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Abstract

Introduction: Chromobox protein homolog 3 (CBX3) has been reported to
play an oncogenic role in various tumors. Nevertheless, the role of CBX3 in
ovarian cancer remains vague.

Material and methods: Chromobox protein homolog 3 expression was de-
termined by qRT-PCR and western blotting in ovarian cancer tissues and
cell lines. Cell proliferation, cycle and apoptosis were detected using CCK-8
assay and flow cytometry. Transwell and wound healing assays were used
to determine cell invasion and migration. Furthermore, the modulatory ef-
fects of CBX3 on NCOR2 expression and p53/p21-mediated glycolysis were
confirmed.

Results: The expression of CBX3 was significant elevated in ovarian cancer
tissues and cell lines. CBX3 knockdown inhibited cell proliferation, invasion
and migration, while it promoted G1/S phase blockade and cell apoptosis.
Mechanism analysis verified that CBX3 downregulation increased NCOR2
expression and blocked subsequent p53/p21-mediated glycolysis. NCOR2
silencing and p53/p21 inhibitor treatment reversed the inhibitory effects of
CBX3 knockdown on ovarian cancer cellular function.

Conclusions: CBX3 promoted ovarian cancer progression by promoting p53/
p21-mediated glycolysis via inhibiting NCOR2.
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Introduction

Ovarian cancer (OC) is a common gynecological malignancy world-
wide, and its mortality rate ranks forefront among gynecological tumors
[1]. Emerging evidence has proved that molecular targeted therapy may
be an effective treatment method. However, the molecular mechanism
of OC still remains unclear, which limits the progress of clinical treat-
ment. Therefore, identification of novel biomarkers and elucidation of
their mechanisms are critical for the diagnosis and therapy of patients
with ovarian cancer.

Chromobox protein homolog 3 (CBX3, also called HP1y), a member of
the heterochromatin protein 1 family, is involved in regulation of a va-
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riety of cellular biological functions [2]. Multiple
previous studies have reported that CBX3 was
abnormally expressed and regulated cellular func-
tions in a variety of cancer diseases [3-5]. In pan-
creatic cancer, CBX3 also has been reported to be
associated with glycolysis [6]. A recent study sug-
gested that abnormally high expression of CBX3
was found in ovarian cancer tissues [7]. Howev-
er, the precise role and regulatory mechanism of
CBX3 in ovarian cancer remain unclear.

Alteration of glucose metabolism is a faster but
less efficient process than mitochondrial oxidative
phosphorylation in ATP production and is consid-
ered as a hallmark of cancer [8, 9]. In the tumor
microenvironment, most cancer cells showed in-
crease of glucose consumption and lactate se-
cretion, which promotes cancer environmental
adaptability and cell survival [10]. Subsequently,
the decreased potential of hydrogen (PH) caused
by elevated glucose uptake and lactate production
promotes epithelial-to-mesenchymal transition
(EMT), ultimately facilitating cancer cell migration
and invasion [11]. Alteration of glucose metabo-
lism in cancer cells is driven by inactivation of tu-
mor suppressors, including p53 [12].

In the present study, the role of CBX3 on cell
growth and glycolysis was investigated, and the
putative regulatory mechanism of CBX3 in ovarian
cancer was further explored. The results provide
a novel biomarker for the diagnosis and therapy
of patients with ovarian cancer.

Material and methods
Ovarian cancer samples

The 30 pairs of epithelial OC tumor tissue and
corresponding adjacent non-tumor tissue (about
3 cm away from the tumor tissues) samples were
obtained from OC patients undergoing surgery at
the General Hospital of Ningxia Medical Universi-
ty. All samples were histopathologically diagnosed
and confirmed by a pathological evaluation. In-
formed consent was obtained from all patients.
Ethics approval was given by the General Hospital
of Ningxia Medical University (KYLL-2022-0271).
All procedures conformed to the Declaration of
Helsinki.

Cell culture and transfection

Human normal ovarian epithelial cell line
IOSE80 and OC cell lines (ES2, SKOV3, OVCAR3,
A2780, HEY) were purchased from the Institute of
Biochemistry and Cell Biology (Shanghai, China)
and kept in RPMI-1640 medium supplemented
with 10% fetal bovine serum (FBS; Thermo Fish-
er Scientific, Inc., MA, USA), penicillin (100 pug/ml)
and streptomycin (100 pug/ml) (Thermo Fisher Sci-
entific, Inc., MA, USA) with 5% CO, at 37°C.

