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Abstract: Ubiquitin-conjugating enzyme E2 C (UBE2C) plays
a carcinogenic role in gastric cancer (GC); yet, its role in
cisplatin (DDP) resistance in GC is enigmatic. This study
sought to probe into the impact of UBE2C on DDP resistance
in GC and its concrete molecular mechanism in GC progres-
sion. Bioinformatics analysis was used to analyze differen-
tially expressed mRNAs and predict upstream regulatory
molecules in GC. Real-time quantitative reverse transcrip-
tase polymerase chain reaction and western blot were used
to detect the expression of UBE2C and MYB proto-oncogene
like 2 (MYBL2). Dual luciferase and chromatin immunopre-
cipitation (ChIP) assays were used to verify the binding
relationship. Cell counting kit-8 was used to detect cell
viability and calculate IC50 values. Flow cytometry was
used to detect the cell cycle. Comet assay was used to detect
DNA damage. Western blot was used to detect the expres-
sion of DNA loss-related proteins (γ-H2AX, ATM/p-ATM).
The knockdown of highly expressed UBE2C in GC cell lines
could reduce cell viability, induce G2/M arrest, induce
apoptosis, and promote DNA damage and DDP sensitivity.
Bioinformatics analysis predicted that the substantially
upregulated MYBL2 was an upstream transcription factor
in UBE2C. The binding relationship between the UBE2C pro-
moter region and MYBL2 was verified by dual luciferase and
ChIP. Overexpression of UBE2C in the rescue experiment was
found to reverse the inhibited GC progression and promoted
DDP sensitivity brought by the knockdown of MYBL2. In con-
clusion, the MYBL2/UBE2C regulatory axis may be a potential
way to overcome DDP resistance in GC.
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1 Introduction

As the most common malignant neoplasm of the gastroin-
testinal tract, gastric cancer (GC) has the third highest mor-
tality rate globally [1,2]. Cisplatin (DDP)-based chemotherapy
is considered the first-line treatment for GC patients [3]; yet,
as DDP resistance gradually increases after several sessions
of treatment, cancer recurrence and metastases become
inevitable [4]. In this case, since chemoresistance accounts
for the reduced efficacy in the clinic [5,6], a full panorama of
the molecular mechanisms of DDP resistance in GC is essen-
tial for survival improvement in GC patients. This study
attempted to explore the mechanism affecting GC che-
motherapy and provide some theoretical references that
facilitate DDP treatment efficacy.

As one of the most effective broad-spectrum cancer
therapeutics, DDP is widely used to treat ovarian, lung, cer-
vical, head and neck, and other solid tumors [7]. Although
some patients are sensitive to chemotherapy at the begin-
ning, almost all patients with advanced GC develop resis-
tance and relapse with continued use of chemotherapeutic
agents [8]. The main target of DDP is DNA. As it enters tumor
cells, DDP is hydrolyzed to diclodiaminoplatinum and then
forms DDP-DNA adducts. When DNA is intra-/inter-linked
through DNA-Pt-DNA structure, or DNA-protein is cross-
linked through DNA-Pt-protein, the normal structure of
DNA is damaged, which in turn inhibits DNA replication
and transcription and induces apoptosis [9–11]. Thus, a
better understanding of DDP-induced DNA damage could
facilitate target identification, thereby improving the effi-
cacy of DDP-based chemotherapy. Previously, some studies
have explored at the cellular level how drug resistance in GC
is regulated by mediating DNA damage. For instance, in GC,
circAKT3 is discovered to inhibit DNA damage by targeting
the miR-198/PIK3R1 axis, hence enhancing DDP resistance [4].
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However, in GC, molecular mechanisms associated with DNA
damage and DDP resistance have not been thoroughly inves-
tigated so far. Therefore, a deep exploration of the molecular
mechanisms regulating DNA damage and chemoresistance is
needed to improve the efficacy of chemotherapy in GC
treatment.

