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ABSTRACT
Colon cancer is a malignant tumor that seriously affects human health. Recently, studies revealed
that the expression of MTBP enhanced the proliferation and metastasis of many types of cancer
cells. And the data also showed that MTBP has the potential to regulate the expression of ZEB2.
However, it is unclear whether MTBP can affect the proliferation, migration and invasion of
colon cancer cells by modulating the expression of ZEB2. In this study, we established the MTBP
overexpression and knockdown colon cancer cells with the transfection. Next, CCK-8 and
transwell assays were carried out to determine the changes of the proliferation and invasion of
colon cancer cells, respectively. After that, we overexpressed the ZEB2 in these MTBP
knockdown colon cancer cells. Finally, the invasion and migration of these cells were detected
with the same methods. We revealed that overexpression of MTBP enhanced the proliferation
and invasion of colon cancer cells. Moreover, suppression of MTBP repressed the proliferation,
migration and invasion of colon cancer cells. Furthermore, MTBP promoted the expression of
ZEB2. The overexpression of ZEB2 abolished the MTBP knockdown induced inhibition of the
migration and invasion of colon cancer cells. These results implied that MTBP enhanced the
proliferation, migration and invasion of colon cancer cells by activating the expression of ZEB2.
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Introduction

Colon cancer is one of the three leading causes of tumor-
related deaths in the world, with 1.02 million new cases
and 530,000 deaths each year (Dienstmann et al. 2017).
In recent years, due to the continuous improvement of
surgical procedures and the update of chemotherapy,
the treatment effect of colon cancer has been signifi-
cantly improved, and the pain of patients has been sig-
nificantly alleviated (Snaebjornsson et al. 2017). Despite
the enhanced efficacy on the treatment of colon cancer,
the mortality and prognosis of colon cancer patients
have not been significantly improved. There was study
have shown that metastasis was the leading cause of
death in colon cancer patients, and more than one-
third of colon cancer patients will eventually suffered
from the metastasis of colon cancer, which brought
great difficulties to clinical treatment and seriously
affected the quality of life of patients (Gray et al. 2017).

The E-box zinc finger binding protein family of zinc
finger structure transcription factors is a key transcription

factor of embryonic development process, including E-
box zinc finger binding protein 1 (ZEB1) and E-box zinc
finger binding protein 2 (ZEB2) (Wang et al. 2019). ZEB2
is mainly located in the nucleus. Furthermore, ZEB2 is
also one of the transcription factors which activat the epi-
thelial–mesenchymal transition (EMT) process (Li et al.
2019). Higher levels of ZEB2 induced the EMT of cells by
decreasing the levels of E-cadherin thereby enhancing
the metastasis of these cells (Si et al. 2015). In addition,
some studies have confirmed that the expression of
ZEB2 was elevated in many malignant tumor tissues
(Sun et al. 2020; Wu et al. 2020). High levels of ZEB2
enhanced themetastatic ability of breast cancer, prostate
cancer cells and enhanced the drugs resistance of tumor
cell (Si et al. 2015; Hanrahan et al. 2017). In colon cancer
cells, the decreased levels of ZEB2 could suppress the
EMT process and the metastasis of cancer cells (Zhu
et al. 2019).

Furthermore, MDM2 binding protein (MTBP) was
initially identified as a protein that interacted with the
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cancer related protein MDM2 through yeast two-hybrid
screening (Boyd et al. 2000). And the higher levels of
MDM2 induced decreased levels of P53 in multiple
types of cancer cells (Zanjirband and Rahgozar 2019).
In addition, the expression of MTBP could also drive
the development of many types of cancers. MTBP pro-
moted the invasion and metastasis of hepatocellular car-
cinoma cells by enhancing the MDM2 induced
degradation of E-cadherin (Lu et al. 2015). MTBP pro-
moted the migration and invasion of lung cancer cells
by activating the ZEB2 induced EMT of these cells (Pan
et al. 2018). However, whether the expression of MTBP
could regulate the migration and invasion of colon
cancer cells by modulating the levels of ZEB2 in these
cells is unclear. We detected the effect of MTBP on the
invasion of colon cancer cells in this study. And the
results of our research also offered the new target and
strategy for the treatment of colon cancer patients.

Material and methods

Cell culture and treatment

Human normal intestinal epithelial cells (HIEC) and colon
cancer cell lines (HT29, SW480, SW620 and HCT116) were
purchased from the ATCC (Manassas, VA, USA). All these
cells were cultured with the RPMI-1640 medium
(Hyclone, USA) supplemented with 10% fetal bovine
serum (Gibco, USA). These cells were cultured in the 37
°C humid atmosphere with 5% CO2. Lentivirus (Gene-
chem, Shanghai, China) was used for the establishment
of the overexpression and knockdown MTBP SW620
cells. Overexpression ZEB2 lentivirus (Genechem, Shang-
hai, China) was also used for the overexpression of ZEB2
in MTBP knockdown colon cancer cells. Polybrene (Gen-
echam, Shanghai, China) was used for the promotion of
the transfection efficacy. All the operations during the
transfection were complied with the instruction.

