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Abstract
Aim: To investigate the relationship between TMEM16A and the clinicopathological
features and prognosis of patients with colorectal cancer (CRC).
Methods: 96 patients with CRC that were confirmed by pathology after being
operated on at the First Affiliated Hospital of Dalian Medical University between
June 2009 and December 2011 were enrolled and followed up upon. The expression
of TMEM16A protein in CRC was detected by immunohistochemistry in 96 cases. The
relationship between the expression of TMEM16A protein in CRC and the clinical
features and clinical prognosis were analyzed.
Results: 1. There was no correlation between the TMEM16A protein expression and
gender, age, or tumor location, size, and degree of differentiation (P>0.05).
However, the expression of TMEM16A protein was significantly associated with the
depth of invasion, lymph node metastasis, and the Dukes stage (P＜0.05).

2.

Kaplan-Meier survival curves showed that CRC patients with high expressions of

TMEM16A protein had poorer overall survival compared with those having low
expression levels (68.2% vs. 92.3%, X2=9.892, P = 0.002). Multivariate Cox regression
analysis showed that upregulation of TMEM16A protein expression is an
independent predictive factor for poor prognosis in patients with CRC (P<0.05,
RR=6.467, 95% CI: 1.777- 23.538).
Conclusions: The expression of TMEM16A protein in CRC was associated with tumor
invasion, lymph node metastasis, and the Dukes stage. High expression of TMEM16A
protein in CRC can be identified as an independent predictive factor for the poor
prognosis of patients with CRC.
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INTRODUCTION:
Colorectal cancer (CRC) is common worldwide and remains one of the most
common causes of cancer-related deaths worldwide[1]. More than 945000 new
cases of CRC are diagnosed every year, with 492000 dying annually[2, 3]. Although
treatments have improved in recent years, invasion and metastasis are still regarded
as the most important factors for the poor prognosis in these patients. However,
knowledge of the molecular mechanisms regarding the invasion and migration of
CRC are still limited.
TMEM16A (also called DOG1 (Discovered On Gastrointestinal stromal tumors
protein 1), ANO1 (ANOCTAMIN-1), ORAOV2 (Oral cancer Overexpressed 2) and TAOS
2 (Tumor-Amplified and Overexpressed Sequence 2)[4-8] is expressed in various
tissues, including secretory epithelia, smooth muscle, sensory neurons and other
tissues[9]. It plays many important physiological roles, such as control of epithelial
fluid transport, vascular smooth muscle contraction, saliva production, and
gastrointestinal tract motility[10-12].
Recently, TMEM16A has been reported to be overexpressed in several malignant
tumors, including head and neck squamous cell carcinoma (HNSCC), esophageal,

breast and prostate cancers. Overexpression of TMEM16A is also related to distant
metastasis and poor prognosis of cancer patients with HNSCC[13, 14], but its
expression and function in CRC is still unclear. In this study, we investigated the
biological function of TMEM16A in CRC and the relationship between TMEM16A and
the prognosis of these patients.
MATERIALS AND METHODS
Patients
This retrospective study was performed in the First Affiliated Hospital of Dalian
Medical University. A total of 96 colorectal cancer tissues from patients with CRC
who had received radical colorectal resection from June 2009 to December 2011
were included. Exclusion criteria were: Patients having gone through chemotherapy
or other antitumor therapy before surgery, patients having other malignant tumors,
the clinical data is not complete. The study was executed according to the Helsinki
Declaration and followed the local legislation and was approved by the Ethics
Committee of the First Hospital affiliated to Dalian Medical University. All the
patients or their relatives presented written informed consent before the procedure.
Clinicopathological features including gender, age, tumor location, tumor size, tumor
differentiation, depth of tumor invasion, lymph node metastasis, Dukes stage,
radiotherapy or chemotherapy after operation, and survival time were all recorded.
The median follow-up duration was 80 months (range: 17- 96 months).
Reagents
Mouse anti-human ANO1 polyclonal antibody (Elabscience Biological Technology Co.,
Ltd. Wuhan, China), anti-mouse IgG (MaxVisionTM2, Maixin Biotechnology, Fuzhou,
China), and DAB Substrate kit (Maixin Biotechnology, Fuzhou, China), PBS (0.01M ,
pH7.2-7.4 ) (Zhongshan Jinqiao Biological Technology, Beijing, China).
Immunohistochemical analysis
Colorectal cancer tissues were embedded in paraffin wax and cut into sections. The
sections underwent deparaffinization, rehydration, and inactivation, and were

