run in triplicate and the bars represented the standard 
deviation. **p<0.01 versus NC group.
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Figure 5. Addition of VEGFA protein counteracted the inhibitory effects of AQP5-shRNA on HUVEC migration and angiogenesis. (A-D) Cell migra-
tion of HUVECs cultured in CM in the presence of 10 ng/ml recombinant VEGF was enhanced, as compared to that in low-VEGF media. The borders 
of cells were marked with dashed lines. (E-H) Addition of VEGF partly restored the impaired angiogenic ability of HUVECs cultured in low-VEGF 
media. The data were expressed with standard deviation. *p<0.05, **p<0.01 versus AQP5-shRNA treated groups.
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Figure 6. (A) Photographs of mice model after injection of stable HT29, HT29-NC and HT29-shAQP5 cells, and the harvested xenograft tumors were 
measured with vernier caliper. (B) Effect of AQP5-shRNA on tumor formation in mice model. Tumor sizes at different post-injection were much 
smaller in the HT29-shAQP5 group than in the HT29-NC group. (C) Immunohistochemistry was performed to detect CD31 (an endothelial marker) 
in the tumors. The images were visualized at 400 × magnification. Scale bar, 50 μm. (D) The number of blood vessels was showed. All the experiments 
were conducted in sextuplicate and the results were expressed with standard deviation. *p<0.05, ***p<0.001,  ****p<0.0001 versus NC group.

Figure 7. Expression levels of AQP5 gene and CD31 in human colorectal cancer tissues. (A) Expression of AQP5 in human colorectal cancer tissues. 
Nucleus was stained with DAPI. (B) Expression levels of CD31 (red) and AQP5 (green) in human colorectal cancer tissues. Nucleus was stained with 
DAPI. The co-localization of CD31 and AQP5 was indicated by arrows.
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genesis. We first demonstrated that knockdown of AQP5 
inhibited the proliferation, migration and tube formation of 
HUVECs. VEGF is a multifunctional cytokine that is involved 
in the endothelial cell angiogenesis, migration, proliferation 
and survival [28]. Knockdown of AQP-1 has been reported 
to inhibit hypoxia-induced proliferation in human intes-
tinal microvascular endothelial cells (HIMECs) by attenu-
ating cobalt chloride-induced HIF-1α and VEGF levels [29]. 
Previous work has revealed that overexpression of AQP5 
prolonged HIF-2α stability in a pheochromocytoma-derived 
cell line PC12 in chronic hypoxia, leading to the induction of 
VEGF, that in turn enhanced cell proliferation [30]. Hence, 
we speculated that AQP5 shRNA might inhibit the prolifera-
tion of HUVECs, partly via inhibition of VEGF level. MMP-2 
and MMP-9 are two critical zinc-dependent proteases that 
promote the migration and invasion of vascular endothelial 
cells [31, 32]. It is worth noting that knockdown of other 
AQP family members, such as AQP1 [33] and AQP3 [34], 
can suppress the activity of MMPs. Therefore, the activities 
and expressions of MMP-2 and MMP-9 were additionally 
detected in HUVECs in the present study. Our data showed 
that AQP5 shRNA inhibited the enzyme activity of MMP-9 
in HUVECs without affecting the MMP-2. These findings 
illustrate an involvement of MMP-9 in AQP5-mediated 
migration of vascular endothelial cells.

VEGF is an essential pro-angiogenic factor involved in 
the formation of new vessels [35, 36] and in the pathological 
angiogenesis during tumor expansion [37]. Specific genetic 
deletion of VEGF in the endothelial lineage results in serious 
endothelial degeneration in mice, suggesting that the function 
of VEGF is mainly confined to the endothelial cells [38]. 
VEGFA has been shown to act via neuropilin-1 to enhance 
epidermal cancer stem cell survival and highly vascularized 
tumor formation [39]. Previous loss-of- or gain-of-function 
studies have demonstrated that AQP3 and AQP8 regulate 
the production of VEGF in non-small cell lung cancer cells 
[40] and leukemia cells [41]. Our current work first revealed 
a reduced secretion of VEGFA in AQP5-silenced HT29 
and HCT116 cells. Moreover, the migratory and angio-
genic ability of HUVECs were impaired when cultured in 
low-VEGF CM, which was partly restored by recombinant 
VEGF. Our results along with previous findings suggest that 
AQP family participate in VEGF-mediated tumor angio-
genesis. In addition, tumor tissues were obtained from 
patients with colorectal cancer, and the expression levels of 
AQP5 and CD31 were detected in these samples. We found 
that AQP5 was abundantly expressed in both inner tumor 
areas and CD31-positive vessels. In xenograft tumors gener-
ated by AQP5-silenced cancer cells, the angiogenesis was 
suppressed. The above results indicate that AQP5 plays a role 
in regulating the angiogenesis of colorectal tumor at least by 
maintaining the generation of VEGF.

In conclusion, findings in this study reveal that the direct 
knockdown of AQP5 inhibits the proliferation, migration and 
tube formation of vascular endothelial cells and suppresses 

the activity and expression of MMP-9. AQP5 supports the 
secretion of angiogenic VEGF from colorectal cancer cells 
and thus contributes to the tumor angiogenesis.

Supplementary information is available in the online version 
of the paper.
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Supplementary Table 1. Main clinicopathological parameters of the colorectal carcinoma patients.

Case Age Sex (F/M) Primary Site Size Grade Dukes staging Differentiation Metastasis 
localization Treatment Adjuvant 

treatment
1 62 F Rectum 3.5 cm II T3N0 Moderate Paraproctium Surgery No
2 29 F Rectum 5 cm II T3N0 Moderate Subserous layer Surgery No
3 64 M Rectum 4.5 cm II T3N0 Moderate Paraproctium Surgery No
4 74 M Rectum 3 cm II T3N0 Moderate Paraproctium Surgery No
5 66 F Rectum 4.5 cm II T3N0 Moderate Subserous layer Surgery No
6 48 M Sigmoid colon 7.5 cm II T2N0 Moderate Muscular layer Surgery No
7 65 F Colon 4.5 cm II T3N0 Moderate Subserous layer Surgery No
8 75 M Right hemicolon 3.5 cm IIIb T3N2a Poor Subserous layer Surgery No
9 66 M Colon 4 cm IIIb T3N2a Moderate Subserous layer Surgery No

Supplementary Figure 1. ShRNA-mediated knockdown of AQP5 expression in HUVECs was detected by RT-PCR (A) and western blot (B). The results 
were expressed with standard deviation. **p<0.01 versus NC group.

Supplementary Figure 2. ShRNA-mediated knockdown of AQP5 expression levels in HT29 and HCT116 colorectal cancer cells. RT-PCR for detection 
of the AQP5 expression in HT29 groups (A) and HCT116 groups (B). Each sample was run in triplicate and bars represented the standard deviation. 
**p<0.01 versus NC group. Western blotting detecting the expression levels of AQP5 in HT29 groups (C) and HCT116 groups (D).
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