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Abstract

Background: The role and mechanism of centromeric protein N (CENPN), which has been associated with the development
of various cancer types, are yet unclear in Gastric adenocarcinoma (STAD). Methods: Data from The Cancer Genome Atlas
and Genotype Tissue Expression were used to examine the expression of CENPN in STAD and neighboring tissues. Xiantao
Academic was used to perform Gene Ontology(GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG) enrichment
analysis on CENPN. By reviewing TCGA database, the relationship between CENPN expression and immune cell infiltration
was assessed. The expression of CENPN in STAD and surrounding tissues was confirmed by immunohistochemical staining, and
the correlation between CENPN expression and clinicopathological characteristics was examined. CENPN was depleted in AGS
cells with siRNAs, and its impact on proliferation was measured by CCK-8 and EdU assays. Following siRNA transfection,
flow cytometry was performed to identify cell cycle and apoptotic alterations in AGS cells. Results: CENPN was highly
expressed in STAD tissues. The degree of invasion, TNM stage, and lymph node metastases were all substantially linked with
CENPN expression. GO|KEGG Enrichment analysis revealed that CENPN was essential for the cell cycle, DNA replication,
chromosomal segregation, and nuclear division, among other important signaling pathways. Further investigation revealed
a positive correlation between CENPN expression and Th2 cells and NK CD56dim cells and a negative correlation between
CENPN expression and mast cells , pDC cells,NK cells and B cells. When CENPN expression in AGS cells was knocked
down, cell proliferation dramatically reduced, and the percentage of cells in the S and G2-M phases decreased significantly. In
addition, compared to the control group, the proportion of apoptotic AGS cells significantly increased after downregulating the
expression level of CENPN. Conclusion: According to our data, CENPN acts as an oncogene in STAD and may be a viable
therapeutic target.
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Abstract

Background: The role and mechanism of centromeric protein N (CENPN), which has been associated with
the development of various cancer types, are yet unclear in Gastric adenocarcinoma (STAD).

Methods: Data from The Cancer Genome Atlas and Genotype Tissue Expression were used to examine
the expression of CENPN in STAD and neighboring tissues. Xiantao Academic was used to perform Gene
Ontology(GO) and Kyoto Encyclopedia of Genes and Genomes(KEGG) enrichment analysis on CENPN. By
reviewing TCGA database, the relationship between CENPN expression and immune cell infiltration was
assessed. The expression of CENPN in STAD and surrounding tissues was confirmed by immunohistochem-
ical staining, and the correlation between CENPN expression and clinicopathological characteristics was
examined. CENPN was depleted in AGS cells with siRNAs, and its impact on proliferation was measured
by CCK-8 and EdU assays. Following siRNA transfection, flow cytometry was performed to identify cell
cycle and apoptotic alterations in AGS cells.

Results: CENPN was highly expressed in STAD tissues. The degree of invasion, TNM stage, and lymph
node metastases were all substantially linked with CENPN expression. GO|KEGG Enrichment analysis
revealed that CENPN was essential for the cell cycle, DNA replication, chromosomal segregation, and nuclear
division, among other important signaling pathways. Further investigation revealed a positive correlation
between CENPN expression and Th2 cells and NK CD56dim cells and a negative correlation between CENPN
expression and mast cells , pDC cells,NK cells and B cells. When CENPN expression in AGS cells was
knocked down, cell proliferation dramatically reduced, and the percentage of cells in the S and G2-M phases
decreased significantly. In addition, compared to the control group, the proportion of apoptotic AGS cells
significantly increased after downregulating the expression level of CENPN.

Conclusion: According to our data, CENPN acts as an oncogene in STAD and may be a viable therapeutic
target.

Introduction

Gastric cancer is a global health problem with a high fatality rate because it is frequently discovered at
an advanced stage. It is also the third most common cause of cancer-related death!. Therefore, early
identification and diagnosis are critical for the treatment of stomach cancer. Currently, the methods often
adopted for the timely identification of stomach cancer have several flaws. For example, tumor marker
specificity and sensitivity are insufficient? 3, gastroscopy screening is difficult to implement, and imaging
examination plays a limited role in the identification of early gastric cancer*. Therefore, the discovery of
novel markers with high specificity and sensitivity is critical.

