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Overexpression of calpain-1 predicts poor outcome in patients
with colorectal cancer and promotes tumor cell progression
associated with downregulation of FLNA
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Abstract. Several studies have demonstrated that calpain-1 is
involved in a variety of pathophysiological processes, including
tumorigenesis. However, the clinical relevance and role of
calpain-1 in colorectal cancer (CRC) are unclear. Filamin A
(FLNA) is an actin-binding protein that participates in cancer
progression and can be cleaved by calpain-1. In the present
study, the protein expression levels of calpain-1 and FLNA
were detected by immunohistochemistry in 467 matched
cancerous and paracancerous tissues from patients with CRC.
The staining results and the clinicopathological characteris-
tics of the patients were comprehensively analyzed. A high
expression level of calpain-1 was strongly associated with age,
metastasis, Dukes stage and survival time but not with sex,
histologic grade, tumour location or tumor size. By contrast,
a low expression level of FLNA was significantly associated
with tumor size, histological grade, metastasis, Dukes stage
and survival time, but not with age, sex, or tumor location.
Kaplan-Meier survival analysis demonstrated that patients with
calpain-1 overexpression had a shorter mean overall survival
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(OS) than patients with lower levels of calpain-1 expres-
sion. Unlike high levels of calpain-1, high levels of FLNA
were associated with longer OS than lower levels of FLNA
expression. Furthermore, calpain-1 expression was inversely
correlated with FLNA expression. The relationship between
calpain-1 and FLNA was further confirmed using CRC cell
lines in vitro. When calpain-1 expression decreased in CRC
cells, FLNA expression increased. Furthermore, calpain-1
knockdown in CRC cells resulted in decreased proliferation,
colony formation, migration and invasion. The present find-
ings suggest that calpain-1 overexpression predicted a poor
outcome in patients with CRC and promoted tumor progres-
sion, possibly via FLNA downregulation.

Introduction

In the past forty years, the incidence of colorectal cancer
(CRC) has increased by 75%. Currently, CRC ranks fourth
worldwide in terms of the number of cancer-related deaths and
accounts for 8% of all cancer-related deaths (1). The current
understanding of the genetic mechanisms underlying the
development of CRC is not yet complete. Exploring new mech-
anisms involved in CRC is important for the comprehensive
diagnosis and treatment of patients with CRC.

In unpublished observations from our group, sequence
analysis of gene expression profiles of CRC tissues and adja-
cent normal tissues has revealed that calpain-1 gene expression
was significantly upregulated in CRC tissues. Calpains are a
family of calcium-dependent cysteine proteases that are widely
expressed in many tissues and cells (2). Currently, 15 calpain
genes have been discovered. Decreased calpain activity is
related to various pathologies: Calpain-1 and calpain-2 are
associated with Alzheimer's disease and neuronal degen-
eration, calpain-3 is associated with muscular dystrophy and
cataracts, calpain-8 and calpain-10 are associated with type 2
diabetes mellitus and hyperglycemia, and calpain-9 is associ-
ated with gastric cancer (3-7). Among these genes, calpain-1
is the best characterized. In general, it exists in the form of
an inactive zymogen in the cytoplasm and cell membrane
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and is activated when the intracellular Ca** concentration
increases. Calpain-1 consists of two subunits, a regulatory
subunit and a catalytic subunit, which are the products of
genes on chromosomes 1 and 11, respectively (8). Calpain-1
has an important effect on carcinogenesis by participating in
multiple vital cellular processes, such as cell apoptosis and
proliferation (9-14). The expression of calpastatin in endome-
trial carcinoma is higher compared with benign endometrial
tissue, and calpain-1 influences the survival, apoptosis and
migration of breast cancer cells. However, the specific role
and mechanism of action of calpain-1 in the development of
CRC remains unclear. Filamin A (FLNA) is an actin-binding
protein that participates in cancer progression, and can be
cleaved by calpains (15). In our unpublished genomic data,
we found that the expression of calpain-1 and FLNA in CRC
was inversely correlated, therefore, their interaction in CRC
warrants further study.

In the present study, the expression levels of the calpain-1
and FLNA genes were examined in CRC tissues and the
relationship between calpain-1 and FLNA expression and the
clinicopathological features of CRC was analyzed. In addition,
the effects of calpain-1 on the biological functions of CRC
cells and the underlying mechanisms were investigated.

Materials and methods

Patients and specimens. The present study was approved
by the Ethics Committee of the Second Affiliated Hospital
of Wenzhou Medical University, and informed consent was
obtained from each patient. In total, 467 CRC and corre-
sponding paracancerous tissue samples were collected at the
Second Affiliated Hospital of Wenzhou Medical University,
between June 2011 and December 2017. Tissue specimens were
surgically resected from the patients, none of whom received
neoadjuvant chemotherapy prior to the operation. The age of
the patients ranged from 32 to 90 years old (61.77+12.7). The
patients' clinical data and tumor characteristics are summa-
rized in Table 1. All patients were followed for 6-79 months
following surgery.

