BIOENGINEERED
2021, VOL. 12, NO. 02, 10210-10218
https://doi.org/10.1080/21655979.2021.2002018

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

8 OPEN ACCESS W) Check for updates

Centromere protein U (CENPU) promotes gastric cancer cell proliferation and
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ABSTRACT

Gastric cancer is one of the most common malignancy with a leading mortality rate worldwide. Despite
the progress in the diagnosis and therapeutic strategy, the associated mortality is still growing. It is of
great significance to understand molecular mechanisms of the development of gastric cancer.
Glycolysis is a main source of ATP provision for cancer cells including gastric cancer, and targeting
glycolysis is a promising therapeutic strategy. Centromere protein U (CENPU) has been found to be
overexpressed in many types of cancer. Downregulation of CENPU suppresses the proliferation and
invasion of cancer cells. High mobility group box 2 (HMGB?2) is identified as a biomarker to diagnose of
gastric cancer. Knockdown of HMGB2 inhibits proliferation and glycolysis in gastric cancer cells. In this
work, we identified that CENPU was upregulated in gastric cancer. Knockdown of CENPU was able to
suppress the proliferation and glycolysis of gastric cancer cells. Further the results showed that the anti-
cancer effect of CENPU was HMGB2-dependent. Taken together, CENPU is an upstream factor of

ARTICLE HISTORY
Received 30 August 2021
Revised 20 October 2021
Accepted 21 October 2021

KEYWORDS
CENPU; HMGB2; glycolysis;
gastric cancer

HMGB2, which regulates proliferation and glycolysis of gastric cancer.

Introduction

Gastric cancer is a most common malignancy and
ranks as the second lethality worldwide [1-3].
Despite advances in the diagnosis and therapeutic
strategy, the mortality rate caused by gastric cancer
is still growing [4]. Thus, it is urgent and signifi-
cant to develop new therapeutic targets and stra-
tegies to fight against cancer. Metabolic plasticity
allows tumor cells to reprogram metabolism path-
way to cope with tumor microenvironment, which
is a hallmark of cancer [5]. Cancer cells undergo
enhanced glycolysis even in presence of oxygen,
and this phenomenon was named ‘Warburg effect’
[6]. Glycolytic metabolism provides substrates for
macromolecular synthesis and leads to acidifica-
tion of the microenvironment, thereby allowing
for enhanced invasiveness [7,8]. Under hypoxic
conditions, glycolysis is the predominant pathway
producing ATP, and targeting glycolysis remains
attractive for cancer therapy [9].

High mobility group box (HMGB) is ubiquitous
and abundant nonhistone nuclear protein [10,11].
HMGB family bends DNA, and subsequently

modulates DNA transcription, replication, repair,
and recombination [11]. HMGB family consists of
HMGBI1, HMGB2, HMGB3 and HMGB4 [11].
HMGB?2 facilitates carcinogenesis and is a novel bio-
marker for the diagnosis of gastric cancer [12].
Knockdown of HMGB2 significantly suppressed pro-
liferation, invasion, and glycolysis of gastric cancer
cells [12].

Centromere protein U (CENPU), is a member of
CENP family [13,14]. CENPU is a constituent of
centromere, which is necessary for the recovery
from spindle damage [13]. CENPU is also a cellular
transcriptional repressor [15]. CENPU has been
found to be overexpressed in a variety of tumor
tissues and cancer phenotypes, and high expression
level of CENPU predicts poor prognosis in many
cancer phenotypes [13]. Suppression of CENPU
expression inhibits cancer cell proliferation, migra-
tion, and invasion [13,14].

HMGB?2 is identified as a downstream factor of
CENPU, and CENPU enhances the expression level
of HMGB2 in ovarian cancer cells [16]. CENPU
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facilitates aggressiveness ability and progression of
ovarian cancer via HMGB2 [16]. In this work, we
aimed to investigate the regulatory role of CENPU in
gastric cancer and its correlation with HMGB2, and
their effects on glycolytic metabolism. TCGA shows
that CENPU is upregulated in gastric cancer, but its
biological function and mechanism are still not clear.
This study demonstrated that downregulation of
CENPU inhibited cell proliferation and glycolysis
of gastric cancer by regulating HMGB2.