The centromere is a combination of DNA and proteins. Although DNA sequences differ greatly among
species, protein components are relatively conserved® ®. These highly conserved proteins are called
centromere-associated proteins (CENPs)”. According to previous studies, CENPs affect the normal sep-
aration of sister chromatids and maintain chromosome stability, making them an important factor in the
occurrence and progression of tumors”!%. The constitutive centromere-associated network (CCAN) com-
prises 16 centromere proteins that can be divided into five functional complexes: CENPC, CENPL/N,
CENPH/I/K/M, CENPT/W/S/X, and CENPO/P/Q/R/U 12, CCAN is essential for the separation of
chromatids'® 4. CENPN interacts with CENPL to form a CENPL/N complex, which is essential for CCAN
protein assembly. Not only does it recognize CENPA nucleosomes, but also recruits CENPH/I/K/M com-
plexes. Furthermore, CENPL/N can interact with CENPC, which is required for stabilization of CENPC
on kinetosomes'® 16,

CENPN is a member of the centromeric protein family that has been linked to the occurrence and progression
of glioma, liver cancer, and lung cancer'” . We used bioinformatics, immunohistochemistry, and functional



studies To investigate the expression of CENPN in STAD and its effect on the proliferation, cell cycle, and
apoptosis of AGS cells.

Materials and methods

Source of the specimen

The study included 76 wax block specimens surgically resected from confirmed patients with STAD at the
Department of Pathology, Affiliated Central Hospital of Shenyang Medical College, between June 2014 and
July 2016. Paracellular tissue samples from the same patients, including 53 males and 23 females,were chosen
as the control group. The ages of the patients ranged from 36 to 95 years, with a mean age of 66 years.
None of the patients receive radiotherapy or chemotherapy before surgery. This study was approved by the
Medical Ethics Committee of the Shenyang Medical College, China.

Data gathering and analysis

Differences in CENPN expression between STAD and normal tissues were evaluated using TCGA
(https://cancergenome.nih.gov) and GTEX databases.The TCGA database was used to obtain RNA se-
quencing data and clinical follow-up information for patients with STAD.

CENPN functional enrichment analysis and screening of co-expressed genes in

STAD

TCGA-STAD data were used to perform a Pearson correlation study in CENPN and other mRNAs in gastric
cancer. For enrichment analysis to assess the function of CENPN, the 300 genes with the highest positive
correlations with CENPN were chosen. GO and KEGG pathway analyses were performed using Xiantao
Academic.

Immune infiltration analysis

The Xiantao Academic and single-sample gene set enrichment analysis were used to examine the link between
CENPN expression in STAD and 24 different types of immune cells (ssGSEA). Additionally, the relationship
between CENPN expression and Th2, mast cells, Mast cells , pDC ,NK cells ,and B cells was examined using
Spearman’s correlation.

Immunohistochemical staining

After roasting, dewaxing, antigen repair, and endogenous peroxidase blocker, paraffin sections were incubated
with rabbit polyclonal anti-CENPN antibody (1:400 dilution,Proteintech,IL,USA) and kept in a refrigerator
at 4 °C overnight. The next day, the sections were left at 25°C for 30 min, followed by incubation with the
secondary antibody (Fuzhou Maixin Biotechnology Development Co, Ltd,China) at 25°C. Sections were then
stained with DAB and hematoxylin, dehydrated with absolute alcohol for 10 min, and sealed with neutral
gum.

Evaluating outcomes: The cytoplasm and nucleus were the main sites for CENPN expression. Two patholo-
gists performed a blind review of the immunohistochemical results. Five visual fields at random were chosen,
and the staining intensity and percentage were assessed and assigned a semi-quantitative score. The per-
centage scores given for stained cells were 0 (4% or less), 1 (5%24%), 2 (25%49%), 3 (50%—74%), or 4
(75%).The staining intensities were assigned 0 (no staining), 1 (light yellow particles), 2 (yellow), and 3.
(dark-yellow particles). The staining intensity score was multiplied by the percentage score of positively



stained cells in each tumor sample to yield a total score ranging from 0 to 12. A score of less than 3 was
considered negative, whereas a score of 3 or higher wasconsidered positive.