Immunohistochemistry assay. Calpain-1 and FLNA
expression in CRC tissue samples was detected by immuno-
histochemistry. Paraffin-embedded CRC tissue sections (4-ym
thick) as well as the corresponding paracancerous samples
were obtained. Sections were deparaffinized by submerging
in xylene for 10 min three times and then hydrated in a graded
series of ethanol. Antigen retrieval was performed with 10 mM
citrate buffer (pH 6.0) at 120°C and 103 kPa for 2 min. Then,
endogenous peroxidase activity was quenched by treatment
with 3% hydrogen peroxide (20 min, ambient temperature),
after which the samples were blocked with 10% normal
goat serum (cat. no. ab138478; Abcam, Cambridge, MA,
USA; 30 min, ambient temperature). Next, the samples were
sequentially incubated with anti-calpain-1 (rabbit monoclonal;
cat. no. ab108400; Abcam; dilution 1:150) or anti-FLNA
(rabbit monoclonal; cat. no. ab76289; Abcam; dilution 1:800)
antibodies overnight at 4°C in a humid environment followed
by streptavidin-peroxidase-conjugated secondary antibodies
(goat anti-rabbit IgG; cat. no. zb2306; Beijing Zhongshan
Golden Bridge Biotechnology Co.,Ltd., OriGene Technologies,
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Inc., Rockville, MD, USA; dilution 1:5,000) for 18 min at
ambient temperature. Antibody detection was performed
using a 3,5-diaminobenzidine (DAB) substrate kit (Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., OriGene
Technologies, Inc.), and the slides were counterstained with
haematoxylin. Data were independently analyzed by two expe-
rienced pathologists. A double-headed microscope was utilized
to assess discrepancies. Calpain-1 or FLNA protein expression
levels were evaluated based on staining intensity (0, negative;
1, weak; 2, moderate; 3, strong) and extent (0, <5% positive
CRC cells; 1, =5-25%; 2, 226-50%; 3, =51-75%; 4, =76%). The
product of both subscores represented the final score (0-12).
A score <4 reflected low expression levels for both calpain-1
and FLNA, and was used as the cutoff for diving the patients
to low-expression and high-expression groups for survival and
correlation analyses.

Western blot assay. First, the calpain-1 protein expression
levels in six CRC cell lines were tested. In brief, the human
CRC cell lines HCT116, HT29, LS174T, RKO, SW480,
and SW620 were prepared, and the normal colon cell line
NCM460 (purchased from the Shanghai Fudan Zhongke
Biomedical Research and Development Service Center) was
used as control. All CRC cell lines were acquired from the
Shanghai Cell Bank of Chinese Academy of Sciences. The
cells were incubated in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) containing 10% fetal bovine serum (FBS;
MediaTech, Herndon, VA, USA) at 37.5°C in a humidified
incubator containing 5% CO,. CRC cells were harvested,
washed with cold phosphate-buffered saline (PBS) and lysed
with radio-immunoprecipitation assay (RIPA) lysis buffer
(Beyotime Institute of Biotechnology, Haimen, China).
Lysates were centrifuged for 10 min at 11,000 x g at 4°C,
and the supernatant was discarded. Protein samples were
prepared by mixing the cell lysates with 200 ul of BCA
mixture and incubating them for 30 min at 37°C. Then, we
measured the absorbance value at 562 nm and detected the
protein concentration of the samples. Proteins (30 ug) were
separated by 12% SDS-PAGE, and then transferred to poly-
vinylidene fluoride (PVDF) membranes. The membrane was
blocked with 5% non-fat milk, shaken gently for 2 h, and
washed in Tris-buffered saline with Tween-20 (TBST) buffer
on a shaking table for 10 min; this process was repeated three
times before the addition of antibodies targeting GAPDH
(cat. no. ab8245; Abcam; dilution 1:5,000) calpain-1 (rabbit
monoclonal; cat. no. abl08400; Abcam; dilution 1:1,000)
or FLNA (rabbit polyclonal; cat. no. ab51217; Abcam; dilu-
tion 1:2,000) at 4°C overnight. Next, the membrane was
washed in TBST buffer three times, secondary antibody (goat
anti-rabbit IgG; cat. no. zb2306; Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., OriGene Technologies, Inc.;
dilution 1:5,000) was added, and the membrane was incubated
on a shaking table for 2 h. The membrane was washed in
TBST buffer three times. An ECL chemiluminescence assay
(Clarity Western ECL Substrate; cat. no. 170-5060; Bio-Rad
Laboratories, Inc.) was used to visualize the signals. The
results revealed that HT29 and SW480 cells expressed the
highest levels of calpain-1 protein, and therefore these cell
lines were selected for the subsequent experiments. Second,
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Table I. Association between Calpain-1 or FLNA expression and clinicopathological features.

