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Abstract. The aquaporins (AQPs) are water channel proteins 
that exhibit several properties related to tumor development. 
However, the expression and clinical significance of AQP5 in 
colorectal cancer, particularly the correlation with circulating 
tumor cells (CTCs), has not been elucidated. The aim of the 
present study was to determine whether or not the expression 
of AQP5 is a strong prognostic biomarker for colorectal cancer. 
The results showed that of 45 tumor specimens, 14 (31.1%) 
had high levels of expression of AQP5, 29 (64.4%) exhibited 
a moderate (intermediate) level of staining, and 2 (4.4%) had 
an absence of AQP5 staining. AQP5 was only occasionally 
detected in para-neoplastic [3/45 (6.67%)] and normal tissues 
[3/45 (6.67%)]. AQP5 protein overexpression frequently 
accompanied gene amplification detection with fluorescence 
in situ hybridization (FISH). Moreover, AQP5 expression in 
colorectal cancer cells was upregulated compared to normal 
colon cells. AQP5 overexpression was also associated with 
TNM stage (P=0.002), lymph node metastasis (P=0.016), and 
distant metastasis (P=0.000). The relationships between age, 
gender, histologic grade and tumor size with expression of 
AQP5 were not significant (P>0.05). A positive correlation 
between the number of CTCs and AQP5 expression (P<0.05) 
was demonstrated. In addition, patients who did not express 
AQP5 had a superior cumulative survival rate compared to 
patients with AQP5 positivity. AQP5 may be used as a novel 
biomarker for colorectal cancer aggressiveness and metas-
tasis, but it does not reflect drug resistance.

Introduction

Colorectal cancer remains the second most common cause of 
cancer-related mortality in the United States. Of the patients 
with colorectal cancer who die, most succumb with a signifi-
cant burden of metastatic disease (1). Colorectal cancer is an 
aggressive and intractable human malignant tumor, despite the 
advances in the diagnosis and treatment (2). Therefore, it is 
highly important to seek novel targets for therapeutic interven-
tion.

Recently, increasingly more studies have shown that tumor 
growth, development, invasion and metastasis depend on the 
tumor microenvironment and tumor metabolism (3). Water 
molecules play a significant role in the progression of malignant 
epithelial tumors, an understanding of which is thus important 
in anticancer treatment strategy (4). Aquaporins (AQPs) are 
a family of membrane water channels that are required for 
the transport of water through many secretory and absorptive 
epithelia. Some subtypes of AQPs are also involved in the 
transport of other molecules, such as glycerol and urea. There 
are currently 13 AQP members which have been identified in 
mammals. Among them, AQP0, AQP1, AQP2, AQP4, AQP5, 
AQP6 and AQP8 are primarily water-selective, whereas AQP3, 
AQP7, AQP9, AQP10 and AQP12 also transport glycerol and 
other small solutes (5). An altered expression of AQPs has been 
revealed in several types of tumors based upon their specific 
tissue localization. Expression of AQP1 is frequently associ-
ated with brain tumors (6). In studies involving AQP3-null 
mice, AQP3 gene deletion induced resistance to carcinogen-
induced skin tumors. Glycerol transport through AQP3 also 
contributes to the generation of ATP for cell proliferation and 
tumorigenesis (7). AQP5 is widely overexpressed in pancreatic 
cancer and appears to be involved in cell proliferation (8).

In particular, AQP5 expression in colon cancer tissues 
is associated with metastasis, suggesting that AQP5 over-
expression plays a role in cancer progression (9). Ras signal 
transduction has been suggested to enhance cell prolifera-
tion in AQP5-overexpressed NIH3T3 cells (10). Moreover, a 
molecular study revealed that AQP5 binds to the SH3 domains 
of c-Src, a non-receptor cytoplasmic tyrosine kinase associated 
with invasive and metastatic phenotypes in various tumors (11). 
However, the expression and clinical significance of AQP5 in 
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colorectal cancer, particularly the correlation with circulating 
tumor cells (CTCs), has not been elucidated. To evaluate the 
potential of AQP5 as a novel prognostic marker of colorectal 
cancer, we used immunohistochemical, RT-PCR, real-time 
PCR, western blotting and fluorescence in situ hybridiza-
tion (FISH) methods to detect the expression and amplification 
of the AQP5 gene in clinical samples of colorectal cancer, and 
immunofluorescence in situ hybridization (imFISH) staining. 
We then analyzed the correlations between the expression of 
AQP5 and clinicopathologic features, CTCs and prognosis of 
colorectal cancer.

