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Overexpression of UBE2M through Wnt/p-Catenin signaling is
associated with poor prognosis and chemotherapy resistance in
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Background: The expression of ubiquitin-conjugating enzyme E2 M (UBE2M) is elevated in colorectal
carcinoma (CRC). However, the underlying mechanisms and effects of UBE2M on the prognosis and drug
resistance in CRC have not been investigated.

Methods: CRC specimens and adjacent normal tissues were collected from 74 patients. The
expression of UBE2M was measured by quantitative real-time polymerase chain reaction (PCR) and
immunohistochemistry. Multivariable cox regression analysis was used to analyze the risk factors for overall
survival in clinical CRC patients. Human colorectal cancer cell lines HCT116 and SW480 were transfected
with specific UBE2M small interfering ribonucleic acid (siRNA) or plasmid to either suppress or increase
the expression of UBE2M for in vitro experiments. Also, chemotherapy-resistant HCT116 and SW480
cells were established by being treated with increasingly higher concentrations of fluorouracil (5-FU) or
oxaliplatin. XAV-939 was used as a wingless/integrated-beta-catenin (Wnt/B-catenin) signaling inhibitor.
Results: According to quantitative real-time PCR and immunohistochemistry, the expression of UBE2M
was elevated in CRC tissues compared to normal tissues. Based on cox regression analysis, the overexpression
of UBE2M was a risk factor for overall survival of CRC patients. The expression of UBE2M was notably
high in 5-FU- and oxaliplatin-resistant cells in 7z vitro experiments. Also, cells transfected with specific
UBE2M siRNA or plasmid induced lower resistance to 5-FU and higher resistance to oxaliplatin. Finally, the
expression of B-catenin was correlated with the expression of UBE2M in transfected cells and treatment with
XAV939 decreased the degree of drug resistance in chemotherapy-resistant HCT116 cells.

Conclusions: Overexpression of UBE2M in CRC specimens contributes to a decreased overall survival of
patients and mediates 5-FU and oxaliplatin resistance in CRC cells via the Wnt/B-catenin signaling pathway.
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Introduction human development levels, which are relatively higher in
Colorectal carcinoma (CRC) is the third most common developed countries than in developing nations (2). Early
cancer worldwide, with over one million new cases diagnosis may provide patients with a more promising
annually (1). The incidence of CRC varies according to prognosis through surgical resection, however, many CRC
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patients are initially diagnosed at late stage, beyond the
point where radical surgical intervention can be attempted.
The prognosis of CRC patients at later stages is poor, with
a five-year survival rate of less than 15% (3).

Systemic chemotherapy is used to reduce the size
of cancer prior to surgery and prevent the recurrence
and metastasis after surgery. The most commonly used
chemotherapy treatments in CRC patients include:
FOLFOX (a combination of folinic acid, fluorouracil,
and oxaliplatin), XELOX (a combination of capecitabine
(Xeloda) and oxaliplatin), and FOLFIRI (a combination
of folinic acid, fluorouracil, and irinotecan) (4). However,
multidrug resistance results in poor response to these
chemotherapeutic drugs, ultimately leading to treatment
failure (5). Therefore, identifying the underlying
mechanisms of drug resistance in CRC is critical.

The wingless/integrated-beta-catenin (Wnt/p-catenin)
signaling pathway plays a crucial role in the development
and differentiation of normal cells. Under normal
physiological conditions, the expression of B-catenin
is inhibited by a destruction complex containing axis
inhibition protein, adenomatosis polyposis protein (APC),
casein kinase, and glycogen synthase kinase-3p (6). The
activation of Wnt signaling will disaggregate the destruction
complex so that the expression of B-catenin is upregulated,
subsequently activating the transcription of downstream
target genes by interacting with the transcription factors,
transcription factor 4 (TCF4) or lymphoid enhancer-
binding factor (LEF) (7). The Wnt/B-catenin signaling
pathway is also associated with the proliferation, invasion,
and metastasis of CRC (8). Emons ez a/. reported that
chemotherapy resistance in CRC is mediated by Wnt/
B-catenin signaling (9). Thus, targeting Wnt/B-catenin
signaling or its upstream/downstream signaling may be a
promising strategy in the treatment of CRC.