Ubiquitin-conjugating enzyme E2 C (UBE2C) plays a
vital role in tumorigenesis, such as regulating cell cycle
progression and suppressing premature DNA replication
[12]. Previous research manifested that UBE2C is highly
expressed in pancreatic cancer [13], breast cancer [14],
and esophageal squamous cell carcinoma [15]. Besides,
Zhang et al. certified that UBE2C is overexpressed in GC
tissues and associated with poor prognosis [16]. It has been
reported that the expression of UBE2C is increased in DDP-
resistant ovarian cancer cell lines. Silencing UBE2C can
significantly reduce the resistance of DDP-resistant ovarian
cancer cell lines to DDP and promote their apoptosis [17].
Although UBE2C is identified as a key regulator of tumor
progression, the role in carcinogenesis and drug resistance
of GC remains unclear.

MYB proto-oncogene like 2 (MYBL2) is a member of
transcription factors, which plays a crucial role in the pro-
cess of cell proliferation, differentiation, and cell cycle [18].
Meanwhile, MYBL2 overexpression has been observed in
cancers such as bladder cancer [19] and prostate cancer
[19], and it is currently used as a biomarker for poor prog-
nosis in ovarian carcinoma [20]. However, it is still not
clear about the mechanism of the MYBL2 gene in GC. In
addition, it has been reported that the expression levels of
UBE2C and MYBL2 show a strong positive correlation in a
variety of cancers [21]. Therefore, we intended to explore
the effect and mechanism of UBE2C on DDP resistance in
GC. The aim of this study was to investigate the role of the
MYBL2/UBE2C axis in DDP resistance in GC and its related
regulatory mechanisms.

To verify the role of UBE2C in this setting, we performed
cell molecular experiments and dissected the mechanism. The
MYBL2/UBE2C axis discovered in this study was expected to
provide different therapeutic approaches to improve chemore-
sistance in GC, hopefully emerging as a new target for GC
treatment.

2 Materials and methods

2.1 Bioinformatics

With the mRNA expression data (normal: 32, tumor: 375) of
GC downloaded from The Cancer Genome Atlas (TCGA)

(https://portal.gdc.cancer.gov/), differential analysis was per-
formed to obtain differentially expressed mRNAs (DEmRNAs)
using the edgeR package (|log FC| > 2, false discovery rate
(FDR) < 0.05). The target gene was confirmed by literature
[12,22]. Subsequently, upstream transcription factors were
predicted by hTFtarget (http://bioinfo.life.hust.edu.cn/
hTFtarget#!/). The upstream targeted transcription factors
were obtained by performing the intersection of upregulated
DEmRNAs and predicted transcription factors and confirmed
by Pearson correlation analysis, whose motif sites were pre-
dicted by JASPAR (http://jaspar.genereg.net/). According to the
median value of UBE2C expression, the samples were divided
into high- and low-expression groups. Gene set enrichment
analysis (GSEA) was used to analyze the enrichment pathway
of UBE2C high- and low-expression groups. The results were
filtered by P value < 0.05 and FDR < 0.25.

2.2 Cell culture

Human normal gastric epithelial cell line GES-1 (immorta-
lized cells were isolated and cultured from the gastric
epithelial cells of newborn infants and transfected with
SV40 virus) and human GC cell lines MKN45 (it is derived
from the gastric lymph nodes of a 35-year-old woman with
signet ring cell carcinoma. Human poorly differentiated GC
cells highly express CD44 [23]) and HGC-27 (it is derived
from undifferentiated GC tissues and can differentiate into
functional endothelial cells under hypoxic conditions [24])
were purchased from Shanghai Cell Bank (China). SNU-1 (it
is derived from poorly differentiated primary GC and is
resistant to DDP [25]) and AGS (derived from untreated
resected tumor fragments) cell lines were purchased from
American Type Culture Collection (USA). All cells weremain-
tained in Dulbecco’s modified eagle medium (HyClone, USA)
containing 10% fetal bovine serum (Gibco, USA), which were
cultured in a 37℃ incubator containing 5% CO2. Themedium
was changed every 48 h.