All indicated siRNA (siCBX3, siNCOR2), pcD-
NA3.1 (pcNCOR2) and the respective negative
control (siCtrl, pcCtrl) were synthesized and con-
structed by Shanghai GenePharma Company
(China). Transfection into SKOV3 cells was per-
formed using Lipofectamine 2000 (Invitrogen,
Waltham, USA). All the transfected cells were col-
lected at 48 h after transfection for the following
experiments.

gRT-PCR

RNA was extracted from tissue samples and
cultured cells using Trizol reagent (TaKaRa, Shiga,
Japan). The reverse transcription of extracted RNA
was synthesized using a Primer Script RT Reagent
Kit (TaKaRa, Shiga, Japan). PCR amplification was
performed using SYBR Premix Ex Taq (TaKaRa,
Shiga, Japan). The total volume of the reaction
mixture was 20 pl, which contained 1 pl of each
primer, 2 pl of cDNA and 10 pl of SYBR Premix Ex
Tag. Glyceraldehyde-3-phosphate dehydrogenase
(GADPH) was used as an internal standard. Rela-
tive expression levels were calculated according to
the 224% method.

Western blot analysis

Protein was extracted and quantified using
a BCA kit (Pierce, Shanghai, China). Then, protein
samples were separated by SDS-PAGE electropho-
resis and transferred onto PVDF (Millipore, Biller-
ica, MA, USA) membranes. After being blocking
with 5% nonfat milk, the membranes were in-
cubated with primary antibodies CBX3 (1:1000),
cyclin A (1:1000), cyclin B1 (1:2000), cyclin D1
(1:1000), cyclin E (1:1000), Bcl-2 (1:1000), BAX
(1:1000), caspase-3 (1:500), E-cadherin (1:10000),
N-cadherin (1:100), vimentin (1:1000), NCOR2
(1:1000), p53 (1:1000), p21 (1:1000), and p-p53
(1:1000) at 4°C overnight separately. Rabbit anti-
human GADPH (1:2500) was used as an inter-
nal control. Subsequently, the membranes were
washed three times and incubated with horse-
radish peroxidase-labeled secondary antibody
(Sigma, St. Louis, MO, USA) for 1 h. Proteins were
visualized by an enhanced chemiluminescence
detection system (ECL, Thermo Fisher Scientific,
USA). The blots were quantitatively analyzed us-
ing Image Lab 3.0 (Bio-Rad, USA).

CCK-8 assay

CCK-8 reagents (Dojindo, Japan) were used to
detect cell proliferation according to the manu-
facturer’s protocol. Cells (5 x 103 cells/well) were
cultured in RPMI-1640 medium supplemented
with 10% fetal bovine serum for 24 h. Then, cells
were washed and starved for 24 h. After 48 h
incubation, 10 pl of CCK-8 was added to each
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well to culture for 2 h. Finally, the plates were
placed in a microplate reader (Thermo Fisher
Scientific, USA) for absorbance determination
for 450 nm.

Flow cytometry analysis

The cell cycle and cell apoptosis were detected
using a cell cycle kit (US Everbright Inc) and an
Annexin V fluorescein isothiocyanate kit (FITC; BD,
USA). An FC-500 flow cytometer (Beckman Coulter,
Brea, USA) was used to evaluate the cell cycle dis-
tribution and percentage of apoptotic cells.

Wound healing assay

Cells were incubated at 37°C with 5% CO,
until they reached 90% confluence. After starva-
tion, cells (1 x 10° cells/well) were wounded with
sterile 200 pl pipette tips, and the injury line
were marked. Then, the disconnected cells were
washed with PBS, while the remaining cells were
incubated with RPMI-1640 medium supplement-
ed with 10% FBS. Micrographs were acquired at
0 and 24 h.

Invasion assay

Cellinvasion assays were performed using Tran-
swell chambers (8 um pore size) (BD, USA). Cells
(1 x 10° cells/well) in serum-free medium were
seeded in the upper chamber coated with Matri-
gel (1:6; BD, USA) before. Medium supplemented
with 20% FBS was added to the lower chambers,
and cells were cultured in a thermostatic incuba-
tor with 5% CO, at 37°C for 24 h. Finally, invad-
ed cells were stained with 0.5% crystal violet and
counted under a microscope (Olympus Crop., To-
kyo, Japan).

Detection of ATP level and oxygen
consumption

An ATP Determination Kit (Thermo Fisher Scien-
tific) was used to assess the ATP production. Brief-
ly, ovarian cancer cells were lysed, centrifuged and
filtered. Then, treated samples were mixed with
ATP reaction mix. A Glomax 20/20 (Promega, USA)
luminometer was used to determine the ATP pro-
duction. Extracellular Oxygen Consumption Assay
(Abcam) was introduced to determine oxygen
consumption.

