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Abstract

Background. Gastric cancer (GC) is a common malignant tumor with a high morbidity and mortality
worldwide. It has been reported that V-Myb avian myeloblastosis viral oncogene homolog-like 2 (MYBL2)
could be a promising prognostic biomarker for GC. However, the specific role of MYBL2 in GC progression
remains unclear.

Objectives. To examine the role of MYBL2 in GC progression and investigate the underlying mechanisms.

Materials and methods. The mRNA levels of target genes were detected using quantitative real-time
polymerase chain reaction (RT-qPCR) and protein expression was measured with western blot analysis. Cell
Counting Kit-8 (CCK-8) and colony formation assays were employed to inspect HG(-27 cell proliferation, and
cellular apoptosis was determined with TUNEL staining. Finally, the interaction of MYBL2 and cell division
cycle 20 (CDC20) was verified with immunoprecipitation.

Results. MYBL2 was confirmed to be overexpressed in GC cells. MYBL2 knockdown inhibited HGG-27 cell
proliferation and promoted cellular apoptosis, and these effects were reversed by (DC20 overexpression.
Interestingly, MYBL2 interacted with (DC20 and requlated its expression. MYBL2 knockdown also inhibited
activation of the Wnt/B-catenin signaling pathway, while CDC20 overexpression showed the opposite effect.

Conclusions. In summary, the synergy between MYBL2 and (DC20 induced the proliferation of GC cells
and inhibited cell apoptosis; these effects may have involved the Wnt/B-catenin signaling pathway. Thus,
MYBL2 may be a promising target for GC treatment.

Key words: apoptosis, gastric cancer, proliferation, cell division cycle 20 ((DC20), V-Myb avian myeloblastosis
viral oncogene homolog-like 2 (MYBL2)
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Background

Gastric cancer (GC) is the 5" most common malignant tu-
mor and the associated mortality rate is 3" globally."> There
are more than one million new GC cases diagnosed world-
wide each year and this disease has become a major burden
on human health.? Since patients with early GC have no
obvious symptoms, the majority are already at an advanced
stage at the time of diagnosis.*> While great progress has
been achieved through the development of new diagnostic
methods and treatment strategies, the five-year survival rate
in advanced patients has not exceeded 15%.° Due to the com-
plex molecular mechanisms involved in the onset and de-
velopment of GC, the specifics of GC pathogenesis are still
unclear. Hence, it is important to explore novel and effective
biomarkers for the diagnosis, treatment and prognosis of GC.

V-Myb avian myeloblastosis viral oncogene homolog-
like 2 (MYBL2) is a member of the MYB family of tran-
scription factors and is involved in the regulation of infinite
replicative potential, evasion from apoptosis, tissue infil-
tration, and metastasis.” Expression of MYBL2 is ubiqui-
tous and can be observed in almost every proliferating cell.®
Overexpression of this gene is also associated with a poor
prognosis in multiple cancers.” Upregulation of MYBL2,
a key downstream effect of Akt/FoxM1 signaling, facili-
tates the progression of glioma.® Recently, MYBL2 over-
expression has been also observed in malignant tumors
including colorectal cancer,'? acute myeloid leukemia!! and
breast cancer,'? suggesting that this gene plays an essential
role in tumor cell growth and carcinogenesis. A search
of the CCLE database (https://portals.broadinstitute.org/
ccle) suggests that MYBL?2 is generally upregulated in nu-
merous tumor cell lines. Interestingly, it has been reported
that MYBL2 is relevant to cancer cell differentiation and
lymph node metastasis. Studies have shown that its expres-
sion is negatively correlated with the survival rate of GC
patients, suggesting that this gene could be a promising
prognostic biomarker for gastric adenocarcinoma.® How-
ever, the specific role of MYBL2 in the occurrence and
progression of GC remains unclear.

Cell division cycle 20 (CDC20), a gene first discovered
in yeast, plays an essential role in the progress of cell cycle.!®
CDC20is an indispensable developmental gene as its inhibi-
tion in mice leads to chromosome condensation and embry-
onic death, partly due to abnormal mitosis.* CDC20 ablation
can also effectively inhibit the invasiveness of mouse skin tu-
mors, mainly due to increased apoptosis.!® In addition, a ret-
rospective study identified CDC20 expression as a useful
biomarker for the prognosis of pancreatic cancer.'® This gene
has also been studied in a great diversity of other tumors."”

