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 Background: This study investigated the effects and mechanism of imatinib in inhibiting colon cancer cell proliferation.
 Material/Methods: The SW480 cells were divided into 4 imatinib-treated groups: 0 μM, 1.25 μM, 2.5 μM, and 5μM. We analyzed 

the apoptosis and cell cycle of the 4 groups. The gene and protein expressions of p21, p27, HGF, and GAPDH 
were measured by RT-PCR and Western blot.

 Results: Compared with the 0-μM imatinib-treated group, the apoptosis of 1.25-μM, 2.5-μM, and 5.0-μM treated groups 
was significantly induced (P<0.05, all). The G1 phase was significantly up-regulated in the 1.25-μM, 2.5-μM, 
and 5.0-μM treated groups compared with the 0-μM imatinib-treated group (P<0.05, respectively), but the S 
and G2 phase of 3 imatinib-treated groups were significantly down-regulated (P<0.05, all). The gene and pro-
tein expressions of p27 and HGF were significantly different among the 4 groups (P<0.05, all).

 Conclusions: Imatinib inhibits proliferation of colon cancer cells by reducing HGF and increasing p27 in a dose-dependent 
manner.
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Background

Colon cancer is a common malignant tumor in the digestive 
system, and its incidence has been gradually increasing [1]. At 
present, chemotherapy for colon cancer still uses 5-Fluorouracil 
as the basis for combination chemotherapy drugs, but adverse 
effects are worse with this drug and patient tolerance is poor. 
Although the use of targeted drugs can improve the prognosis 
of patients with colon cancer, the mortality rate of colon can-
cer patients is still high, and it is now even more important to 
find new colon cancer drugs. There have been reports that ima-
tinib had a good therapeutic effect on gastric stromal tumors, 
leukemia, and gynecological tumors [2–7], but there are no re-
ports about the mechanism of imatinib in colorectal cancer.

At present, HGF is the most widely used growth factor in biolog-
ical studies, with the C-Met mediated by mitogen-activated pro-
tein kinase (MAPK), phosphoinositide 3-kinase (P13K), and Stat3 
pathway [8], promoting the inhibition of cell proliferation, divi-
sion, and apoptosis. Recent research found HGF is overexpressed 
in most tumors and is related with tumor cell proliferation. The 
correlation between imatinib and HGF in colon cancer is unclear.

The aim of this study was to investigate the effect of imatinib 
on the SW620 colon cancer cell line at different concentra-
tions and times, as well as to explore the mechanism of action.

Material and Methods

Materials

The chemical structure of imatinib (Sigma, with a purity ³98%) 
is shown in Figure 1. The colon cancer cell line SW480 was 
provided by the Shanghai Cell Bank of the Chinese Academy 
of Sciences. Fetal bovine serum (FBS) was purchased from 
Hyclone, Leibowitz’s L-15 medium and puromycin were bought 
from Gibco company, and rabbit anti-GAPDH, anti-HGF, anti-
p21, and anti-p27 were purchased from Sigma-Aldrich.

Cell culture

The SW480 cells were suspended by Dulbecco’s modified Eagle’s 
medium (DMEM) with 10% fetal calf serum and cultured in 
an incubator for a differential plating period of 90 min to al-
low attachment of the non-myocardial cells. The cardiomyo-
cytes were obtained from the deposit after centrifugation at 
1000 rpm for 8 min and plated in 10-cm culture dishes (Falcon) 
at a density of 1×105 cells/ml. Following incubation for 24 h, 
the cultures were washed 2 times with phosphate-buffered 
saline (PBS) to remove the dead and non-adherent cells. The 
medium was changed every 3 days during incubation, and the 
treatment factors were administrated on the fifth day. SW480 

cells were randomly divided into 4 groups by imatinib dose: 
0 μM, 1.25 μM, 2.5 μM, and 5μM for each of 4 different stains.

Apoptosis assay

The apoptotic cells were stained by Annexin V-FITC and the 
quantification was determined by FACSVerse using FACSuite 
analysis software (BD Bioscience). In brief, 0-μM, 0.625-μM, 
1.25-μM, 2.5-μM, and 5-μM treated cells were harvested and 
washed with PBS, then added to an annexin V-FITC solution 
and PI followed by fluorescence-activated cell sorting assay.