Measurement of glucose consumption and
lactate production

After transection, ovarian cancer cells were
harvested and centrifuged to collect the superna-
tant of cells. A Glucose and Lactate assay kit (Bio-
Vision, Milpitas, CA, USA) was used to detect the
amount of glucose and lactate.

Measurement of glucose-6-phosohate
(G6P) levels

A G6P assay kit with WST-8 (Beyotime, Shang-
hai, China) was used to evaluate the level of G6P
in cells according to the manufacturer’s instruc-
tions.

Statistical analysis

The results are presented as mean + SEM of at
least three independent experiments. Statistical
analyses were performed using GraphPad Prism
software version 8.2 (La Jolla, CA, USA). The results
were consistent with the normal distribution. The
pairwise comparisons were performed using Stu-
dent’s t-test and the comparisons among multiple
groups were performed by the one-way ANOVA
analysis test. P < 0.05 (*) indicates statistically sig-
nificant differences.

Results

CBX3 expression was increased in OC
tissues and cell lines

The results showed significant up-regulation
of CBX3 in OC tissues compared with the adja-
cent non-tumor tissues (Figure 1 A). Consistently,
increased expression of CBX3 mRNA and protein
was also detected in OC cell lines compared with
IOSE8O cell lines (Figures 1 B, C). In addition, CBX3
presented the highest expression level in SKOV3
cell lines, so the SKOV3 cell line was used in sub-
sequent experiments.

Knockdown of CBX3 suppressed OC cell
proliferation while promoting G1/S phase
blockade and cell apoptosis

As expected, the mRNA and protein expression
levels of CBX3 were reduced in si-CBX3s transfect-
ed cells (Figure 2 A, B). Knockdown of CBX3 con-
spicuously suppressed cell proliferation in SKOV3
cells (Figure 2 C). Also, inhibition of CBX3 led to
cell arrest at G1/S phase, resulting in decreased
cell numbers at S phase, accompanied with lower
expression of cyclin A, cyclin B1, cyclin D1 and cy-
clin E (Figures 2 D, E). Furthermore, CBX3 silencing
promoted cell apoptosis as evidenced by elevat-
ed Bax and cleaved caspase 3 expression and re-
duced Bcl-2 expression (Figures 2 F, G).

Knockdown of CBX3 suppressed OC cell
invasion and migration

Down-regulation of CBX3 significantly sup-
pressed cell invasion of SKOV3 cells (Figure 3 A).
Moreover, wound healing assay showed that
knockdown of CBX3 also dramatically inhibited
cell migration (Figure 3 B). In addition, epitheli-
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al-mesenchymal transition (EMT) is widely recog-
nized as a marker of tumor cell metastasis. CBX3
silencing markedly increased the expression of
the epithelial regulator E-cadherin, and decreased
the expression of the mesenchymal regulators
N-cadherin and vimentin (Figures 3 C, D).

Knockdown of CBX3 suppressed glycolysis
of OC cells

The results showed that CBX3 knockdown
markedly suppressed glucose upstate, lactate pro-
duction and G6P level in SKOV3 cells (Figures 4
A-C). Also, the results showed that downregula-
tion of CBX3 significantly inhibited ATP production
and O, consumption (Figure 4 D, E).

CBX3 blocked activation of the p53/p21
pathway by inhibiting NCOR2

Notably, we found that NCOR2 was downregu-
lated in OC tissues and cell lines (Figures 5 A-C).
Meanwhile, CBX3 knockdown promoted the ex-
pression of NCOR2 (Figure 5 B, C). Correlation anal-

e o

Figure 1. CBX3 expression was increased in OC tis-
sues and cell lines. A — The mRNA expression of
CBX3 was evaluated by gRT-PCR in OC tumor and
adjacent non-tumor tissues from 30 OC patients;
**p < 0.01 vs. normal group. Relative mRNA (B) and
protein (C) expression of CBX3 in six OC cell lines
were detected by gRT-PCR and western blot assays;
*p < 0.05, **p < 0.01 vs. ISOE cell line

ysis showed that CBX3 negatively correlated with
NCOR2 expression in OC tissues (Figure 5 D). Sub-
sequently, we transfected siNCOR2 and pcNCOR2
to reduce and boost the expression of NCOR2 in
OC cells (Figures 5 E, F). The protein expression
levels of p53, p21 and p-p53 were increased after
transfecting siCBX3-1 or pcNCOR2. These results
were rescued by co-transfecting with siCBX3-1
and siNCOR2 in SKOV3 cells (Figure 5 G).