Objectives

The results cited above suggest that MYBL?2 is very prom-
ising as a biomarker for the prognosis of GC. Thus, the aim
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of this study is to verify the role of MYBL2 in GC progres-
sion, and more importantly, to investigate the underlying
mechanisms.

Materials and methods
Cell culture and transfection

Human GC cell lines, including MKN-45, MKN-74, AGS
and HGC-27, and a normal gastric GES-1 cell line were pur-
chased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). All of these cell lines
were cultured in RPMI-1640 medium (Gibco, Thermo Fisher
Scientific, Waltham, USA) containing 10% fetal bovine se-
rum (FBS; Thermo Fisher Scientific), 100 U/mL of peni-
cillin-G, and 100 ug/mL of streptomycin. The cells were
maintained in a 37°C humidified atmosphere with 5% CO,.

Small interfering (si)-MYBL2 (si-MYBL2-1 5-CCAAGAG-
CACACCTGTTAA-3; si-MYBL2-2 5-CCAGAAACAT-
GCTGCGTTT-3'), and the scramble siRNA (si-NC, 5-AC-
GTGACACGTTCGGAGAATT-3') as a negative control
(NC), were obtained from Shanghai GenePharma Co.,
Ltd. (Shanghai, China). The si-MYBL2 (50 nM) and si-NC
(50 nM) were transfected into HGC-27 cells (5 x 10° cells/
well) using Lipofectamine 2000 (Invitrogen, Carlsbad, USA)
according to the manufacturer’s instructions. In addition,
CDC20 transcript cDNA was inserted into the pCDNA3.1
by Lederer Biological Technology (Guangdong, China), and
then transfected into HGC-27 cells (20 pg) to achieve CDC20
overexpression (Ov-CDC20). An empty vector without
CDC20 sequence was used as the negative control (OV-NC).

RT-qPCR

Total RNA from HGC-27 cells was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific) following
the manufacturer’s protocol. Complementary DNA (cDNA)
was synthesized using a Reverse Transcription kit (Thermo
Fisher Scientific) according to manufacturer’s instruc-
tions. Real-time quantitative polymerase chain reaction
(RT-gPCR) was performed using Roche SYBR Green PCR
kits (Roche Diagnostics, Basel, Switzerland) and carried out
using the Opticon Real-Time PCR Detection System (ABI
7500; Life Technologies, Carlsbad, USA). The GAPDH gene
was used as an internal gene for normalization. The cycling
conditions were as follows: 1 cycle of 95°C for 2 min and
40 cycles of 95°C for 15 s, with a final extension at 60°C
for 60 s. The relative mRNA quantity was calculated using
the 2-24¢4 method.!® The primer sequences were as follows:
MYBL2 forward, 5-AAAACAGTGAGGAGGAAC-3’ and
reverse, 5-CAGGGAGGTCAAATTTAC-3; CDC20 for-
ward, 5-GGCACCAGTGATCGACACATTCGCAT-3 and
reverse, 5-GCCATAGCCTCAGGGTCTCATCTGCT-3}
and GAPDH forward, 5-CTGGGCTACACTGAGCACC-3’
and reverse, 5-AAGTGGTCGTTGAGGGCAATG-3.
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Western blot analysis