The balance between the synthesis and degradation
of proteins is crucial to maintaining homeostasis both in
normal cells and cancer cells (10). Many signaling pathways
are involved in the regulation of protein degradation, in
which the ubiquitin-proteasome system plays an essential
role. Three types of enzymes, the ubiquitin-activating
enzyme (E1), the ubiquitin-conjugating enzyme (E2), and
the ubiquitin-protein ligase enzyme (E3), are responsible
for the regulation of the ubiquitin-proteasome system (11).
In protein degradation, E1 initially activates ubiquitin, and
ligates the activated ubiquitin to E2. E3 subsequently assists
activated ubiquitin to conjugate with the target protein,
which is degraded by proteasome (12).
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Recently, emerging evidence has indicated that the E2
family also plays an important role in tumor progression
through Wnt/B-catenin signaling (13,14). Zhang
et al. found that ubiquitin-conjugating enzyme E2 M
(UBE2M), an essential member of the E2 family located in
chromosome 19q13.43, could promote cell proliferation via
Wnt/B-catenin signaling in hepatocellular carcinoma (15).
Considering that Wnt/B-catenin signaling was reported to
mediate chemotherapy resistance in CRC, UBE2M may
also contribute to chemotherapy resistance of CRC cells.
Therefore, we proposed the hypothesis that UBE2M can be
upregulated and promote drug resistance in CRC through
the Wnt/B-catenin signaling pathway. However, to date, no
related study has been conducted to investigate the effects
and underlying mechanisms of UBE2M on drug resistance
in CRC.

The present study was performed to explore the role
of UBE2M in CRC. It was found that UBE2M was
overexpressed and associated with poor prognosis in CRC
patients. Based on in vitro experiments, we further verified
that overexpression of UBE2M promoted chemotherapy
resistance by activating Wnt/B-catenin signaling, which
may serve as a potential therapeutic target in the treatment
of CRC.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2641).

Methods
Clinical specimen collection

In this study, primary CRC specimens and adjacent normal
tissues were collected from patients admitted to the
Affiliated Hospital of Jiangnan University between May
2016 and April 2017. The tissue was obtained through
surgical resection or endoscopic biopsy, and the expression
of UBE2M was analyzed. All patients diagnosed with
primary CRC were enrolled in this study, and those who
suffered from life-threatening comorbidities, previously
received specific treatment, or had missing data during
follow-up were excluded. Eventually, 74 CRC patients
were enrolled in this study and all of them signed the
informed consent. This study was performed in compliance
with the ethical principles outlined in the World Medical
Association’s Declaration of Helsinki (as revised in 2013)
and was approved by the Institute Ethics Committee of the
Affiliated Hospital of Jiangnan University.
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Patient follow-up

All patients enrolled in the study were followed up for
at least 24 months and their overall survival and disease-
free survival was recorded. We then divided them into two
groups according to the level of UBE2M expression; a high-
level group and a low level group, and compared the overall
survival and disease-free survival between the two groups.

Ribonucleic acid (RNA) Isolation and complementary
deoxyribonucleic acid (c(DNA) synthesis

Total RNA of obtained samples was extracted using the
Total RNA Extraction Kit (Solarbio, China) according
to the manufacturer’s instructions. Extracted RNA was
spectrophotometrically quantified at 260 nm and then
reverse-transcribed using PrimeScriptTM RT Master
Mix (TaKaRa, China) according to the manufacturer’s
instructions.

Quantitative real-time polymerase chain reaction (PCR)

Quantitative real-time PCR was performed using
Applied Biosystems 7500 Real-time PCR system
(Applied Biosystems, USA) with SYBR Premix Ex
TaqTM II Kit (TaKaRa, China). The primer of UBE2M
used in quantitative real-time PCR was: forward:
5'-ATGAGGGCTTCTACAAGAGTGG-3"; reverse:
5-ATTGTCTCACACTTCACCTTGG-3".

