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Abstract: Colon cancer (CC) is a common malignant tumor of the digestive tract and is the third most popular cancer
worldwide. MT1M is a member of MT family, and has been suggested to regulate tumors such as liver cancer, thyroid
carcinoma, and cervical cancer. However, its expression or functional mechanism in CC remains unclear. Real-time
PCR was performed for analysis of expression of MTAM mRNA in CC tissues and adjacent tissues. The cultured CC
cell line SW620 was assigned into control and MT1M groups (transfected with MT1M plasmid) followed by analysis
of MT1M expression by real-time PCR, cell proliferation by MTT assay, cell apoptosis by flow cytometry, and tumor
invasion by Transwell chamber assay. Western blot measured expression of Bcl-2, Bax, NF-kB, and VEGF. MT1M was
down-regulated in CC tissues (P < 0.05 compared to adjacent tissues). Transfection of MT1M plasmid into SW620
cells enhanced expression. The proliferation of SW620 cells was inhibited, accompanied with enhanced cell apop-
tosis and suppressed tumor invasion, plus higher Bax expression and decreased expression of Bcl-2, NF-kB, and
VEGF (P < 0.05 compared to control group). In conclusion, MT1M is down-regulated in CC tissues and up-regulation
of MT1M facilitates CC cell apoptosis and inhibits cancer proliferation and invasion possibly through modulating the
NF-kB/VEGF signaling pathway.
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Introduction has not been significantly improved [6, 7]. On-
set and progression of CC involves multiple
steps and factors. Genetic factors can lead to
inflammatory change of normal colon epitheli-
um, for progressively generation of colon ade-
noma and CC [8, 9]. The pathogenic mecha-
nism for CC is complicated and has not been

fully illustrated yet.

Colon carcinoma (CC) is a common malignant
tumor of digestive tract, and mainly originates
at the junction site between colon and rectum.
With persisting high frequency, CC is the third
popular cancer worldwide [1, 2]. With life style
transition, and diet habit towards to more fatty
acid, meat and salted food, plus environmental
factors, CC incidence is continuously increased
[3]. In China, the incidence of CC is rapidly in-
creasing, with a younger patient population.

MT belongs to metal binding protein with lower
molecular weight and is widely expressed in
various tissues. MT sequence is enriched by
cystine but without aromatic amino acids [10,

However, the early screening, diagnosis, and
prevention of CC have difficulty, leading to per-
sistently high incidence of CC in China [4, 5].
Although continuous advancement of medical
technique has diversified treatment approach-
es for CC including surgery, radiotherapy, che-
motherapy and targeted treatment that can
improve the treatment in an individualized
manner, the overall treatment efficiency of CC

11]. Previous studies showed involvement of
MT in tumor pathogenesis and progression
[12]. MT1M is a member of metal sulfur protein
family and modulates tumors including liver
cancer, thyroid carcinoma and cervical cancer
[13, 14]. However, its expression or functional
role in CC remains poorly understood. The pres-
ent study aims to investigate the expression
profile of MT in CC.
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Materials and methods
General information of patients

A total of 32 CC patients who were diagnosed
as CC in the Department of Surgery in our hos-
pital between January 2017 and December
2017 were recruited. All patients have received
surgical treatment, aged between 39 and 69
years (average age = 45.2 + 7.3 years). Tissues
samples were collected during the surgery for
pathological examination, subtyping and stag-
ing. Both tumor tissues and adjacent tissues
(colon tissues more than 3 cm from tumor
edge) were collected and stored in liquid nitro-
gen for further assays. All cases were diag-
nosed as primary CC by pathological examina-
tion. Exclusive and inclusive criteria [9]: Primary
CC patients having not received surgery, che-
mo- or radio-therapy previously. Those patients
conferring recurrent or metastatic CC, having
received surgery, chemo- or radio-therapy, com-
plicated with other disorders, systemic immune
dysfunction, or complication of cancers, or
those patients are not able to or unwilling to
cooperate this study or its follow-up were
excluded. This study has been approved by the
medical ethics committee of our hospital. All
participants signed informed consents with full
knowledge to this study.