The cells were washed with cold phosphate-buffered sa-
line (PBS) and then lysed in a lysis buffer supplemented with
phenylmethylsulfonyl fluoride (1 mM), trypsin (10 pg/mL),
aprotinin (10 pg/mL), and leupeptin (10 pg/mL). A bicin-
choninic acid (BCA) protein assay was used to quantify
the protein concentration. Proteins (25 pg/lane) were sepa-
rated in a 10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) gel and then transferred onto
polyvinylidene difluoride PVDF membranes. The mem-
branes were then blocked with skim milk for 2 h at room
temperature and subsequently incubated with primary an-
tibodies against M YBL2 (#PA5-79713; 1:1000), PCNA (#13-
3900; 1:1000), Ki-67 (#14-5698-82; 1:1000), Bcl-2 (#MAS5-
11757; 1:1000), Bax (#33-6400; 1:1000), cleaved caspase-3
(#ab2302; 1:500; Abcam, Cambridge, UK), caspase-3
(#MAS5-11521; 1:1000), CDC20 (#PA5-63103; 1:1000), c-
Myc (#MA1-980; 1:1000), B-catenin (¥MA1-301; 1:1000),
p-GSK-3p (#MA5-14873; 1:500), and GSK-3p (#39-9500;
1:1000) at 37°C overnight. GAPDH (#39-8600; 1:1000) was
used as a loading control. After washing with PBS 3 times,
the polyvinylidene difluoride (PVDF) membranes were in-
cubated with horseradish peroxidase (HRP)-goat anti-rabbit
secondary antibody (#G-21234; 1:50000; Invitrogen) for 2h
at room temperature, and the intensities of the bands were
analyzed using Image] software v. 1.6 (National Institutes
of Health, Bethesda, USA). Antibodies that are not branded
were obtained from Thermo Fisher Scientific.

CCK-8 assay

A Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute
of Biotechnology, Haimen, China) was used to investigate
the effects of MYBL2 knockdown and CDC20 overexpres-
sion on the viability of HGC-27 cells. Cells were seeded
in 3 independent 96-well plates (5 x 103 cells/well) and
incubated for 24 and 48 h at 37°C. Following this, CCK-8
reagent (10 pL) was added into each well and the plates
were subsequently incubated at 37°C for another 2 h.
The absorbance at 450 nm was detected using an enzyme-
linked immunosorbent assay (ELISA) plate reader (Bio-
Rad, Hercules, USA).

Colony formation assay

The colony formation assay was performed to detect
the effect of M YBL2 knockdown and CDC20 overexpression
on cell proliferation. After transfection, cells (1 x 10%/well)
were seeded in a 35-mm petri dish and incubated for
10 days at 37°C to form colonies. Subsequently, HGC-27
cells were fixed with 4% paraformaldehyde for 5 min and
stained with 0.1% crystal violet solution for 20 min at room
temperature. The number of colonies (diameters >0.5 mm)
within a field was counted using a digital camera (Nikon
Corp., Tokyo, Japan).
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TUNEL staining

HGC-27 cells (1 x 10° cells/mL) were seeded in six-
well plates and then fixed in 4% paraformaldehyde for
5 min at room temperature. After permeabilization
with 0.1% Triton X-100 (Sigma-Aldrich, Merck KGaA,
St. Louis, USA) for 5 min, HGC-27 cells were stained
according to the protocol of the ApopTag Fluorescein
In Situ Apoptosis Detection kit (Chemicon International
Inc., Temecula, USA). Nuclei were labeled with 4',6-di-
amidino-2-phenylindole (DAPI) and quantified under
a fluorescence microscope at x200 magnification (Leica
Microsystems GmbH, Wetzlar, Germany).

Immunoprecipitation

Cells were collected and lysed with immunoprecipita-
tion (IP) lysis buffer containing protease inhibitors. After
centrifugation at 12,000 x g at 4°C, MYBL2 antibody
(1 pg) was added into the supernatant and the samples
were placed on a rotating platform overnight at 4°C. Sub-
sequently, 50 puL of SureBeads™ protein G magnetic beads
(No. 1614023; Bio-Rad) were added into the above mixture
at 4°C with gentle rotation for 4 h. The pellets were dis-
solved in 60 uL x1 electrophoresis sample buffer and boiled
for 5 min. Samples (30 pL) were analyzed using western
blot analysis as outlined above.

Statistical analyses

Data are presented as the mean + standard error
of mean (SEM) of at least 3 experiments. Statistical analy-
ses was performed using SPSS v. 17.0 software (SPSS Inc.,
Chicago, USA). Analysis of variance (ANOVA) followed
by Bonferroni’s post hoc test were used to determine
the differences in the means among multiple groups.
P-value <0.05 was considered to indicate a statistically
significant difference.