CBX3 mediated glycolysis by blocking p53/
p21 via inhibiting NCOR2

The results showed that CBX3 knockdown fa-
cilitated ATP production and hindered glucose
uptake, lactate production and G6P level; these
effects were abolished by NCOR2 knockdown and
pifithrin-o. (PFT-o; p53/p21 inhibitor) treatment
(Figures 6 A-D). Moreover, the up-regulation of
NCOR2 also promoted ATP production and re-
duced glucose uptake, lactate production and G6P
level, which were restored by inactivating the p53/
p21 pathway (Figures 6 A-D).
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Figure 2. Knockdown of CBX3 suppressed OC cell proliferation while promoted G1/S phase blockade and cell apop-
tosis. Relative mRNA (A) and protein (B) expression of CBX3 were confirmed by qRT-PCR and western blot assays.
C — Cell viability was detected by CCK-8 assay in SKOV3 cells after transfection with siCBX3s. D — Flow cytometry
analysis for cell cycle in SKOV3 cells after transfection with siCBX3s. E — Relative cell cycle related protein expres-
sion were examined by western blot assay
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CBX3 regulated OC progression by blocking
the p53/p21 pathway via inhibiting NCOR2

The results showed that knockdown of CBX3
markedly inhibited cell proliferation and the cell
cycle, and promoted cell apoptosis, which were
reversed by siNCOR2 and PFT-a (Figures 7 A-E).
Furthermore, knockdown of NCOR2 and treat-
ment with PFT-a significantly rescued the effects
on cell invasion and migration concomitant with
the increased E-cadherin expression and de-
creased N-cadherin and vimentin expression in
CBX3-downregulated OC cells (Figures 7 F-H).
Similarly, PFT-a also alleviated the impacts of
NCOR2 overexpression on OC cell proliferation,
the cell cycle, apoptosis, invasion and migration
(Figures 7 A-H).

Discussion

Ovarian cancer is considered as the most lethal
gynecological malignancy owing to the lack of ear-

ly diagnosis and effective treatment [13]. There-
fore, understanding the molecular mechanism of
ovarian cancer initiation and development is vital.
Previous studies have reported that elevated ex-
pression of CBX3 was closely related to the pro-
gression of various cancers. CBX3 was reported to
promote colorectal cancer proliferation via target-
ing p21 [3]. In gastric cancer, knocking down CBX3
resulted in inhibition of proliferation, invasion
and cell cycle arresting at G1 phase [14]. More-
over, CBX3 was considered as a novel therapeutic
strategy in pancreatic adenocarcinoma [4]. In this
study, the results showed that CBX3 was upreg-
ulated in OC tissues and cell lines. Xu and col-
leagues demonstrated forced expression of CBX3
protein by detecting with immunohistochemistry
in ovarian carcinoma tissues, which is consistent
with these findings [7]. Importantly, we found that
knockdown of CBX3 suppressed cell proliferation,
invasion and migration, and also led to cell cycle
arrest at G1/S phase and promoted cell apoptosis.
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applied to detected cell migration in SKOV3 cells after transfection with siCBX3s. C — Relative EMT related protein
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These findings suggest that CBX3 is involved in
the progression of ovarian cancer.

Alteration of glucose metabolism is considered
as a hallmark of cancer. In cancer, aerobic glycolysis
was activated, thereby promoting tumor growth
and metastasis [9]. A recent report suggested
that enhancing the expression of MIEF2 promot-
ed ovarian cancer cellular functions through ac-
tivating aerobic glycolysis [15]. In gastric cancer,
the activated aerobic glycolysis was inhibited by
H19 knockdown, thus inhibiting the malignant
progression of tumors [16]. Similarly, the present
study revealed that glycolysis was activated in OC
cells. CBX3 knockdown inhibited cancer cellular
function by suppressing glycolysis.

Furthermore, the results suggested that NCOR2
expression was increased by CBX3 knockdown
and negatively associated with CBX3 expression,
and similar results were also found in lung adeno-
carcinoma [17].

NCOR2 is a nuclear corepressor and is in-
volved in the pathogenesis of cancer. Studies
have shown that decreased NCOR2 facilitated
tumor cell growth, invasion and migration in he-
patocellular carcinoma [18]. In addition, elevated
expression of NCOR2 inhibited cell growth and
chemical resistance and promoted cell apopto-
sis in head and neck squamous cell carcinoma
[19]. Only one study suggested that NCOR2 was
significantly associated with ovarian cancer with
microarray analysis [20]. However, the role and
function of NCOR2 in ovarian cancer are still
vague.

