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Abstract
AIM: To investigate the possible mechanism of how 
glucose promotes invasion and metastasis of colon 
cancer cells.

METHODS: CT-26 rat colorectal cancer cells were cultured 
in different concentrations of glucose environments (10, 
20, and 30 mmol/L). Wound healing assay and transwell 
chamber invasion assay were utilized to test the migration 
and invasion, respectively. In order to understand the 
role of signal transducer and activator of transcription 3 
(STAT3) in the process, STAT3 inhibitors, including Stattic 
(an STAT3 specific inhibitor) and small interfering RNA 
targeting STAT3, were used to block STAT3 function to 
evaluate their impact on CT-26 cell motion. To verify 
whether STAT3 and matrix metalloproteinase-9 (MMP-9) 
protein expression is associated with glucose-induced 
cell movement, Western blot was used to compare the 
differences in the expression of MMP-9 and STAT3 in 
cells incubated with and without STAT3 inhibitors in high 
glucose condition.

RESULTS: In both wound healing and invasion assays, 
the migration and invasion of CT-26 cells increased 
gradually with the increase in glucose concentration. 
However, the glucose-induced migration and invasion 
were obviously inhibited by STAT3 inhibitors (P  < 0.05). 
Similarly, in Western blot assessment, both MMP-9 
and STAT3 expression increased under a high glucose 
environment and the highest expression was achieved 
when 30 mmol/L glucose was used. However, in cells 
treated with 30 mmol/L mannitol, either MMP-9 or STAT3 
expression did not increase (P  > 0.05). When STAT3 
inhibitors were added in the 30 mM glucose group, 
not only STAT3 but also MMP-9 expression decreased 
significantly (P < 0.05).
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CONCLUSION: Our study provides evidence that glucose 
can promote both migration and invasion of CT-26 cells, 
and that the STAT3-induced MMP-9 signal pathway is 
involved in this process.
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and activator of transcription 3; Matrix metalloproteinase-9; 
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Core tip: It has been known from several epidemiological 
reports that colorectal cancer patients with comorbid 
diabetes have poor outcomes. The high glucose status 
in diabetes patients may play an important role in this 
process, but the possible mechanism is unclear. Our study 
reveals that glucose can promote colorectal cell migration 
and invasion, and the signal transducer and activator 
of transcription 3 induced matrix metalloproteinase-9 
expression is involved in this process.

Lin CY, Lee CH, Huang CC, Lee ST, Guo HR, Su SB. Impact 
of high glucose on metastasis of colon cancer cells. World J 
Gastroenterol 2015; 21(7): 2047-2057  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i7/2047.htm  DOI: 
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INTRODUCTION
Colorectal cancer is the third most common cancer in 
both sexes worldwide[1]. The prognosis of colorectal 
cancer is related to its clinical stage. According to the 
American Joint Committee on Cancer staging system, 
the five-year survival rate is less than 60% in patients 
with colorectal cancer with lymph node metastasis (stage 
Ⅲ) , and less than 10% in those with distal metastasis 
(stage Ⅳ)[2]. Therefore, understanding and avoiding 
the metastasis of colorectal cancer cells is important for 
prolonging patient survival.

Metastasis is a complex multistep process. The 
malignant cells must separate from the original cell 
clump, pass through the tightly bound extracellular matrix 
(ECM) barrier, and then migrate to distant organs[3]. 
One critical step in the process is that malignant cells 
dissolve basement membranes and ECM. The matrix 
metalloproteinases (MMPs), a large multigene family of 
zinc-dependent endopeptidases, have been thought to 
mediate and control the process[4]. MMP-9 is known as 
an important enzyme that degrades ECM and mediates 
angiogenesis in tumor cells[5]. The concentration of 
MMP-9 in patients with colorectal cancer is positively 
correlated with the depth of intestinal invasion, lymph 
node metastasis, and distant metastasis[6]. Therefore, 
MMP-9 is considered an important factor associated with 
tumor invasion and metastasis in colorectal cancer, and 
can serve as a potential prognostic factor for colorectal 

cancer[7].
Janus kinase-signal transducer and activator of 

transcription (JAK-STAT) is a signaling pathway that receives 
extracellular signals and transfers the message directly 
in the nucleus of the target gene without going through 
a second messenger[8]. JAK-STAT is involved primarily 
in immune regulation, cell growth, and differentiation[9]. 
There are several different types of STAT, and STAT3 is 
involved in the early embryonic development of animal 
cells, inflammation, and growth regulation, among other 
functions[10]. In colorectal cancer, the activation of STAT3 
is associated with the increased incidence of lymph 
node involvement, distant organ metastasis, and poor 
survival[11,12].

