
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(2):1063-1069 | http://dx.doi.org/10.21037/tcr.2019.12.61

Introduction

After lung cancer, colorectal cancer is the second most deadly 
malignancy, with 135,430 deaths from this disease in 2017, 
although it is only the fourth most commonly diagnosed 
cancer in the U.S. (1,2). In Taiwan, colorectal cancer is the 
most common diagnosed cancer. Mortality rates in Taiwan 
have increased rapidly, with an age-standardized incidence 
rate of 34.0 per 100,000 in the year of 2002 and 43.0 in 
2015 (3). There have been limited studies of diagnosis and 

treatment of colorectal cancer, and most deaths of patients 
with colorectal cancers result from distant metastasis.

Calponin is a widely distributed actin-binding protein 
that acts in smooth-muscle contraction. Calponin also 
functions in cell signal transduction and maintaining the 
cytoskeleton (4). Three homologous genes are present 
in vertebrate species, CNN1, CNN2, and CNN3, which 
encode calponin isoforms 1, 2, and 3, respectively. Down-
regulation of CNN2 inhibited hepatocarcinoma (5) and 
suppressed cell growth in gastric cancer cells (6). However, 
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loss of CNN2 induced migration of prostate cancer cells (7). 
To obtain further insight into the activity of calponin during 
cancer, we examined the levels of CNN2 in colon cancer.

Methods

Cancer tissue and cell lines

We selected 50 paired tissues from the Tianjin Cancer 
Hospital obtained between June, 2017 and June, 2018, and 
stored the samples at −80 ℃. The patients had not received 
chemotherapy before surgeries. Cell lines were obtained 
from the Shanghai Cell Bank, and included HCT-116, 
SW480, SW620, and HT29.

Transfection

CNN2 shRNA sequence (ACAGAAAAACCCAAAAACCCA 
(5 '→3' )  and i t s  complementary  ant i sense  s trand 
GGUUUUUGGGUUUUUCUGUGU (5'→3') was 
purchased from Jikai (Shanghai, China), and found to 
efficiently reduce CNN2 in cancer cell lines. The control 
group contained shCtrl. The expression plasmid was bought 
from Origene, and was designated PC-CCN2, and the 
control vector was designated PCMV6.

RT-PCR

TRIzol reagent (Takara Bio, Shiga, Japan) was used to 
isolate total RNA from frozen cancer tissues. Basically, 1 mL  
TRIzol reagent and 300 μL chloroform were added to the 
tissues and then centrifuged for 15 min at 10,000 rpm. 
Next, the same volume of isopropanol was added to the 
supernatant, and the samples were centrifuged again for 
10,000 rpm for 15 min. The supernatant was discarded 
and 1 mL of 75% ethanol was added to wash the pellet. 
Next, the extracted RNA was reverse transcribed using a kit 
according to the manufacturer’s instructions (Takara). We 
then designed amplification primers for the messenger RNA 
(mRNA) based on the specific DNA sequences of interest 
(Shanghai, China). The expression of mature CNN2 was 
measured using a Thermal Cycler Dice Real Time System 
II with the following thermocycling conditions: 95 ℃ for  
30 s, 45 cycles of 95 ℃ for 5 s, and 60 ℃ for 60 s, followed 
by melt-curve analysis. The relative expression of CNN2 
was normalized to the expression of glyceraldehyde3-
phosphate dehydrogenase mRNA, and the fold change 
in expression was calculated using the 2−ΔΔCt method. We 

defined the negative value as relatively low expression 
level of CNN2 mRNA and a positive value as a relatively 
high expression level of CNN2 mRNA for cancer tissue 
compared with adjacent non-tumor tissue.

Western blot

RIPA was used to disrupt cells and obtain proteins from 
cell lines. A microplate reader was used to measure protein 
concentration. Samples were heated at a temperature of 95 ℃ 
for 5 min, mixed with loading solution, separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis using 10% 
gels, isolated, and transferred to polyvinylidene difluoride 
membranes (Millipore, Billerica, MA). Membranes were 
incubated in nonfat milk powder for 2 h. The protein was 
detected with a specific primary antibody [antibodies against 
CNN2, E-cadherin (E-CA), N-cadherin (N-CA), C-MYC, 
and GAPDH, 1:1,000 dilutions, purchased from Abcam] and 
a corresponding secondary antibody.

