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Abstract. Colorectal cancer (CRC), also known as bowel 
cancer, is one of the leading causes of cancer‑associated 
mortality worldwide at present. The aim of the present 
study was to detect the effects of matrix metalloproteinase 1 
(MMP1) on the viability and migration of a CRC cell line in 
the presence or absence of variation X‑ray radiation doses. 
The CRC cell line, SW620, was cultured and treated with 
different X‑ray doses (0, 0.1, 0.5, 1, 3 and 6  Gy). MMP1 
expression was downregulated via the application of a specific 
small interfering (si)‑RNA. The viability and migration of 
SW620 cells prior to and following transfection were detected 
with MTT and Transwell chamber assays, respectively. The 
application of siRNA transfection to silence MMP1 in SW620 
cells resulted in reduced cell viability and migration (P<0.05). 
Compared with the control, the cell viability and migration of 
cells were significantly reduced when exposed to 0.5, 1, 3, and 
6 Gy X‑ray radiation (P<0.05). In SW620 cells treated with 
different X‑ray doses, the mRNA expression levels of MMP1 
were significantly reduced (P<0.05). Cells treated with 0.5 Gy 
X‑ray exposure exhibited the lowest mRNA expression levels 
of MMP1 when compared with other doses of X‑ray radiation. 
The expression of MMP1 was associated with the promotion 
of the viability and migration of SW620 cells. X‑ray radiation 
with 6 Gy dosages significantly reduced cell viability when 
compared with the control. Thus, MMP1‑targeted therapy 
combined with radiotherapy could be used for treating CRC.

Introduction

At present, colorectal cancer (CRC, also known as bowel cancer) 
is one of the leading cause of cancer‑associated mortality, 

which is newly diagnosed in 1.4 million people and resulted in 
694,000 deaths worldwide in 2012 (1). The development of CRC 
is characterized by the uncontrolled growth of transformed 
cells associated with complex interactions, including genetic 
alterations, environmental carcinogens and dysregulation in 
host immunity (2). Despite several recent developments, the 
therapeutic options for treatment during the metastatic stages 
of this disease remain limited (3). Local recurrence following 
the resection of CRC is difficult to treat and has been associated 
with severe complications. A previous study demonstrated 
poor prognosis following local recurrence, with a survival 
duration of <18 months (4). Therefore, therapeutic approaches 
that target the control of growth (metastasis, invasion and 
apoptosis), angiogenesis, as well as cell cycle‑regulating signals, 
are necessary for the treatment of patients with CRC  (5). 
Preoperative chemoradiotherapy is commonly used as a major 
treatment modality for advanced CRC (6). Previous studies 
have demonstrated that preoperative chemoradiotherapy was 
associated with decreased local recurrence, improved survival 
rate and increased anal preservation rate (7,8).

Matrix metalloproteinases (MMPs) are a group of 
matrix‑degrading proteins, which include >22 human 
zinc‑dependent proteolytic enzymes (9,10). MMPs produced 
by tumor cells or by adjacent stromal cells are involved in 
the metastatic process  (11). Among the MMPs, MMP1 is 
the most ubiquitously expressed interstitial collagenase (12). 
Additionally, MMP1 expression in CRC cells has been 
reported to be associated with poor prognosis (13). Numerous 
studies have demonstrated the association between MMP1 and 
CRC (14‑16); however, the effects of radiotherapy on MMP1 
expression levels, cell viability and migration require further 
investigation.

The small bowel only tolerates limited dosages in pelvic 
radiotherapy  (17). Bowel displacement devices have been 
adopted in the clinic to reduce bowel volume under high‑dose 
pelvic radiation fields (18). Therefore, it is of great importance 
to understand the effects of various radiation dosages on the 
viability and migration of CRC cells. The present study was 
performed with two aims: i) To detect the effects of MMP1 on 
the viability and migration of CRC cells; and ii) to investigate 
the effects of MMP1 on cell viability and migration under 
various doses of X‑ray radiation. The results of the present 
study may provide a theoretical foundation for the clinical 
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application of MMP1‑targeted therapy in the treatment of 
CRC.