Many epidemiological studies have also pointed out 
that patients with diabetes, regardless of gender, have a 
higher risk of colorectal cancer[13,14] . At the same time, 
patients with colorectal cancer with comorbid diabetes 
have poor outcomes[15,16]. It is still unclear whether the 
high blood sugar in patients with diabetes promotes 
the invasion of colorectal cancer cells and the detailed 
mechanism of this process is not well elucidated. The 
association of glucose with cancer cell migration has been 
investigated in some cancers. An in vitro breast cancer 
study pointed that high glucose can increase breast 
cancer MCF-7 cell motility via zinc and its associated 
transporters[17]; another study using pancreatic cancer 
cells has also found that glucose stimulates glucose 
metabolism and promotes cell migration via hypoxia-
inducible factor-1α[18]. Therefore, the high glucose in 
diabetic patients may be one of possible factors to 
promote cancer cell movement. Here, we explored 
whether a high glucose environment increases the 
migration and invasion of colon cancer cells and the 
possible role of STAT3 and MMP-9 in the process.

MATERIALS AND METHODS
Reagents
STAT3 specific inhibitor (Stattic) was purchased from 
Abcam (Cambridge, MA, United States); small interfering 
RNA (siRNA) (siGENOME SMARTpool) for SATA3 from 
Thermo Fisher Scientific (Waltham, MA, United States); 
siRNA transfection reagent (TransIT-TKO) from Mirus Bio 
(Pittsburgh, PA, United States); and antibodies against 
STAT3, MMP-9, and actin from Millipore (Millicell; Bedford, 
MA, United States).

Cell cultures
The rat colon cancer cell line CT-26 was bought from 
the Culture Collection and Research Center of the Food 
Industry Institute (Hsinchu City, Taiwan) and maintained 
in RPMI-1640 (Hyclone, Logan, UT, United States) 
supplemented with 10% (v/v) fetal bovine serum (FBS), 
100 IU/ml penicillin and 100 μg/ml streptomycin, 
sodium pyruvate (0.11 mg/ml), and 1% (v/v) non-
essential amino acids at 37 ℃ in a 5% CO2-95% air 
atmosphere with high humidity.
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Western blot
Proteins were extracted from tissue homogenates and 
cell lysates using an ice-cold radioimmunoprecipitation 
assay buffer supplemented with phosphatase and protease 
inhibitors (50 mmol/L sodium vanadate, 0.5 mmol/L 
phenylmethylsulphonyl fluoride, 2 mg/mL aprotinin, and 
0.5 mg/mL leupeptin). Protein concentrations were 
determined using a Bio-Rad protein assay (Bio-Rad 
Hercules, CA, United States). Total proteins (30 μg) were 
separated using SDS-PAGE (sodium dodecyl sulfate 
polyacrylamide gel electrophoresis) (10% acrylamide 
gel) (Mini-Protein Ⅱ system; Bio-Rad, Richmond, CA). 
Proteins were transferred to expanded polyvinylidene 
difluoride membranes (PerkinElmer, Waltham, MA, 
United States) using a Western blotting system (Trans-
Blot Turbo Transfer System; Bio-Rad). After the transfer, 
the membranes were washed with phosphate buffer 
saline and blocked for 1 h at room temperature with 
5% (w/v) skimmed milk powder in PBS. Blots were 
incubated overnight at 4 ℃ for the primary antibody 
reactions to bind the target proteins: nuclear STAT3, 
cytoplasmic STAT3, and MMP-9. The blots were incu
bated with goat polyclonal antibody (1:1000) to bind 
actin, which was the internal control. After the primary 
antibody had been removed, the blots were extensively 
washed with PBS/Tween 20 and then incubated for 2 h 
at room temperature with the appropriate peroxidase-
conjugated secondary antibody diluted in PBS/Tween 
20. The blots were developed using autoradiography 
with an enhanced chemiluminescence Western blotting 
system (Amersham International, Buckinghamshire, 
United Kingdom). The immune blots were quantified 
using a laser densitometer (Avegene Life Science, 
Taipei, Taiwan).