Materials and methods

Patient specimens. From January 2008 to December 2013, 
colorectal cancer tissues (including adequately sized tumor 
tissue samples and tissue samples obtained from areas within 
2.0 cm around the tumor) were obtained from 45 patients 
with colorectal cancer at the Department of General Surgery, 
Second Affiliated Hospital of Xi'an Jiaotong University. 
Samples were fixed with 4% formalin for histological studies. 
Of the 45 patients, 24 were male and 21 were female. Median 
age at the time of surgery was 58.3 years (range, 40-78 years). 
The histological type in all 45 patients was colorectal adeno-
carcinoma. Tumor stage and histopathological grading were 
recorded according to the classification of the International 
Union Against Cancer. There were 3 stage I, 11 stage II, 27 
stage III, and 4 stage IV tumors. Histological grades for the 
patients were as follows: 7 patients grade I, 20 grade II and 
18 grade III. All patients were followed up and the median 
duration of follow-up was 23 months (5-53 months). All the 
studies were approved by the Human Subjects Committee of 
Xi'an Jiaotong University, China. Consent forms signed by all 
patients recruited in this study were approved by the Ethics 
Review Committee of the Human Subjects Committee of the 
Xi'an Jiaotong University, China.

Immunohistochemistry. AQP5 protein was detected immuno-
histochemically using a standardized streptavidin-peroxidase 
(SP) method. Tissue sections (4 µm) were incubated overnight 
with primary antibody at a proper concentration. The next 
day, the slides were incubated for 30 min with biotinylated 
goat anti-rabbit IgG, followed by incubation with peroxidase-
conjugated streptavidin for 20 min at room temperature. Color 
was developed using 0.02% 3, 3'-diaminobenzidine (DAB) 
in 50  mM Tris-HCl buffer (pH  7.6) for 5-7  min. Finally, 
the sections were counterstained with hematoxylin, rinsed 
with water, dehydrated, cleared and coverslipped. Negative 
controls for immunostaining replaced the primary antibody 
with nonimmune goat or rabbit serum. The number of stained 
cells per 1,000 was determined under a microscope (Olympus 
Optical, Tokyo, Japan) in three visual fields, at a x400 magni-
fication. When the total number of cells observed under the 
microscope was <1,000, all cells were counted. The staining 
was scored semiquantitatively as negative (0, no staining); 
moderate (1, either diffuse weak staining or strong staining in 
<30% of cells per core); or strong (2, strong staining of ≥30% 
of the cells). The antibodies against AQP5 and β-actin were 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA).

RT-PCR and real-time PCR. Total RNA was extracted from 
colorectal tumor, peri-tumor and normal tissue using TRIzol 
reagent (Gibco-BRL). First-strand cDNA was synthesized 
from 2 µg of total RNA using the RevertAid Kit (Fermentas 
MBI, Amherst, NY, USA). The PCR primer sets were 
designed: i) for AQP5, forward, TGACGAGGACTGGGAGG 
AGC-3' and reverse, 5'-GGCGGCATTCAATGAACCA-3'; 
ii) for β-actin, forward, 5'-ATCGTGCGTGACATTAAGGAG 
AAG-3' and reverse, 5'-AGGAAGGAAGGCTGGAAGA 
GTG-3'. The PCR conditions included an initial denaturation 
step for 5 min at 95 ˚C followed by 22 cycles of amplification: 
30 sec at 95˚C, 30 sec at 57˚C and 30 sec at 72˚C. After the last 
cycle, a final extension was performed at 72˚C for 10 min. The 
housekeeping gene β-actin was used as an internal control.