Cell cycle analysis

For cell cycle analysis, cells were stained with propidium iodide 
(PI) using the Cycletest Plus DNA Reagent Kit (BD Biosciences) 
following the manufacturer’s protocol, and the cell cycle dis-
tribution was analyzed by FACSVerse flow cytometer (BD 
Biosciences). The percentages of cells in G1, S, and G2 phas-
es were counted and compared. The experiments were car-
ried out in triplicate.

Real-time PCR

The cells of the 5 groups were lysed for the expression levels 
of P 21, P 27, and HGF by reverse transcription and real-time 
PCR. Total RNA of tissue samples was extracted and reverse 
transcribed into cDNA following the manufacturer’s protocol. 
To determine the expression of P 21, P 27, and HGF, quantita-
tive real-time PCR reaction was conducted. All reactions were 
performed in triplicate, and relative gene expression determi-
nations of P 21, P 27, and HGF were obtained.

Western blot

SDS-PAGE separated proteins were transferred to nitrocellu-
lose membranes and then incubated with 5% blocking reagent 
for 2 h at room temperature. Subsequently, the membranes 

Figure 1. The chemical structure of imatinib.
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were probed with antibodies specific to P27 (1:200, Santa Cruz, 
USA), P21 (1:500, Santa Cruz, UA) and GAPDH (1:1000, Santa 
Cruz, USA) overnight at 4°C. The membranes were washed 3 
times and incubated with goat anti-mouse P27 (1:1000; Santa 
Cruz, USA) or goat anti-rabbit IgG HRP (1:1000; Santa Cruz, 
USA) for 90 min at room temperature followed by enhanced 
chemiluminescence and exposure to chemiluminescent film.

Statistical analysis

Data are presented as mean ± standard deviation (SD) val-
ues. Statistical analyses between the 2 groups were evaluated 

using one-way ANOVA with SPSS 19.0 (SPSS Inc., Chicago, USA). 
P<0.05 was considered statistically significant.

Results

Apoptosis assay

Compared with the 0-μM imatinib-treated group, the apopto-
sis of 1.25-μM, 2.5-μM, and 5.0-μM treated groups were signif-
icantly induced (P<0.05) in a dose-dependent manner (P<0.05) 
(Figure 2, Table 1).
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Figure 2.  (A) Apoptosis assay of the 0-µM imatinib-treated group. (B) Apoptosis assay of the 1.25-µM imatinib-treated group. 
(C) Apoptosis assay of the 2.5-µM imatinib-treated group. (D) Apoptosis assay of the 5.0-µM imatinib-treated group.

Group UL UR+LR LL

0 µM  2.51±0.36  2.59±0.35  94.90±0.55

1.25 µM  2.29±0.10  33.22±0.52*  64.49±0.53*

2.5 µM  2.40±0.59  54.30±0.32*,**  43.30±0.66*,**

5.0 µM  2.40±0.29  68.07±1.10*,**,***  29.52±1.01*,**,***

Table 1. Apotosis assay in four groups(mean ±SD, %).

* P<0.05, there were significantly difference compared with 0 µM; ** P<0.05, there were significantly difference compared with 
1.25 µM; *** P<0.05, there were significantly difference compared with 2.5 µM
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Cell cycle

The G1 phase was significantly up-regulated in the 1.25-μM, 
2.5-μM, and 5.0-μM treated groups compared with the 0-μM 
imatinib-treated group (P<0.05), but the S and G2 phases of 
the 3 imatinib-treated groups were significantly down-regu-
lated (P<0.05), and there were significant differences among 
the 1.25-μM, 2.5-μM, and 5.0-μM treated groups in G1, S, and 
G2 phases (P<0.05) (Figure 3, Table 2).

Relative gene and protein expression

P21 gene and protein expression were not significantly differ-
ent among the 5 groups. The gene and protein expressions of 
P27 were significantly up-regulated with increasing imatinib 
doses (P<0.05); however, the HGF gene and protein expres-
sion were significantly down-regulated with increasing ima-
tinib doses (P<0.05) (Figures 4–6).

Group G1 S G2

0 µM  55.67±0.68  12.60±2.3  31.73±1.72

1.25 µM  64.44±0.79*  8.89±0.79*  26.67±0.78*

2.5 µM  75.12±0.79*,**  6.22±1.66*,**  18.66±1.09*,**

5.0 µM  82.51±0.76*,**,***  4.37±0.64*,**,***  13.12±0.90*,**,***

Table 2. Cell cycle in four groups (mean ±SD, %).