Calpain-1 FLNA

Clinicopathological feature Low High P-value Low High P-value

Age (years) 0.041 0.566
=60 158 163 185 136
<60 57 89 80 66

Sex 0.974 0.085
Male 130 152 151 131
Female 85 100 114 71

Tumor Site 0.280 0.367
Colon 126 160 167 119
Rectum 89 92 98 83

Size (cm) 0.618 0.000
>5 83 103 126 60
<5 132 149 139 142

Histologic grade 0.069 0.000
High to moderate 143 147 95 195
Low 72 105 170 7

Metastasis 0.024 0.000
Yes* 103 147 165 85
No 112 105 100 117

Dukes stage 0.024 0.000
A-B 112 105 100 117
C-D 103 147 165 85

Mean survival time (months) 59.7 51 0.003 50.7 60.7 0.000

“Includes both distant organ and lymph node metastasis. FLNA, filamin A.

after calpain-1 was knocked down by liposome-mediated
RNA interference, the calpain-1 and FLNA protein expression
levels in HT29 and SW480 cells were detected by western
blot assay. Third, different concentrations (0, 5, 20 and
40 pg) of MDL28170 (cat. no. ab145601; Abcam), a calpain-1
inhibitor that binds with active sulfhydryl and influences
the Ca?* binding site, were added to HT29 and SW480 cells.
The calpain-1 and FLNA protein expression levels in HT29
and SW480 cells were detected by western blot assay at 48 h
following MDL28170 treatment.

Calpain-1 knockdown by liposome-mediated RNA interfer-
ence. HT29 and SW480 cells were incubated in DMEM
containing 10% FBS at 37.5°C in a humidified incubator
containing 5% CO,. When cells reached 90% confluence,
the medium was removed, the cells were washed twice with
PBS and 1 ml of 0.25% trypsin was added. When the cells
had retracted, 4 ml of normal medium was added to stop the
activity. The cells were centrifuged at 230 x g for 5 min, the
supernatant was discarded, and normal medium was added.
The cells were counted and seeded into 10 cm culture dishes at
1x10° cells/ml. Then, three small interfering RNAs (siRNAs)
against calpain-1 were transfected [capnl-1983 (siRNAl),
5'-CAUGGAUCGUGAUGGCAAUTT-3"; capnl-2287

(siRNA?2), 5-GGAGUUGUGACCUUUGACUTT-3'; and
capnl-1293 (siRNA3), 5'-GAACACCACACUCUACGA
ATT-3"; 20 pM each; Invitrogen; Thermo Fisher Scientific, Inc.]
into the treatment group using the Lipofectamine RNAIMAX
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. The negative control (NC)
group was transfected with a scrambled siRNA (5'-GCAGAA
UCACAGCACUUUAUC-3"). To examine the efficiency of
RNA interference, western blot analysis was performed. Cell
lysates were mixed with 200 ul of BCA mixture and incubated
for 30 min at 37°C. Then, the absorbance value was measured
at 562 nm, and the protein concentration of the samples was
calculated. SDS-PAGE was performed as aforementioned.
PVDF membranes were blocked with 0.5 mg/ml standard
bovine serum protein before adding primary antibody (rabbit
monoclonal; cat. no. abl08400; Abcam; dilution 1:1,000) at
4°C overnight. The membrane was washed for 10 min three
times on a shaking table. The secondary antibody (goat
anti-rabbit IgG; cat. no. zb2306; Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., OriGene Technologies, Inc.;
dilution 1:5,000) was added to the membrane and incubated
on a shaking table for 2 h at room temperature. The membrane
was washed three times in TBST buffer, and the protein bands
were visualized on a gel imaging analyser.
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Colony formation assay. SW480 and HT29 cells were incu-
bated in serum-free DMEM for 24 h. Five groups of cells at
the logarithmic growth stage were used, digested with trypsin
and centrifuged for 5 min at 64 x g, at room temperature. The
cell density was adjusted to 4x10* cells/ml, and 2 ml of cell
suspension was added into each well of a 6-well plate. The
cells were placed in an incubator overnight. The medium was
changed to serum-free DMEM, and the cells were incubated
for another 24 h before they were transfected with siRNA
(Lipofectamine RNAiIMAX; Invitrogen; Thermo Fisher
Scientific, Inc.). After 48 h, cell samples were collected for
colony formation detection. The monolayer of cells in the
logarithmic growth phase was digested with 0.25% trypsin
and suspended in culture medium with 10% FBS. The cell
suspension underwent a gradient dilution and was seeded into
culture dishes at the appropriate cell density (according to the
proliferative capacity). Generally, a suspension containing
100 cells was seeded in a dish containing 10 ml of pre-heated
culture solution at 37°C and gently rotated to evenly disperse
the cells. The cells were incubated at 37°C in 5% CO, and
saturated humidity for 2-3 weeks. An inverted light micro-
scope (ECLIPSE Ti-S; Nikon Corporation, Tokyo, Japan) was
used to count the number of colonies.