We found that NCOR2 was down-regulated
in both ovarian cancer tissues and cell lines and
CBX3 promoted tumorigenesis by inhibiting ex-
pression of NCOR2 in ovarian cancer. Moreover,
NOCR2 has been identified as a vital factor in the
maintenance of metabolic signaling [21], suggest-
ing that NCOR2 may be associated with glycolysis
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P53, an important tumor suppressor gene, is
involved in the regulation of a variety of cellular
processes in cancer progression, including the cell
cycle, DNA repair, apoptosis and autophagy [22].
p21 is a downstream target of p53, which binds
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Figure 4. Knockdown of CBX3 suppressed glucose
metabolism of OC cells. Relative glucose consump-
tion (A), lactate production (B), G6P level (C), ATP
production (D) and 02 consumption (E) were de-
termined in SKOV3 cells after transfection with siC-
BX3s; **p < 0.01 vs. control group

to the p21 promoter and activates its transcrip-
tion [23]. In addition, p21 is a negative regulator
of the cell cycle, and regulates various physiolog-
ical activities, such as cell growth, differentiation,
DNA repair, and senescence [24]. An increasing
number of studies have demonstrated that in-
hibition of the p53/p21 pathway promoted cell
proliferation and tumorigenesis, and suppressed
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cell senescence in colorectal cancer [25, 26]. The
p53/p21 signaling pathway was also involved in
regulating the proliferation, migration and inva-
sion of pancreatic ductal adenocarcinoma and
endometrial cancer cells [27, 28]. In ovarian can-
cer, USP39 knockdown-induced cell cycle arrest
was also found to be associated with the p53/
p21 signaling pathway [29]. In this study, the re-
sults revealed that CBX3 regulated ovarian cancer
progression by inactivating the p53/p21 path-
way via inhibiting NCOR2. Emerging studies have
also demonstrated that p53/p21 acts as a tumor
suppressor by regulating the Warburg effect. The
activated reprograming of glucose metabolism in
a p53-dependent manner facilitated human co-
lon adenocarcinoma cell growth [30]. Additionally,
p21, targeted by miR-512-5p, mediates non-small
cell lung cancer cell apoptosis and glycolysis [31].
Consistently, the inactivation of p53/p21 promot-
ed the glycolysis inhibited by CBX3 knockdown
and NCOR?2 overexpression.

In the present study, we explored the role and
molecular mechanism of CBX3 in OC, as well as
its regulatory effect on glycolysis in OC. These
findings provide a novel and potential biomarker
for the treatment of ovarian cancer. Furthermore,
blocking glycolysis may represent a new possibil-

ity for the treatment of OC; however, the specific
mechanism of the glycolysis in OC is currently lim-
ited. The study found that CBX3 regulates glycoly-
sis in ovarian cancer, but more in vivo and clinical
research is required to further explore the specific
mechanism underlying these effects.

In conclusions, CBX3 was highly expressed in
OC tissues and cell lines and was negatively cor-
related with NCOR2. Furthermore, CBX3 promoted
the viability, migration, and invasion of OC cells
through activated p53/p21-mediated glycolysis via
inhibiting NCOR2. Therefore, CBX3 may be a novel
target for the prognosis and treatment of OC.

Acknowledgments

This work was supported by the Natural Sci-
ence Foundation of Ningxia (2022AAC03494), the
key research and development program of Ningx-
jia Hui Autonomous Region (2019BFG02002), the
Nature Science Foundation of Ningxia (NZ17146)
and a scientific research project of Ningxia Medi-
cal University (XY2017120).

Conflict of interest

The authors declare no conflict of interest.