Materials and methods

Cell culture. The CRC cell line SW620 was obtained from the 
Cell Bank of Type Culture Collection of Chinese Academy of 
Sciences (Shanghai, China); cells were cultured in Dulbecco's 
modified Eagles medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 1% penicillin and 1% strep-
tomycin (all Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). Cells were incubated under 5% CO2 at a constant 
temperature of 37˚C in an incubator. Following culturing for a 
period of time, the cells in logarithmic phase were obtained for 
the following experiments.

Detection of cell viability. The effects of various doses of X‑ray 
radiation on cell viability were detected via an MTT assay. 
Briefly, CRC cells were plated at a density of 104 cells/well 
into a 96‑well plate. Cells were incubated in DMEM at 37˚C 
for 48 h following exposure to radiation of different doses 
of X‑ray (0, 0.1, 0.5, 1, 3 and 6 Gy). Then, cells in each well 
were incubated with 10 µl MTT for 4 h at 37˚C. Following 
the removal of media, 100 µl dimethyl sulfoxide was added 
to dissolve the formazan crystals. In addition, the optical 
density was measured at a wavelength of 570 nm using a 
NanoDrop spectrophotometer (Thermo Fisher Scientific, Inc., 
Wilmington, DE, USA).

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
isolated from CRC cells with an RNA rapid extraction kit 
(Takara Biotechnology Co., Ltd., Dalian, China) according to 
the manufacturer's protocols. The concentration and purity of 
RNA products were measured via spectrophotometry. Then, 
0.5 µg total RNA was reverse transcribed into cDNA using the 
Prime Script® RT reagent kit (Takara Biotechnology Co., Ltd.); 
the reaction was incubated at 37˚C for 15 min, and 85˚C for 
5 sec. Using SYBR Green Master Mix (Takara Biotechnology 
Co., Ltd., Dalian, China), qPCR was then performed to detect 
the expression levels of MMP1. The 20 µl reaction system 
for qPCR was: 10 µl SYBR Premix Ex Taq (X2), 8 µl cDNA 
template (diluted to a uniform level), 1 µl forward primer 
(10 µM), and 1 µl reverse primer (10 µM). Each sample had 
three repeats. The thermocycling conditions were as follows: 
50˚C for 3 min, 95˚C for 3 min, and 40 cycles of 95˚C for 
10 sec and 60˚C for 30 sec. A melting curve was subsequently 
generated. The sequences of primers used for amplification 
are listed in Table I. To evaluate the mRNA expression levels 
of MMP1, the 2‑ΔΔCq method (19) was employed. β‑actin was 
taken as the reference gene for normalizing MMP1 expression.

Small interfering (si)‑RNA transfection. After the SW620 
cells were digested by pancreatin (Gibco; Thermo Fisher 
Scientific, Inc.), centrifuged at 15,000 x g at 4˚C and counted, 
they were plated into a 6‑well plate (2x105 cells/well) and 
DMEM supplemented with 10% FBS (both Gibco; Thermo 
Fisher Scientific, Inc.) added. Then, 4 siRNAs were designed 
for silencing MMP1, and the cells were randomly divided 
into siRNA1‑transfected cell group, siRNA2‑transfected cell 

group, siRNA3‑transfected cell group, control siRNA (Con 
siRNA) transfection cell group, and negative control (NC) 
cell group. SiRNA‑mediated gene silencing of MMP1 was 
conducted according to the protocols of the manufacturer of 
Lipofectamine 2000™. Firstly, siRNA (final concentration 
66 nM; GenePharma, Shanghai, China) and Lipofectamine 

2000™ (Invitrogen; Thermo Fisher Scientific, Inc.) were 
diluted with 250  µl Opti‑Minimal Essential Medium 
(Gibco; Thermo Fisher Scientific, Inc.), respectively. Then, 
the transfection reagent was mixed with the diluted siRNA 
and incubated for 20 min at room temperature for complex 
formation. The complexes were added into each well for 
transfection with 5%  CO2 under a constant temperature 
of 37˚C in an incubator. Media were changed into DMEM 
supplemented with 10% FBS (both Gibco; Thermo Fisher 
Scientific, Inc.) after 48 h. Untreated control cells received 
the same concentration of buffer, but no siRNA (NC). The 
silencing effects of siRNAs were detected using RT‑qPCR 
and western blotting, and siRNA2 was employed for subse-
quent analysis.