* P<0.05, there were significantly difference compared with 0 µM; ** P<0.05, there were significantly difference compared with 
1.25 µM; *** P<0.05, there were significantly difference compared with 2.5 µM.
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Figure 3.  (A) Cell cycle of the 0-µM imatinib-treated group. (B) Cell cycle of the 1.25-µM imatinib-treated group. (C) Cell cycle of the 
2.5-µM imatinib-treated group. (D) Cell cycle of the 5.0-µM imatinib-treated group.
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Discussion

The incident of colorectal cancer ranks third after lung can-
cer and gastric cancer in China, and the incidence rate is still 
growing every year [13,14]. Most patients with colon cancer 
have no symptoms at the early stage, and more than 75% of 
the patients are diagnosed with advanced cancer [15]. Clinical 
surgery is the main treatment, but the prognosis is not good.

Figure 4. P21 gene and protein expression in the 4 groups.
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Figure 5.  P27 gene and protein expression in the 4 groups. 
* P<0.05, significantly different compared with 0 µM. 
** P<0.05, significantly different compared with 
1.25 µM. *** P<0.05, significantly different compared 
with 2.5 µM.

2.50

2.00

1.50

1.00

0.50

0.00
0 µM

P27

GAPDH

1.25 µM

*

*,**,***
*,**

2.5 µM 5.0 µM

0 µM 1.25 µM 2.5 µM 5.0 µM

Figure 6.  HGF gene and protein expression in the 4 groups. 
* P<0.05, significantly different compared with 0 µM. 
** P<0.05, significantly different compared with 
1.25 µM. *** P<0.05, significantly different compared 
with 2.5 µM.
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Some previous studies reported that imatinib inhibits pro-
liferation of cancer cells [16–19]. However, there have been 
no reports about a relationship between imatinib and colon 
cancer. In the present study, we found that imatinib had an 
anti-proliferation effect on colon cancer cells. Recent stud-
ies found that tumors are caused by a kind of cell cycle dis-
ease. Cell proliferation is achieved through the operation 
of the cell cycle. The cell cycle is shown in G1, S, G2, and M 
stains. Some studies found that regulation of the cell cycle 
can inhibit cell proliferation [20–22]. In this study, we found 
that imatinib increased S stain and decreased G2 stain in a 
dose-dependent manner, showing that imatinib might have 
anti-proliferation effects through inhibiting the cell cycle. 
Furthermore, we wanted to study the mechanism of imatinib 
in molecular biology.

P21 and P27 are 2 critical regulators of cell survival and cell 
cycle by inhibiting both the DNA synthesis regulator prolifer-
ating cell nuclear antigen and activation of cyclin D1-CDK4/6 
complexes [23–25]. We found that P21 was not significantly 
different among the 4 groups (with or without imatinib treat-
ment), showing that imatinib had no effects on gene or pro-
tein expression of P21. However, our results also showed that 
imatinib decreased the percentage of cells undergoing apop-
tosis and promoted G1 phase arrest by stimulating gene and 
protein expression of P27. With increasing concentrations of 
imatinib, P27 gene and protein expression also increased. P21 
and P 27 were 2 key points in the cyclin-dependent kinase in-
hibitors (CKIs) signaling pathway, and are associated with the 
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cell cycle. We hypothesize that imatinib may have another path-
way in addition to the CKIs signaling pathway.

One of the remaining questions is the underlying mechanisms 
through which the HGF/c-MET pathway is activated in SW480 
cells. Some previous studies have reported activating muta-
tions of the HGF/c-MET pathway in non-small cell lung cancer, 
hereditary and spontaneous renal carcinomas, hepatocellular 
carcinomas, gliomas, gastric cancer, squamous cell carcinoma 
of the head and neck, and breast cancer [26–31]. Results of 

the present study show that imatinib enhanced HGF gene and 
protein expression in a dose-dependent manner. This mecha-
nism of imatinib to improve cell apoptosis rate was similar to 
that reported in previous studies.

Conclusions

Imatinib inhibits cell proliferation of colon cancer by stimulat-
ing P27 and HGF expression to enhance the cell apoptosis rate.
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