Cell culture and transfection

AGS cells were obtained from the Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China)
and were routinely sub-cultured in F12 medium (Gibco, USA) containing 10% fetal bovine serum, penicillin
(100 U/mL), and streptomycin (100 mg/mL) at 37 °C in a cell incubator with 5% CO2.Transfection of
siRNAs was carried out in accordance with the manufacturer’s instructions using the Lipo3000 reagent (Life
Technology Company). After 48 h of transfection, the depletion of CENPN protein was examined by western
blotting in gastric cancer cells that were in the logarithmic growth phase.

Western blot analysis

Cells were lysed using RIPA buffer according to the manufacturer’s protocol. Protein (30ug/lane) was added
to the 10% SDS-PAGE gel and then transferred to a membrane, then transferred to a PVDF membrane,
blocked with 5% skim milk for 1 hour in TBST, They are incubated with primary antibody (Protein-
tech,IL,USA) at 4°C overnight. Membranes were then washed three times andincubated with secondary
antibody (Fuzhou Maixin Biotechnology Development Co, Ltd,China) for 1 h. The signal was detected using
an enhanced chemiluminescence Western blot assay kit.

CCK-8 experiments

In a 96-well plate, 5000 cells were seeded into each well. To each well, 10 pl of CCK-8 (APExBio, USA) were
added at 0, 24, 48, 72, and 96 h. A microplate reader (TECAN Infinite M200pro) was used to measure the
optical density at 450 nm following a 1h incubation at 37 °C, and a cell growth curve was drawn.

EdU cell proliferation assay

Cells were seeded in 24-well plates at the logarithmic growth stage and cultured overnight in incubators.
Transfection was performed accordantly. Each well was labelled with diluted EAU (Guangzhou Ruibo Bio-
technology Co.,Ltd., China) (1:5000 dilution) and incubated for 48 h at 37 °C in a 5% CO2 incubator. The
cells were fixed, penetrant added, and stained. Hoechst 33342 was then added to each well at a dilution of
1:1000. After 15 min of shaking at room temperature in the dark, the dye solution was removed, and the
cells were washed with phosphate-buffered saline. Finally, an inverted Microscope was used for observation,
and five different photographic fields were picked At random.

Cell cycle detection

Cell cycle progression was detected using a cell cycle detection kit (BD Pharmingen, USA) according to the
manufacturer’s instructions. Cells in 6-well plates were transfected for 48 h and fixed in 75% ethanol, labeled
with propidium iodide, and analyzed by flow cytometry (BD FACSCalibur). Each group consisted of three
replicates.

Detection of cell apoptosis

Apoptosis was measured using an apoptosis detection kit (Vazyme). Cells were transfected for 48 h in 6-well
plates, stained with annexin V and propidium iodide, and analyzed using flow cytometry (BD FACSCalibur).



Statistical analysis

GraphPad Prism 8 and SPSS 20.0 were both used for statistical analysis in this study. Every experiment
included at least three independent replicates. Student’s t-test was used to calculate statistical significance
and results were reported as mean + standard deviation. Chi-square analysis was used to examine count
data. P < 0.05 was considered statistically significant.

Results

Expression of CENPN in STAD tissue

Using the GEPIA database, we first examined the expression of CENPN in STAD in TCGA and GTEx
databases. STAD tissues had considerably higher levels of CENPN mRNA expression than their neighboring
tissues (Figure 1A, P < 0.05). We used the TCGA database to assess the expression of CENPN in STAD
paired samples, and the results revealed that in 27 samples, the expression of CENPN in STAD was higher
than that in matched normal tissues (Figure 1B, P < 0.001). In addition, the ROC curve showed that
CENPN expression had good predictive ability, with an area of 0.950 under the curve (95% confidence
interval [CI]=0.926-0.973), and STAD tissues could be distinguished from normal tissues (Figure 1C).