Results
MYBL2 is highly expressed in GC cells

A search of the CCLE database suggested that MYBL2
is generally upregulated in numerous tumor cell lines,
including GC cell lines (Fig. 1A). To explore the effect
of MYBL2 on GC progression, the mRNA and protein
expression of MYBL2 were detected using RT-qPCR and
western blot analysis, respectively. The mRNA and protein
expression of MYBL?2 is significantly upregulated in GC
cell lines, including MKN-45, MKN-74, AGS, and HGC-27,
compared to the GES-1 cell line, suggesting that MYBL2
may play an oncogenic role in the onset and development
of GC (Fig. 1B,C).



960 Q. Deng et al. The role of MYBL2 in gastric cancer

A Copy Number: MYBL2
B lymphoma_Burkitt(11)

E B-cell_ALL(13)

1 B-cell_lymphoma_other(16)

I lymphoma_DLBCL(18)

=

1

8 ‘ °
&7 leukemia_other(5)
B ‘ “ ] T-cell_ALL(16)
W multiple_myeloma(29)
1 T-cell_lymphoma_other(11)
lung_small_cell(54)

i E neuroblastoma(17)

I
{
T
H,
==
=T

| liver(29)
4 I] endometrium(28)
B AML(39)
. ° ° B cmL(is)
L . ° ° . =] breast(60)
2 . [l NA387)
[l stomach(39)
° 1 ovary(55)
. " ° @ [ urinary_tract(28)
° . [l other(8)
0 Bl lung NSC(126)
O T R N A D DTN AT ORI AF R OO ORAR IR AN SRRSO
ST S E NS & TS ST LT TELXSFFNE S F S S FF L EE S
T ST T N TS ST TP TG ST SIS LT E T FFFTELES
P T NELIE & e 0 TSI COF IS TS TGS
Q7o TR F LSS S ® <\<‘°( LS & o STE S & & &
<© &S FE &S & 3 & S & & F & &
& &Y FEe e <& & &7 & &y
& 5 S & N N
: (l@ &) >
< ~
MYBL2 | “ s ams anp o
F&E vE
DR\ > c
c ] *okk
- 4 %* % %k N =
c | 3 [ |
—_— I
o %k % %k = k% %k
» E o %644
» O I 1 X [ 1 020%6%4
e 3 *kk ) *ok ok X003
i OO0
aw I 1 < _ ] 1 ;u 55850
> s OO0 ':’:’:’ Z 4 ol b0e%e %) :0:0:0:
() g * %k %k XRRI poosese 20X [ — XXX XX
‘J S o — DO peoyed) RARK? [ XK ;:.:.:. XHHK
BOOC 300 BOOC OO0
o)) OOCX Pete’? OO0 OO0 ¢5¢%¢ OO
o OO [ %6 %% SOOC N 55 POOC boe%e %) 028082
- e e 6" OCOCX 55¢S OO0 85654 OO o%e% OO
OO SO 2000 | BOOC OO
E 5 o%0%e% DO SO0 588 m 2' :’:’:’:‘ BSOSO :’:’:’: 2o 000e]
®e% %! OO 0O OO0 OO OO LOCOK
et 1 —— o%6%% DO b%6%%) 3000 D= OO PO 2000 8¢
-1 OO0 * & & OO OO OO0 o & o 4
o O ¢%e%% OO SAS 2000 BOOC PO 2000 SR
OO o%e OO = 220204 O OO
> £ o2e%e% P 560 300 KRAX RS OO XXX
. OOCX 0%e% O0C OO A5 OOOK
"5 ke 0:0:0:‘ '@i@i@p 53¢« Lole %% g ':‘:’:’: ‘02626 ’:’:’:’ %% %4
- OO OOCX 200 2000 2 BOOC PO 2000 0289
] 0 . POOOS OGS ‘.‘I.'. ’o’lo‘o - 0- % 2e%%! 0.0, ] 0% %
(14 ! !
[
N e > 2 4 2 NP > % P
F & & ¥ & & & ¥

Fig. 1. MYBL2 is highly expressed in gastric cancer (GC) cells. A. The MYBL2 expression in multiple cancer cell lines in the CCLE database; B. The MYBL2
protein expression was determined with western blot analysis and quantification; C. The MYBL2 mRNA level was analyzed with quantitative real-time
polymerase chain reaction (RT-gPCR). Error bars represent the mean +standard error of mean (SEM) from 3 independent experiments