Real-time quantitative PCR was carried out with Platinum 
SYBR-Green qPCR SuperMix UDG (Invitrogen, Carlsbad, 
CA, USA) using the Rotor-Gene RG-3000 (Corbett Research, 
Doncaster Victoria, Australia). For each amplicon, the amount 
of AQP5 and β-actin was determined from a standard curve 
generated by serial dilution. Prior to amplification, the samples 
were incubated at 95˚C for 10 min, and each amplification 
cycle consisted of denaturation for 45 sec at 95˚C, annealing 
for 30 sec at 57˚C and extension for 30 sec at 73˚C. The amount 
of target genes in the cDNA samples was calculated based on 
the threshold cycle (Ct). The PCR signals were quantitated by 
densitometric analysis using Quantity One® analysis software.

Western blotting. Colorectal tumor tissues were minced and 
incubated on ice for 30 min in 0.5 ml of ice-cold whole-cell 
lysate buffer (10% NP-40, 5 M NaCl, 1 M HEPES, 0.1 M 
EGTA, 0.5 M EDTA, 0.1 M PMSF, 0.2 M sodium orthovana-
date, 1 M NaF, 2 µg/ml aprotinin, 2 µg/ml leupeptin). The 
minced tissue was homogenized using a Dounce homogenizer 
and centrifuged at 16,000 x g at 4˚C for 10 min. The protein 
was separated by 10% SDS-PAGE and electro-transferred 
onto nitrocellulose membranes. After being blocked with 
5% non-fat milk in TBST (20  mM Tris, 150  mM NaCl, 
0.2% Tween-20, pH 7.6), the membranes were incubated with 
primary antibodies at 4˚C overnight, followed by 1:2,000 
horseradish peroxidase  (HRP)‑conjugated secondary anti-
body for 2 h. Immunoreactive bands were visualized using 
an enhanced chemiluminescence kit (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA). The western blotting signals 
were quantitated by densitometric analysis using Total Lab 
Nonlinear Dynamic Image® analysis software (Nonlinear, 
USA). Final histogram results = Target gene absolute value/
β‑actin absolute value.

Isolation of normal colon cells and culture of colorectal 
cancer cells. Normal colon cells were isolated from colorectal 
site in normal colorectal specimens. Briefly, each specimen 
was collected and transferred to the laboratory. After several 
washings with sterile phosphate-buffered saline (PBS), 1-cm2 
pieces of tissues were placed into the wells of culture flasks. 
Once the tissue appeared to attach flasks (5-6 h), Dulbecco's 
modified Eagle's medium (DMEM) containing 10% FBS was 
added gently to the tissue pieces. Specimens were inspected 
daily and the medium was exchanged after 24 h for the first 
time and every third day thereafter. Tissue samples were then 
removed from the cultures and cells were transferred to larger 
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tissue culture vessels once they had reached 70% confluence, 
after approximately 2 weeks.

The COLO 205 and SW480 colorectal cancer cell lines 
(the American Tissue Type Collection, USA) were main-
tained in DMEM, (Gibco-BRL) supplemented with penicillin 
(100 U/ml), streptomycin (100 μg/ml), 0.1 mM non-essential 
amino acids, 0.2 mM glutamine, 1 mM pyruvate, and 10% 
heat-inactivated fetal bovine serum (FBS) and incubated in a 
5% CO2 humidified atmosphere at 37˚C.

Immunofluorescence assay. Exponentially growing cells 
were seeded on 25-mm square glass cover slips placed in 
35-mm diameter culture dishes. The cells were fixed with 
4% formaldehyde for 5 min, permeabilized with 0.2% solu-
tion of Triton X-100 in PBS, and blocked with 2% bovine 
serum albumin-PBS 30  min. Slides were incubated with 
anti‑AQP5 for overnight. Fluorescent imaging was obtained 
with a confocal laser scanning microscope (Carl Zeiss Micro 
Imaging).