Detection of cell proliferation with the Cell Counting Kit-8
(CCK-8) assay. SW480 and HT29 cells were incubated
in serum-free DMEM for 24 h and cells in the logarithmic
growth stage were obtained and centrifuged for 5 min at
64 x g, at room temperature. The cell density was adjusted to
2x10* cells/ml, and the suspensions were seeded into 96-well
plates at 100 pl/well. After the SW480 and HT29 cells were
incubated overnight, they were divided into experimental and
negative control groups. In the experimental group, cells were
transfected with siRNA for 0, 24, 48 and 72 h. The control
group was transfected with the scrambled siRNA. Then, 10 pl
of CCK-8 detection solution (cat. no. ab228554; Abcam) was
added to each well, and a blank control well was established.
After incubation at 37°C for 1.5 h, the optical density (OD)
value was read at 450 nm, and the cell survival rate was calcu-
lated as follows: (OD450 experimental group/OD450 control
group) x 100%.

Detection of apoptosis by flow cytometry. SW480 and
HT?29 cells in the logarithmic growth phase were cultured in
serum-free medium for 24 h to synchronize them, after which
the cells were digested, counted and seeded into culture dishes
at 2.5x10° cells/dish. The next day, the cells were transfected
with siRNA or NC for 72 h before they were collected for flow
cytometry analysis of apoptosis. The cells were centrifuged
for 5 min at 64 x g, at room temperature, washed twice with
PBS, and then centrifuged again for 5 min at 100 x g. A total
of 300 pl binding buffer was added to the cells; the cells were
then mixed with 5 ul of Annexin V-fluorescein isothiocyanate
(cat. no. a13199; Invitrogen; Thermo Fisher Scientific, Inc.)
and incubated at room temperature for 15 min. Then, 5 ul of
propidium iodide (cat. no. v13245; Invitrogen; Thermo Fisher
Scientific, Inc.) was added to the samples, which were incu-
bated in the dark for another 5 min. Finally, 200 u1 binding
buffer was added, and the cells were analyzed by flow cytom-
etry (NovoCyte; ACEA Biosciences, Inc., San Diego, CA,
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USA) using the Kaluza analysis software (Beckman Coulter,
Inc., Brea, CA, USA).

Detection of cell migration by the scratch assay. SW480 and
HT?29 cells were cultured in DMEM medium containing 10%
FBS and incubated at 37°C in 5% CO, and saturated humidity.
When SW40 and HT?29 cells reached the logarithmic growth
phase, they were transfected with NC or siRNA. Then, the cells
were centrifuged for 5 min at 64 x g at room temperature and
counted. Cells were seeded in 6-well plates, at 1x10° cells/well
(2 ml), and incubated overnight. When the cells grew to 90%
confluence, the supernatant was discarded, and serum-free
medium was added. After the cells were scratched with a 10 ul
Microlance needle, the supernatant was discarded, the floating
cells were washed off with PBS, and serum-free medium was
added to the culture. Then, Leica Application Suite software
was used to capture photos (magnification, x100) and record
the scratch distance at 0, 24 and 48 h. Cells in each group were
observed under an inverted microscope, and the cell mobility
of each group was calculated. The formula was as follows: Cell
migration rate % = (0 h scratch distance-scratch distance at a
certain time)/0 h scratch distance x 100%.

Migration and invasion assays. SW480 and HT29 cells were
incubated in serum-free DMEM for 24 h, transfected with NC
or siRNA and collected 48 h later. The cells were treated with
0.25% trypsin and 0.02% EDTA, stained with trypan blue,
and washed twice with PBS. A total of 5x10* cells in 200 ul
of medium was added to the upper chamber of migration and
invasion Transwells, and 600 pl of medium with 10% FBS
was added to the lower chambers. The cells were incubated for
24 h in 5% CO, at 37°C, after which the Transwell chamber
was removed, the non-migratory cells in the upper Transwell
chamber were wiped off with cotton swabs, and the insert was
inverted and dried. Next, 500 ul of 0.1% crystal violet per well
was added to a 24-well plate, and the cells were stained at 37°C
for 30 min. The cells were washed with PBS, three random
views were photographed per filter, and the average number of
cells was calculated.