RNA interference
Duplexed RNA oligonucleotides for rat STAT3 (Stealth 
RNA interference) (siGENOME SMARTpool) were synthe
sized by Thermo Fisher Scientific. CT-26 cells were 
transfected with 50 nmol/L of STAT3 siRNAs (siRNA-
STAT3) or scrambled siRNA using a transfection reagent 
(TransIT-TKO; Mirus Bio, Madison, WI, United States), 
incubated for 48 h after transfection, and then used for 
further investigation.

Invasion assay
The in vitro invasion assays were done using a transwell 
chamber with a 12-mm diameter and a polycarbonate 
membrane with 8-μm pores (Corning Costar, Cambridge, 
MA, United States) coated with Matrigel[19,20]. Cells were 
trypsinized and suspended at a final concentration of 
106 cells/mL in serum-free RPMI-1640 medium. Various 
concentrations of glucose (10, 20, and 30 mmol/L) 
were added to the cells 24 h before they were seeded. 
The cell suspension was added to the upper chamber of 
the transwell chamber. The bottom chamber contained 
medium with 5% FBS. After they had been incubated for 
24 h at 37 ℃ under a 5% CO2 and 95% air atmosphere, all 

of the non-invaded cells were removed; the invaded cells 
were fixed with 4% paraformaldehyde and stained with 
hematoxylin. Images were collected using a fluorescence 
microscope (IX70; Olympus America, Center Valley, PA, 
United States) fitted with a camera and MagnaFire 2.1 
software (both from Olympus America). Six fields were 
counted for each assay.

Wound healing assay
To study the wound-fill rate in vitro, we used an in vitro 
wound-healing model, which has been well-described 
and successfully used by other investigators[21-23]. Briefly, 
CT-26 cells were grown until confluence and 3-mm-wide 
wounds in the cell monolayers were created using a sterile 
instrument in a standardized manner. The wounded cell 
monolayers were grown in various concentrations of 
glucose (10, 20 and 30 mmol/L) for 24 h. The gaps in the 
monolayers were documented using inverse microscopy 
(IX70) and digital photography. The widths of the gaps 
were then measured and analyzed using MagnaFire 2.1.

Statistical analysis
Data are expressed as mean ± SE. Repeated measures 
analysis of variance was used to analyze the changes in 
gene and protein expression as well as other parameters. 
Significance was set at P < 0.05.

RESULTS
Effect of glucose on the migration of CT-26 cells (wound 
healing analysis)
A 3-mm wide wound gap was created on the confluent 
monolayer of CT-26 cells in a Petri dish. The CT-26 cells 
were then incubated with 3 different concentrations of 
glucose (10, 20 or 30 mmol/L) for 12 h. The higher the 
concentration of glucose was, the more CT-26 migrated 
cells into the gap (Figure 1).

Effect of glucose on the invasion of CT-26 cells (invasion 
assay)
The suspended CT-26 cells were incubated with different 
concentrations of glucose (10, 20 or 30 mmol/L). The cell 
suspension was then transferred to the upper chamber 
of a transwell chamber. After 24 h, the noninvasive CT-26 
cells were removed. The higher the glucose concentration 
was, the more CT cells penetrated through the basement 
membrane. All differences between glucose-treated and 
control cells were significant (P < 0.05 for all) (Figure 2A, 
B). The number of invasive CT-26 cells was about twice 
as high in the 30-mmol/L culture than in the 0-mmol/L 
culture (Figure 2B).

Effect of stattic on the migration of CT-26 cells
To determine whether STAT3 signaling is involved in 
the CT-26 cell migration, Stattic was added both to 
the glucose-free (0 mmol/L control group) and to the 
30-mmol/L glucose-cultured group. A wound-healing 
analysis was then performed. In the glucose-free 
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Figure 1  Effect of glucose on migration of CT-26 cells. CT-26 cells were incubated with various concentrations of glucose (as indicated) for 12 h. The number of 
CT-26 cells that moved to the cell-free gap dose-dependently increased. Bar = 50 μm, n = 6 per group.
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Figure 2  Effect of glucose on invasion of CT-26 cells. A: The number of CT-26 cells that penetrated the basement membrane dose-dependently increased; B: 
About twice as many CT-26 cells in the 30 mmol/L group as in 0 mmol/L group penetrated the basement membrane (aP < 0.05 vs the control group). Bar = 100 μm, n 
= 6 per group.
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control group, migration was not significantly affected 
by different Stattic concentrations (as indicated) (Figure 
3A). However, in the 30-mmol/L glucose group, the 
number of the migrated cells was reduced gradually 
with increasing concentrations of Stattic (Figure 3B).