2.3 Cell transfection

pcDNA3.1-UBE2C (oe-UBE2C) and corresponding control (oe-
NC) were synthesized by Shanghai Sangon Biotech (China).
si-MYBL2 (siG000004605A-1-5) and corresponding negative
control were purchased from RiboBio (China). si-MYBL2,
oe-UBE2C, and corresponding negative controls were trans-
fected into GC cells (HGC-27 and AGS) using Lipofectamine
2000 kit (Thermo Fisher Scientific, USA). 48 h later, the trans-
fected cells were collected and prepared for the subsequent
assays. The overexpression vector pcDNA3.1 used in this
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study was 5,428 bp in size, the promoter was CMV, and the
vector resistance was Ampicillin. siRNAs are short and well-
defined double-stranded RNA molecules that can be synthe-
tically manufactured. The sequence of si-MYBL2 was as
follows: sense: 5′-CCGUCCCUCCUACCAUAAATT-3′; antisense:
3′-UUUAUGGUAGGAGGGACGGTT-5′.

2.4 Real-time quantitative reverse
transcriptase polymerase chain reaction
(qRT-PCR)

Total RNA was extracted from GC cells using an RNA extrac-
tion kit (Vazyme, China), and the resulting RNA was reverse
transcribed using a SuperScript IV Single Cell/Low-Input
cDNA PreAmp kit (Thermo Fisher Scientific, USA). qRT-PCR
analysis was performed in a StepOnePlus™ Real-time (ABI,
USA) instrument using TB Green® Premix Ex Taq™
(Takara, Japan) with GAPDH as an internal reference.
Primer sequences are available in Table 1. The experi-
ments were performed for three times.

2.5 Western blot

Western blot was conducted according to protocols men-
tioned in a previous study [26]. RIPA lysis buffer (Sigma,
USA) plus protease inhibitors (Roche, Switzerland) were
utilized to lyse cells. Bicinchoninic acid (Thermo Fisher
Scientific, USA) was used for protein concentration quanti-
fication. The 40 μg extracted proteins were then separated
by 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to a polyvinylidene
fluoride (PVDF) (Millipore, USA) membrane. After the mem-
brane was blocked with 5% skim milk, it was maintained
overnight with primary antibodies at 4℃, followed by incu-
bating with secondary antibody the next day. Primary
rabbit anti-human GAPDH (ab9485, 1:2,500), ATM/p-ATM
(ab32420/ab81292, 1:2,000/1:50,000), γ-H2AX (ab81299, 1:5,000),
UBE2C (ab252940, 1:1,000), and secondary goat anti-rabbit IgG

(ab6721, 1:2,000) were purchased from Abcam (UK) and pro-
tein bands were visualized using the ECL Plus kit (Thermo
Fisher Scientific, USA). ImageJ software was used to quantify
the results. The experiments were carried out for three times.

2.6 Cell counting kit-8 (CCK-8)

Cells were cultured in 96-well plates (2 × 103 cells/well) and
10 μL of CCK-8 reagent was added at 0, 24, 48, and 72 h,
respectively. Absorbance was measured at 450 nm after
2 h of culture. For DDP resistance analysis, cells were
treated with DDP (Adooq, USA) at various concentrations
(0, 5, 10, 20, 40, and 80 μM) for 48 h. Phosphate-buffered
saline (PBS) was utilized to dissolve DDP. Absorbance was
measured and IC50 values were calculated [17]. The experi-
ments were implemented for three times.

2.7 Flow cytometry

Cells investigated (5 × 105 cells/well) were grown to 80%
confluence, rinsed with cold PBS, and collected by scraping
for flow cytometry.

Cell cycle: After pre-chilled PBS washes, cells were
fixed with pre-chilled 70% ethanol for 2 h at 4℃. After
30 min of staining with propidium iodide (PI) solution, cells
were then detected using a flow cytometer.

Apoptosis: Collected cells were stained with Annexin
V-Fluorescein Isothiocyanate/PI according to the manuals
(BD Pharmingen, USA). Detection was performed using a
flow cytometer after 15 min. The assay was repeated for
three times.

2.8 Comet assay

0.5% agarose was cooled to 40℃ and mixed with treated
cells at a ratio of 10/1 (v/v) before spreading on slides.
After that, cells were treated with lysis buffer for 1 h at
4℃ after cooling and then electrophoresed at 21 V for
30min. Comets could then be observed under a fluorescence
microscope after staining with PI, with comet and comet tail
lengths being calculated using CaspLab software [27]. The
experiments were repeated for three times.