Materials and methods
Human cell lines and reagents

GES-1, AGS, MKN45 and HGC-27 cell lines were
purchased from American Type Culture Collection
(ATCC, USA). Fetal bovine serum (FBS), DMEM
medium and trypsin-EDTA were provided by
Thermo Fisher Scientific (CN, China). Cells were
maintained in DMEM supplemented with 10%
FBS, 100 IU/ml penicillin, 100 IU/ml streptomycin
in 37°C, 5% CO, humidified incubator. Primary
antibodies against CENPU (AB_2639655), HMGB2
(AB_2642476) were purchased from Thermo Fisher
Scientific (CN, China). Primary antibody against
LDHA (#2012S) was purchased from Cell Signaling
Technology (CST). Primary antibodies against
GLUT1 (ab14683), HK2 (ab227198), ki-67 (ab833),
GAPDH (ab9485) and secondary antibody horse-
radish peroxidase (HRP) were supplied by Abcam.
Glucose Assay Kit, Lactate Assay Kit II, and ATP
Colorimetric Assay Kit were purchased from
BioVision (Milpitas, CA).

Quantitative reverse transcription polymerase
chain reaction (qRT-PCR)

Total RNA extraction and qRT-PCR for quantifi-
cation of CENPU mRNA level were performed as
previously described [17,18]. The CENPU tran-
script level was calculated with 272" method
[19]. GAPDH served as an internal control. The
primers used for PCR reaction were as following:
GAPDH-forward: 5-GGAGCGAGATCCCTCCA
AAAT-3" and GAPDH-reverse: 3-GGCTGTTG
TCATACTTCTCATGG-5"; CENPU-forward: 5'-A
CCCACCTAGAGCATCAACAA-3" and CENPU-
reverse: 3'-ACTTCAATCATACGCTGCCTTT-5'".
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Cell viability assay

MTT assay was used to detect the cell viability.
Cells were seeded in a 96-well plate at a cell den-
sity of 1 x 10°/ml. The next day, plasmid transfec-
tion was performed with a polyethylenimine
(PEI)-mediated transfection method. OD value
was measured at 570 nm with a plate reader.

Colony formation assay

Rich DMEM culture medium supplemented with
0.75% agar, or 0.36% agar was used for the base
agar layer or for the top layer, respectively. Cells
after transfection with plasmid were resuspended
at a final concentration of 3 x 10* cells/ml and
cultured for 3 weeks. Colonies were stained with
0.04% crystal violet in PBS containing 2% ethanol.
After washed with PBS and dried in the air, images
of stained colonies were taken with a scanner.

Glycolysis measurement

Glucose consumption, lactate production and
total ATP content were assessed with Glucose
Assay Kit, Lactate Assay Kit and ATP Assay Kit,
respectively, according to the manufacturer’s
instructions.

Western blotting

Cellular protein extracts were boiled and separated
by SDS-PAGE gel electrophoreses. The bands were
blotted via immunoblotting and visualized with
enhanced chemiluminescence using the Odyssey
system. The images were analyzed with Image]
software. GAPDH served as the internal control.

Immunohistochemistry assay

Tumor tissues were embedded with paraffin,
deparaftinized with xylene, hydrated with ethanol.
And then the tissues were washed with PBS and
neutralized with 1% hydrogen peroxidase at 37°C
for 30 min. Then tissues were incubated with the
indicated primary antibodies for 90 min at room
temperature. The tissues were washed with PBS
and incubated with secondary antibody for
45 min. Tissues were then stained with
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3,3-diaminobenzidine and counterstained with
hematoxylin. At last, tissues were dehydrated and
detected with an inverted optical microscope.

Xenograft tumor model

Cells were detached by trypsin-EDTA and washed
twice with PBS. Cells were resuspended in 300 pl
PBS contains 3 x 10° cells and injected into
5 weeks old mouse. Each group had 3 mice. The
growth of tumor was observed and the tumor
diameters were measured with digital callipers.
All animal experiments were approved by the
Ethics Committee of Hainan General Hospital for
the use of animals and conducted in accordance
with the National Institutes of Health Laboratory
Animal Care and Use Guidelines.

Statistical analysis

Data were analyzed with GraphPad and presented
as mean + SEM. Student’s t-test or one-way ana-
lysis of variance (ANOVA) was used to qcompare
between groups. p < 0.05 was considered as statis-
tically significant.
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Results
CENPU was upregulated in gastric cancer

First, we checked the expression level of CENPU in
gastric cancer. GEPIA (Gene Expression Profiling
Interactive Analysis) revealed that CENPU was
upregulated in gastric cancer cells (Figure 1la).
qPCR and Western blotting analysis showed that in
gastric cancer cell lines AGS, MKN45 and HGC-27,
the mRNA level and the relative protein expression
level of CENPU were significantly increased, com-
pared with human gastric epithelial cell line GES-1
(Figures 1a and c). These results demonstrated that
CENPU was upregulated in gastric cancer.