*061 < 0,001,
MYBL2 silencing inhibits significantly depressed by MYBL2 knockdown at the in-
HGC-27 cell growth dicated time (24 h and 48 h), as compared to the control
(Fig. 2B). The results of the western blot analysis demon-
To examine the specific effect of MYBL2 on GC progres- strated that the expression levels of proliferative markers,

sion, cell growth was analyzed with CCK-8 and colony including proliferating cell nuclear antigen (PCNA) and
formation assays. The si-MYBL2 was used to achieve Ki-67, were decreased in HGC-27 cells from the si-MYBL2
MYBL2 knockdown. As shown in Fig. 2A, si-MYBL2 group (Fig. 2C,D). Finally, the results of the colony forma-
caused a significant reduction in the MYBL2 mRNA level, tion assay showed that MYBL2 silencing remarkably sup-
especially in the si-MYBL2-1 group. Hence, si-MYBL2-1 pressed the proliferation of HGC-27 cells (Fig. 2E). These
was selected for the subsequent experiments. Moreover, results indicate that MYBL2 silencing inhibits HGC-27
the results of the CCK-8 assay showed that viability was cell growth.
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Fig. 2. MYBL2 silencing inhibits cells growth and promotes cell apoptosis of HGG27 cells. A. The MYBL2 mRNA level was analyzed with quantitative real-

assay; C and D. The proliferating

)

K-8

(G-27 cell viability was detected using the Cell Counting Kit-8 (CC
67 protein expressions were determined with western blot analysis and quantification; E. HG

RT-gPCRY); B. The HG
and Ki-

analyzed using colony formation assay;

(

time polymerase chain reaction

cell nuclear antigen

(G27 cell proliferation was

(G27 cell apoptosis was determined with TUNEL staining; H and I. Bax, Bcl-2, cleaved caspase-3, and

caspase-3 protein expressions were determined using western blot analysis and quantification. Error bars represent the mean +standard error of mean

(SEM) from 3 independent experiments

PCNA)

(

Fand G.The HG

*p < 0.05;**p < 0.01; **p < 0.001.

the expression levels of Bax (pro-apoptotic),

-apoptotic) and cleaved caspase-3/caspase-3

were assessed using western blot analysis. MYBL2 si-
lencing led to the loss of Bcl-2 and upregulation of Bax
and cleaved caspase-3 (Fig. 2H,I). These results imply

that MYBL2 silencing promotes the apoptosis of HGC-27

Additionally,
cells.

Bcl-

MYBL2 silencing promotes

2 (anti

is of HGC-27 cells

the apoptos

Apoptosis was analyzed by TUNEL staining to de-
tect the specific effect of MYBL2 on GC progression.
The HGC-27 cell apoptosis rate in the si-MYBL2-1 group

was higher than that in the control group (Fig. 2F,G).
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MYBL2 interacts with CDC20
and regulates its expression

To investigate the underlying mechanism of MYBL2
in GC progression, studies were carried out to explore
its downstream targets. Based on the LinkedOmics web-
site (www.linkedomics.org), the correlation between
the MYBL2 and CDC20 in GC was analyzed. It was
found that MYBL2 expression is positively correlated
with most genes (Fig. 3A,B), and is highly correlated
with CDC20 (p < 0.0001; Fig. 3C). Furthermore, the co-
expression of MYBL2 and CDC20 in the Gene Expres-
sion Omnibus (GEO) database was analyzed using
COEXPEDIA (https://www.coexpedia.org/), as shown
in Fig. 3D.

The role of CDC20 in GC progression and its expres-
sion in GC cells was assessed by RT-qPCR and western
blot analysis. The mRNA and protein expression levels
of CDC20 were significantly increased in GC cell lines,
including MKN-45, MKN-74, AGS, and HGC-27, as com-
pared to the GES-1 cell line (Fig. 3E,F). Moreover, MYBL2
knockdown inhibited protein and mRNA expression
of CDC20 (Fig. 3G,H). Consistently with the search re-
sults outlined above, the IP assay showed that endogenous
CDC20 and MYBL2 formed a complex in HGC-27 cells
(Fig. 3I). Collectively, these results suggest that MYBL2
interacts with CDC20 in vitro.