2.9 Dual luciferase assay

Cells (3 × 104 cells/well) were seeded into 24-well plates. pGL3-
Basic-UBE2C-WT and pGL3-Basic-UBE2C-MUT luciferase reporter

Table 1: Primer sequence for qRT-PCR

Gene Sequence

UBE2C Forward primer 5′-GACCTGAGGTATAAGCTCTCGC-3′
Reverse primer 5′-TTACCCTGGGTGTCCACGTT-3′

MYBL2 Forward primer 5′-CTTGAGCGAGTCCAAAGACTG-3′
Reverse primer 5′-AGTTGGTCAGAAGACTTCCCT-3′

GAPDH Forward primer 5′-TGACTTCAACAGCGACACCCA-3′
Reverse primer 5′-CACCCTGTTGCTGTAGCCAAA-3′
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vectors (Promega, USA), si-NC, and si-MYBL2were co-transfected
into cells. Luciferase activity was measured after 48 h of culture.
The experiment was repeated for three times.

2.10 Chromatin immunoprecipitation (ChIP)

According to the manufacturer’s instructions, ChIP experi-
ments were performed using IP-grade anti-MYBL2 antibody
(PA5-79713, 0.5 μg/mL, Invitrogen, USA) and corresponding
Simple ChIP enzymatic chromatin IP kit (CST, USA).
Specifically, formaldehyde was added to the cultured cells
to fix the cells, and then, the cell samples were ultrasoni-
cally broken and collected. A part of the sampleswas incubated
with IgG at 4℃ overnight, and a part of the samples was
incubated with specific antibodies against MYBL2 at 4℃ over-
night. The samples after incubation were precipitated with
Protein Agar/Sepharose and centrifuged. After washing the
impurities, the precipitate was decrosslinked at 65℃ overnight,
and then, the DNA fragments were purified by phenol/chloro-
form extraction. Finally, PCR analysis was performed. Purified
DNA was detected using ChIP-qPCR with primers shown in
Table 2. The experiment was repeated for three times.

2.11 Statistical analysis

Data were presented as mean ± standard deviation of three
independent replicates (three independent biological replicates
were performed for each set of experiments). Experimental
data were processed using one-way analysis of variance or
T-test using GraphPad 8.0 and P-values below 0.05 were inter-
preted as having a significant level. Tukey test was conducted
as a post hoc test following one-way ANOVA.

Ethics approval and consent to participate: Our study did
not require an ethical board approval because it did not
contain human or animal trials.

3 Results

3.1 High expression of UBE2C in GC tissues
and cells

According to data retrieved from TCGA, UBE2C was upre-
gulated in GC tissues (Figure 1a). Findings in previous
studies also led us to conclude that UBE2C could promote
the progression of GC [12,22]. Subsequent qRT-PCR results

suggested that UBE2C expression was substantially higher
in MKN45, SNU-1, HGC-27, and AGS cell lines than in the
GES-1 cell line (Figure 1b). Since the most significant upre-
gulation of UBE2C was found in HGC-27 and AGS, the
following experiments were conducted on these two cell
lines. As we analyzed the pathway involved in tumor devel-
opment affected by UBE2C using GSEA, UBE2C turned out to
be mainly enriched in DNA replication, mismatch repair,
and cell cycle pathways. In this case, it was speculated
that UBE2C promoted GC progression by affecting DNA
damage (Figure 1c–e).

3.2 UBE2C promotes proliferation and DDP
resistance of GC cells by regulating DNA
damage

To explore the role of UBE2C in GC cells, si-NC and si-UBE2C
were transfected into HGC-27 and AGS cells, respectively.
After that, qRT-PCR and western blot were adopted to
examine UBE2C expression, and a significant decrease in
UBE2C was observed in HGC-27 and AGS cell lines trans-
fected with si-UBE2C (Figure 2a and b). Besides, the viabi-
lity of HGC-27 and AGS cells was found to decline after
transfection with si-UBE2C according to the CCK-8 results
(Figure 2c). Flow cytometry experiments also revealed
that si-UBE2C transfection induced G2/M arrest in HGC-27
and AGS cells, and the AGS cells at S-phase were significantly
reduced (Figure 2d). To ensure whether G2/M arrest resulting
from UBE2C downregulation was associated with cell death,
we further detected apoptosis and found that si-UBE2C trans-
fection was able to promote apoptosis in HGC-27 and AGS
(Figure 2e). Since a previous study reported that UBE2C could
promote DDP resistance in ovarian cancer [17], cells were
treated with different concentrations of DDP (0, 5, 10, 20, 40,
and 80 μM) to investigate the effect of UBE2C on GC drug-
resistance. According to the results, significantly reduced
IC50 values were found in the HGC-27 and AGS cell lines
transfected with si-UBE2C (Figure 2f). DNA damage is known
to be strongly associated with DDP resistance [9], and we
subsequently treated GC cells with DDP at a half-inhibitory
concentration (17 μM) and detected DNA damage by comet
assay. The results suggested that si-UBE2C was able to