FISH. AQP5 gene amplification was detected with dual-color 
FISH using a Passvision AQP5 DNA probe kit (Vysis Inc., 
Downers Grove, IL, USA), according to the manufacturer's 
instructions. Tissue sections (4-µm thick) were baked over-
night at 56˚C, and were handled with deparaffinization, 
enzyme digestion and fixation. The slides were then denatured 
in 70% formamide/2X standard saline citrate (SSC), at 72˚C 
for 5 min. After a buffer wash, 10 µl of a mixture of two directly 
labelled probes (AQP5 specific sequence probe) were added to 
the tissue sections and hybridization was carried out at 37˚C 
for 14-18 h. The slides were then washed in a post-hybridiza-
tion wash at 72˚C, counterstained with DAPI, mounted and 
stored in dark before signal enumeration. AQP5-spectrum 
red probe contains a DNA sequence specific for the AQP5 
gene. Chromosome enumeration probe 17 (CEP17)/spectrum 
green probe containing α-satellite DNA that hybridizes to the 
D17Z1 locus (centromere region of chromosome 17) was used 
as a control. The slides were observed under a fluorescence 
microscope equipped with a digital camera (DP50; Olympus, 
Tokyo, Japan). For each specimen, gene amplification was 
scored when a minimum of 20 cancer cell nuclei exhibited 
AQP5/CEP17 ratio  ≥2, or when AQP5 signal cluster was 
observed.

Blood sampling and enrichment of CTCs. Peripheral blood 
(7.5 ml) collected in a BD Vacutainer tube (Becton, Dickinson 
and Co., Franklin Lakes, NJ, USA) was washed with PBS. 
In order to avoid epithelial cell contamination during veni-
puncture, all samples were collected after discarding the 
first 2 ml blood. Red blood cells (RBCs) were mixed with 
45 ml lysis buffer (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM 
EDTA), followed by rotation for 8 min and centrifugation 
(600 x g for 5 min) to remove RBCs. Resulting cell pellet was 
resuspended in PBS and subsequently incubated with 0.5 ml 
of antileukocyte surface marker CD45 monoclonal antibody 
coated magnetic beads for 30 min, followed by separation of 
magnetic beads using a magnetic stand (Promega, Madison, 
WI, USA). Supernatants were transferred into a new tube, and 
subsequently centrifuged at 800 x g for 3 min. Cell pellets 
were spotted on glass slides, followed by imFISH staining.

imFISH staining (CEP8-CD45-DAPI). Tumor cells were nega-
tive enriched by the immunomagnetic beads method, followed 
by identification with cytology analysis. FISH was performed 
using centromere DNA probes of chromosome 8 (yellow) 
(Vysis), and immunofluorescence assay was performed using 
anti-CD45 (red) (Santa Cruz, CA, USA). The slides were 
washed three times with TBS (10 mM Tris, 2.8 mM KCl, 
137 mM NaCl, pH 7.4) containing 0.2% BSA for 3 min, and 
subsequently rinsed with TBS once. Cells were mounted 
with mounting medium containing the nuclear dye DAPI. A 
blinded review of the fluorescent images by three technicians 
confirmed the identity of the CTCs from 3-color fluorescent 
images that were magnified x400. Evaluation criteria for CTC 
identification from fluorescent images included both CEP8 ≥3 
and CD45 (-) staining pattern overlying the DAPI staining of 
the nucleus.

Statistical analysis and patient outcome. Data were analyzed 
by the χ2 or two-sided Fisher's exact test, as appropriate. 
Pearson's correlation coefficient was used to measure the 
strength of the association among AQP5 gene amplification, 
enumeration of CTCs and AQP5 expression levels. Survival 
rate was calculated by the Kaplan-Meier method, and differ-
ences were examined by the log-rank test. Factors found to be 
significant were then selected for a stepwise Cox's multivariate 
proportional hazard model to determine their prognostic 
values. Gene SNP was analyzed using the software of pyro-
sequencing equipment (PyroMark Q24, Qiagen, Germany). 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using 
SPSS® ver. 13.0 statistical software (SPSS, Chicago, IL, USA).