Immunobistochemical analysis

Part of the collected CRC and normal tissues were fixed
with formalin and embedded in paraffin. The embedded
tissues were then cut into 5 pm-thick sections, mounted
onto slides, and then subjected to immunohistochemical
staining, as described previously (16). Briefly, the slides were
dehydrated in graded alcohol and endogenous peroxidase
was removed with 3% hydrogen peroxide for 10 min. The
slides were then blocked using 5% goat serum for 30 min
and incubated with rabbit polyclonal anti-UBE2M antibody
at a 1:200 dilution for 60 min. Next, the slides were
incubated with horseradish peroxidase-conjugated secondary
antibody (Dako, USA) at a 1:100 dilution for 60 min.
Finally, the slides were stained using the EnVisionTM
Detection Kit (Dako, USA), followed by hematoxylin

staining.
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TCGA data analysis

The data of UBE2M expression in CRC patients were
obtained from The Cancer Genome Atlas (TCGA)
Program database according to the University of Alabama
Cancer (UALCAN) resource (http://ualcan.path.uab.edu/
index.html), which reports the expression of UBE2M in
both CRC and adjacent normal tissues.

Cell line selection and resistant cell line establishment

HCT116 and SW480 were selected as CRC cell lines
in this study and were purchased from the cell bank of
the Chinese Academy of Science (China). Both cell lines
were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin at 37 °C in an atmosphere of 5%
carbon dioxide (CO,). Fluorouracil (5-FU)- or oxaliplatin-
resistant HCT116 (HCT116/5-FU or HCT116/
oxaliplatin) and SW480 (SW480/5-FU or SW480/
oxaliplatin) cells were established by being continuously
treated in media supplemented with increasingly higher
concentrations of 5-FU or oxaliplatin. XAV-939, a
Wnt/B-catenin signaling inhibitor, was purchased from
MedChemExpress (China) and used according to the

manufacturer’s instructions.

Cell transfection

Specific UBE2M small interfering RNA (siRNA) were
synthesized by Biosyntech (China). Full-length human
UBE2M was cloned into peroxisomal biogenesis factor 3
(pEX-3) vector to construct plasmid for the overexpression
of UBE2M (Biosyntech, China). Cell transfection was
performed using Lipofectamine 3000 (Invitrogen, USA)
according to the manufacturer’s instructions. Following
transfection, western blotting analysis was used to verify the
expression of UBE2M in these cells.

Western blot analysis

Western blotting was performed as previously described (17).
Briefly, 20 mg of protein was loaded into each well and the
band intensity was analyzed using Image-pro plus analysis
software (USA). The following antibodies were used in this
study: anti-UBE2M, anti-B-catenin, anti-cyclin D1 and anti-
B-actin, (Abcam, USA).
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Table 1 Clinical characteristics of enrolled patients

Variables Number
Number 74
Age 64.7+12.4
Sex

Male 41

Female 33
Histological type

Adenocarcinoma 72

Mucinous adenocarcinoma 2
Anatomical location

Right-sided colon 19

Left-sided colon 30

Rectum 25
Tumor stage

| stage 12

Il stage 20

Il stage 25

IV stage 17
Differentiation

Well 15

Moderate 29

Poor 30

Cell viability assay

Two cell lines and their transfected cell lines were seeded
in 96-well plates at a density of 2-5x10’ cells/well. The cell
viability was measured using CellTiter-Glo Luminescent
Cell Viability Assay Kit (Promega, USA) according to the

manufacturer’s instructions.

Statistical analysis

All statistical analyses in this study were performed using
SPSS 20.0 software (IBM, USA) and GraphPad Prism 7.0
(GraphPad Software, USA). Kaplan-Meier curves were
generated by GraphPad Prism 7.0 and Gehan-Breslow-
Wilcoxon tests were used to compare the differences
between the two groups. The #-test was used for statistical
comparisons of continuous variables, and the Chi-square
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test was used for statistical comparisons of categorical
variables. Multivariable cox regression analysis was used
to analyze the risk factors of overall survival in clinical
CRC patients. A P value <0.05 was considered statistically
significant.