Table 2: Primer sequence for ChIP-qPCR

Primer Sequence

Site Forward primer 5′-TGTGCCTGAGCGAGTTTGTA-3′
Reverse primer 5′-TGGGTGAGGGTTATCTCGTCC-3′
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promote cellular DNA damage in HGC-27 and AGS cells
treated with DDP (Figure 2g). The results of the western
blot revealed that si-UBE2C transfection could promote the
expression of two DNA damage-related proteins, namely γ-
H2AX and p-ATM (Figure 2h). The above results prove that
UBE2C promoted GC cell viability and DDP resistance by reg-
ulating DNA damage.

3.3 MYBL2 is a transcription factor upstream
of UBE2C

For a comprehensive understanding of how UBE2C impacts
GC, bioinformatics analysis was conducted to predict the
upstream regulator of UBE2C. By intersecting with the

upregulated genes in DEmRNAs, five potential transcription
factors were finally obtained, including UBE2C (Figure 3a). It
has been reported that the expression of UBE2C and MYBL2
was significantly positively correlated in a variety of cancers
(including lung adenocarcinoma, lung squamous cell carci-
noma, etc.) except GC [21]. Through analysis, we found that
in GC, a positive correlation between UBE2C and MYBL2
expression was confirmed by correlation analysis (R =

0.847, P < 2.2 × 10−16) (Figure 3b). It is generally believed
that the first 2,000 bp upstream of the gene is the promoter
region of the gene. We predicted the binding site of MYBL2 in
the UBE2C promoter region by JASPAR and finally selected
the promoter binding sequence with a high comprehensive
score (AACAATTAAACAGTT). The predicted sequence start
site and end site were 748 and 762, respectively (Figure 3c).

Figure 1: High expression of UBE2C in GC tissues and cells. (a) Expression of UBE2C in GC tissues and adjacent tissues in TCGA database (normal: 32,
tumor: 375) (P = 8 × 10−13); (b) expression of UBE2C in human normal gastric epithelial cells (GES-1) and human GC cells (MKN45, SNU-1, HGC-27, and
AGS) was detected by qRT-PCR for three times; (c–e) analysis of signaling pathways (DNA replication, mismatch repair, and cell cycle pathways)
affected by UBE2C was conducted by using GSEA database; error bar: a graphical display of the variability of the data and is used to indicate the error
or uncertainty of the measured value; the sample used as reference for relative comparison was GES-1 cells. *P < 0.05.
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Figure 2: UBE2C promotes proliferation and DDP resistance in GC cells by regulating DNA damage. (a) Transfection efficiency of si-NC and si-UBE2C
groups was examined via qRT-PCR for three times; (b) transfection efficiency of si-NC and si-UBE2C groups was examined via western blot for three
times; (c) cell viability of HGC-27 and AGS cells was measured through CCK-8 for three times; (d and e) cell cycle distribution and apoptosis of si-NC and
si-UBE2C groups in HGC-27 and AGS cells were examined by flow cytometry for three times; (f) IC50 value of si-NC and si-UBE2C groups in HGC-27 and
AGS cells was detected by CCK-8; (g) DNA damage of si-NC and si-UBE2C groups in HGC-27 and AGS cells was measured by comet assay for three times
(cells in five fields were counted); (h) expression of DNA damage-related proteins (ATM/p-ATM and γ-H2AX) was examined by western blot for three
times; error bar: a graphical display of the variability of the data and is used to indicate the error or uncertainty of the measured value; the sample
used as reference for relative comparison was si-NC group. For (g) and (h), cells were treated with DDP at various concentrations (0, 5, 10, 20, 40,
80 μM) for 48 h. *P < 0.05; **P < 0.01.
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Bioinformatics analysis results and qRT-PCR assay results
showed that MYBL2 expression was significantly upregulated
in GC tissues and cells (Figure 3d and e). The phenotype of
AGS was more pronounced in the above experiments, so
AGS was next used for the experiment. Dual luciferase assay
results revealed that si-MYBL2 was able to significantly
reduce the luciferase activity of UBE2C-WT and had no sig-
nificant effect on UBE2C-MUT (Figure 3f). ChIP assay results
revealed that UBE2C enrichment was significantly improved
with anti-MYBL2 compared with IgG (Figure 3g). The above
results indicated that MYBL2 was a transcription factor
upstream of UBE2C.