Statistical analysis. SPSS v22.0 (IBM Corp., Armonk, NY,
USA) was employed for the statistical analyses. Data are
presented as the mean + standard error of the mean from
three independent experiments and were assessed by one-way
analysis of variance followed by SNK post hoc test. Chi-square
test and the Kaplan-Meier method with the log-rank test were
used to assess the associations between calpain-1 or FLNA
expression and pathological indices. P<0.05 was considered to
indicate a statistically significant difference.

Results

Calpain-1 and FLNA expression levels are associated
with the clinicopathological features of CRC patients.
The immunohistochemistry results revealed that calpain-1
protein was highly expressed in 252 (252/467, 53.9%) CRC
patients (Fig. 1A) but only in 42 (42/467, 9.0%) adjacent
non-cancerous tissues (P=0.000). In addition, the expression
levels of calpain-1 in most of the adjacent non-cancerous
colorectal tissues was low (Fig. 1B). High expression levels
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Figure 1. Calpain-1 and FLNA expression in CRC and paracancerous tissues detected by immunohistochemistry and its clinical relevance. (A) CRC tissue with
a high level of calpain-1 expression. (B) Adjacent non-cancerous tissue with a low level of calpain-1 expression. (C) Poorly differentiated CRC tissue with a
high level of calpain-1 expression. (D) Well-differentiated CRC tissue with a low level of calpain-1 expression. (E) FLNA protein was expressed at low levels
in CRC tissue. (F) FLNA protein was highly expressed in adjacent non-cancerous tissues (magnification, x400). (G) Kaplan-Meier analysis of calpain-1 and
FLNA expression in CRC patients and their correlation with overall survival. FLNA, filamin A; CRC, colorectal cancer.

of calpain-1 were more often found in the less differentiated
CRC tissues (105/177, 59.3%; Fig. 1C) than in the moderately
to well-differentiated CRC tissues (147/290, 50.7%; Fig. 1D;
P=0.02). High expression levels of calpain-1 were significantly
associated with age, metastasis, Dukes stage and survival time,
but not with sex, histologic grade, tumor location or tumor
size (Table I).

By contrast, FLNA protein was expressed at low levels in
265 (265/467, 56.7%) CRC tissues (Fig. 1E) and was highly
expressed in 382 (382/467, 81.8%) adjacent non-cancerous
tissues (Fig. 1F; P=0.000). A low expression level of FLNA
was significantly associated with tumor size, histological
grade, metastasis, Dukes stage and survival time, but not with
age, sex, or tumor location (Table I).

Relationship between calpain-1 or FLNA expression and
the prognosis of CRC patients. In total, 467 CRC patients

were divided into two groups according to their immuno-
histochemical results. Group one consisted of 252 patients
with high levels of calpain-1 expression and had a mean
overall survival (OS) of 59.7 months [95% confidence
interval (CI), 54.8-64.7]. Group two consisted of 215 patients
with low levels of calpain-1 expression and had a mean OS
of 51 months (95% CI, 45.7-56.2). The results indicated that
patients with high levels of calpain-1 expression had shorter
OS compared with patients with low levels of calpain-1 expres-
sion (P=0.0027; Fig. 1G). The patients were also grouped
according to their level of FLNA expression, and the mean OS
of the FLNA overexpression group was 60.7 months (95% CI,
52.9-62.6), while the mean OS of the group with low levels
of FLNA expression was 50.7 months (95% CI, 45.7-56.2). In
contrast to the calpain-1 results, patients with high levels of
FLNA expression had longer OS than patients with low levels
of FLNA expression (P=0.000; Fig. 1G).
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Table II. Relationship between calpain-1 and FLNA expression.

Calpain-1
FLNA High Low Total y>-value P-value
High 94 108 202 7.385 0.007
Low 158 107 265
Total 252 215 467

FLNA, filamin A.

Relationship between calpain-1 and FLNA expression. In
all 467 patients, there were 94 cases with high expression of
calpain-1 and FLNA, 108 cases with high expression of FLNA
and low expression of calpain-1, 158 cases with low expres-
sion of FLNA and high expression of calpain-1, and 107 cases
with low expression of both. In ~57% (268/467) of patients, the
expression level of calpain-1 was inversely correlated to that of
FLNA. A significant inverse relationship was found between
the expression levels of calpain-1 and FLNA (P=0.007,
Table II).

Calpain-1 expression and siRNA-mediated knockdown in
CRC cells. Calpain-1 expression levels were examined by
western blotting in 6 CRC cell lines (HCT116, HT29, LS174T,
RKO, SW480 and SW620) and one normal colon cell line,
NCM460. Five of the colon cancer cell lines expressed high
levels of calpain-1 protein compared with the normal colon
NCM460 cells, among which HT29 and SW480 cells had the
highestlevels (Fig.2A and B). Therefore, HT29 and SW480 cells
were used for all subsequent experiments. Three siRNAs
were designed against calpain-1 and transfected into the CRC
cells. In HT29 cells, calpain-1 levels of NC and three siRNA
groups were 0.91+0.11, 0.58+0.05, 0.47+0.03 and 0.56+0.04,
respectively. In SW480 cells, the levels of NC and three siRNA
groups were 0.79+0.07, 0.80+0.08, 0.21+0.02 and 0.49+0.04,
respectively. Calpain-1 protein was downregulated to different
degrees in HT29 and SW480 cells following knockdown by
the three siRNAs. siRNA?2 was the most efficient in silencing
calpain-1 in both cell lines (Fig. 2C and D), and therefore,
siRNA2 was selected for use in subsequent experiments.