10

Arch Med Sci



CBX3 promotes ovarian cancer progression by regulating p53/p21-mediated glucose metabolism via inhibiting NCOR2

A B
1.5 1.5
c
£ £
£1.0 o 5 1.0 e el
S ## ##t s ##
[ ## =
3 N o — #I# :l:##
Ei 5
; * % %
B 05 julal 2 0.5 * kX%
(] &
-3 ]
o
0 0
siCBX3-1 - + . + + - siCBX3-1 - + - + + -
pcNCOR2 - - + - - + pcNCOR2 - - + - - +
siNCOR2 - - - + - - siNCOR2 - - - + - -
PFT-a - - - - + + PFT-a - - - - + +
C D
1.5 1.5
s
1.0 — g10y T
=1
- ## 3 ## gy #4
E —E'i ﬁﬁ_ T 5 L T T
5 g
2 ex  E
0.5 I -~ ®os
&
0 0
siCBX3-1 - + - + + - siCBX3-1 - + - + + -
pcNCOR2 - - + - - + pcNCOR2 - - + - - +
siNCOR2 - - - + - - siNCOR2 - - - + - -
PFT-a - - - - + + PFT-a - - - - + +
E
2.0
* % % %
. =
c 15 ## ##
2 ## T T
Q.
£
=1
g
810 s
e
2
E
&
0.5
Figure 6. CBX3 promoted OC progression by block-
ing p53/p21 mediated glucose metabolism via in-
hibiting NCOR2. Relative glucose consumption (A),
. 0 lactate production (B), G6P level (C), ATP production
siCBX3-1 - + - + + - (D) and 02 consumption (E) were determined in
F'.CNCOR2 - - + - - + SKOV3 cells under different treatments; **p < 0.01
siNCOR2 - - - + - - vs. control group, #p < 0.01 vs. siCBX3-1 group
PFT-o - - - - + +

Arch Med Sci 11



Hua Chen, Cailing Han, Dan Liu, Fang Wang, Chunfang Ha

A B
150 80
P
iy 60 T L
100 T <
. ##  HE T < #
£ T £y H##
3 S
= = 0 ##
> g 40 wh
3 % % * % 1'5-
50 S *X xx
20
0 0
siCBX3-1 - + - + + - G1 S G2/M
pcNCOR2 - - + - - + 1 Control O siCBX3-1 3 pcNCOR2
siNCOR2 - - - + - - I siCBX3-1 + siNCOR2 I siCBX3-1 + PFT-a
PFT-ou - - - - + + Il pcNCOR?2 + PFT-a

C 1.0
T~
0.8 1 ##
Cyclin B1 § ] #
clin =
T e ..-.-- 3 T " ”
§ 0.6 ## a4
. c I
-
o *%
Q. *%
= @ 0.4 ey E o
CyclinE M. S --“- 5 i,
[3]
-4
0.2
s - - -
> ~ o o o> o 0
0(‘\6 &’\’3’ é/o‘*' (,0q~ Qé QQ\ Cyclin A Cyclin B1 Cyclin D1 Cyclin E
& < & ’y\," & OiControl ~ [siCBX3-1 [ pcNCOR2
oS & B siCBX3-1+SiNCOR2  BESICBX3-1 + PFT-at
£ & < B pcNCOR2 + PFT-at
D
40
% % * ¥
-— L
30
S
w
2 ##  ##
o
a 20 i B I
g
T
v
10 . .
Figure 7. CBX3 regulated OC progression by block-
ing p53/p21 pathway via inhibiting NCOR2. A - Cell
viability was detected by CCK-8 assay in SKOV3
0 cells. B — Flow cytometry analysis for cell cycle in
SiCBX3-1 - N _ . 4 _ SKOV3 cells. C - Relative cell cycle related protein
pcNCOR2  — _ 4 _ _ . expression were examined _by western blot a§sa.yA
SiINCOR2 - _ _ + _ _ D - Flow cytometry analysis for cell apoptosis in
PET SKOV3 cells
-0l - - - - + +

12 Arch Med Sci




CBX3 promotes ovarian cancer progression by regulating p53/p21-mediated glucose metabolism via inhibiting NCOR2