Knockdown of CENPU inhibited proliferation of
gastric cancer cells

To investigate the regulatory role of CENPU in pro-
liferation of gastric cancer cells, we used siRNA gene
silencing and detected cell proliferation in AGS cell
line. siRNA vector targeting CENPU and plasmid
carrying CENPU gene were generated to knockdown
and overexpress CENPU, respectively (Figure 2a).
Knockdown of CENPU inhibited proliferation of
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Figure 1. CENPU was upregulated in gastric cancer. (a) GEPIA showed that CENPU was upregulated in gastric cancer cells. (b) gPCR
was used to detect the relative expression level of CENPU in human gastric epithelial cell line GES-1, and in gastric cancer cell lines
AGS, MKN45, HGC-27. **p < 0.01 vs GES-1, ***p < 0.001 vs GES-1. Data are mean + SEM of at least three independent experiments.
(c) Left, representative blots of WB analysis of CENPU protein expression level in human gastric epithelial cell line GES-1, and in
gastric cancer cell lines AGS, MKN45, HGC-27. Right, the relative protein expression level of CENPU normalized to GAPDH. **p < 0.01
vs GES-1, ***p < 0.001 vs GES-1. Data are mean + SEM of at least three independent experiments.



AGS cells, and overexpression of CENPU enhanced
growth of AGS cells (Figure 2b). Knockdown of
CENPU suppressed colony formation, and overex-
pression of CENPU dramatically promoted colony
formation of AGS cells (Figure 2c). These observa-
tions indicated that knockdown of CENPU inhibited
cell proliferation and CENPU overexpression pro-
moted cell growth in gastric cancer cells.

Knockdown of CENPU inhibited glycolysis of
gastric cancer cells

Then we explore whether CENPU affects glycoly-
tic metabolism of gastric cells. Knockdown of
CENPU significantly decreased glucose consump-
tion, lactate production and ATP generation,
which were obviously enhanced by CENPU over-
expression in AGS cells (Figure 3a-c). Knockdown
of CENPU significantly decreased the protein
expression levels of LDHA, GLUT1 and HK2,
which were enhanced by CENPU overexpression
in AGS cells (Figure 3d). These results demon-
strated that CENPU knockdown suppressed the
glycolysis and CENPU overexpression promoted
the glycolysis of gastric cancer cells.
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CENPU promoted proliferation and glycolysis of
gastric cancer cells via HMGB2

Next the effect of CENPU on the expression
level of HMGB?2 and their roles in proliferation
and glycolysis in gastric cancer cells were inves-
tigated. The protein expression levels of CENPU
and HMGB2 exhibited positive correlation
(Figure 4a). Knockdown of CENPU caused
decreased expression level of HMGB2, and over-
expression of CENPU led to enhanced expres-
sion level of HMGB2 in AGS cells (Figure 4b).
Knockdown of CENPU inhibited proliferation
and colony formation of AGS cells, which
could be rescued by overexpression of HMGB2
(Figures 4c and d). Knockdown of CENPU sig-
nificantly suppressed glucose consumption, lac-
tate production and ATP generation in AGS
cells, which were rescued by overexpression of
HMGB2 (Figure 4e-g). Knockdown of CENPU
caused decreased expression levels of LDHA,
GLUT1 and HK2 in AGS cells, which were res-
cued by overexpression of HMGB2 (Figure 4h).
These data indicated that CENPU enhanced pro-
liferation and glycolysis of gastric cancer cells via
HMGB2.
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Figure 2. Knockdown of CENPU inhibited proliferation of gastric cancer cells. (a) Left, representative blots of WB analysis of CENPU
protein expression level after transfections with si-CENPU and pcDNA-CENPU. Right, the relative protein expression level of CENPU
normalized to GAPDH. ***p < 0.001 vs si-NC, *p < 0.01 vs pcDNA. Data are mean + SEM of at least three independent experiments.
(b) MTT assay was used to assess the cell proliferation after transfection with si-CENPU and pcDNA-CENPU in AGS cells. **p < 0.01 vs
si-NC, *p < 0.05 vs pcDNA. Data are mean + SEM of at least three independent experiments. (c) Left, representative images of cell
colony formation after transfections with si-CENPU and pcDNA-CENPU. Right, the average number of colonies in each dish of at least
three independent experiments after transfection with si-CENPU and pcDNA-CENPU in AGS cells. **p < 0.01 vs si-NC, *p < 0.01 vs