MYBL2 knockdown inhibits the proliferation
and promotes apoptosis of HGC-27 cells
through the regulation of CDC20 expression

To confirm the mechanism by which MYBL2 regulates
GC cell growth, the biological significance of the interac-
tion between MYBL2 and CDC20 was examined. First,
an Ov-CDC20 plasmid was constructed, and its transfec-
tion efficiency was confirmed using RT-qPCR and west-
ern blot analysis (Fig. 4A,B). The results from the CCK-8
assay demonstrated that CDC20 overexpression partly
abolished the inhibitive effects of MYBL2 knockdown
on HGC-27 cell viability (Fig. 4C) and proliferative mark-
ers expressions (Fig. 4D). Consistent with these observa-
tions, the results from the colony formation assay showed
that CDC20 overexpression reversed the inhibitive effect
of MYBL2 silencing on HGC-27 cell proliferation (Fig. 4E).
Furthermore, the results from TUNEL staining showed
that the cell apoptosis rate was significantly decreased
in HGC-27 cells co-transfected with si-MYBL2 and Ov-
CDC20 compared to cells transfected with si-MYBL2
alone (Fig. 4F,G). The Bcl-2 expression level in HGC-27
cells from the si-MYBL2+Ov-CDC20 group was higher,
while the expression levels of Bax and cleaved caspase-3
was lower, than that in si-MYBL2 group (Fig. 4H,I). These
results indicate that MYBL2 knockdown inhibits the pro-
liferation and promotes the apoptosis of HGC-27 cells
through the regulation of CDC20 expression.

Q. Deng et al. The role of MYBL2 in gastric cancer

Effects of MYBL2
on the Wnt/f-catenin signaling pathway

To further clarify the underlying mechanisms of MYBL2
in GC progression, the effects of MYBL2 on the Wnt/p-
catenin signaling pathway were analyzed. As shown
in Fig. 5, MYBL2 knockdown led to a reduction in the ex-
pression of B-catenin, p-GSK-3p and mc-Myc, which was
reversed by CDC20 overexpression. These results suggest
that MYBL2 knockdown induces inactivation of Wnt/p3-
catenin signaling pathway.

Discussion

Gastric cancer is a common malignant tumor with
a high morbidity and mortality globally. Nowadays, due
to risk factors such as changes in diet and lifestyle, the in-
cidence of GC is increasing.!” It is a disease that is highly
heterogeneous in terms of molecular and cellular pheno-
type, and is diagnosed histologically through endoscopic
biopsy. Endoscopic resection is mainly used for early-stage
GC, and surgery is mainly used for advanced GC.! Despite
the advances that have been achieved in diagnosis and
therapy, the outcome for GC patients remains poor. There
are great limitations in the understanding of the etiology
of GC, which involves a multifaceted process and complex
molecular mechanisms. Hence, it is important to explore
promising targets for GC treatment.

The MYB family of proteins contains numerous subtypes
with diverse functions, the majority of which act as tran-
scription factors and have different numbers of MYB do-
main repeats. This latter feature endows these proteins
with the ability to bind DNA.?° Rapidly accumulating evi-
dence now suggests that the MYB family regulates the cell
cycle to maintain DNA replication, cell survival and pro-
liferation.”222 It has also been reported that MYBL2 ex-
pression is significantly increased in numerous cancer
tissues as compared to adjacent tissue, and is negatively
associated with the survival rate of cancer patients.” In ad-
dition, MYBL2 downregulation inhibits the proliferation
and DNA replication of gallbladder cancer cells in vitro,?
which is consistent with the current findings. Specifically,
in the current study, it was observed that MYBL2 is over-
expressed in GC cell lines (MKN-45, MKN-74, AGS, and
HGC-27) compared to a normal gastric cell line (GES-1).
Hence, MYBL2 may be an oncogene in GC progression.
To confirm the role of MYBL2 in GC progression, MYBL2
downregulation was induced by the transfection of si-
MYBL2, and the survival and apoptosis of HGC-27 cells
were detected using CCK-8, colony formation and TUNEL
assays. The results suggested that MYBL2 downregula-
tion inhibits the proliferation and promotes the apoptosis
of HGC-27 cells.