Results
UBE2M is overexpressed in CRC tissues

We collected clinical tumor tissues and adjacent normal
tissues from 74 CRC patients to identify the expression
of UBE2M in CRC. Patient characteristics are listed in
Table 1. The expression of UBE2M was measured using
quantitative real-time PCR. The results indicated that there
was a considerably higher expression of UBE2M in CRC
tissues than in normal tissues (1.00£0.12 versus 2.48+0.30,
Figure 14, P<0.001).

Furthermore, we divided the CRC tissues into two
groups based on tumor stage: a stage I-II group and a stage
III-IV group. We found that CRC tissues at advanced
tumor stages had a higher expression of UBE2M than at
early tumor stages (1.89+0.28 versus 3.26+0.30, Figure 1B,
P<0.001).

Next, we collected the data of UBE2M expression from
TCGA database and found that UBE2M expression was
also elevated in colon cancer tissues (Figure 1C, P<0.001).
However, there were no statistically significant differences
between rectum cancer tissues and normal tissues, likely
due to the small sample size of normal tissues (Figure 1D,
P=0.42).

An immunohistochemical assay was performed using the
collected CRC tissues. The overexpression of UBE2M was
mainly observed in tumor cells, with only a few stromal cells
expressing UBE2M in CRC tissues (Figure 2A4,B,C,D).

Overexpression of UBE2M reduces the survival rate of
CRC patients

All enrolled patients were followed up for at least 24 months
and the survival rate of patients were recorded in detail.
The Kaplan-Meier curves in Figure 34,B demonstrated the
comparisons of overall survival and disease-free survival
between the high UBE2M expression group (>2.48 folds
change) and the low UBE2M expression group (<2.48 folds
change). These results indicate that a high expression of
UBE2M was associated with lower overall survival and
disease-free survival in CRC patients compared to low
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Figure 1 UBE2M expression in different tissues. (A) Expression of UBE2M in normal tissues and CRC tissues according to the relative

mRNA levels of UBE2M gene measured by quantitative real-time PCR. (B) Expression of UBE2M in CRC tissues at different tumor stages.

(C,D) Expression of UBE2M in colon and rectum cancer obtained from TCGA database. Statistical significance was determined by 7 test.

*** P<0.001. UBE2M, ubiquitin-conjugating enzyme E2 M; CRC, colorectal carcinoma; mRNA, messenger RNA; PCR, polymerase chain

reaction; TCGA, The Cancer Genome Atlas.

expression of UBE2M (Figure 34,B, P=0.040 and 0.044,
respectively).

Multivariable cox regression analysis was performed
in order to adjust confounding risk factors and determine
the relationship between the expression of UBE2M and
the overall survival of CRC patients. It was found that, in
addition to some traditional risk factors for CRC such as
age, tumor stage, and tumor differentiation, the expression
of UBE2M played as an important role in the overall
survival of CRC patients [7able 2, hazard ratio =4.61 (1.25-
15.82), P=0.042].

UBE2M expression is elevated in drug-resistant CRC cells

5-FU and oxaliplatin are the most commonly used

© Translational Cancer Research. All rights reserved.

chemotherapeutic drugs for CRC. 5-FU- or oxaliplatin-
resistant HCT116 and SW480 cells were established
to measure their expression of UBE2M. Firstly, dose-
response curves of each drug-resistant cell and parental
cell were generated (shown in Figure 44,B,C,D). Half-
maximal inhibitory concentration values for 5-FU or
oxaliplatin were dramatically increased in drug-resistant
cells compared to parental cells. The expression of UBE2M
was subsequently measured in these drug-resistant cells and
parental cells (shown in Figure 4E). The band intensities
were quantitatively measured by Image-pro plus analysis
software. We found that the expression of UBE2M was
markedly higher in 5-FU- or oxaliplatin-resistant HCT116
cells than in parental HCT116 cells (3.82+0.57 or 3.49+0.61
versus 1.00£0.15, Figure 4F, both P<0.001). Similar results
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Figure 2 Expression and location of UBE2M protein in normal tissues and CRC tissues according to 2 pairs of representative clinical
specimens. Scale bars =50 pm. UBE2M, ubiquitin-conjugating enzyme E2 M; CRC, colorectal carcinoma.