E 1.0
T —— o —- -
0.8
Bax WE-__ S— | S hi
— — —— @ L
o # *%
Cleaved PR 206 v M0
caspase 3 R '- - = u %x
-g_' %%
GAPDH S04 #
- e e e e o 20 || I e,
> N o o & & =
O . & & % S ]
S F € ¢ & & =
C e > N x x 0.2
@ ] x? N 0
~ NG IS
UG P
& & &
&
0
Bcl-2 Bax Cleaved caspase 3
[ Control CJsiCBX3-1 [ pcNCOR2
I siCBX3-1 + siNCOR2 I siCBX3-1 + PFT-a
I pcNCOR2 + PFT-a
250 150
200
1
= w4 # 5
2 I Y i 2100 T
E150 s
g = a1
@ * % - o
H .20
£100 £ * %
= = * %
] g 50
50
0 0
siCBX3-1 - + - + + - siCBX3-1 - + - + + -
pcNCOR2 - - + - - + pcNCOR2 - - + - - +
siNCOR2 - - - + - - siNCOR2 - - - + - -
PFT-a - - - - + + PFT-a - - - - + +
H 1.0
Ecadnorin e e S S———
08 *%
N e - —-—— | o] T
5 u T # g w M
. - o i ## ##
VITENTIT S —— A 0o it
=
T
CAPDH W s s S w— -5 -
p 0.4 N *%
> e o o & & 5
O . & & & A ]
& Q;\?’ & & Q(\ Qé o
< & & Ny x x 0.2
@ ] x? N 0
N NG IS
UG P
& & &
%
o
0
E-cadherin N-cadherin Vimentin
[ Control CIsiCBX3-1 [ pcNCOR2
I siCBX3-1 + siNCOR2 I siCBX3-1 + PFT-a
I pcNCOR2 + PFT-a
Figure 7. Cont. E — Relative cell apoptosis related protein expression were detected by western blot assay. F - Cell
invasion was detected by Transwell Matrigel invasion assays in SKOV3 cells. G — Wound healing assay was applied
to detected cell migration in SKOV3 cells. H — Relative EMT related protein expression were detected by western
blot assay; **p < 0.01 vs. control group; p < 0.01 vs. siCBX3-1 group
Arch Med Sci 13



Hu

a Chen, Cailing Han, Dan Liu, Fang Wang, Chunfang Ha

References

1

w

wi

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovar-
ian cancer: a review. Cancer Biol Med 2017; 14: 9-32.

. Zhang C, Chen D, Maguire EM, et al. Cbx3 inhibits vas-
cular smooth muscle cell proliferation, migration, and
neointima formation. Cardiovasc Res 2018; 114: 443-55.

. Liu M, Huang F, Zhang D, et al. Heterochromatin protein
HP1gamma promotes colorectal cancer progression and
is regulated by miR-30a. Cancer Res 2015; 75: 4593-604.

. Chen LY, Cheng CS, Qu C, et al. Overexpression of CBX3
in pancreatic adenocarcinoma promotes cell cycle tran-
sition-associated tumor progression. Int J Mol Sci 2018;
19: 1768.

. Zhong X, Kan A, Zhang W, et al. CBX3/HP1y promotes
tumor proliferation and predicts poor survival in hepato-
cellular carcinoma. Aging (Albany NY) 2019; 11: 5483-97.

. Chen LY, Cheng CS, Qu C, et al. CBX3 promotes prolifer-
ation and regulates glycolysis via suppressing FBP1 in
pancreatic cancer. Biochem Biophys Res Commun 2018;
500: 691-7.

. XuY, Pan S, Song Y, Pan C, Chen C, Zhu X. The Prognostic
value of the chromobox family in human ovarian cancer.
J Cancer 2020; 11: 5198-209.

. Jones RG, Thompson CB. Tumor suppressors and cell
metabolism: a recipe for cancer growth. Genes Dev
2009; 23: 537-48.

. Schwartz L, Supuran CT, Alfarouk KO. The Warburg effect

and the hallmarks of cancer. Anticancer Agents Med

Chem 2017; 17: 164-70.

Liberti MV, Locasale JW. The Warburg effect: how does

it benefit cancer cells? Trends Biochem Sci 2016; 41:

211-8.

Peppicelli S, Bianchini F Calorini L Extracellular acidity,

a “reappreciated” trait of tumor environment driving

malignancy: perspectives in diagnosis and therapy. Can-

cer Metastasis Rev 2014; 33: 823-32.

Lago CU, Sung HJ, Ma W, Wang PY, Hwang PM. p53, aer-

obic metabolism, and cancer. Antioxid Redox Sign 2011;

15: 1739-48.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA

Cancer J Clin 2017; 67: 7-30.

Lin H, Lian J, Xia L, Guan G, You J. CBX3 promotes gastric

cancer progression and affects factors related to immu-

notherapeutic responses. Cancer Manag Res 2020; 12:

10113-25.

Zhao S, Zhang X, Shi Y, et al. MIEF2 over-expression

promotes tumor growth and metastasis through re-

programming of glucose metabolism in ovarian cancer.

J Exp Clin Cancer Res 2020; 39: 286.

Sun L, LiJ, Yan W, et al. H19 promotes aerobic glycolysis,

proliferation, and immune escape of gastric cancer cells

through the microRNA-519d-3p/lactate dehydrogenase

A axis. Cancer Sci 2021; 112: 2245-59.