In order to explore the underlying mechanisms by which
MYBL2 regulates GC progression, the molecules that can



Adv Clin Exp Med. 2021;30(9):957-966 963

A B C Pearson-Correlation:0.7566

MYBL2 Association Result ¥ P-value:3.24e-78
Sample Size:(N=415)

1 |
(bl ‘ ! ‘H\ <
s | 1 A 1 e -
= { 1
il , o
o | l \‘ Il I :\M
. @ iy ! 1 |
% - | | (i | i) ’ % zScore Growp
£ ° T = = e g
= (i | | PN e 0 0 a
% o | i ¥l | ‘ il .",3 .jf ©
S < | i | ) L u\‘ | <
0 iy if {
iR ¢
& [ | ‘“\
i | A
I i I i \‘ I \"‘\ 1t }\I\ < 4 ©
° 1 | I ‘\ | | ‘ ‘l\l
! ! J ! i il = T T T T
L 0 1 2 | (i Wil N = 6 8 10 12
Pearson Correlation Coefficient (Pearson test) MYBL2

CDC20 ——— —

GAPDH | i Gl GNES @D B

different groups (fold)

Relative CDC20 expression in

k% k
G

1.59

different groups (fold)

Relative CDC20 expression in

0.0 T

Relative CDC20 mRNA expression

-
(3]
1

k%

1.0

CDC20

0.5

o
2]
i

Relative CDC20 mRNA expression
—
<
% |
9
V. ]
@ .
(‘9 g
Y,
Relative CDC20 expression in

different groups (fold)

0.0 T

o
o
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analyzed with quantitative real-time polymerase chain reaction (RT-qPCRY); |. The interaction between MYBL2 and CDC20 was determined using IP. Error bars
represent the mean tstandard error of mean (SEM) from 3 independent experiments

*p < 0.05; *p < 0.01; **p < 0.001.

interact with this protein were searched on the Linked- indicated that MYBL2 interacts with CDC20 in vitro. It has
Omics and COEXPEDIA websites. The results suggested been reported that CDC20 possesses regulatory potential
that MYBL2 expression is positively correlated with at multiple points of the cell cycle and plays a carcinogenic

CDC20. Consistent with these search results, an IP assay role in various types of tumor.?* For example, 445 breast



964

QOOOOOOOO000

different groups (fold)
R RERe
QKRR

QOO

Q. Deng et al. The role of MYBL2 in gastric cancer

=3 Control

X3 si-MYBL2

X3 si-MYBL2+Ov-NC
B3 si-MYBL2+0v-CDC20

Relative CDC20 expression in

%,

£
s
o7
2
PCNA 8
2o
33
® 5 Q0
. < £
Ki-67 2 2 2
25 5
25 XX
GAPDH 2 E 250
&35
[} 8
©
F Control si-MYBL2
[}
>
Q
=
o
<
o
B
c
=
2

£ £
c ~ C o~
3) o3
e 28
- Lq
o= QQ
X 3 xX 3
d)e G)E
5 Yo
TR T =
o5 @5
o5 o =
(3 @
%'U 87

Q

© ©

Relative CDC20 mRNA expression

Relative Ki-67 expression in
different groups (fold)

Cell apoptosis (%)

Cell viability (%)

Sttt tetets

si-MYBL2+Ov-NC  si-MYBL2+0Ov-CDC20

0.0

20 *kk Bax I
15 RS Bcl-2 WD s - o—
I’ Cleaved
$tetetets - W«
b S 3 - - —
5 Caspase3 | s wmws w—— a—
0
GAPDH |"ED> IS GED w=
©
% N2 o & _\Q& 4'\;0 &>
Q X o ) O 9
» V4 © N 03 N
& L R )
R & 03
& é\.\“ &
N