Effect of Stattic on the invasion of CT-26 cells
To determine whether STAT3 signaling is involved in 
CT-26 cell invasion, we added Stattic (1 × 10-6 mol/L) 
to 30-mmol/L glucose-cultured CT-26 cells. Compared 
with glucose-free control cells, the invasion of CT-26 
cells was markedly higher in the group incubated with 
30 mmol/L of glucose; however, in the group incubated 
with 30 mmol/L of glucose plus Stattic, the invasion of 
CT-26 cells was almost totally blocked (Figure 4).

Effect of siRNA on the migration of CT-26 cells
We used 50 nmol/L siRNA to test the effect of STAT3 on 
CT-26 cell migration. In the glucose-free control group, 
migration was negligible (Figure 5A); in the 30-mmol/L 
glucose and scramble (scrambled oligonucleotides) 
groups, CT-26 cells clearly moved into the wound gap 
(Figure 5B, C). In the group incubated with 30 mmol/L 
of glucose plus 50 nmol/L siRNA, CT-26 cell migration 
was substantially inhibited (Figure 5D).

Effect of siRNA on the invasion of CT-26 cells
We also used 50 nmol/L siRNA to explore the effect of 
STAT3 on CT-26 cell invasion. In the 30-mmol/L glucose 
and scramble groups, invasion was about twice as high 
as in the glucose-free control group (P < 0.05 compared 
with control group) (Figure 6A), but in the 50 nmol/L 
siRNA + 30 mmol/L glucose group, invasion was almost 
totally inhibited (P < 0.05 compared with the 30-mmol/
L glucose group) (Figure 6B).

STAT3 and MMP-9 expression in cells treated with 30 
mmol/L glucose
CT-26 cells were incubated in a 30-mmol/L glucose 
environment, and then, using Western blot with actin 
protein as an internal control, we detected the timeline 
of STAT3 and MMP-9 activation (Figure 7). MMP-9 
and nuclear STAT3 expression peaked at 8 h, and 
cytoplasmic STAT3 peaked at 10 h.

Effect of glucose on STAT3 and MMP-9 expression
We then explored the relationship between glucose and 
the activation of STAT3 and MMP-9. Because nuclear 
STAT3 and MMP-9 peaked within 8 h, we incubated 
CT-26 cells with different concentrations of glucose [0 
(control), 10, 20 and 30 mmol/L] for 8 h. The higher the 
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Figure 3  Effect of Stattic on CT-26 cell migration. a: Control group; B: 30 mmol/L glucose-cultured group. In the glucose-free control group, Stattic had no 
noticeable effect on CT-26 cell motility. However, in the 30 mmol/L glucose group, the motility was noticeably dose-dependently lower. Bar = 200 μm, n = 6 per group.
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glucose concentration, the higher the levels of expression 
of nuclear STAT3 and MMP-9 (P < 0.05 for all) (Figure 8A, B 
and C). To exclude the effect of the glucose concentration 
on the activation of STAT3 and MMP-9, we also tested 
the effect of 30 mmol/L mannitol on their expression and 
activation. There was no significant difference between 
the 30 mmol/L mannitol group (M30) and the control 
group (P > 0.05 compared with the control group) (Figure 
8B, C).

Effect of Stattic on STAT3 and MMP-9 expression
To see whether there is a correlation between STAT3 
and MMP-9 in a high-glucose environment, Stattic was 
added, and then STAT3 and MMP-9 protein expression 
was analyzed using Western blot (Figure 9A). In the 
30 mmol/L glucose group without Stattic, both MMP-9 
and STAT3 were activated (P < 0.05 compared with 
the control group). However, after Stattic was added, 
both STAT3 and MMP-9 expression was slightly lower 
(Figure 9A) than in the glucose-free control (P < 0.05 
compared with the 30 mmol/L glucose group) (Figure 
9B, C).