Alam H, Li N, Dhar SS, et al. HP1gamma promotes lung

adenocarcinoma by downregulating the transcrip-

tion-repressive regulators NCOR2 and ZBTB7A. Cancer

Res 2018; 78: 3834-438.

Wu Y, Zhou Y, Huan L, et al. LncRNA MIR22HG inhibits

growth, migration and invasion through regulating the

miR-10a-5p/NCOR2 axis in hepatocellular carcinoma

cells. Cancer Sci 2019; 110: 973-84.

Rigalli JB Reichel M, Reuter T, et al. The pregnane X

receptor (PXR) and the nuclear receptor corepressor 2

(NCoR2) modulate cell growth in head and neck squa-

mous cell carcinoma. PLoS One 2018; 13: e0193242.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fekete JT, Osz A, Pete I, Nagy GR, Vereczkey |, Gyorffy
B. Predictive biomarkers of platinum and taxane resis-
tance using the transcriptomic data of 1816 ovarian
cancer patients. Gynecol Oncol 2020; 156: 654-61.
Kahn JH, Goddi A, Sharma A, et al. SMRT regulates meta-
bolic homeostasis and adipose tissue macrophage phe-
notypes in tandem. Endocrinology 2020; 161: bqaal32.
Aubrey BJ, Kelly GL, Janic A, Herold M), Strasser A. How
does p53 induce apoptosis and how does this relate to
p53-mediated tumour suppression? Cell Death Differ
2018; 25: 104-13.

Li B Hao Z, Zeng F. Tumor suppressor stars in yeast G1/S
transition. Curr Genet 2021; 67: 207-12.

Abbas T, Dutta A. p21 in cancer: intricate networks and
multiple activities. Nat Rev Cancer 2009; 9: 400-14.

Lei K, Li W, Huang C, et al. Neurogenic differentiation
factor 1 promotes colorectal cancer cell proliferation
and tumorigenesis by suppressing the p53/p21 axis.
Cancer Sci 2020; 111: 175-85.

Chen Q Sun X, Luo X, Wang J, Hu J, Feng Y. PIK3R3 in-
hibits cell senescence through p53/p21 signaling. Cell
Death Dis 2020; 11: 798.

Zhu F Dai SN, Xu DL, et al. EFNB2 facilitates cell pro-
liferation, migration, and invasion in pancreatic ductal
adenocarcinoma via the p53/p21 pathway and EMT.
Biomed Pharmacother 2020; 125: 109972.

Liu Q Chen CY, Chen GL. High APOBEC1 complementa-
tion factor expression positively modulates the prolif-
eration, invasion, and migration of endometrial cancer
cells through regulating P53/P21 signaling pathway.
Cancer Biother Radiopharm 2022; 37:750-8.

Yan C, Yuan J, Xu J, et al. Ubiquitin-specific peptidase 39
regulates the process of proliferation and migration of
human ovarian cancer via p53/p21 pathway and EMT.
Med Oncol 2019; 36: 95.

Ramos H, Calheiros J, Almeida J, et al. SLMP53-1 inhibits
tumor cell growth through regulation of glucose metab-
olism and angiogenesis in a P53-dependent manner. Int
J Mol Sci 2020; 21: 596.

Chu K, Gao G, Yang X, et al. MiR-512-5p induces apopto-
sis and inhibits glycolysis by targeting p21 in non-small
cell lung cancer cells. Int ) Oncol 2016; 48: 577-86.

14

Arch Med Sci



	OLE_LINK22
	OLE_LINK26
	_Hlk82161209
	_Hlk82161231
	_Hlk67644818
	_Hlk98256390
	OLE_LINK21
	OLE_LINK20
	_Hlk54863022
	OLE_LINK12
	_Hlk55226828
	OLE_LINK36
	OLE_LINK35
	_Hlk57623150
	_Hlk75957825
	_Hlk49850504
	_Hlk48226285
	OLE_LINK6
	OLE_LINK7
	OLE_LINK2
	OLE_LINK1
	_Hlk55287146
	OLE_LINK8
	OLE_LINK9
	_Hlk68098321
	OLE_LINK28
	OLE_LINK27
	_Hlk48742214
	OLE_LINK5
	OLE_LINK17
	OLE_LINK11
	OLE_LINK10
	OLE_LINK19
	OLE_LINK18
	_Hlk98243619
	OLE_LINK4
	OLE_LINK3
	_Hlk66806973
	_Hlk68160513
	OLE_LINK24
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK25
	OLE_LINK23
	_Hlk82161357
	_Hlk40710860
	_Hlk73451838
	OLE_LINK32
	OLE_LINK33