Collection of clinical samples

60 pairs of colon cancer samples and tissue samples
adjacent to cancer were collected from patients. All
the patients agreed for the research. This experiment
was also approved by the ethics review committee of
Cancer Hospital of Xinjiang Medical University.

CCK-8 assays

All the cells were made into cell suspension. Then these
cells were plated into five 96 well plates (2 × 103 cells per
well). After the adhesion of these cells, culture medium
was used for the dilution of the CCK-8 and added into

the 96 well plates. Then these cells were incubated
under 37°C for 1 h. Finally, the absorbance of these
cells was detected with the spectrophotometer
(Thermo Fisher Scientific, USA). And the absorbance of
the other four 96 well plates were detected after 24,
48, 72 and 96 h.

Transwell assays

Before the experiments, all the cells were cultured with
the serum free medium for 12 h. Then these cells were
plated into the upper layer of the 8 µm boyden
chamber (Corning, USA). For the detection of the inva-
sion of these cells, the Matrigel (Corning, USA) were
diluted with the serum free medium and added into
the upper room of boyden chamber. For the detection
of the migration of these cells, there was no Matrigel
in the upper room of the boyden chamber. The com-
plete medium was added into the lower room of the
boyden chamber. Then, the boyden chamber was
placed into the incubator for 24 h. Then 70% ethanol
was used to fix the cells passing through the 8 µm
holes. Next, crystal violet (Thermo Fisher Scientific,
USA) was used for the staining of these cells. Finally,
the cells on the membranes were observed with the
inverted microscope (Olympus, Japan).

qRT-PCR

Total RNA was isolated with the Trizol (Thermo Fisher
Scientific, USA) method. The RNA was reverse tran-
scribed into cDNA with the commercial kits (Takara,
Japan). And these cDNA was amplified with the ABI
7500 system (Thermo Fisher Scientific, USA). The
results were analyzed with 2−ΔΔCT methods. The
primers used in this research were MTBP forward
primer 5′-ACTGAGAATCAGCCGGACTT-3′ reverse primer
5′-C TGCACTGCAAAGAACCACT-3′ ZEB2 forward primer
5′-GATGAAATAAGGGAGGGTGG-3′ reverse primer 5′-
CCTCAAAATCTGATGTGCAA-3′ GAPDH forward primer
5′-GCACCGTCAAGGC TGAGAAC-3′ reverse primer 5′-
TGGTGAAGACGCCAG TGGAT-3′.

Western blotting

RIPA buffer (Beyotime, China) was used for the collection
of protein samples. BCA (Beyotime, China) was used for
the determination of the concentration of these protein
samples. Next, SDS-PAGE gel (Beyotime, China) was used
for the separation of these proteins. And the PVDF mem-
branes (Millipore, USA) were used for the adsorption of
these proteins. Next, these membranes were blocked
with the BSA (Beyotime, China) for 2 h. After that, the
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primary antibodies were incubated with these mem-
branes at 4°C overnight. The primary antibodies
applied in this were MTBP (Abcam, ab115529), ZEB2
(Abcam, ab138222), CD44 (Abcam, ab51037), CD133
(Abcam, ab222782) and β-actin (Abcam, ab8227). All
these primary antibodies were diluted with the BSA
(Beyotime, China) with the ratio (1:1000). These mem-
branes were incubated with the second antibodies for
2 h in the second day. The second antibodies were
also diluted with the BSA with the ratio (1:2000).
Finally, immunoreactive signals were determined with
the Pierce Western Blotting Substrate (Millipore, USA).
The bands were quantified with the ImageJ software
(National Institutes of Health, USA).

Statistical analysis
Graphpad Prism 7.0 (GraphPad Software Inc., USA) was
used for the analysis of these data in this research. All
the experiments of this study were repeated for three
times. The data in this paper was displayed with mean
± SD. The comparison between diverse groups was per-
formed with the student’s t test. The difference was con-
sidered as statistically significant when the values of p
was less than 0.05.