To further validate CENPN expression in STAD, immunohistochemical stainingwas performed on 76 tumor
specimens and adjacent paracellular tissues to assess the differential expression of CENPN. CENPN was
highly expressed in STAD tissues, with low or no expression in paracellular tissues, and its positive expression
sites were primarily in the cytoplasm and nucleus (Figure 1D). The positivity rate in STAD tissues was 76.3%,
whereas it was 18.4% in adjacent tissues (Table 1).

Relationship between CENPN expression in STAD and clinicopathological pa-
rameters

We investigated the relationship between CENPN expression and various clinicopathological parameters in
patients with STAD to better understand the significance and possible molecular mechanisms of CENPN
expression in the development of STAD. The expression of CENPN was significantly different in STAD
patients with varying degrees of invasion, TNM stage, and lymph node metastasis ( P < 0.05). However,
there was no statistically significant difference in CENPN expression according to sex, age, tumor size, or
degree of differentiation ( Table 2 ) .

CENPN functional enrichment analysis and co-expression gene screening in
STAD

To further investigate the functions and pathways affected by CENPN, we used TCGA data to examine the
correlation between CENPN and other genes in STAD. The top 300 genes most strongly associated with
CENPN were chosen for enrichment analysis, and the top 20 genes are displayed in the heat map (Figure
2A). Using the Xiantao database, we examined potential functional pathways based on the top 300 genes.
GO and KEGG enrichment analysis revealed that CENPN plays important roles in the cell cycle, DNA
replication, chromosome separation, and nuclear division, as well as several other key signaling pathways
(Figure 2B).

Correlation between immune cell infiltration and CENPN expression

Immune cells that infiltrate tumors play a significant role in the tumor microenvironment and is linked to
the development, spread, and metastasis of cancer?® 2!, Therefore, we examined the connection between
CENPN expression in STAD and the degree of immune cell infiltration (Figure 3A). A favorable correlation



was determined between CENPN expression and Th2 cells and NK CD56dim cells (Figure 3B,C). Mast cells
, pDC ,NK cells ,and B cells were negatively correlated with the expression of CENPN (Figure 3D-G).

Effect of CENPN on STAD cell proliferation

To better understand the regulatory function of CENPN on the proliferation of STAD cells, we transient-
ly transfected siRNAs to downregulate CENPN expression in AGS cell lines. The transfection effect was
confirmed using western blotting. The CENPN expression in AGS cells in the transfection group was signi-
ficantly lower than that in the control group (Figure 4A, P < 0.01). We then determined the proliferation
and growth of AGS cells after CENPN downregulation using the CCK-8 assay. The results showed that
CENPN downregulation significantly reduced the proliferation of AGS cells compared to the control group
(Figure 4B, P < 0.05). To determine the effect of CENPN on STAD cell proliferation, an EdU test was also
performed. The findings demonstrated that CENPN siRNA-transfected AGS cells had considerably lower
proliferation ratios than the control group (Figure 4C, P < 0.05). In conclusion, the downregulation of CENP
may inhibit the proliferation of STAD cells.

Effect of CENPN on the cell cycle of STAD cells

To further investigate the mechanism by which CENPN regulates the proliferation of human AGS cells, flow
cytometry was used to detect cell cycle changes. CENPN knockdown in AGS cells resulted in an increased
percentage of G0-G1 cells compared to the controls, while the percentage of cells in the S and G2-M phases
decreased significantly (Figure 5,P < 0.05). These findings imply that CENPN may promote cell proliferation
by regulating the cell cycle.

Effect of CENPN on STAD cell apoptosis

We used flow cytometry to investigate the role of CENPN in cell apoptosis in STAD. The percentages of
early, late, and complete apoptosis in AGS cells were 23.67 % (12.7% in the control group), 7.39 % (2.98% in
the control group), and 31.06 % (15.68% in the control group), respectively. After CENPN knockdown,the
apoptosis rate of AGS cells was considerably higher than that of the control group (Figure 6,P < 0.05).
Therefore, we concluded that CENPN knockdown promotes apoptosis in STAD cells.