A B
100 1 m e, \
_oe0d 0 L e
<} L
— 2
[ <
>
2 @ 80
2 8
T S i
¢ 701 - High expression 2 70 { — High expression
3 @
60 | -!- Low expresslon a 60 | -1- Low expresslon
P=0.040 P=0.044
50 T T v T T v T " 50 v v - T - T - J
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Months Months

Figure 3 Kaplan-Meier curves comparing the overall survival and disease-free survival of CRC patients with low and high expression of
UBE2M. CRC, colorectal carcinoma; UBE2M, ubiquitin-conjugating enzyme E2 M.
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Table 2 Multivariable cox regression analysis of risk factors of
overall survival in CRC patients

. Hazard  95% confidence
Variables* ) ) P value
ratio interval

Overexpression of 4.61 1.25-15.82 0.042
UBE2M

Age 1.06 1.01-1.13 0.039
Il or IV stage 6.55 4.43-9.67 0.009
Poor differentiation 3.18 1.71-712 0.012

*, these variables were adjusted by other variables such as
sex, histological type and anatomical location. CRC, colorectal
carcinoma; UBE2M, ubiquitin-conjugating enzyme E2 M.

were also obtained in drug-resistant SW480 cells (4.610.79
or 4.12+0.69 versus 1.00+0.24, Figure 4F, both P<0.001).

Overexpression of UBE2M induces drug resistance through
Wnt/[f3-catenin signaling

We constructed specific UBE2M siRNA and plasmid,
and transfected them into HCT116 and SW480 cells to
either suppress or increase the expression of UBE2M
(verified by western blot as shown in Figure 5A4,B). Dose-
response curves were then constructed to determine the
drug sensitivity of transfected cells. As seen in Figure 5C,D,
HCT116 cells transfected with siRNA were significantly
more sensitive to both 5-FU and oxaliplatin, while HCT116
cells transfected with UBE2M plasmid were considerably
more resistant to both 5-FU and oxaliplatin. Similar results
were also obtained in transfected SW480 cells (not shown).

HCT116/5-FU and HCT116/oxaliplatin cells were then
transfected with UBE2M siRNA to determine the effects
of UBE2M expression on their drug sensitivity. As a result,
the suppression of UBE2M dramatically decreased the drug
resistance of HCT'116/5-FU and HCT'116/oxaliplatin cells
(Figure SE,F). SW480/5-FU and SW480/oxaliplatin cells
were also transfected with siRNA and similar results were
observed (not shown).

Considering that Wnt/B-catenin signaling might be the
downstream signaling pathway of UBE2M, we measured
the expression of B-catenin in transfected cells using western
blot (as shown in Figure 5G). Quantitative measurement
indicated that the expression of B-catenin was correlated
with the expression of UBE2M in transfected cells
(Figure SH).

Following this, several types of cells were treated with

© Translational Cancer Research. All rights reserved.
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XAV-939, a type of Wnt/B-catenin signaling inhibitor,
to investigate the role of Wnt/B-catenin signaling in the
regulation of drug sensitivity by UBE2M. The results
in Figure 64,B,C,D indicate that the inhibition of Wnt/
pB-catenin signaling reduced the degree of drug resistance
in both plasmid transfected HCT116 cells and 5-FU or
oxaliplatin resistant HCT116 cells.

Discussion

CRC is one of the most common cancers worldwide, and
thus, understanding the mechanisms of its chemotherapy
resistance is crucial. The present study focused on the
effects of UBE2M on the prognosis and drug resistance of
CRC. To our knowledge, this is the first study to investigate
the relationship between UBE2M expression and CRC
based on clinical specimens and # vitro experiments. Wnt/
B-catenin signaling was reported to be the downstream
signaling pathway of UBE2M and participate in several
kinds of critical physiological functions in the human
body. Our study also found that the overexpression of
UBE2M promoted resistance of CRC cells to commonly
used chemotherapeutic drugs (5-FU and oxaliplatin) by
activating Wnt/B-catenin signaling.