Results

The expression of MTBP was promoted in the
colon cancer tissues and cells

By querying the database (TCGA, https://www.cancer.
gov/), we found that the levels of MTBP in colon
cancer tissues was obviously higher than that in
normal tissues (Figure 1(A)). Next, we collected the para-
cancerous tissues and colon cancer tissues from the hos-
pital. And the results (Figure 1(B,C)) of qRT-PCR and
western blotting showed that the levels of MTBP in
colon cancer tissues were higher than that in paracan-
cerous tissues. We also detected the expression of
MTBP in normal intestinal epithelial cells (HIEC) and
colon cancer cells (HT29, SW480, SW620 and HCT116).
The results (Figure 1(D,E)) also showed that the mRNA
and protein levels of MTBP in HIEC cells were lower
than that in colon cancer cells.

MTBP promoted the proliferation, migration and
invasion of colon cancer cells

In this part, we established the MTBP overexpression and
knockdown SW620 cells. Then, western blotting was
used for the detection of the expression of MTBP in
these cells. Results (Figure 2(A)) showed that the levels
of MTBP were inhibited in knockdown group and

enhanced in overexpression group. The results (Figure
2(B)) of CCK-8 also showed that the proliferation of the
knockdown cells was suppressed compared to the cells
of sh-NC groups and overexpression of MTBP promoted
the proliferation of SW620 cells. Next, the changes of
migration and invasion of SW620 cells were detected
with the transwell assays. As shown in Figure 3, the
number of SW620 cells crossing the bottom membrane
was promoted after the overexpression of MTBP and the
knockdown of MTBP induced the decreased number of
cells crossing the bottom membrane. These results indi-
cated that the MTBP enhanced the migration and inva-
sion of SW620 cells.

MTBP enhanced the stemness of colon cancer
cells

The stem cell characteristics of cancer cells means the
strong proliferation and metastasis ability of these
cells. And the expression of CD133 and CD44 was the
characteristic of cancer stem cells (Aghajani et al.
2019). In this study, we found that the expression of
CD133 and CD44 was promoted by the overexpression
of MTBP. Meanwhile, the levels of MTBP were decreased
by the suppression of MTBP (Figure 4).

MTBP promoted the proliferation, migration and
invasion of colon cancer cells by activating the
expression of ZEB2

There was study revealed that the expression of MTBP
could promote the proliferation and metastasis of lung
cancer cells by activating the expression of ZEB2 (Pan
et al. 2018). In our study, we found that the overexpres-
sion of MTBP also promoted the expression of ZEB2 in
SW620 cells. However, the inhibition of MTBP sup-
pressed the expression of ZEB2 (Figure 5(A,B)). Next,
we overexpressed the ZEB2 in MTBP knockdown
SW620 cells and corresponding negative control cells.
The results (Figure 6(A,B)) showed that the expression
of ZEB2 in the overexpression cells (shMTBP + ZEB2)
was higher than that in the negative control group
(NC + shMTBP). And the expression of CD133 and CD44
was also determined with the western blotting in
these groups. As shown in Figure 6(C), the levels of
CD133 and CD44 were increased after the overexpres-
sion of ZEB2 in these cells. Furthermore, the results
(Figure 6(D)) of transwell assays showed that overexpres-
sion of ZEB2 abolished the inhibitory effects of knock-
down MTBP on the migration and invasion of SW620
cells.
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Discussion

Colon cancer is a common malignant tumor of the
digestive tract in clinical practice. In addition, the inci-
dence and mortality of this malignant tumor are both
high (Walter et al. 2019). In recent years, with the
changes of dietary structure, the incidence of colon
cancer in China is increasing year by year and the

patient population is also gradually getting younger
(Zhang et al. 2015). The pathogenesis of the colon
cancer has not yet been fully elucidated. However,
most studies currently believed that the occurrence
and development of colon cancer are the result of
the combined effects of environmental and genetic
factors (Wang et al. 2020). Furthermore, intestinal
homeostasis, diet, alcohol and physical exercise are

Figure 1. The expression of MTBP was promoted in the colon cancer tissues. (A) The expression of MTBP in colon cancer tissues and
normal tissues was obtained from the TCGA database. (B, C) The expression of MTBP in colon cancer tissues and normal tissues was
detected with the qRT-PCR and western blotting, respectively. (D, E) The expression of MTBP in normal intestinal epithelial cells and
colon cancer cells was determined with qRT-PCR and western blotting. *p < 0.05, **p < 0.01.
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also critical factors which affect the occurrence of colon
cancer (AlMutairi et al. 2019). The current treatment of
colon cancer is still based on surgery, and chemother-
apy and radiotherapy are used to assist colon cancer
treatment. However, the blood metastasis, peritoneal
metastasis and lymph node metastasis of colon
cancer cells after surgery could cause the recurrence
of colon cancer (Martínez-Meza et al. 2019). The
spread of cancer cells caused by blood metastasis
was a crucial factor which affected the survival rate

of colon cancer patients (Ntavatzikos et al. 2019).
Therefore, we urgently need to develop a new
therapy to inhibit the metastasis and spread of colon
cancer cells. And the suppression of the metastasis of
colon cancer cells could also improve the survival
rate of colon cancer patients.