Calpain-1 knockdown inhibits colony formation in CRC cells.
As presented in Fig. 3, the number of colonies in the SW480
NC, SW480 siRNA, HT29 NC, and HT29 siRNA groups was
151+13, 66+5 (P<0.05), 7648, and 26+3 (P<0.05), respectively.
Calpain-1 knockdown significantly inhibited the colony
forming ability of both HT29 and SW480 cells compared with
control (Fig. 3A and B).

Calpain-1 knockdown inhibits cell proliferation as measured
by the CCK-8 assay. As presented in Fig. 3C, in the 0 h
group, the viability of cells in the HT29 NC, HT29 siRNA,
SW480 NC, and SW480 siRNA groups was 100.0+2.8%,
104.7+4.1% (P=0.174),104.7+4.8%,and 102.5+5.0% (P=0.606),
respectively. At 24 h, the viability of cells in the same groups
was 121.3+1.8%, 114.4+2.2% (P=0.013), 125.7+4.9%, and
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Figure 2. Expression of calpain-1 in CRC cell lines and following siRNA
transfection. (A) Representative blots and (B) quantification of calpain-1
protein expression levels in CRC cell lines compared with the normal colon
cell line NCM460, as detected by western blotting. “P<0.05 compared with
NCM460. (C) Representative blots and (D) quantification of the relative
expression levels of calpain-1 in SW480 and HT29 cells following transfec-
tion with either NC or calpain-1-targeting siRNAs. "P<0.05 compared with
NC. CRC, colorectal cancer; si, small interfering; NC, negative control.

118.2+3.5% (P=0.097), respectively. At 48 h, the viability
was 213.1+£3.7%, 128.6+2.6% (P=0.000), 234.5+1.9%,
and 170.7+4.4% (P=0.000), respectively. Finally, at 72 h,
the viability was 294.0+3.5%, 184.3+7.6% (P=0.000),
310.1£18.2%, and 231.9+7.6% (P=0.002), respectively. Thus,
calpain-1 knockdown significantly reduced the numbers of
viable cells compared with control (Fig. 3C).

Calpain-1 knockdown inhibits the migration ability of CRC
cells as measured by the scratch assay. After transfecting HT29
and SW480 cells with siRNA, scratch assays were performed
to compare the migration ability of the cells. As presented in
Fig. 3D and E, in the 24 h group, the relative migration rate
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Figure 3. Calpain-1 knockdown inhibits colony formation, proliferation and migration ability of CRC cells. HT29 and SW480 cells were transfected with
either NC or calpain-1-targeting siRNA. (A) Representative images and (B) quantification of results from colony formation assay. (C) Cell viability by Cell
Counting Kit-8 assay. (D) Representative imaged and (E) quantification of scratch migration assay. In the SW480 NC group, distance at O h was 44.311 pm, at
24 h 34919 ym, at 48 h 17.614 pm; in the SW480 siRNA group, distance at 0 h was 40.358 ym, at 24 h 36.380 ym, at 48 h 31.870 pm; in the HT29 NC group,
distance at 0 h was 32.711 ym, at 24 h 27.679 pum, at 48 h 22.713 ym; and in HT29 siRNA group, distance at O h was 35.941 ym, at 24 h 36.380 ym, at 48 h
28.459 um. "P<0.05 compared with NC. CRC, colorectal cancer; si, small interfering; NC, negative control.

of SW480 NC, SW480 siRNA, HT29 NC, and HT29 siRNA
cells was 25.51+7.64, 8.97+0.39, 19.87+0.52 and 5.08+2.74%,
respectively. In the 48 h group, the relative migration rate
was 57.32+0.99, 20.34+3.38, 36.26+2.83 and 19.85+0.49%,
respectively. The migration ability was decreased following

calpain-1 knockdown and was higher in SW480 cells than in
HT?29 cells.