Major reagent and equipment

CC cell line SW620 (CCL-227™) was purchased
from ATCC cell bank (US). DMEM medium, pen-
icillin-streptomycin dual antibiotics was pur-
chased from Hyclone (US). Fetal bovine serum
(FBS), DMSO and MTT powder were purchased
from Gibco (US). Trypsin-EDTA lysis buffer was
purchased from Sigma (US). PVDF membrane
was purchased from Pall Life Sciences (US).
Western blot reagents were purchased from
Beyotime Biotech (China). ECL reagent was pur-
chased from Amersham Biosciences. Rabbit
anti-human NF-kB monoclonal antibody, rabbit
anti-human VEGF monoclonal antibody, rabbit
anti-human Bax monoclonal antibody, rabbit
anti-human Bcl-2 monoclonal antibody, and
goat anti-rabbit horseradish peroxidase (HRP)
conjugated 1gG secondary antibody were pur-
chased from Cell Signaling (US). RNA extraction
Kitand reverse transcription kit were purchased
from Axygen (US). PCR amplification kit and
PCR product purification kit were purchased
from Promega (US). Plasmid extraction kit and
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restriction endonuclease were purchased from
Roche (US). Annexin V-PI apoptotic assay kit
was purchased from BD (US). Lipo2000 reagent
was purchased from Invitrogen (US). Transwell
chamber was purchased from Corning (US). La-
bsystem Version 1.3.1 microplate reader was
purchased from Bio-rad (US). ABI 7700 Fast
fluorescent quantitative PCR cycler was pur-
chased from ABI (US). Ultrapure workstation
was purchased from Sutai Purification (China).
Sonic ultrasound rupture apparatus was pur-
chased from Sonics (US). Melody C6 flowy
cytometry was purchased from BD (US).

Grouping of CC cell line SW620

CC cell line SW620 kept in liquid nitrogen were
resituated for passage and randomly assigned
into two groups: control group receiving normal
cell incubation, and MT1M group transfected
with MT1M plasmid.

MT1M plasmid construction and cell transfec-
tion

MT1M sequence was designed by PrimerPre-
mier 6.0 and inserted into pCMV plasmid. Pri-
mer sequences were: forward, 5’-ATTGC CGACC
AATTC GGATG AACTG CTC-3’; reverse, 5-ATTCG
TCGAG CACAG CAGTC AGCTG-3'. Primers were
synthesized by Gimma Biotech (China). Using
clonal human CC cellular cDNA database as the
template, pCMV-MT1M was used to construct
cDNA containing restriction digestion site. Pro-
ducts were purified and digested by restriction
nuclease for ligation into pCMV plasmid. Reco-
mbinant plasmid pCMV-MT1M was confirmed
by dual restriction digestion and sequencing.

Real-time PCR for MT1M mRNA expression in
CC tissues and SW620 cells

Trizol reagent was used to extract RNA from CC
tissues, tumor adjacent tissues and SW620
cells from all groups. DNA reverse transcription
was performed following the manual instruc-
tion of test kit. Primers were designed by
PrimerPremier 6.0 and were synthesized by
Invitrogen Biotech (China) as in Table 1. Real-
time PCR was performed under the following
conditions: 56°C 1 minute, followed by 35
cycles each consisting of 92°C 30 seconds,
60°C 45 seconds and 72°C 20 seconds. Data
were collected and CT values of all samples
and standards were calculated based on fluo-
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Table 1. Primer sequence

was removed and 150 yl DMSO was

Gene Forward 5’-3’ Reverse 5’-3’

added into each well followed by 10

GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
MT1M  TCCTCTGCTCCTACCTAGT TGGGATTGTTGGTGTTTGTATA

minutes vortex. After complete resolv-
ing of crystal violet, absorbance (A) val-
ues were measured at 570 nm wave-

rescent quantification and using GAPDH as the
reference. Using CT values of standards as the
reference, a standard curve was plotted for
semi-quantitative analysis using 2-2°t approach.

Western blot for protein expression of Bcl-2,
Bax, NF-kB and VEGF

Proteins were extracted from all groups of SW-
620 cells. In brief, RIPA lysis buffer containing
proteinase inhibitor was added for cell lysis for
15~30 minutes on ice. Cells were ruptured by
ultrasound treatment (5 seconds, 4 times), and
cell lysate was centrifuged under 4°C with
10000 g for 15 minutes. The supernatant was
saved and proteins were quantified by Bradford
approach. Proteins were separated on 10%
SDS-PAGE, and transferred to PVDF membrane
using semi-dry method (230 mA, 2 hours). Non-
specific binding background was removed
using 5% defatted milk powder for 2 hours at
room temperature incubation. Primary antibody
(Bcl-2 at 1:2000, Bax at 1:1000, NF-kB at
1:1000 or VEGF at 1:2000) was added for over-
night incubation at 4°C. The next day, the mem-
brane was rinsed in PBST, and 1:2000 diluted
goat anti-rabbit secondary antibody was added
for dark incubation at room temperature for 30
minutes. The membrane was developed using
ECL reagent for 1 minute, followed by X-ray
exposure. Protein imaging processing software
and Quantity One system were used to scan
X-ray film and to measure band densities. All
experiments were repeated for four times (n =
4) for statistical analysis.