Furthermore, UBE2M was identified as an independent
risk factor for the overall survival of CRC patients. In
fact, the E2 family has long been known to promote cell
proliferation and worsen the prognosis in many types of
cancers. In their study, Tao ez 4/. found that UBE2L3 was an
important pro-tumorigenic factor in liver carcinogenesis (12).
UBE2N was also found to promote the growth of cervical
tumor cells, and thus, inhibiting UBE2N using microRNA-
590-3p could be a potential strategy for the treatment of
cervical carcinoma (18). In clinical research, patients with
epithelial ovarian carcinoma who had positive expression
of UBE2C had an unfavorable overall survival rate when
compared with those who had negative expression (19).
According to Perez-Pefia et al., UBE2T is linked to poor
outcomes in breast and lung cancers (20).

Concerning UBE2M, Zhao et al. reported that
knockdown of UBE2M could induce the apoptosis of
intrahepatic cholangiocarcinoma and inhibit tumor
growth (21). Furthermore, UBE2M was found to promote
cell proliferation in hepatocellular carcinoma and
upregulated UBE2M was correlated with a poor overall
survival (15). Our study also reported negative effects of
UBE2M on disease-free survival, which may also point to
its ability to promote tumor growth.

Transl Cancer Res 2020;9(9):5614-5625 | http://dx.doi.org/10.21037/tcr-20-2641



Translational Cancer Research, Vol 9, No 9 September 2020 5621

A B
15071 o HeTi16 1501 o swaso
-+ HCT116/5-FU = SW480/5-FU
£ 100 e 3 . £ 100 §
z T M z
> M >
o 50 i T 50
(@] \‘i (&)
0 T T T 1 0 T v T J
0.01 0.1 1 10 100 0.01 0.1 1 10 100
5-FU concentration (uM) 5-FU concentration (uM)
C D
1501 4 HeTi1e 1901 o swaso
= HCT116/oxaliplatin - SW480/oxaliplatin
g g 100 |
2 2
3 3
o 8
> >
0 . 0 - )
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Oxaliplatin concentration (uM) Oxaliplatin concentration (uM)
E F
Kkk
6 *kk
£ c = —
e — o *kk
%_ E % Kkk
T g 2 3 > |
© 92 b 3 G 4 -
© © © o IS} IS} 5
cE E g 2 2
& & © = = = 8
I I I %] » (%) g
& 21
UBE2M - — e —— 2
kS = T
&
factn o - gy S 0
© o) £ Q o) £
- - © g - ©
5 Q o = Q =
I 2 g @ & g
£ 9 s 8
O S = )
T T 22
5 =
Q %)

Figure 4 HCT116, HCT116/5-FU, HCT116/oxaliplatin, SW480, SW480/5-FU, and SW480/oxaliplatin cells were treated with an
increased dose of 5-FU and oxaliplatin for 72 h. Cell viability was determined according to CellTiter-Glo Luminescent Cell Viability Assay.
(E) Protein levels of UBE2M in HCT'116, HCT116/5-FU, HCT116/oxaliplatin, SW480, SW480/5-FU, and SW480/oxaliplatin cells

were measured by western blot. (F) Quantitative representation of the band intensities. Statistical significance was determined by ¢ test.

P<0.01. UBE2M, ubiquitin-conjugating enzyme E2 M.
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Figure 5 The expression of UBE2M regulated chemotherapy resistance via the activation of B-catenin. (A) Protein levels of UBE2M in
HCT116, HCT116 + siRNA, HCT116 + plasmid, SW480, SW480 + siRNA, and SW480 + plasmid cells were measured by western blot.
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oxaliplatin for 72 h. Cell viability was determined according to CellTiter-Glo Luminescent Cell Viability Assay. (G) Protein levels of B-catenin
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(H) Quantitative representation of the band intensities. Statistical significance was determined by # test. ***, P<0.01. UBE2M, ubiquitin-

conjugating enzyme E2 M; siRNA, small interfering ribonucleic acid.