incubated with Mouse anti-human ANO1 antibody (1:50), at room temperature for
60 min, and then with a secondary antibody (MaxVisionTM2) at room temperature
for 20 min. The primary antibody was replaced by phosphate-buffered saline to
serve as a negative control. Five high-power microscopic fields were randomly
chosen per slide and the yellow material in the cytoplasm or cell membrane was
considered to represent a TMEM16A-positive cell. Cell staining was assigned 4
scores: 4: > 75% positive cells, 3: 50%-75% positive cells, 2: 25%-50% positive cells,
and 1: < 25% positive cells. Cell staining intensity was scored based on its color as
follows: 0: no staining, 1: faint yellow, 2: light brown, and 3: dark brown. TEME 16 A
protein expression was examined by two pathologists with blindness to the clinical
data of the patients. The final score was defined as staining intensity × percentage of
positive cells[15]. Score of 8 to 12 was regarded as high expression and score of 0 to
7 was regarded as low expression[16, 17].
Statistical analysis
Data analysis was performed using the SPSS 17.0 software (Chicago, IL, USA). Overall
survival was defined as the time from surgery to death or last follow-up. Overall
survival according to TMEM16A protein expression was plotted with the
Kaplan–Meier method and the difference was analyzed with the log-rank test. P <
0.05 was considered statistically significant. Univariate Cox was used to analyze the
related factors of poor prognosis of colorectal cancer. Multivariate Cox regression
was used to analyze whether the high expression of TMEM16A protein was an
independent prognostic factor of poor prognosis in patients with colorectal cancer.
RESULTS
1. Baseline characteristics of CRC patients
96 patients included 58 males and 38 females, aged 30-80 years old, with a median
age of 62.2years; 13 cases were well-differentiated, 61 cases were moderately
differentiated, and 22 cases were poorly differentiated; lymph node metastasis was
found in 33 cases, with 63 cases having no lymph node metastasis; 6 patients were
Dukes stage A, 57 Dukes stage B and 33 patients Dukes stage C.

2. Immunohistochemical staining: The immunohistochemical results showed that
TMEM16A protein was mainly located in the cytoplasm and cell membrane of the
CRC cells, which is consistent with previous studies[18]. Among the 96 cases, 44
cases (45.8%) had high expression of TMEM16A protein, and 52 cases (54.2%) had
low expression.
3. The relationship between TMEM16A protein expression and clinicopathological
features in CRC patients: The 96 CRC cases were divided into a high expression of
TMEM16A protein group and low expression group in accordance with the
immunohistochemical evaluation criteria. There was no correlation between the
TMEM16A protein expression and gender, age, tumor location, size, and degree of
differentiation (P>0.05). However, the expression of TMEM16A protein was
significantly associated with the depth of invasion, lymph node metastasis, and
Dukes stage (P<0.05). (Table 1).
4. The relationship between TMEM16A protein expression and clinical prognosis:
The overall survival time of CRC patients in the high TMEM16A expression group was
70.523 ± 4.569 (Months), while in low expression group was 86.519 ± 1.711
(Months). The Kaplan-Meier survival model showed that the survival time of CRC
patients in the high TMEM16A protein expression group was significantly lower than
that in the low TMEM16A protein expression group (68.2% vs. 92.3%, X2 = 9.892, P =
0.002) (Figure 1). Univariate analysis showed that the prognosis of CRC patients did
not correlate with gender (P=0.767), tumor size (P=0.084), and tumor differentiation
(P=0.557) and invasive depth (P=0.827), but correlates with age (RR=5.671, 95%
confidence interval (CI): 1.303-24.678, P<0.05), lymph node metastasis (RR=3.645,
95% CI: 1.411-9.415, P<0.05), Dukes stage (RR=3.645, 95% CI: 1.411-9.415, P<0.05),
the expression of TMEM16A (RR=4.972, 95% CI: 1.635 -15.120, P<0.05) and
postoperative radiochemotherapy（RR=1.659, 95% CI: 1.016 -2.708, P<0.05).
Multivariate Cox regression analysis showed that upregulation of TMEM16A protein
expression was an independent predictive factor for the poor prognosis of patients
with CRC (P<0.05, RR=6.467, 95% CI: 1.777- 23.538).