pcDNA.
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Figure 3. Knockdown of CENPU inhibited glycolysis of gastric cancer cells. (a) Glucose consumption was detected by glucose assay
kit in AGS cells. ***p < 0.001 vs si-NC, *p < 0.01 vs pcDNA. Data are mean + SEM of at least three independent experiments. (b)
Lactate production was assessed by lactate assay kit in AGS cells. ***p < 0.001 vs si-NC, *p < 0.05 vs pcDNA. Data are mean = SEM of
at least three independent experiments. (c) Total ATP content was measured by ATP assay kit. ***p < 0.001 vs si-NC, *p < 0.05 vs
pcDNA. Data are mean + SEM of at least three independent experiments. (d) Left, representative blots of WB analysis of LDHA,
GLUT1 and HK2 protein expression levels after transfections with si-CENPU and pcDNA-CENPU. Right, the relative protein expression
levels of LDHA, GLUT1 and HK2 normalized to GAPDH. ***p < 0.001 vs si-NC, *p < 0.01 vs pcDNA. Data are mean + SEM of at least

three independent experiments.

CENPU promoted tumor growth in vivo

In the last, the influence of CENPU on the tumor
growth in vivo was investigated. Knockdown of
CENPU suppressed the tumor growth with signif-
icantly decreased tumor volume and tumor weight
(Figure 5a-c). IHC assay revealed that knockdown
of CENPU led to significantly deceased expression
levels of CENPU, HMGB2 and ki-67 in tumor
tissue (Figure 5d). These results showed that
CENPU promoted the growth of tumor in vivo.

Discussion

Gastric cancer is one of the most lethal malignancies
worldwide [1-3]. However, gastric cancer is likely to
become chemo-resistant and remains high lethality
[4,20]. New therapeutic targets and strategies are
required to combat cancer including gastric cancer.
Therefore, it is of great significance to identify the
molecular mechanisms of the development of gastric
cancer. In this work, we identified that CENPU is
upstream of HMGB2, which regulated proliferation

and glycolysis of gastric cancer. CENPU may act as
a biomarker for the diagnosis and therapeutic target
for the treatment of gastric cancer.

CENPU is overexpressed in many cancer phe-
notypes, and regulates tumor development [13].
Knockdown of CENPU inhibits cancer cell pro-
liferation and invasion [13,14]. HMGB promoted
carcinogenesis and is a novel biomarker for the
diagnosis of gastric cancer [12]. Knockdown of
HMGB2 inhibits proliferation and glycolysis of
gastric cancer cells [12]. HMGB2 is found to be
downstream of CENPU, and CENPU promoted
malignancy and development of ovarian cancer
via HMGB2 [16]. Ki-67 protein, whose expres-
sion is strictly associated with cell proliferation,
has been extensively used as a proliferation
marker [21].