Effect of siRNA on STAT3 and MMP-9 expression
SiRNA (50 nmol/L) was used to evaluate the association 
between STAT3 and MMP-9 expression in a high-glucose 

environment. In both the 30 mmol/L glucose (HG30) 
group and in the scramble group, MMP-9 expression 
was significantly (P < 0.05) higher than that in the 
control and siRNA groups. In the siRNA group, MMP-9 
expression was slightly but significantly (P < 0.05) lower 
than that in the glucose-free group (Figure 10 A, B).

DISCUSSION
We found that glucose promoted CT-26 cell migration 
and invasion and that both were directly glucose dose-
dependent. When STAT3 inhibitor, Stattic or siRNA, was 
added to a high-glucose environment, both glucose 
induced CT-26 cell migration and invasion were inhibited. 
This indicated that the STAT3 signaling pathway is 
associated with regulating the effect of glucose on CT-26 
cell migration and invasion.

In developing and developed countries, diabetes and 
cancer have become major health problems. Studies 
began to report an association between diabetes and 
cancer in 1959[24]. Since then, epidemiological studies 
claim that diabetes is one risk factor of cancers and 
indicates a poor prognosis.

The possible reasons for the correlation between DM 
and cancers might come from their shared risk factors. 
Those risks included the unchangeable factors such 
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Figure 4  Effect of Stattic on the invasion of CT-26 cells. A: In the 30 mmol/L glucose group (center), more CT-26 cells invaded than in the glucose-free control 
group (left). After Stattic had been added, the invasion of CT-26 cells was markedly lower (right); B: The invasion of CT-26 cells was obviously blocked after Stattic 
had been added. aP < 0.05 vs the control group; cP < 0.05 vs the 30 mmol/L glucose group. Bar = 100 μm, n = 6 per group. Stattic: 1 × 10-6 mol/L.
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BA DC

30 mmol/L Glucose + Stattic30 mmol/L GlucoseControl

Lin CY et al . High glucose in colon cancer metastasis



as aging, sex, and race; the modifiable life style and 
behavioral factors such as obesity, physical activity, diet, 
alcohol, and smoking. Nevertheless, whether diminishing 
these factors is expected to simultaneously reduce the 
DM and cancer risk is still debatable. Taking overweight 
as an example, weight loss has been shown to be helpful 
in reducing DM incidence. However, it is still unclear 
whether it can also reduce the incidence of cancers. 

Because of the lack of large and rigorous research 
data, there is still lack of sufficient evidence to prove its 
efficacy[25].

In addition to these common risk factors for both 
DM and cancers, the abnormal metabolism of DM itself 
also seems to contribute the occurrence of cancers. 
Diabetes is caused by a series of glucose metabolism 
dysfunctions and ultimately leads to an abnormal 
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increase in blood sugar. Its causes and characteristics 
include the following: the insulin resistance of cells leads 
to insulinemia, insufficient insulin secretion, excessive 
or inappropriate glucagon secretion, abnormal hepatic 
glucose metabolism and gluconeogenesis, abnormal 

growth hormone secretion, and so on.
The abnormalities in the regulation of glucose metabolism 

may lead to the proliferation and growth of abnormal 
cells and, finally, to oncogenesis[26,27]. Nevertheless, the 
possible biologic links between diabetes and cancer are still 
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glucose group. n = 6 per group. HG30: Glucose 30 mmol/L; Stattic: 1 × 10-6 mol/L.
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incompletely understood.
The biophysiological factors that may contribute 

to the development of colorectal cancer in patients 
with diabetes include diabetes-related obesity, high 
insulinemia, high blood C-petite, high blood insulin-
like factor-1, high blood leptin, low blood insulin growth 
factor binding protein-3, and low blood adiponectin[28,29]. 
However, the possible mechanisms by which diabetes 
affects the invasion and metastasis of colorectal cancer 
cells are not well studied and remain unclear.