DISCUSSION:
TMEM16A, regarded as a calcium-activated chloride channel (CaCC), has been
reported closely associated with some malignant tumors in previous studies,
including CRC. Sui etc.[19] reported that TMEM16A was over-expressed in several
colorectal cancer cells, but little is reported about the significance of the high
expression of TMEM16A in CRC patients.
Our study showed that there was no correlation between the TMEM16A protein
expression and gender, age, tumor location, size, or degree of differentiation.
However, high expression of TMEM16A protein was significantly associated with
deeper invasion, lymph node metastasis, and higher Dukes stage. Our study
indicated that TMEM16A was involved in the migration and invasion of CRC.
Moreover, Sui etc.[19] reported that over expression of TMEM16A was associated
with increased risk of metastasis in some CRC cell lines, and that knockdown of
TMEM16A leads to suppression of growth, migration and invasion of CRC cells in
vitro experiments. All this evidence indicates that TMEM16A may play an important
role in the metastasis of CRC, thereby indicating a basis for TMEM16A as a potential
drug target for treating metastatic CRC.
Right-side colon cancers and left-side colon cancers might develop by distinct
biological pathways[20]. But in our study, there was no correlation between the
TMEM16A protein expression and tumor location. In addition, degree of
differentiation is associated with prognosis of CRC patients[21], but there was no
correlation between the TMEM16A protein expression and differentiation degree of
CRC in our study. These two results are different from the literature, which
attributed to the statistical bias caused by small samples.
Despite some advances in the treatment of colorectal cancer, metastasis
remains challenging. It is reported that immune-based therapy maybe improve
prognosis of patients with lymph nodes metastasis[22]. However, immunotherapy is
rarely applied to CRC because of difficulty in identifying new targets. In our study, we
also found that CRC patients with high expression of TMEM16A protein had a poorer
overall survival rate compared with those with low expression levels of TMEM16A
protein, and multivariate Cox regression analysis showed that upregulation of

TMEM16A protein expression was an independent predictive factor for the poor
prognosis of patients with CRC. These can also support the conjecture that high
expression of TMEM16A plays an important role in the migration and invasion of
CRC. Therefore, TMEM16A may become a potential target for the treatment of CRC.
By now, the mechanism by which TMEM16A affects the invasion and migration of
CRC remains unclear. It has been reported that ERK pathways may contribute to
tumor cell proliferation, migration, invasion, and progression[23-25]. UO126, an
inhibitor of ERK, can inhibit the function of TMEM16A[26]; on the other hand,
knockdown of TMEM16A significantly inhibits the activation of MEK and ERK1/2[19].
It may be by the ERK pathway that TMEM16A contributes to the progression of CRC.
Other studies report that TMEM16A contributes to cancer progression by activating
the mitogen-activated protein kinase (MAPK) signaling pathway[27]. By activating
epithelial growth factor receptor (EGFR) and calmodulin-dependent protein kinase II
(CAMK II) signaling, TMEM16A can promote cancer progress in breast cancer and
HNSCC[28], subsequently inducing the activation of AKT and MAPK signaling[27].
However, the molecular mechanism by which TMEM16A affects the invasion and
migration of CRC is still not fully understood. Since the poor understanding of the
molecular mechanism by which TMEM16A affects invasion and migration of CRC has
limited the therapies for CRC, further studies are called for in the future.
However, there are some limitations in this study, such as it is a retrospective study,
and the sample size is small, which may cause statistical bias.
In conclusion, TMEM16A is involved in the migration and invasion of CRC. High
expression of TMEM16A protein is significantly associated with deeper invasion,
lymph node metastasis, and higher Dukes stage. Moreover, CRC patients with high
expression of TMEM16A protein had a poorer overall survival rate compared to
those with low expression of TMEM16A protein, and up regulation of TMEM16A
protein expression can be identified as an independent predictive factor for poor
prognosis in patients with CRC.
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Table1. The relationship between TMEM16A

clinicopathological features of colorectal cancer

protein expression and

Low

High

expression expression
N
Gender
Age
Tumor size

52

44

Female

18

19

Male

34

25

﹤60

22

15

≥60

30

29

﹤5

21

14

≥5

31

30

Moderate

33

28

Well

9

4

Poor

10

12

χ2 value P value

0.738

0.39

0.679

0.41

0.755

0.38

1.861

0.394

Differentiation
degree

Depth

of

Invasion
Dukes stage
Lymph
metastasis

5.415
T1+T2

6

0

T3+T4

46

44

A+B

41

22

C

11

22

No

41

22

Yes

11

22

0.020
8.791

0.003

8.791

0.003

node

Fig1. Kaplan-Meier analysis of overall survival for colorectal cancer patients
according to the expression level of TMEM16A protein.
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