Metabolic switch is a hallmark of cancer, allowing
cancer cells to adapt to microenvironment change
[5,6]. Glycolytic metabolism is a main source of ATP
provision for cancer cells, and glycolysis provides
metabolites and acidic microenvironment that
favors malignant development of tumor [7,8].
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Figure 4. CENPU promoted proliferation and glycolysis of gastric cancer cells via HMGB?2. (a) Left, representative blots of lysate of
normal tissue adjacent to the tumor and gastric cancer tissue from gastric cancer patient. n = 40. Right, correlation analysis of the
protein expression levels of CENPU and HMGB2. (b) Upper, representative blots of WB analysis of HMGB2 protein expression level
after transfections with si-CENPU and pcDNA-CENPU. Lower, the relative protein expression level of HMGB2 normalized to GAPDH.
*¢n < 0,001 vs si-NC, *p < 0.01 vs pcDNA. Data are mean + SEM of at least three independent experiments. (c) MTT assay was used
to assess the cell proliferation after transfection with si-CENPU and pcDNA-HMGB2 in AGS cells. **p < 0.01 vs si-NC, *p < 0.01 vs si-
CENPU. Data are mean = SEM of at least three independent experiments. (d) Left, representative images of cell colony formation
after transfections with si-CENPU and pcDNA-HMGB2 in AGS cells. Right, the average number of colonies in each dish of at least
three independent experiments after transfection with si-CENPU and pcDNA-CENPU in AGS cells. **p < 0.01 vs si-NC, *p < 0.01 vs si-
CENPU. (e) Glucose consumption was detected by glucose assay kit in AGS cells. ***p < 0.001 vs si-NC, *p < 0.01 vs si-CENPU. Data
are mean + SEM of at least three independent experiments. (f) Lactate production was assessed by lactate assay kit in AGS cells.
**p < 0.01 vs si-NC, ¥p < 0.01 vs si-CENPU. Data are mean + SEM of at least three independent experiments. (g) Total ATP content
was measured by ATP assay kit. **p < 0.01 vs si-NC, *p < 0.01 vs si-CENPU. Data are mean + SEM of at least three independent
experiments. (h) Left, representative blots of WB analysis of LDHA, GLUT1 and HK2 protein expression levels after transfections with
si-CENPU and pcDNA-HMGB2 in AGS cells. Right, the relative protein expression levels of LDHA, GLUT1 and HK2 normalized to
GAPDH. **p < 0.01 vs si-NC, *p < 0.01 vs si-CENPU. Data are mean + SEM of at least three independent experiments.
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Thus, cancer cells display many metabolic pheno-
types, such as glucose consumption, lactate genera-
tion, ATP production, extracellular acidification to
support biosynthesis, proliferation, differentiation,
migration and invasion [22]. Accumulating evi-
dences demonstrate that glycolysis plays a key role
in tumorigenesis of different cancer types including
gastric cancer [23]. It has been realized that glucose
metabolism and glycolytic activity are the main dri-
vers of carcinogenesis [23]. Glucose transports

(GLUTSs) are overexpressed in most cancer cells to
satisfy their increased glycolysis rates [24]. GLUT1,
encoded by SLC2A1, is important in cancer devel-
opment and is associated with poor prognosis in
many cancers [24,25]. Inhibition of GLUT1 expres-
sion reverses Warburg effect and induces apoptosis
of gastric cancer cells [24]. Hexokinases (HKs) irre-
versibly convert glucose to glucose-6-phosphate
(G-6P) at the first step of glucose metabolism [26].
Among all HKs, HK2 is a major rate-limiting
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Figure 5. CENPU promoted tumor growth in vivo. (a) Representative image of tumor tissue size from xenograft mouse model. (b)
Tumor volume measured on indicated days. **p < 0.01 vs sh-NC, Data are mean = SEM of tumors from three mice. (c) Tumor weight
measured on thirty-fifth day. **p < 0.01 vs sh-NC, Data are mean £+ SEM of tumors from five mice. (d) Representative image of IHC
assay, which was used to detect the expression levels of CENPU, HMGB2 and ki-67 in tumor tissue.

enzyme of glycolysis, and upregulation of HK2 con-
tributes to enhanced glycolysis [26,27]. HK2 is
abnormally expressed in a variety of cancers includ-
ing gastric cancer, and the expression level of HK2 is
closely associated with cancer prognosis and mortal-
ity [26]. LDHA is a key glycolytic enzyme that cata-
lyzes the reversible interconversion between
L-lactate and pyruvate at the last step of glycolysis
(28]. Inhibition of LDHA expression diminishes
tumorigenesis, increases mitochondrial oxidative
respiration, and decreases glycolysis [28].

In the present study, we demonstrated that
CENPU promoted proliferation and glycolysis
of gastric cancer cells via HMGB2. CENPU was
upregulated in gastric cancer. Inhibition of
CENPU expression suppressed proliferation
and glycolysis of gastric cancer cells. CENPU
was an upstream protein of HMGB2, and
CENPU enhances the expression level of
HMGB?2 in gastric cancer cells. Thus, targeting
CENPU is a promising therapeutic strategy for
treatment of gastric cancer.

Conclusion

We showed that CENPU was upregulated in gas-
tric cancer cell lines. Knockdown of CENPU by
siRNA gene silencing suppressed the proliferation
and glycolysis activity of AGS gastric cancer cells.
We further demonstrated that the anti-cancer
effect of CENPU exhibited a HMGB2-dependent
manner. In summary, CENPU was an upstream
protein of HMGB?2, which regulated proliferation
and glycolysis of gastric cancer.

Highlight

e CENPU was upregulated in gastric cancer
Knockdown of CENPU inhibited prolifera-
tion of gastric cancer cells

e Knockdown of CENPU inhibited glycolysis of
gastric cancer cells

e CENPU promoted proliferation and glycoly-
sis of gastric cancer cells via HMGB2

e CENPU promoted tumor growth in vivo
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