Cell migration assay. Cell migration was evaluated using 
a 6‑well Transwell filter with a polyvinylidene fluoride 
membrane (Merck KGaA, Darmstadt, Germany). SW620 
cells were diluted by DMEM containing 0.1% bovine serum 
albumin (BSA; both Gibco; Thermo Fisher Scientific, Inc.) and 
then were seeded on 6‑well Transwell filter (3x105 cell/well). 
The Transwell filter was placed in a 24‑well plate with 
500 µl DMEM containing 10% FBS (both Gibco; Thermo 
Fisher Scientific, Inc.), and then was cultured under 5% CO2 
at 37˚C in an incubator. Following 24 h incubation, the filter 
was submerged in 500 µl of 4% paraformaldehyde, washed 
twice with 500 µl PBS, stained with 0.1% crystal violet at 
room temperature for 10 min, and washed with water. Prior 
to imaging using a fluorescence microscope (magnification, 
x100; 5 fields; Olympus Corporation, Tokyo, Japan), cells that 
had not migrated were removed with a cotton swab from the 
upper layer of the filter.

Western blotting. Cultured cells were washed 3 times with 
PBS and lysed in phenylmethanesulfonyl fluoride (Sangon 
Biotech Co., Ltd., Shanghai, China) on ice for 20 min. The 
lysates were centrifuged at 15,000 x g at 4˚C for 10 min 
and the supernatants were collected. The protein concen-
tration was measured using a Bicinchoninic Acid protein 
assay kit (Sangon Biotech Co., Ltd.), with 2 mg/ml BSA 
(Gibco; Thermo Fisher Scientific, Inc.) as the standard. 
Subsequently, 50  µg proteins were separated by 10% 
SDS‑PAGE and transferred onto a polyvinylidene fluoride 
membrane (Merck KGaA). The membranes were blocked in 
5% nonfat dried milk at room temperature for 1 h, and then 
incubated at 4˚C with primary antibodies (anti‑MMP1 anti-
body; 1:10,000; cat. no. sc‑58377; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA and anti‑β‑actin antibody, 1:10,000; 
cat. no. 115035003; Jackson ImmunoResearch Laboratories, 
Inc., West Grove, PA, USA) overnight. Following washing 
with Tris buffered saline with Tween‑20 (1:1,000) 4 times, 
the blots were incubated with horseradish peroxidase‑conju-
gated goat‑anti‑rabbit antibody (1:5,000; cat. no. 111035047; 
Jackson ImmunoResearch Laboratories, Inc.) at 37˚C for 
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1 h, and then developed with enhanced chemiluminescence 
detection reagents (Merck KGaA). Visualization was 
performed with a gel imaging analysis system (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. There were three repeats for each experi-
ment. The data were presented as the mean ± standard error of 
mean. One‑way analysis of variance followed by a Bonferroni 
post‑hoc test was applied for statistical analysis using 
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Suppression of MMP1 expression levels by siRNA. The 
mRNA and protein expression levels of MMP1 were evaluated 
by RT‑qPCR and western blotting, respectively (Fig.  1). 
All of the three designed siRNAs (siRNA1, siRNA2 and 
siRNA3) significantly reduced the expression levels of MMP1 
when compared with the NC and Con siRNA transfection 
cell groups, which confirmed the success of transfection. 
SiRNA1 and siRNA2 resulted in a significant decrease in 
MMP1 expression in SW620 cells when compared with the 
siRNA3‑transfected cell group. SiRNA2 was most efficient in 
silencing MMP1, and thus was selected for subsequent use.