Among the mechanisms of abnormal glucose me
tabolism in diabetes, overactive gluconeogenesis is 
one that causes high blood glucose[30,31]; however, its 
exact mechanism is not well understood. Some studies 
using cell culture and mouse liver tissue have pointed 
out that blood insulin resistance interacts with IL-6 and 
STAT3 signaling pathways to regulate gluconeogenesis-
related gene activation and inhibition[32-34]. The STAT3 
pathway as part of abnormal glucose metabolism is 
found not only in liver gluconeogenesis; some studies 
report that STAT3 is also related to the proliferation 
and differentiation of other types of tissue in a high-
glucose diabetic environment. For example, renal 
glomerular mesangial cells are stimulated and undergo 
proliferation through the STAT3 signaling pathway, 
ultimately leading to diabetes nephropathy[35]. In 
addition, a study using in vitro differentiated myocytes, 
which were derived from human skeletal muscle 
satellite cells of obese patients with type Ⅱ diabetes, 
reported that after they had been treated with IL-6, 
the phosphorylation of STAT3 increased in myocytes, 
thereby affecting the abnormal reaction of muscle 
tissue to insulin and hyperglycemia[36]. Therefore, 
the STAT3 signaling pathway seems to be involved 

in diabetes-related abnormal physiological conditions 
such as hyperglycemia, nephropathy, and muscle-
tissue glucose utilization. In colorectal cancer, the 
abnormal activation of STAT3 may also influence and 
promote the invasion of colorectal cancer cells. As a 
result, the glucose-induced overactive STAT3 pathway 
may contribute to the poor prognosis of patients with 
comorbid colorectal cancer and diabetes mellitus.

Distant organ metastasis is one of most important 
causes of cancer death. In colorectal cancer, MMP-9 
is known as an important factor involved in colorectal 
cell metastasis. Therefore, influencing and controlling 
the activation of the MMP gene will be important for 
cancer cell metastasis and invasion. The relationship 
between STAT3 activation and MMP-9 expression has 
been reported in different tissue types and cancer 
cells. A study using human mammary epithelial cells 
found that sustained activation of STAT3 immortalized 
mammary epithelial cells into cancerous cells, and that 
this carcinogenic mechanism required MMP-9 activation 
and expression. Tyrosine phosphorylated STAT3 has 
also been strongly positively correlated with MMP-9 
expression[37], and when the STAT3-induced MMP-9 
pathway was inhibited, breast cancer cell invasion 
and metastasis were also inhibited[38]. Another report 
on human skin squamous cell carcinoma found that 
inhibiting the STAT3 activity in transfected cancer cells 
also inhibited the expression of MMP-9 and the invasion 
of the transfected cells[39]. Moreover, STAT3 activation 
and MMP-9 expression are also associated in myeloid 
cells and fibroblast cells[40,41]. We also found a correlation 
between STAT3 activation and MMP-9 expression in 
colorectal cancer cells in a high-glucose environment.

Although our study provides evidence that glucose 
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Figure 10  Effect of siRNA on matrix metalloproteinase-9 expression. In the HG30 group, matrix metalloproteinase-9 (MMP-9) expression was significantly higher; 
in the scramble group, it was not affected; in the siRNA group, it was significantly inhibited. aP < 0.05 vs the control group; cP < 0.05 vs the 30 mmol/L glucose group. n 
= 6 per group. HG30: Glucose 30 mmol/L; siRNA: 50 mmol/L.
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promotes the migration and invasion of CT-26 cells, 
and that the STAT3-induced MMP-9 signal pathway is 
involved in this process, there are some limitation and 
unanswered questions in our study. First, in order that 
cells could be presented both vertical and horizontal 
motions to evaluate the effects of invasion and migration, 
we used stuck-type rat CT-26 cells but not human colon 
cells in our study. Whether the effect is also active in 
human cell lines needs further investigation. Second, in 
clinical tumor niche, the production of MMP-9 could be 
derived from the tumor itself, surrounding stromal cells 
or inflammatory polymorphonuclear leukocytes[42]. So, 
the function and interaction of MMP-9 from different 
origin may play diverse effects in tumor cells. In our 
study, the MMP-9 is produced by CT-26 tumor cell only, 
so, we could only evaluate the effect of MMP-9 induced 
by STAT3 in colon cells itself. The interactions of STAT3 
with MMP-9 which comes from extra-tumor cells need 
further study. Third, although MMP-9 expression is 
related with colorectal cancer with liver metastasis, a 
clinical study pointed out that the non-expression of 
MMP-9 in Duke B stage colorectal cancer patients is a 
poor predictor factor for survival[43]. Because MMP-9 plays 
multi-faceted role in different phases of the tumorigenic 
process, the expression of MMP-9 from tumor cells needs 
further studies to elucidate the final clinical outcomes. 
Therefore, in the future, we need more studies using 
human colon cells, as well as animal experiments to 
improve the deficiencies in our study and clarify the 
above controversies.
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