Cell invasion

After silencing CNN2 in the SW480 cell line, we incubated 
cells in the upper chamber at a concentration of 20,000/
well, and then added 600 μL solution of RPMI-1640 
with 10% FBS for 24 h without Matrigel, pore size of  
0.4 μm. Cold methanol was used to freeze cells stuck on the 
bottom of the upper chamber. Staining with hematoxylin 
was performed to determine the number of cells passing 
through the chamber.

Statistical analysis

Differences in mRNA expression were analyzed using 
unpaired t-tests, and the relationship between clinical data 
and CNN2 protein expression levels were analyzed using 
χ2 tests. All other statistical analyses were performed using 
paired t tests. Results with p values of less than 0.05 were 
considered significant. All data analyses were performed 
using SPSS 17.0.

Results

CNN2 is highly expressed in colon cancer tissues

We used RT-PCR to test 40 paired normal tissues and 
cancer tissues from patients in an existing tissue collection 
and found higher expression of CNN2 in cancer tissues 
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compared to paired normal tissues (Figure 1A, P<0.05). 
To expand the number of samples, we next collected 50 
additional sets of paired tissues (normal tissues and cancer 
tissues) from patients who underwent cancer surgery in the 
hospital between June, 2017 and June, 2018. Measurements 
of CNN2 protein levels in these new samples similarly 
revealed higher levels of CNN2 in the cancer tissues  
(Figure 1B). We next examined the CNN2 levels in four 
cancer cell lines and found the highest level in SW480 and 
the lowest value in SW620 (Figure 1C). We also measured 
the CNN2 protein level in HIEC, a human normal colon 
tissue, and we found lower CNN2 protein levels compared 
to the levels in the cancer cell lines. Cell lines SW480 and 
SW620 were selected to further investigate the potential 
regulation by CNN2 of colon cancer in vitro.

CNN2 has positive-association with M stage of colon cancer

Based on independent scoring of two pathology professors, 
we divided 50 cases of intestinal cancer tissue into two 
groups of different CNN2 expression levels, and analyzed 
the corresponding clinical data. We found no association of 

CNN2 expression levels with age, gender, tumor (T) stage, 
if the cancer had spread to nearby nymph nodes (N stage), 
and differentiation, but higher expression of CNN2 was 
positively associated with the spread (metastasis) to distant 
sites (M stage; P=0.014; Table 1). This result suggests that 
CNN2 may be related to migration mechanism in colon 
cancer cell lines.

Viral vector can effectively alter the expression level of 
CNN2 in SW480 and SW620

We used a viral vector to knock-down the expression levels 
of CNN2 in the SW480 cell line and a separate plasmid to 
up-regulate CNN2 in the SW620 cell line. After culturing 
for almost 1 week, we tested the ability of these vectors to 
alter the expression level of CNN2 and found the expected 
changes in the RNA and protein levels (Figure 2).

Down-regulated expression of CNN2 of SW480 inhibits 
cell migration 

We transferred the same amount of cells of two groups in 

Figure 1 Expression levels of CNN2. (A) CNN2 mRNA levels in cancer tissues com and paired normal tissues (n=40); (B) normal tissues 
harbor low expression of CNN2 and cancer tissues show high expression of CNN2 by IHC (scale bar =200 μm); (C) levels of CNN2 in five 
cell lines; (D) data analysis.
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chambers (up) in RPMI-1640 with 10%FBS. After 24 h of 
cultivation, we found that silencing CNN2 inhibited cell 
migration of the SW480 cells. In the SW620 cell line, up-
regulation of CNN2 promoted (Figure 3).

Silencing CNN2 inhibits cell migration by targeting the 
C-myc signal pathway

After decreasing CNN2 in the SW480 cell line, we tested 
the levels of several proteins with functions associated with 
migration. C-myc and N-CA exhibited decreased expression 
levels with decreased CNN2, and the level of E-CA was 
increased in this condition. These results indicated that 
CNN2 may promote cell migration by targeting the C-myc 
signal pathway. We also measured the levels of these three 
proteins in the SW620 cell line with increased CNN2, and 
observed the opposite effects (Figure 4).