Results

Protein expression and gene amplification of AQP5 in 
colorectal cancer. It is known that AQP5 is expressed on the 
membrane and in the cytoplasm of cells. To determine the 
expression status of AQP5 in colorectal cancer, we first used 
immunohistochemistry to evaluate patient specimens in the 
colorectal cancer, peri-tumor and normal groups. The results 
highlighted the difference observed in AQP5 immunostaining 
in the compartment (Fig. 1A); specifically, 14/45 (31.1%) of the 
patients had strong AQP5 expression and 29/45 (64.4%) of the 
patients had moderate AQP5 expression in the cancer group. 
AQP5 was only occasionally detected in the peri-tumor [3/45, 
(6.67%)] and normal tissues [3/45, (6.67%)].

Since FISH is a more accurate and sensitive assay, and 
is generally regarded as the gold standard for detecting gene 
amplification compared to gene expression using immuno-
histochemistry (12), we further detected AQP5 amplification 
status using FISH. Notably, strong expression of AQP5 had a 
positive correlation with AQP5 gene amplification (r = 0.712, 
P=0.000; Fig. 2B; Table I). In contrast, the expression of AQP5 
was low or absent in peri-tumor and normal samples, while the 
AQP5 gene was not amplified.

Finally, we continued to determine the expression status 
of AQP5 in samples by RT-PCR and real-time PCR. The 
AQP5 mRNA level was significantly upregulated in tumor 
samples when compared to peri-tumor and normal tissues 
(Fig. 1C and D; P<0.05). Similarly, western blotting results 
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showed that AQP5 protein was upregulated compared to peri-
tumor and normal tissues (Fig. 1E and F; P<0.05).

Expression of AQP5 in colorectal cancer and normal colon 
cells. We further determined AQP5 protein expression status 
in colorectal cancer cells (COLO 205 and SW480) and colon 
normal cells using an immunofluorescence assay and analyzed 
by confocal microscopy. The AQP5 fluorescence signal in 
colorectal cancer cells was increased compared to normal 

colon cells (Fig. 2). These findings further indicate that AQP5 
is upregulated in colorectal cancer.

Relationship between AQP5 expression and clinicopathologic 
parameters. Table II summarizes the associations between 
AQP5 protein expression and clinicopathologic parameters 
in colorectal cancer. AQP5 was strongly expressed in 1/14 
stage I-II cases (7.1%), which was significantly lower than 
stage III [33.3%, (9/27)] and stage IV [100.0% (4/4)] cases 

Figure 1. (A) Representative immunohistochemistry results of AQP5 expression in colorectal cancer. Paraffin sections were immunostained as described 
in Materials and methods. (B) AQP5 amplification status using FISH. (C and D) mRNA expression of AQP5 in samples by RT-PCR and real-time PCR. 
(E and F) Protein expression of AQP5 in samples by western blotting. Data from at least three independent experiments with duplicate determinations are 
expressed as the means ± SEM. N, normal tissue; P, paracancer tissue; C, tumor tissue; magnification, x400. 

Figure 2. Immunodetection of AQP5 in colorectal cancer (COLO 205 and SW480) and normal cells (magnification, x200). AQP5 protein expression stained 
with CY3-labeled and FITC labeling-IgG antibody and analyzed by confocal microscopy. 
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(P=0.002). AQP5 was also associated with lymph node 
(P=0.016) and distant metastases (P=0.000). We also deter-
mined the relationships between age, gender, histologic grade, 
and tumor size with expression of AQP5, however no signifi-
cant relationships were observed (P>0.05).

Prognostic value of AQP5 in patients with colorectal cancer. To 
determine the prognostic value of AQP5 for colorectal cancer, 
we analyzed the cumulative survival of patients based on 
AQP5 status (Fig 3). AQP5 weak and no staining were merged 
as negative, while strong staining was regarded as positive. 
The cumulative survival rate in AQP5-negative patients (n=31) 
at 3 years was 24.3% (median time, 21.2 months). In contrast, 
the cumulative survival rate in AQP5‑positive patients (n=14) 
was 7.4% (median time, 7.7 months), a difference that was 
highly statistically significant (P<0.05).

Multivariate analysis revealed that lymph node metastasis 
(P=0.018) and TNM stage (P=0.031) were independent prog-
nostic factors for overall survival in patients with colorectal 
cancer; tumor diameter and other clinical parameters were not 
independent prognostic factors.