MTT assay for cell proliferation

SW620 cells at log-growth phase were inocu-
lated into 96-well plate at a density of 5 x 103
cells per well using DMEM medium containing
10% FBS. After 24 hour incubation, the super-
natant was discarded. Cells were randomly
assigned into two treatment groups as above-
mentioned. Each well was filled with 20 pul ster-
ile MTT after 48 hour incubation. Triplicated
wells were set for each treatment group. After 4
hour continuous incubation, the supernatant
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length in a microplate reader. The prolif-

eration rate of all groups was calculated
and each experiment was repeated for more

than three times.
Cell apoptosis assay

Culture medium of all groups was discarded,
and attached cells were rinsed by pre-cold PBS.
Cells were then digested and rinsed at 1000
rom for 5 minutes using 1X PBS. Cells were
fixed in 75% pre-cold ethanol for overnight incu-
bation at 4°C. After discarding 75% ethanol,
cells were rinsed in 1X PBS at 1000 rpm for 5
min, and were resuspended in 800 ul 1X PBS
mixed with 1% BSA. After adding 100 ug/ml PI
staining buffer (3.8% sodium citrate, pH7.0)
and 100 RnaseA (10 mg/ml), cells were incu-
bated in dark for 30 minutes at 37°C. Then 300
pl of 1X Binding buffer was added into the cell
mixture and cell apoptosis was measured by
flow cytometry.

Transwell chamber assay

Transwell assay was used to measure cell inva-
sion following the manual instruction of test kit.
In brief, serum-free DMEM medium was used
for 24 hour incubation. Transwell chamber was
pre-coated with 50 mg/L Matrigel dilution buf-
fer (1:5) on its bottom and upper membrane.
After 4°C air-drying, 500 yl DMEM medium con-
taining 10% FBS and 100 ul serum-free DMEM
medium prepared tumor cell suspensions were
added into interior and exterior of the chamber,
respectively. Triplicated wells were set for each
group, and the chamber was placed into 24-well
plate. Control group included Transwell cham-
ber without Matrigel. After 48 hour incubation,
the Transwell chamber was rinsed by PBS and
cells on the membrane was removed followed
by cold ethanol fixation. After staining in crystal
violet, cells on the lower phase of the mem-
brane were enumerated. Each experiment was
repeated three times.

Statistical processing

All data are presented as mean standard %
standard deviation (SD). Comparison of means
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Figure 1. Expression of MT1M in CC tumor tissues
and cells. *P < 0.05 comparing to tumor adjacent
tissues; #P < 0.05 comparing to the control group.

between two groups was performed by student
t-test. SPSS 11.5 software was used for statis-
tical analysis. Comparison among groups was
revealed by analysis of variance (ANOVA). Enu-
meration was analyzed by x? test. Pearson cor-
relation analysis was employed for correlation
analysis. A statistical significance was defined
when P < 0.05.

Results

Expression of MT1M in CC tumor tissues and
cells

Real-time PCR was used to measure expres-
sion of MTAM and showed significantly enhan-
ced MT1M mRNA expression in CC tumor tis-
sues (P < 0.05 compared to adjacent tissues).
Transfection of MTAM plasmid into CC cells
remarkably increased MT1M mRNA expression
(P < 0.05 compared to the control group, Figure
1).

Effects of MT1M on CC cell line SW620 prolif-
eration

MTT assay was used to test the effect of MTAM
transfection on proliferation of CC cell line SW-
620. Results showed that transfection of MT1M
for 48 hours significantly inhibited proliferation
of CC cell line SW620 (P < 0.05 compared to
the control group, Figure 2), suggesting that
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Figure 2. Effects of MT1M on proliferation of CC cell
line SW620. *P < 0.05 comparing to the control
group.

MT1M exerts prominent inhibitory role on SW-
620 cell proliferation.

Effect of MT1M on apoptosis of CC cell line
SW620

Flow cytometry was used to test the effect of
MT1M transfection for 48 hours on the apopto-
sis of CC cell line SW620 and found that 48
hour transfection of MT1M significantly induced
apoptosis of CC cell line SW620 (P < 0.05 com-
pared to control group, Figure 3), indicating th-
at MT1M could induce apoptosis of the CC cell
line SW620.

Effect of MT1M on invasion of CC cell line
SW6e20

Transwell chamber was used to measure the
effect of 48 hour MT1M transfection on inva-
sion potency of CC cell line SW620. Results sho-
wed that transfection of MT1M for 48 hours sig-
nificantly inhibited invasion potency of CC cell
line SW620 (P < 0.05 compared to the control
group, Figure 4), revealing that MT1M has a
prominent inhibitory role on invasion of CC cell
line SW620.