UBE2M has been shown to promote cell survival by
repairing cellular DNA damage (22,23), and thus, it is not
difficult to understand its ability to promote the growth of
tumor cells. However, there have been no related studies
examining the impact of UBE2M on the chemotherapy
resistance of tumor cells. Chemotherapeutic drugs work in
the body via several mechanisms, including direct or indirect
inhibition of DNA and protein synthesis (24). Though,
there are also two mechanisms of drug resistance in CRC.
One mechanism involves a tumor cell increasing its ability
to efflux drugs out of the cell, which requires the assistance
of the ATP-binding cassette superfamily of membrane
transporters (25). The other is the so-called “non-pump”
resistance mechanism, which involves inhibition of
apoptosis, detoxification, epithelial-mesenchymal transition
(EMT), and an altered tumor microenvironment (26).

Fortunately, previous studies have determined that the E2
family is involved in the regulation of EMT in several types
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of cancers. Wang ez al. noted that silencing UBE2C could
inhibit EMT in pancreatic ductal adenocarcinoma (27).
Similarly, UBE2T was found to induce EMT in gastric
cancer (28). Based on this, we originally hypothesized that
UBE2M could promote drug resistance of CRC through
inducing EMT. We then noticed that the E2 family was
related to the regulation of the Wnt/B-catenin signaling
pathway. Wu et 4l. found that ubiquitin-conjugating enzyme
E2 13 (UBC13) plays a role in the control of Wnt/B-catenin
signaling in hematopoietic stem cells (29). UBE2S was also
found to regulate Wnt/B-catenin signaling in non-small
cell lung cancer (30). Subsequently, UBE2M was found to
promote the proliferation of hepatocellular carcinoma via
B-catenin signaling (15).

It is well established that most genetic mutations in
CRC are involved in the deregulation of Wnt/B-catenin
signaling (31). The deregulation of Wnt/B-catenin signaling
is associated with apoptosis inhibition, EMT, and an altered
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Figure 6 HCT116 + plasmid, HCT116/5-FU, and HCT116/oxaliplatin cells were treated with 1 pM XAV939 for 24 h and then treated
with an increased dose of 5-FU and oxaliplatin for 72 h. Cell viability was determined according to CellTiter-Glo Luminescent Cell

Viability Assay. 5-FU, fluorouracil.

tumor microenvironment (32-34), leading to further drug
resistance in cancer. Therefore, based on these studies, the
hypothesis that UBE2M induces drug resistance in CRC
cells by activating Wnt/B-catenin signaling pathways is
established.

In order to test the hypothesis, our study firstly
investigated the expression of UBE2M in 5-FU- or
oxaliplatin-resistant CRC cells and verified the correlation
between drug resistance and UBE2M expression. Next, the
dose-response curves of transfected cells were analyzed,
and further demonstrated that overexpression of UBE2M
contributed to drug resistance in CRC cells. Finally, the
Wnt/B-catenin signaling was confirmed as the downstream
signaling pathway of UBE2M to induce drug resistance.

There are some limitations to be noted. Firstly, our study
enrolled 74 patients and the follow-up lasted for 24 months.

© Translational Cancer Research. All rights reserved.

The small sample size and short follow-up may bias the
results. Secondly, we only chose two types of CRC cell lines
in our study. Considering the variations in gene profiles of
different CRC cells, the results may change depending on
the selection of CRC cell lines. Thirdly, different expression
patterns of B-catenin are related to the progression of
colorectal cancer and abnormal expression of B-catenin may
affect the obtained results.

In conclusion, through our analysis of clinical specimens,
we established that the expression of UBE2M was elevated
in CRC tissues compared with adjacent normal tissues.
Furthermore, overexpression of UBE2M was identified
as an independent risk factor for the overall survival of
CRC patients. Also, in vitro experiments revealed that
overexpression of UBE2M contributed to chemotherapy
resistance in CRC cells via Wnt/B-catenin signaling. Our
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findings demonstrate a significant role of UBE2M in
promoting chemotherapy resistance in CRC, and provide a
potentially novel treatment target.
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