Expression of AQP5 correlates with CTC enumeration. 
CTCs are tumor cells that are shed from the primary tumor 
into the circulation. The presence of CTCs in the peripheral 
blood of patients has long been associated with metastasis and 
poor survival, although some authorities debate the biologic 

significance of CTCs due to tumor genomic instability and 
potential metastatic inefficiency. In view of the obvious 
clinical relevance, CTCs have been recently recommended by 
the American Society of Clinical Oncology as an acceptable 
cancer marker. To further determine whether or not AQP5 is an 
adverse prognostic biomarker, the correlation between AQP5 
expression and the number of CTCs was analyzed. CTCs were 
detected in 78.57% (11/14) of colorectal cancer patients with 
strong AQP5 expression vs. 45.16% (14/31) with low and absent 
AQP5 expression (P<0.05; Fig. 4); Moreover, a significantly 
greater number of CTC enumeration was observed in patients 
with strong expression of AQP5 compared to patients with 
low and absent expression of AQP5 (19.5±2.0 in 7.5 ml blood 
vs. 5.5±1.5 in 7.5 ml blood). In conclusion, AQP5 is positively 
correlated with the number of CTCs.

Figure 3. Kaplan-Meier analysis of the overall post-operative survival curves 
in colorectal cancer cases according to their immunohistochemical staining 
as positive or negative of AQP5 protein expression.

Table I. Relationship between expression of AQP5 and ampli-
fication.

	 AQP5
	 -----------------------------------------------------
Gene	 Case	 0	 1 	  2	 P-value
		  n (%)	 n (%)	 n (%)

Total	 45	 2	 29	 14
AQP5					     0.000a

  Amplification	 15	 0 (0.0)	 2 (6.9)	 13 (92.9)
  Normal	 30	 2 (6.7)	 27 (90.0)	 1 (3.3)

aP<0.05; AQP, aquaporin.

Table II. Association between AQP5 protein expression and 
clinicopathologic factors in colon cancer.

	 AQP5
	 --------------------------------------------------------
Variables	 Case	 0	 1	 2	 P-value
		  n (%)	 n (%)	 n (%)

Total	 45	 2	 29	 14	
Age (years)					     0.848
  >60	 28	 1 (3.6)	 18 (64.3)	 9 (32.1)
  ≤60	 17	 1 (5.9)	 11 (64.7)	 5 (29.4)
Gender					     1.000
  Female	 21	 1 (4.8)	 14 (66.7)	 7 (33.3)
  Male	 24	 1 (4.2)	 15 (62.5)	 7 (29.2)
Histologic grade					     0.913
  I	 7	 2 (28.6)	 4 (57.1)	 2 (28.6)
  II	 20	 0 (0.0)	 12 (60.0)	 6 (30.0)
  III	 18	 0 (0.0)	 13 (72.2)	 6 (33.3)
Tumor size (cm)					     0.263
  ≤2	 15	 1 (6.7)	 10 (66.7)	 4 (26.7)
  2-5	 26	 1 (3.8)	 18 (69.2)	 8 (30.8)
  >5	 4	 0 (0.0)	 1 (25.0)	 2 (50.0)
Lymph node
metastasis					     0.016
  Negative	 17	 2 (11.8)	 8 (47.0)	 3 (17.6)
  Positive	 28	 0 (0.0)	 19 (67.9)	11 (39.3)
Distant
metastasis					     0.000
  Negative	 39	 2 (5.1)	 29 (74.3)	 8 (20.5)
  Positive	 6	 0 (0.0)	 0 (0.0)	 6 (100.0)
TNM stage					     0.002
  I/II	 14	 1 (7.1)	 12 (85.7)	 1 (7.1)
  III	 27	 1 (3.7)	 17 (62.9)	 9 (33.3)
  IV	 4	 0 (0.0)	 0 (0.0)	 4 (100.0)