Effects of MT1M on apoptosis/anti-apoptosis

Western blot was used to analyze the effect of
48 hour MTAM transfection on the expression
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Figure 3. Effects of MT1M on CC cell line SW620 apoptosis. A. Flow cytometry to measure the effect of MT1M on CC
cell line SW620 apoptosis. B. Analysis of CC cell line SW620 apoptosis. *P < 0.05 comparing to the control group.
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Figure 4. Effect of MT1M on invasion of CC cell line SW620. A. Transwell chamber assay for the effect of MT1M on
the invasion of CC cell line SW620. B. Analysis for the effect of MT1M on SW620 cell invasion. *P < 0.05 comparing

to the control group.

of apoptotic/anti-apoptotic proteins in CC cell
line SW620. Results showed that 48 hour tra-
nsfection of MT1M transfection significantly
facilitated Bax expression and decreased Bcl-2
expression (P < 0.05 compared to control gr-
oup, Figure 5).

Effect of MT1M on NF-kB/VEGF signal path-
way of CC cell line SW620

Western blot was used to analyze the effect of
48 hour MT1M transfection on the NF-kB/VEGF
signaling pathway in CC cell line SW620. Res-
ults showed that transfection of MT1M into CC
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cell line SW620 significantly inhibited NF-«kB or
VEGF expression (P < 0.05 compared to the co-
ntrol group, Figure 6).

Discussion

MT is highly conserved and consists of four iso-
forms from MT-1 to MT-4, with wide distribution
in mammalian body [15, 16]. MT can detoxify
heavy metal poison such as zinc or cesium. It
can enhance body resistance via modulating
body adaption toward heavy metals or unfavor-
able environment, and can assist trafficking of
trace elements, thus exerting crucial roles in

Int J Clin Exp Med 2019;12(6):6901-6908
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Figure 5. Effect of MT1M on apoptosis/anti-apoptosis of CC cell line SW620. A. Western blot analysis for the effect
of MT1M on apoptosis/anti-apoptosis of CC cell line SW620. B. Analysis of the effect of MT1M on expression of
proteins related with apoptosis/anti-apoptosis in CC cell line SW620. *P < 0.05 comparing to the control group.
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Figure 6. Effects of MT1M on the NF-kB/VEGF signaling pathway. A. Western blot for the effect of MT1M on the NF-
kB/VEGF signaling pathway of CC cell line SW620. B. Analysis for the effect of MT1M on the NF-kB/VEGF signaling
pathway of CC cell line SW620. *P < 0.05 comparing to the control group.

clearance of free radicals [17]. MT1M gene
belongs to MT-1 subtype. Clinical studies con-
firmed that MT1M played important roles in
tumor cell modulation. For example, MT1M
down-regulation was observed in thyroid can-
cer cells and breast cancer tissues, thus facili-
tating tumor cell growth and proliferation [18].
Therefore, MT1M has promising perspectives
to become a potential novel target for tumor
treatment. However, expression of MT1M in CC
tissues or related mechanism has not been elu-
cidated yet. This study thus constructed a
eukaryotic expression plasmid of MT1M gene,
which was transfected into CC cells to investi-
gate the effect of MTAM on CC cell biological
behavior. In the present study, transfection of
CC cell line SW620 with the MT1M gene signifi-
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cantly inhibited CC cell proliferation. Further
studies on apoptosis or invasion of CC cell line
SW620 demonstrated that transfection of
SW620 cells by MT1M gene could facilitate
tumor cell apoptosis and inhibit invasion. These
results demonstrate that the MT1M gene could
enhance the inhibitory role on proliferation and
invasion of CC cell line SW620, to facilitate
tumor cell apoptosis for further modulating
tumor occurrence and progression.

Cell apoptosis plays crucial roles in modulating
onset and progression of CC [19]. Cell apopto-
sis refers to the kind of homeostatic control of
the body including inhibition of tumor over-
growth and retarding tumor metastasis. Over-
expression of Bcl-2 expression and apoptotic

Int J Clin Exp Med 2019;12(6):6901-6908
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protein Bax down-regulation are closely associ-
ated with imbalanced apoptosis/anti-apoptosis
homeostasis of liver cancer cells [20]. In addi-
tion, nuclear factor NF-kB has also been dem-
onstrated to participate in tumor pathogenesis
[241]. Vascular endothelial growth factor (VEGF)
plays roles in tumor angiogenesis, tumor prolif-
eration and invasion, and tumor progression
possibly through modulating NF-kB/VEGF path-
way [22, 23]. Therefore, the functional mecha-
nism was further investigated and it was found
that MT1M inhibits the NF-kB/VEGF signaling
pathway, suppresses Bcl-2 and potentiates Bax
expression. However, the current study still has
limitations such as relatively smaller sample
size that requires further large cohort clinical
study. Moreover, further mechanistic studies
are required to provide evidence for clinical
demonstration of MT1M as a therapeutic target
for the treatment of tumors.

Conclusion

MT1M is down-regulated in CC tumor tissues.
Up-regulation of MTAM modulates expression
of apoptosis/anti-apoptosis proteins possibly
via modulating the NF-kB/VEGF signaling path-
way.
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