Furthermore, the expression of MTBP also promoted
the development of multiple types of cancer (Grieb
et al. 2014; Wang et al. 2017). In the initial study, MTBP
was identified as a tumor suppressor (Boyd et al. 2000).

Figure 2. MTBP enhanced the proliferation of colon cancer cells. (A) The expression of MTBP in MTBP overexpression or knockdown
SW620 cells was detected with the western blotting. (B) The proliferation of MTBP overexpression or knockdown SW620 cells was
determined with the CCK-8. **p < 0.01.

Figure 3. MTBP promoted the migration and invasion of colon cancer cells. Transwell assays were performed to detect the migration
and invasion of MTBP overexpression or knockdown SW620 cells. *p < 0.05, **p < 0.01.
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Subsequent study has confirmed that the biological
function of MTBP is independent of MDM2, and the
increased the levels of MTBP could promote the tumor
progression by activating the expression of Myc
(Odvody et al. 2010). In addition, the expression of
MTBP also promoted the metastasis of hepatoma carci-
noma cells by inducing the MDM2 mediated decreased
levels of E-cadherin (Lu et al. 2015). The levels of MTBP
were increased in triple negative breast cancer cells
and promoted the development of breast cancer
(Grieb et al. 2014). In our study, we found that the
expression of MTBP in SW620 cells was moderate and
therefore SW620 cells was selected for the establishment
of MTBP overexpression or knockdown colon cancer
cells. Moreover, we also revealed that overexpression
of MTBP promoted the proliferation, migration and inva-
sion of colon cancer cells. And these results also indi-
cated that the expression of MTBP could induce the
development of colon cancer.

In addition, the stem cell characteristics of cancer
cells could also promote cells to obtain strong prolifer-
ation and metastasis ability (Lytle et al. 2018). The
expression of the CD133 and CD44 were the marks
of the stem cells (Singh et al. 2019). There was study
revealed that the expression of MTBP promoted the
proliferation of glioblastomas cells by activating the

stem cell characteristic of these cells (Song et al.
2019). In our study, we also found that the expression
of MTBP promoted the expression of CD133 and CD44
in colon cancer cells. This result also implied that the
expression of MTBP could promote the development
of colon cancer by activating the stem cell character-
istic of colon cancer cells.

On the other hand, ZEB2 is also the protein which
promoted the development of multiple types of cancer
cells (De Coninck et al. 2019). Furthermore, there was
study suggested that miR-498 repressed the prolifer-
ation and metastasis of cancer cells by inhibiting the
expression of ZEB2 (Zhang et al. 2019). LncRNA-CTS
could also enhance the proliferation and metastasis of
cervical cancer cells by activating the expression of
EMT (Feng et al. 2019). Moreover, the expression of
miR-3653 suppressed the metastasis and EMT of colon
cancer cells by inhibiting the expression of ZEB2 (Zhu
et al. 2019). In this study, we found that the expression
of MTBP has the potential to regulate the expression
of ZEB2 by querying the database. The results of exper-
iments also showed that the MTBP promoted the
expression of ZEB2. Overexpression of ZEB2 abolished
the inhibitory effect of MTBP knockdown on the
migration and invasion of colon cancer cells. These
results indicated that the expression of MTBP promoted

Figure 4. MTBP induced the expression of CD133 and CD44 in colon cancer cells. Western blotting was used for the detection of the
expression of CD133 and CD44 in MTBP overexpression or knockdown SW620 cells. *p < 0.05, **p < 0.01.

Figure 5. MTBP promoted the expression of ZEB2 in colon cancer cells. (A, B) The protein and mRNA levels of ZEB2 in MTBP over-
expression or knockdown SW620 cells was determined with the western blotting. * p < 0.05, **p < 0.01.
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the proliferation, migration, and invasion of colon cancer
cells by enhancing the expression of ZEB2.

Above all, we clarified that the expression of MTBP
promoted the proliferation, migration, and invasion of

colon cancer cells by activating the ZEB2. The results
of our research also provided the new target and
therapy strategy for the clinic treatment of colon
cancer patients.

Figure 6. Overexpression of ZEB2 rescued the migration and invasion of colon cancer cells which was suppressed with the knockdown
of MTBP. (A, B) The mRNA and protein levels of ZEB2 in ZEB2 overexpression SW620 cells was detected with the western blotting. (C)
The expression of CD133 and CD44 in ZEB2 overexpression SW620 cells was detected with the western blotting. (D) Transwell assays
were used for the detection of the migration and invasion of ZEB2 overexpression SW620 cells. * p < 0.05, **p < 0.01.
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