Calpain-1 knockdown inhibited the migration and inva-
sion of CRC cells. As presented in Fig. 4A-D, calpain-1
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Figure 4. Effect of calpain-1 knockdown on CRC cell migration, invasion and apoptosis. HT29 and SW480 cells were transfected with either NC or
calpain-1-targeting siRNA. (A) Representative images of Transwell migration assays (magnification, x200; Scale bar, 10 ym). (B) Representative images of
Transwell invasion assays (magnification, x200; Scale bar, 10 #m). (C) Quantification of migration from panel A. (D) Quantification of invasion from panel B.
(E) Quantification and (F) representative plots of flow cytometry analysis of apoptosis. Q1, necrotic cells; Q2, late apoptotic cells; Q3, normal cells; Q4, early
apoptotic cells. "P<0.05 compared with NC. CRC, colorectal cancer; si, small interfering; NC, negative control.

knockdown resulted in fewer migrating [SW480
NC (93.33+5.69) vs. SW480 siRNA (7.67+0.58), P=0.0014;
HT29 NC (24.00+£2.65) vs. HT29 siRNA (6.65+0.48),
P=0.0115] and invading [SW480 NC (93.33+5.69) vs. SW480
siRNA (3.67+0.58), P=0.0011; HT29 NC (19.33+1.53) vs.
HT?29 siRNA (4.67+0.58), P=0.0036] cells compared with
the control groups. These results revealed that calpain-1
knockdown significantly inhibited the migration and invasion
abilities of CRC cells.

Calpain-1 knockdown has no significant effect on the apop-
tosis of CRC cells. Following calpain-1 knockdown in HT29
and SW480 cells, flow cytometry was used to detect the
apoptosis rate and compare it to control cells. As presented in
Fig. 4E and F, the apoptosis rates of the HT29 NC and HT29
siRNA groups were 1.12+0.10 and 1.39+0.24, respectively,
and the apoptosis rates of the SW480 NC and SW480 siRNA
groups were 2.02+0.23 and 1.81+0.17, respectively. The results
revealed that the apoptosis rates of both cell lines following
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Figure 5. Calpain-1 and FLNA protein expression levels in colorectal cancer cells detected by western blotting. (A) Representative blots and (B) quantification
of calpain-1 and FLNA levels following calpain-1 knockdown. (C) Representative blots and (D) quantification of calpain-1 and FLNA levels following treat-
ment with the indicated concentrations of MDL28170. "P<0.05, with comparisons indicated by brackets. FLNA, filamin A; si, small interfering; NC, negative

control; CK, control check.

calpain-1 knockdown were not altered compared with the
control groups (P>0.05).

Calpain-1 knockdown in CRC cells is associated with the
upregulation of FLNA. As presented in Fig. SA and B, the
relative protein expression levels of calpain-1 in SW480 NC,
SW480 siRNA, HT29 NC, and HT29 siRNA groups were

0.98+0.09, 0.38+0.04, 1.08+0.10, 0.69+0.06, respectively. The
relative protein expression levels of FLNA in SW480 NC,
SW480 siRNA, HT29 NC, and HT29 siRNA groups were
0.61+0.03, 0.73+£0.06, 0.65+0.04, 0.77+0.06, respectively.
The western blot results revealed that calpain-1 knockdown
decreased calpain-1 expression, while it increased FLNA
expression in both CRC cell lines.
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FLNA expression is upregulated when calpain-1 expres-
sion is decreased. MDL28170, a calpain-1 inhibitor, was
used to test if FLNA expression is directly influenced by
the expression of calpain-1. As the MDL28170 treatment
amount increased from 0 to 40 ug, the levels of calpain-1
in SW480 control, SW480 5 pug, SW480 20 pug and SW480
40 pg groups were 1.65+0.13, 1.11+£0.09, 0.61+0.05, 0.19+0.02,
respectively (Fig. 5C and D). The levels of calpain-1 in the
corresponding HT29 groups were 1.75+0.15, 1.22+0.11,
0.69+0.05, 0.22+0.03, respectively (Fig. 5C and D). The levels
of FLNA in the corresponding SW480 groups were 0.77+0.06,
0.79+0.06, 0.87+0.08 and 0.95+0.10, and in the HT29 groups
0.57+0.03, 0.69+0.04, 0.76+0.05 and 0.84+0.08, respec-
tively (Fig. 5C and D). The results revealed that as calpain-1
expression decreased in a dose-dependent manner, the FLNA
expression levels increased, in both CRC cells lines.

Discussion

Calpain-1 was first recognized as a Ca**-dependent neutral
protease in rat brain (16). Deficiency of the calpain-1 gene in
mice results in abnormal growth, decreased platelet aggrega-
tion and poor blood clotting (17). Calpain is involved in target
protein hydrolysis, thus has a role in the protein modification
pathway (18). Calpain is also involved in cell mobility, prolifera-
tion, cell cycle progression, migration, necrosis, apoptosis (2,19),
platelet activation, differentiation and membrane fusion (3,20,21).
Calpain-1 is so versatile that it is easy to speculate that it may
have a role in tumorigenesis and cancer progression.