Discussion

Calponin is an actin filament-associated regulatory 
protein originally identified in smooth muscle cells. Three 
homologous genes are present in vertebrate species, CNN1, 
CNN2, and CNN3, which encode calponin isoforms 1, 
2, and 3, respectively (8,9). In this study, we focused on 
isoform 2, which was previously studied in some other 
cancer tissues. We observed that CNN2 expression was 
higher in colon cancer cells than in paired normal tissues, as 
reported for other cancers (5,6). After analyzing the data of 
patients with colon cancer, we found a positive association 
of CNN2 expression with M stage, which may indicate that 
CNN2 may regulate cell migration. As reported previously, 
H2-calponin mRNA has been detected in endothelial cells 
and fibroblasts, suggesting that CNN2 regulates migration 
by regulating myofilament (10,11).

We silenced CNN2 in the SW480 cell line, and tested 
cell migration ability. The results showed that CNN2 
promotes the cell migration of colon cancer cells in 
vitro. E-CA is a well-known marker of the epithelial–
mesenchymal transition (EMT) required for the initiation 
of cell migration (12-14). We observed decreased levels 
of E-CA and N-CA with decreased CNN2 levels, as 
reported previously (15-17). The C-myc oncoprotein 
is overexpressed in a significant proportion of human 
epithelial cancers, and experimental overexpression of c-Myc 
in epithelial cells promotes tumour formation. The C-myc 
signal pathway is associated with E-CA (18), with cancer 
invasion in breast cancer (19), and C-myc and N-CA are 
also associate in lung cancer (20). In this study, we measured 
C-myc protein expression and we found that decreased 
CNN2 levels correlated with decreased C-myc levels. 
The results suggest a potential relationship of EMT signal 

Table 1 Association of expression levels of CNN and clinical data

Parameter
CNN2

P value
Low High

Age (years) 0.617

<65 5 10

≥65 16 19

Gender 0.443

Male 7 14

Female 14 15

T stage 0.133

1 6 3

2 5 7

3 7 7

4 3 12

N stage 0.185

0 9 7

1 9 12

2 3 10

M stage 0.014

0 14 8

1 7 21

Differentiation 0.788

Poor 5 6

Medium 6 11

Well 10 12

Tumor location 0.218

Right colon 10 7

Left colon 5 11

Rectal colon 6 11

Tumor size (cm) 0.315

<5 7 15

≥5 14 14



1067Translational Cancer Research, Vol 9, No 2 February 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(2):1063-1069 | http://dx.doi.org/10.21037/tcr.2019.12.61

R
el

at
iv

e 
m

R
N

A
 e

xp
re

ss
io

n 
of

 C
N

N
2/

G
A

P
D

H

R
el

at
iv

e 
m

R
N

A
 e

xp
re

ss
io

n 
of

 C
N

N
2/

G
A

P
D

H

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

 
of

 C
N

N
2/

G
A

P
D

H
R

el
at

iv
e 

pr
ot

ei
n 

ex
pr

es
si

on
 

of
 C

N
N

2/
G

A
P

D
H

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

3

2

1

0
shCtrl

PCMV6 PCMV6

PCMV6

shCtrl shCtrl

shCtrl

shCNN2

PCMV6

PC-CNN2 PCMV6
PC-CNN2

shCtrl

shCNN2

shCNN2

PC-CNN2 PC-CNN2

PC-CNN2

shCNN2 shCNN2

CNN2

CNN2

GAPDH

GAPDH

*

**

** *

C

F

B

E

A

D
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Figure 3 Cell invasion of SW480 cell line after silencing. (A,C) Cell invasion of SW480 and SW620 (Scale bar =100 μm); (B,D) data 
analysis. Bars indicate ± standard errors. *, P<0.05; **, P<0.01 compared with the control.
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pathways and CNN2. 
The results indicated there are high levels of CNN2 in 

colon cancer tissues and this increased level has a positive 
association with M stage. Overall, the results suggest that 
CNN2 promotes cell migration in colon cancer.
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