S T
e
' )
s
x5 S
@9

5o 2
-
2 X0
T o =

%9

o E

°

Fig. 4. MYBL2 knockdown inhibits the proliferation and promotes apoptosis of HGG27 cells via the regulation of CDC20 expression. A. The CDC20

protein expression was determined with western blot analysis and quantification; B. The CDC20 mRNA level was analyzed with quantitative real-time
polymerase chain reaction (RT-qPCR); C. HGCG27 cell viability was detected using the Cell Counting Kit-8 (CCK-8); D. The proliferating cell nuclear antigen
(PCNA) and Ki-67 protein expressions were determined with western blot analysis and quantification; E. HGCG-27 cell proliferation was analyzed with

the colony formation assay; F and G. HGG27 cell apoptosis was determined with TUNEL staining; H and I. Bax, Bcl-2, cleaved caspase-3, and caspase-3, and
protein expressions were determined using western blot analysis and quantification. Error bars represent the mean +standard error of mean (SEM) from

3 independent experiments

#p < 0.01; **p < 0.001.

cancer patients were followed up for 20 years to detect
the expression of CDC20, which verified that CDC20
is highly expressed in breast cancer patients. In addition,
the overexpression of CDC20 was related to the aggressive

course of breast cancer.?> CDC20 is also overexpressed
in colorectal cancer cell lines and primary cancer tissues.
It is worth noting that the expression of CDC20 is relevant
to clinical stage, metastasis and short-term overall survival,



Adv Clin Exp Med. 2021;30(9):957-966

B-catenin * — “
- )
p-GSK-38 5 &
L
GSK-3p | —— g3
% =)
c-Myc [MEED o s — Q8
: . ag
GAPDH s =
o Y < (N
oo“ & 04"\ odb
N 0 @
@ ' O
NN
S @
N

different groups (fold)
different groups (fold)

Relative B-catenin expression in
Relative c-Myc expression in

Fig. 5. The effect of MYBL2 on the Wnt/B-catenin signaling pathway.
The protein levels of 3-catenin, p-GSK-3(3, GSK-3(3, and c-Myc were
assessed with western blot analysis and quantification. Error bars
represent the mean +standard error of mean (SEM) from 3 independent
experiments

**p < 0.01;***p < 0.001.

which indicates that CDC20 can be regarded as an inde-
pendent prognostic biomarker for human colorectal can-
cer.2® Importantly, a previous study has demonstrated that
CDC20 expression is significantly increased in GC tumor
tissues compared noncancerous tissues, and its overexpres-
sion is closely related to aggressive progression and poor
prognosis in GC patients.?” On the basis of the result that
MYBL?2 silencing depressed CDC20 expression, the bio-
logical significance of the interaction between MYBL2 and
CDC20was subsequently examined. The findings revealed
that CDC20 overexpression partly abolished the effect
of MYBL2 downregulation on HGC-27 cell proliferation
and apoptosis, suggesting that MYBL2 works in synergy
with CDC20 to promote the proliferation and inhibit
the apoptosis of GC cells.

The Wnt signal transduction cascade is a key driving
factor for a variety of tissue stem cells. The Wnt pathway
can participate in and can cause a variety of growth-related
pathologies and cancers.?® In breast, lung and hemato-
poietic malignancies, activation of the Wnt/B-catenin
signaling pathway has been found and it mediates tumor
recurrence.?”3% It has been reported that CDC20 silenc-
ing not only suppresses prostate cancer growth, but also
enhances chemosensitivity to docetaxel via inhibition
of Wnt/B-catenin signaling.®! In this study, it was found
that MYBL2 knockdown induced inactivation of the Wnt/
[-catenin signaling pathway, while CDC20 upregulation
had the opposite effect. Thus, MYBL2, in synergy with
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CDC20, promotes the proliferation and inhibits the apop-
tosis of GC cells, and these effects may involve the Wnt/[3-
catenin signaling pathway.

The purpose of this study was to investigate the under-
lying mechanisms of MYBL2 in the progression of GC.
However, the current experiments were carried out in vitro
and thus require further investigation in vivo.

Conclusions

Taken together, the current results indicate that the syn-
ergy between MYBL2 and CDC20 induces the proliferation
of GC cells and inhibits cell apoptosis, and that these pro-
cesses may involve the Wnt/p-catenin signaling pathway.
Thus, MYBL2, as a promising target, is of great significance
for advancing the treatment of GC.
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