Indeed, several studies have demonstrated that calpains
are associated with certain types of cancer. In renal cell
cancer, a higher expression level of calpain-1 was correlated
with more advanced disease and worse prognosis (22). In
melanoma, calpains are involved in mitogen-activated protein
kinase (MAPK)-dependent cyclin-dependent kinase inhibitor
1B (p27Kipl) regulation, and calpain inhibitors impair
MAPK-dependent p27Kipl downregulation in melanoma
cells (23). Based on these studies, calpain may act as a tumor
promoter. However, the role of the calpain-1 gene in CRC has
not been reported.

Immunohistochemical staining of 467 paired specimens
of CRC and adjacent paracancerous tissues was performed to
examine the relationship between calpain protein expression
and the clinicopathological features of CRC. First, the expres-
sion level of calpain-1 protein in CRC tissues was demonstrated
to be significantly higher compared with the adjacent normal
tissues by immunohistochemistry. Overexpression of calpain-1
was associated with age, metastasis, and Dukes stage, and
Kaplan-Meier analysis revealed that patients in the calpain-1
high expression group had a shorter OS compared with the low
expression group. These results indicated that overexpression
of calpain-1 may be associated with a worse prognosis in CRC
patients.

To investigate the biological function of calpain-1 in CRC,
calpain-1 expression levels in six CRC cell lines were detected
by western blotting. Calpain-1 protein was highly expressed
in five of the CRC cell lines compared with a healthy intes-
tinal epithelial cell line (NCM460). Next, an in vitro model of
calpain-1 knockdown was established by siRNA transfection in
HT?29 and SW480 CRC cells, and successful knockdown was
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confirmed by western blotting. Using this model, the effects of
calpain-1 on the proliferation of HT29 and SW480 cells were
examined and the results demonstrated that calpain-1 knock-
down inhibited the proliferative ability of CRC cells. Similarly,
Ma et al (24) reported that downregulation of calpain-1 in oral
squamous cell carcinoma cells resulted in cell cycle arrest and
inhibited proliferation. Colony formation assays in the present
study revealed that the colony forming ability of CRC cells
was significantly inhibited following calpain-1 knockdown. A
previous study has also demonstrated that calpain inhibitors
impair colony formation of mouse tumor cells (25). These
results suggested that calpain-1 promoted cell proliferation in
CRC cell lines. By contrast, the present results revealed that
calpain-1 had no effect on apoptosis in HT29 and SW480 cells,
which was in agreement with previously reported results.
Calpain-1 knockdown did not increase the CRC cell apoptosis
rate compared with the negative control group. Additionally,
calpain-1 knockdown inhibited the migration and invasion
abilities of CRC cells. This is consistent with the experimental
results of Ma et al (24) in oral squamous cell carcinoma cells.
The present results suggested that a high expression level of
calpain-1 may promote the malignant biological behavior
of CRC cells. The underlying mechanism requires further
investigation.

FLNA is an actin filament cross-linking protein involved
in cancer progression; it is the most abundant and widely
expressed isoform of filamin in human tissues and can be
cleaved by calpain. Research has demonstrated that FLNA
is a novel cancer suppressor gene in colorectal adenocarci-
noma (15). The relationship between calpain and FLNA in the
development of CRC is of interest. The immunohistochemistry
results revealed that FLNA protein expression levels in adja-
cent normal colorectal tissues were significantly higher than
those in CRC tissues. Low expression of FLNA was associated
with tumor size, histologic grade, metastasis and Dukes stage.
Kaplan-Meier analysis revealed that the FLNA low expression
group had a shorter OS compared with the high expression
group. These results suggested that FLNA may act as a tumor
suppressor in CRC. Notably, calpain expression is correlated
with FLNA expression. One study reported that activation of
calpain followed by the cleavage of FLNA resulted in enhanced
motility of melanoma cells (26). To further confirm the rela-
tionship between calpain-1 and FLNA, the expression levels of
FLNA and calpain-1 in HT29 and SW480 cells were examined.
The results demonstrated that when calpain-1 expression was
downregulated, FLNA expression was increased. Similarly,
after adding different concentrations of a calpain inhibitor, the
FLNA expression levels were increased in a dose-dependent
manner. Therefore, it can be speculated that calpain-1 may
promote CRC progression via cleavage of FLNA, which is
consistent with the findings of Salimi ez al (25); by prolif-
eration, migration, invasion and colony formation assays, they
concluded that a calpain inhibitor decreased human and mouse
tumor cell growth by blocking the cleavage of FLNA.

In conclusion, the present findings suggested that high
levels of calpain-1 predicted a poor prognosis and contrib-
uted to tumor progression in CRC. These tumor promoting
functions of calpain-1 may occur through calpain-mediated
cleavage of FLNA. In the future, calpain-1 might serve as a
novel target gene for CRC therapy.
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