Viability and migration of MMP1‑silenced CRC cells. The 
viability and migration of MMP1‑silenced CRC cells were 
presented in Figs. 2 and 3, respectively. The application of 
siRNA to silence MMP1 in SW620 cells resulted in signifi-
cantly reduced cell viability and migration ability compared 
with in the control untransfected group. That is, the viability 
and migration ability of SW620 cells were suppressed by 
siRNA‑induced MMP1 silencing.

Effects of radiation on cell viability and migration. The effects 
of various doses of X‑ray exposure on SW620 cells is presented 
in Fig. 4. The results of the present study revealed that cell 
viability decreased in a dose‑dependent manner following 
exposure to X‑ray radiation. Compared with the control group, 
cell viability was significantly reduced following exposure to 
0.5, 1, 3 and 6 Gy X‑ray radiation in a dose‑dependent manner. 
The results also demonstrated that cell viability was markedly 
decreased under treatment with 3 and 6 Gy X‑ray radiation 
when compared with 0.5 and 1 Gy treatment. These results 
suggested that different doses of X‑ray radiation could reduce 
the cell viability of SW620 cells to different extents, and a 
higher dose of X‑ray radiation had a greater inhibiting effect.

In addition, cell migration was evaluated via a Transwell 
assay. As presented in Fig.  5, compared with control and 
0.1 Gy X‑ray treated cells (Fig. 5A and B), the number of 
migrated cells was markedly lower in the experimental groups 
(Fig.  5C‑E) the average number of migrated cells within 
5 fields in the experimental groups (0.5, 1, 3 and 6 Gy X‑ray 
treated cells) was significantly lower than those of the blank 
control and the 0.1 Gy X‑ray treated cells. Therefore, different 
doses of X‑ray radiation could markedly repress the migration 
of SW620 cells.

Effects of radiation on MMP1 expression. As presented in 
Fig. 6, the effects of radiation on the mRNA expression levels 
of MMP1 were determined. As a result, when exposed to X‑ray 
radiation, the mRNA expression levels of MMP1 in SW620 
cells were significantly suppressed when compared with the 
untreated group. The cells exposed to 0.5 Gy X‑ray exhibited 

Table I. Primer sequences employed in the present study.

Primer 	 Sequence (5'‑3')

MMP1 forward 	 AAGAATGATGGGAGGCAAGT
MMP1 reverse 	 GGTTTCAGCATCTGGTTTCC
β‑actin forward 	 GGAGATTACTGCCCTGGCTCCTA
β‑actin reverse 	 GACTCATCGTACTCCTGCTTGCTG

MMP1, matrix metalloproteinase 1.

Figure 2. Viability of siRNA mediated SW620‑silenced cells: The viability 
of siRNA‑transfected SW620 cells was suppressed. *P<0.05 vs. Control. 
MMP1, matrix metalloproteinase 1; siRNA, small interfering RNA; MMP1, 
matrix metalloproteinase 1.

Figure 1. Effect of siRNAs on MMP1 at the (A) mRNA and (B) protein 
expression levels. siRNA1, siRNA2 and siRNA3 could significantly reduce 
MMP1 expression, especially siRNA2 which was most efficient in silencing 
MMP1. *P<0.05 vs. NC; #P<0.05 vs. Con siRNA. NC, negative control; 
siRNA, small interfering RNA; Con siRNA, control non‑interfering RNA; 
MMP1, matrix metalloproteinase 1.



JU et al:  EFFECT OF RADIATION ON MMP1 EXPRESSION2506

the lowest mRNA expression levels of MMP1 compared 
with the remaining groups. With increasing doses of X‑ray 
radiation (from 0.5 to 6 Gy), the mRNA expression levels of 
MMP1 were markedly elevated. Thus, X‑ray radiation could 
significantly decrease the mRNA expression levels of MMP1.