3.4 UBE2C activation by MYBL2 promotes GC
and DDP resistance by regulating DNA
damage

To further investigate the effect of MYBL2 on GC progres-
sion through UBE2C, the following transfection groups were
designed to treat AGS cells: si-NC + oe-NC/si-MYBL2 + oe-NC/
si-NC + oe-UBE2C/si-MYBL2 + oe-UBE2C. qRT-PCR and wes-
tern blot were used to detect the expression of UBE2C in
each group, and the results revealed that UBE2C expression
was inhibited in AGS cells transfected with si-MYBL2; yet,
this reduced expression could be restored by oe-UBE2C

Figure 2: (Continued)
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transfection (Figure 4a and b). After adopting CCK-8 to assess
cell viability, AGS cells transfected with si-MYBL2 saw a sub-
stantial decrease in cell viability, which could be restored by
oe-UBE2C transfection (Figure 4c). Flow cytometry showed
that the effect of si-MYBL2 on cell cycle and apoptosis, mainly
promoting G2/M arrest and AGS apoptosis in HGC-27 and AGS
cells, could be reversed by oe-UBE2C transfection (Figure 4d
and e). To verify the effect of MYBL2 on drug resistance in GC
cells, cells were subsequently treated with different concen-
trations of DDP (0, 5, 10, 20, 40, and 80 μM), and the results
revealed that si-MYBL2 was able to significantly reduce the

IC50 value of DDP in AGS cells, and the addition of oe-UBE2C
could restore the IC50 value of cells to the si-NC + oe-NC group
level (Figure 4f). Afterward, DNA damage was detected by
comet assay. The results showed that si-MYBL2 could promote
DNA damage in AGS cells, yet the promoting effect could be
reversed by oe-UBE2C transfection (Figure 4g). According to
the results of the western blot, which was used to detect the
expression of DNA damage-associated proteins, namely γ-
H2AX and p-ATM, si-MYBL2 transfection promoted their
expression, while oe-UBE2C transfection could reverse this
promoting effect (Figure 4h). The above results suggested

Figure 3: MYBL2 is a transcription factor upstream of UBE2C. (a) Upset plots of predicted upstream transcription factors of target genes and
differentially expressed genes; the left bar chart (set size) represents the number of each set of genes, where DEmRNA_up represents differentially
expressed up-regulated genes, and TF represents upstream transcription factors; the ordinate (intersection size) represents the number of inter-
sections; points represent intersection; (b) Pearson correlation analysis was carried out on UBE2C and MYBL2 expression (R = 0.847, P < 2.2 × 10−16);
The R value is positive, indicating that the two values are positively correlated, and the change trend is the same; the P value is the test value, P < 0.05,
indicating a correlation; (c) targeting sites between UBE2C and MYBL2 were predicted by utilizing JASPAR; (d and e) MYBL2 expression in GC tissues
and cells (MKN45, SNU-1, HGC-27, and AGS) was tested via bioinformatics and qRT-PCR, respectively; (f and g) binding relationship between UBE2C and
MYBL2 in AGS cells was verified by dual luciferase and ChIP; error bar: a graphical display of the variability of the data and is used to indicate the error
or uncertainty of the measured value; the sample used as reference for relative comparison in Figure 3e was GES-1 cells; the sample used as reference
for relative comparison in Figure 3f was the si-NC group; the sample used as reference for relative comparison in Figure 3g was the IgG group.
*P < 0.05.
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that the MYBL2/UBE2C axis could promote DDP resistance in
GC cells by regulating DNA damage.