Discussion

CENPN encoded proteins form nucleosome-associated complexes that are important for centromere assembly.
CENPN binds to centromeres during the S and G2 phases and recruits other centromeric proteins??. Accurate
chromosome segregation during mitosis is required for the proper transfer of genetic material from the mother
to daughter cells. Missegregation of chromosomes can result in aneuploidy, a hallmark of cancer®. In humans,
the histone H3 variant centromere protein A (CENPA) is present in the Functional centromeres. CENPA
disruption or mutation results in failure of centromere formation®® 24, CENPN can recognize CENPA and
regulate mitosis by forming the CENPA nucleosome-associated complex (NAC)2% 26, CENPN interacts with
CENPA’s centromere-targeting domain of CENPA to facilitate centromere assembly??, and CENPN depletion
leads to the loss of many other CENPs?® 28, Consequently, the CENPA nucleosome core region, which
is necessary for centromere formation and chromosome segregation, is directly recognized by CENPN?.
However, the mechanism of CENPN in STAD has not yet been reported, so it is of great significance to
study the effect of CENPN in STAD.

TCGA and GTEx datasets were used in this study to evaluate the expression of CENPN in STAD. The
evaluations revealed that STAD had higher CENPN expression than adjacent tumors (P < 0.05). We also
examined CENPN expression in STAD paired samples from TCGA database. The results showed that STAD
tissues had a greater level of CENPN expression than Matched normal tissues (P < 0.001). We verified this



finding using immunohistochemistry. This is consistent with the high expression of CENPN in malignancies
of the lungs, liver, nasopharynx, and mouth!'® % 30 31 The ROC curve also supports CENPN’s diagnostic
value of CENPN. Additionally, we discovered that the degree of tumor invasion, TNM stage, and lymph
node metastasis were substantially correlated with the level of CENPN expression in the tissues of patients
with STAD, indicating that the abnormal expression of CENPN was intimately linked to the onset of STAD.

CENPN expression was found to be closely related to cell proliferation pathways such as”cell cycle,” "DNA
replication,” ”chromosome segregation,” and "nuclear division” in our enrichment analysis. To validate this
result, first we knocked down CENPN in AGS cells and discovered that depletion of CENPN significantly
inhibited cell proliferation. Second, flow cytometry was used to detect changes in the cell cycle of AGS
cells after CENPN knockdown. The results showed that knocked down of CENPN in AGS cells resulted
in an increased percentage of GO-G1 cells (P < 0.05) and a significant decrease in the proportion of cells
in the S and G2-M phases (P < 0.05). The S phase is the DNA synthesis phase that is critical for cell
division and proliferation. These findings suggest that CENPN downregulation inhibits AGS cell proliferation.
Studies have shown that CENPN knockdown promotes apoptosis in a variety of cancers'”™ 19 . This study
hypothesizes that CENPN might have the same effect in STAD. Flow cytometry was performed to investigate
the relationship between CENPN expression and apoptosis in AGS cells. The results revealed that CENPN
knockdown significantly increased the apoptotic rate of AGS cells.This suggested that CENPN is involved
in apoptosis in STAD.

Immune cells play a crucial role in controlling the malignant behavior of tumor cells?2-34. Immune cell
infiltration has been linked to the development and spread of cancer3® 36, In this study, we explored the
association between CENPN expression and immune cell infiltration in STAD. These findings demonstrate a
positive correlation between Th2 cells and NK CD56dim cells and CENPN expression.Instead, it negatively
correlated with mast cells,pDC,NK cells ,and B cells. These findings imply that the regulation of tumor
immunity may be significantly influenced by CENPN.

However, this study has certain limitations. First, confounding variables may have skewed the data from
open databases. Second, the sample numbers were limited in this study, and more cases are required to
validate an observation. Finally, further research is needed to determine the precise mechanism of CENPN
in STAD.