AQP5 staining score 0 (no staining), 1 (weak) were counted as nega-
tive and score 2 (strong) counted as positive; the two groups were 
compared using the χ2 test. AQP, aquaporin. 
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Discussion

Colorectal cancer is characterized by early lymph node metas-
tasis and poor prognosis (1). In the present study, we determined 
the clinical significance of AQP5 expression in colorectal 
cancer patients, and thereby better defined the potential role 
for AQP5 in novel therapeutic modalities. Our results revealed 
that AQP5 is upregulated in colorectal cancer compared with 
peri-tumor and normal tissues accompanied by AQP5 DNA 
amplification. Furthermore, AQP5 was closely correlated with 
advanced TNM stage and poor prognosis. Markedly, AQP5-
overexpressing cancer was shown to be prone to metastasis; 
clearly, there are more CTCs circulating in patients with AQP5 
overexpression. These findings extend our understanding of 
the role of AQP5 as a diagnostic marker. To our knowledge, 
this is the first study to show AQP5 in colorectal cancer and its 
association with CTCs.

Aquaporins play a crucial role in maintaining water 
homeostasis and modulating a variety of physiologic and 
pathologic processes (13). Notably, the present study suggested 
that AQPs, including AQP5, are involved in tumorigenesis. 
AQP5, a 21-24 kDa protein, was initially described as the 
main structural protein in caveolae and was believed to be 
a key molecule involved in oncogenic transformation and 
malignant progression (14,15). AQP5 plays an important regu-
latory role in several signaling pathways leading to cellular 
transformation, including those mediated by the Src family of 
tyrosine kinases, epidermal growth factor receptor, Wnt, and 
Erk1/2 (10,16,17). Recently, Lee et al (11) reported that AQP5 
overexpression is significantly associated with lymph node 
involvement and a poorer prognosis in patients with breast 
cancer, suggesting the value of AQP5 as a prognostic marker 
in breast cancer. Huang et al (18) also verified that AQP5 
promotes the proliferation and migration of human gastric 
carcinoma cells. Wang et al (19) performed a study to show 
that AQP5 was mainly expressed in colorectal carcinoma 
cells and barely expressed in paraneoplastic normal tissues. 
The clinical significance of AQP5 in colorectal carcinoma is 
unknown. Our results showed that AQP5 is mainly expressed 

in colorectal cancer cells and minimally expressed in peri-
tumor and normal tissues. The expression patterns of AQP5 
in colorectal tissues detected herein are consistent with the 
results of previous studies. Furthermore, we analyzed the 
correlations of AQP5 expression with the clinicopathologic 
features of colorectal cancer and showed that AQP5 expres-
sion is not significantly associated with the gender or age of 
patients with colorectal cancer, but is closely associated with 
the differentiation, TNM stage and distant lymph node meta
stasis of colorectal cancer.

CTCs are tumor cells shed from the primary tumor into 
the circulation. The presence of CTCs in the peripheral blood 
of patients has long been associated with metastasis and 
poor survival and is now considered an acceptable cancer 
marker. However, current techniques are limited (20,21). The 
only commercially available CTC test (CellSearch; Veridex, 
Raritan, NJ, USA) has a detection rate of 50% in late-stage 
patients  (22,23). In the present study, we detected CTCs 
harboring negative enrichment using an immunomagnetic 
beads method, followed by identification with cytologic 
analysis, immunofluorescence and imFISH. This combination 
of methods resulted in detection rates up to 78.57% in patients 
with AQP5 overexpression, suggesting that imFISH staining 
could be used as a detection method for CTCs in future 
studies. In addition, our study verified that AQP5 overexpres-
sion is associated with the possibility of metastasis compared 
to lower expression of AQP5.

In summary, the AQP5 protein is upregulated in colorectal 
cancer and is closely related to advanced TNM stage, lymph 
node metastasis and poor prognosis. AQP5 strong overexpres-
sion is highly correlated with gene amplification. Thus, AQP5 
may be used as a novel biomarker for colorectal cancer aggres-
siveness and metastasis.
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Figure 4. CTCs stained with anti-CD45-CEP8-DAPI in peripheral blood of colorectal cancer patients (magnification, x400). 
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