4 Discussion

GC has a median survival rate of only 20%. UBE2C is the
core ubiquitin-conjugating enzyme in the ubiquitin–pro-
teasome system that promotes cell cycle progression. It is
involved in regulating the degradation of proteins involved

in cell cycle progression by interacting with anaphase-pro-
moting complex/cyclosome [28–30]. Upregulation of UBE2C
in breast cancer [31], non-small-cell lung cancer [30,32],
and glioma [33] is discovered to promote the malignant
progression of tumor cells. Previously, studies have inves-
tigated the effect of UBE2C on GC and found that the
increased expression of UBE2C on GC can promote cell
proliferation and inhibit apoptosis [34]. The conclusion
reached in this study that UBE2C was highly expressed in
GC tissues and cells was consistent with previous results.
Previous studies have pointed out the link between

Figure 4: Activation of UBE2C by MYBL2 promotes GC progression and DDP resistance by regulating DNA damage. (a) Expression of UBE2C in each
transfection group was detected by qRT-PCR for three times; (b) expression of UBE2C in each transfection group was detected by western blot for
three times; (c) cell viability of the transfection groups was detected by CCK-8 for three times; (d and e) cell cycle distribution and apoptosis in each
transfection group was detected by flow cytometry for three times; (f) IC50 values in the transfection groups were detected by CCK-8 for three times;
(g) DNA damage was assessed in each transfection group by comet assay for three times (cells in five fields were counted); (h) DNA damage-
associated proteins (ATM/p-ATM, γ-H2AX) were assessed by western blot; error bar: a graphical display of the variability of the data and is used to
indicate the error or uncertainty of the measured value; For (f) and (g), cells were treated with DDP at various concentrations (0, 5, 10, 20, 40, 80 μM)
for 48 h. *vs si-NC + oe-NC, #vs si-MYBL2 + oe-NC; */# indicates P < 0.05.
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chemosensitivity and UBE2C, where downregulation indi-
cates better tumor cell chemosensitivity to chemotherapeutic
agents [35,36]. In this study, we found that the knockdown
UBE2C was able to inhibit cell viability and DDP resistance,
promote cell apoptosis, and block cell cycle at the G2/M
phase. Besides, comet assay and western blot assay revealed
that silenced UBE2C in DDP-treatment cells could enhance
DNA damage. Our observation could be part of the efforts in
overcoming platinum resistance in GC by confirming the
molecular mechanism of UBE2C in this setting.

To investigate the specific mechanism of UBE2C as an
oncogene in GC progression, we predicted the upstream
transcription factor of UBE2C by bioinformatics analysis
and employed dual luciferase and ChIP assays to prove
the binding relationship. As a key regulator of gene expres-
sion involved in tumorigenesis, MYBL2, a highly conserved
member of the MYB transcription factors, plays a crucial
role in mitotic progression, cell death, and proliferation
[18,37,38]. For instance, knockdown of MYBL2 that is highly
expressed in GC can inhibit cell proliferation and promote

Figure 4: (Continued)
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apoptosis [39]. Besides, MYBL2 is involved in tumor che-
moresistance. For example, as an upstream transcription
factor of CDCA8, MYBL2 promotes CDCA8 expression and
hence improves the sensitivity of ovarian cancer cells to
olaparib and DDP [40]. To sum up, our results indicated
that MYBL2 was able to directly bind to the promoter region
of UBE2C and activate transcription of UBE2C, thereby inhi-
biting cell apoptosis and DNA damage, promoting cell viabi-
lity and DDP resistance in GC cells.

In summary, to our knowledge, this is the first study
that investigated the effect of MYBL2/UBE2C regulatory axis
on GC and found that MYBL2 could inhibit DNA damage
and promote cell viability and DDP resistance in GC cells by
activating UBE2C, which indicated that MYBL2/UBE2C axis
was closely related to GC. However, this study has some
limitations. First, it failed to further verify the reliability of
the results at the animal and clinical levels. Second, the
upstream regulatory molecules of MYBL2 and the relevant
possible pathways involved have not been explored.
Hopefully, this study could enhance the biological under-
standing of drug resistance in GC while providing evidence
to support that MYBL2 and UBE2C are potential biomarkers
and therapeutic targets for drug resistance in GC.
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