In conclusion, our investigation showed that CENPN was upregulated in STAD tissues and that the de-
gree of tumor invasion, TNM stage, and lymph node metastasis were significantly correlated with CENPN
expression. The proliferation of STAD cells was inhibited by depletion of CENPN, which also decreased
the percentage of cells in S and G2-M phases and increased apoptosis. Immune cell infiltration and CENPN
expression Significantly correlated. Therefore, we believe that CENPN could be a possible therapeutic target
for STAD.
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Figure 1: CENPN expression analysis in STAD. (A) CENPN expression in tumor and normal tissues in
STAD data from TCGA and GTEx. (B) CENPN expression in paired tumor and normal tissues in STAD
from TCGA. (C) ROC curves for classifying gastric adenocarcinoma versus normal gastric tissues in the
TCGA database. TCGA, The Cancer Genome Atlas; GTEx, Genotype Tissue Expression Project; ROC,
receiver operating characteristic.(D)Representative images of CENPN expression in gastric adenocarcinoma
tissues and their matched paracancerous tissues. Data were shown as mean + SD. *P < 0.05, ***P < 0.001.
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Figure 2: STAD co-expression gene screening and functional enrichment analysis of CENPN. (A) The heat
map displays the top 20 genes most strongly associated with CENPN. (B) pathway analysis of GO KEGG
of the top 300 genes most positively related to CENPN. Data were shown as mean + SD. ***P < 0.001.
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Figure 3: Correlation of CENPN expression with immune infiltration level in STAD. (A) Correlation
between CENPN expression and relative abundance of 24 types of immune cell.The size of dot corresponds
to the absolute Spearman’s correlation coefficient values. (B-G) Correlation of CENPN expression with
infiltration levels of Th2 cells , NK CD56dim cells,Mast cells , pDC cells ,NK cells, and B cells in STAD.Th2
cells, T-helper type 2 (Th2) cells;NK CD56dim cells,Natural killer CD56dim cells;pDC cells,plasmacytoid
dendritic cells;NK cells, natural killer cells.

12



(A)

ev[\ é?@ év'b 157 - Negetive Control
; : : -~ CENPN siRNA
N
CENPN | s .. 81'0—
py *
[m)
GAPDH | s s s s 005_
0.0 T | | :
Day1 Day2 Day3 Day4
(©) ]
Hoechst EdU Merge
< 600 1
g
Negative 8 404
Control g
2 20
Q.
-
©
L 0 -
CENPN > v
. & ‘Qﬁ
siRNA S S
=2 Qé
& &
) O
e@

Figure 4: Effects of CENPN knockdown on the proliferation of STAD cells. (A) Expression of CENPN
detected after transfection with siRNA by Western blot. (B,C) The proliferation of STAD cells was examined
by CCK-8 assay (B) and EAU assay (C). Data were shown as mean + SD. *P < 0.05.
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Figure 5: Flow cytometry assays were conducted to analyze the effect of CENPN downregulation on the
cell cycle in AGS cells. Data were shown as mean + SD. *P < 0.05.
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Figure 6: Flow cytometry assays were conducted to analyze the effect of CENPN downregulation on cell
apoptosis in AGS cells. Data were shown as mean 4 SD. *P < 0.05.

Table 1 CENPN expression in STAD and adjacent tissues

Tissue type Number of patients CENPN CENPN y?value P value
negative(%) positive(%)

Gastric carcinoma 76 18(23.7) 58(76.3) 51.089  <0.01

Paracancerous tissue 76 62(81.6) 14(18.4)

Table 2 The association of CENPN expression with clinicopathological characteristics in STAD

Characteristics Number of patients CENPN CENPN y*value P value
negative(%)  positive(%)

Gender 0.723 0.395
Male 53 14(26.4) 39(73.6)
Female 23 4(17.4) 19(82.6)
Age 0.158 0.691
<65(years) 24 5(20.8) 19(79.2) 7.7
65(years) 52 13(25.0) 39(75.0)
Tumor size(cm) 1.653 0.198
<6 45 13(28.9) 32(71.1) 7.7
6 31 5(16.1) 26(83.9)
Differentiation 0.487 0.485
Well-Moderate 41 11(26.8) 30(73.2)
poor 35 7(20.0) 28(80.0)
Depth of invasion 8.507 0.004
T1+T2 25 11(44.0) 14(56.0)
T34+T4 51 7(13.7) 44(86.3)
TNM stage 7.991 0.005
I4+11 37 14(37.8) 23(62.2)
II+1V 39 4(10.3) 35(89.7)
Nodal status 4.353 0.037
NO 23 9(39.1) 14(60.9)
N1 N2 N3 53 9(17.0) 44(83.0)
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