Discussion

The development of CRC is a complex process that involves 
multistage carcinogenesis (20). Preoperative radiotherapy is 
commonly used in the clinic and has been reported to be 
associated with decreases in recurrence rate; however, the 
effects of radiotherapy on CRC cells at the molecular level 
requires further investigation (21). MMP1 serves an important 
role in degrading tumor cells (22). In the present study, the 
SW620 cell line was selected to investigate the association 
between MMP1, cell viability and migration. Classified 
as Duke's type B level cancer, SW620 cells originate from 
mesenteric lymph node metastasis, with high invasive and 
malignancy potentials  (23). Therefore, the SW620 cell 
line may be suitable for the detection of cell viability and 
migration.

MMP1 serves an important role in the degradation of 
collagenous extracellular matrix in a variety of physiological 
and pathological situations (24). The association of MMP1 
and CRC has also been reported previously  (13,25). For 
example, Vogelstein et al (20) investigated the genotype of 
patients with CRC and revealed that MMP1 promoter poly-
morphisms affected the susceptibility of developing CRC 
due to abnormal alterations in the expression of MMP1. 
Additionally, MMP1 has been proposed as a prognostic 
factor of CRC; high MMP1 expression levels may indicate 
poor prognosis (13,25). To detect the effects of MMP1 on 
cell viability and migration, MTT and Transwell assays were 
performed in the present study. The viability and migration 
of SW620 cells were significantly suppressed following 
MMP1 downregulation in the present study, which indicated 
that MMP1 may serve a key role in cell migration.

The association between preoperative radiotherapy and 
MMP1 in CRC cells has not been well established. MMP1 
has been reported to be differentially expressed following 

preoperative chemoradiotherapy  (26). This has also been 
observed in patients with breast cancer, in which MMP1 
protein expression levels were downregulated following 
preoperative radiotherapy (27). The results of present study 
were consistent with the aforementioned findings, which 
revealed that MMP1 was significantly decreased following 
X‑ray radiation. However, from gene expression profile studies, 
alterations in the expression of MMP1 have not been observed 
in patients with CRC following radiotherapy (28,29). This may 
be due to varying sensitivities of radiation in different growth 
stages of tumors. Therefore, it appears necessary to consider 
tumor stages when combining MMP1‑targeted therapy with 
current radiotherapy regimens.

Radiation dosage serves an important role in radiotherapy 
for patients with cancer (30). In the present study, it was reported 
that the mRNA expression levels of MMP1 varied in response 
to different doses of X‑ray radiation. The results indicated that 
radiation dosage was associated with gene expression levels, 
which may affect the therapeutic efficiency. There is limited 
information regarding the radiation dosage of preoperative 
chemoradiotherapy on CRC. A high radiation dose (45 Gy) has 
been reported to affect the pathological complete response level 
of patients with rectal cancer (31). A previous study investigated 

Figure 4. Effects of different X‑ray doses on cell viability. Cell viability 
decreased in a dose‑dependent manner following exposure to X‑ray 
radiation, especially following treatment with 3 and 6 Gy X‑ray radiation. 
*P<0.05 vs. control cells (0 Gy).

Figure 3. Migration of (A) control cells and (B) siRNA‑silenced cells. The migration ability of siRNA‑transfected SW620 cells was inhibited. Magnification, x100. 
siRNA, small interfering RNA.
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the effects of X‑ray doses (0, 2, 4, 6 and 8 Gy) on the expression of 
microRNA (miR) ‑221 and p57kip2 in CRC cells, which revealed 
that radiation dose can affect the miR‑221/p57kip2 pathway (27). 
This may enhance the radiosensitivity of CRC cells (32). In 
the present study, the mRNA expression levels of MMP1 were 
significantly decreased in SW620 cells when exposed to X‑ray 
radiation. Additionally, the viability and migration of SW620 
cells prior to MMP1‑silencing were significantly reduced in a 
dose‑dependent manner. The results of the present study may 
provide novel insight into the radiotherapy of CRC in the clinic.

In conclusion, expression of MMP1 was associated with 
the promotion of the viability and migration of SW620 cells. 
X‑ray radiation of 6 Gy significantly reduced cell viability. 
It also appears necessary to consider tumor stages when 
applying combined MMP1‑targeted therapy with current 
radiotherapy regimens. In the future, investigation may be 
conducted with in vivo models or samples obtained from 
patients with CRC.
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