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ARTICLE INFO ABSTRACT

Keywords: Gastric cancer is a common malignant tumor with a high mortality rate. Abnormal APOBEC3B
APOBEC3B (apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3B) expression increases
Cydir_‘ D1 tumor susceptibility. However, the exact molecular mechanism of APOBEC3B expression in the
;zz:slt\/r[lzc cancer development of gastric cancer is still unknown. We investigated the effect of APOBEC3B on the
P53 malignant biological behavior of gastric cancer cells and discussed the role of APOBEC3B in the

development and progression of gastric cancer. APOBEC3B protein levels were measured in 161
gastric cancer samples using western blotting and immunohistochemistry. Both in vitro and in vivo
assays were performed, and molecules were analyzed using bioinformatics analysis and western
blotting. APOBEC3B was overexpressed in gastric cancer. Moreover, APOBEC3B significantly
enhanced cell proliferation in vitro and tumorigenicity in vivo. Regarding the underlying mech-
anism, APOBEC3B promoted the proliferation of gastric cancer cells by upregulating P53, MCM2
(minichromosome maintenance protein 2), and cyclin D1. Our results suggest that APOBEC3B is
involved in cancer progression, providing a new theoretical basis for the prevention and treat-
ment of gastric cancer.

1. Introduction

Gastric cancer (GC) is a common malignant tumor with a high mortality rate. Moreover, GC has the fifth-highest incidence rate
among malignant solid tumors worldwide. Although early detection and prevention have reduced the incidence and mortality of GC, it
remains among the major obstacles limiting human life expectancy in the 21st century [1,2]. Therefore, it is important to elucidate the
mechanisms underlying tumor progression to identify novel biomarkers and effective therapeutic targets for patients with GC.

The apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like (APOBEC) family is a group of proteins that alter DNA
through deamination, affect genomic stability, and increase tumor susceptibility [3]. The APOBEC protein family comprises the
following 11 members: Al, Activation Induced Deaminase (AID), APOBEC2, APOBEC3A, APOBEC3B, APOBEC3C, APOBEC3D,
APOBEC3E, APOBEC3F, APOBEC3G, APOBEC3H, and APOBEC4 [4,5]. Among them, APOBEC3B is actively expressed in breast cancer,
glioma, melanoma, and other cancer cell lines and is the main candidate for solid tumor mutagenesis [6-8]. Mao et al. [6] reported that
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APOBEC3B expression is associated with an adverse prognosis in breast cancer. In hepatocellular carcinoma cells, APOBEC3B
expression can directly stimulate multiple binding sites in the NF-xB signaling pathway and promote cell proliferation [9]. Fan et al.
[10] reported that APOBEC3B knockdown significantly inhibited the migration and invasion of cervical cancer cells. Further, APO-
BEC3B may be involved in the development and progression of various cancers [11-13].

P53 is a crucial tumor suppressor gene that regulates cell biological behavior under stressful conditions by inducing cell apoptosis
and DNA metabolism and repair [14,15]. Studies [16,17] have revealed that >50 % of cancers are associated with P53 mutations,
highlighting the significant role these mutations play in tumor development. Burns et al. [18] demonstrated an upregulation of
APOBEC3B expression in breast cancer, leading to an increased occurrence of P53 mutations. Similarly, Wang et al. [19] observed a
positive correlation between APOBEC3B expression and P53 mutations in non-small cell lung cancer.

The minichromosome maintenance protein (MCM) family represents a highly conserved group of DNA-unwinding proteins [20,
21]. Precise regulation of DNA replication is crucial for preserving genomic stability and cell cycle progression [22]. These in-
vestigations propose that MCM2 serves as a potential marker for cell proliferation, with increased levels indicating malignant cell
growth. Cyclin D1, an important regulator of the cell cycle, plays a crucial role in the pathogenesis of cancer by determining un-
controlled cell proliferation [23]. Research has confirmed that cyclin D1 is an oncogene that drives the development of solid tumors
and hemopathies. Studies have shown that upregulation of MCM7, a member of the MCM protein family, can promote the occurrence
and development of liver cancer. Researchers [24] have found a positive correlation between MCM?7 and cyclin D1 expression in mouse
models and human tumor tissues, indicating that patients with liver cancer and high levels of MCM7 have a poor prognosis.

Abnormal APOBEC3B, P53, MCM2, and cyclin D1 expression increases tumor susceptibility. However, the mechanisms underlying
their actions remain unclear. Therefore, we investigated the effect of these factors on the malignant biological behavior of GC cells and
discussed their role in the development and progression of GC. Our findings provide a novel therapeutic target for GC.

2. Materials and methods
2.1. Patients and tissue samples

A total of 161 GC specimens with complete clinicopathological data were collected from the Department of Pathology at Binzhou
Medical University Hospital between April 2018 and December 2019. Among them, we obtained fresh cancer and adjacent tissues from
10 patients with GC. Of the 161 specimens, 59 were obtained from women and 102 from men (median age: 53 [range, 27-78] years).
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards. The study design was approved by the Ethics Committee of Binzhou Medical University Hospital (approval number:
2016-26). None of the patients had undergone preoperative radiotherapy, chemotherapy, targeted therapy, or other anticancer
therapies. All patients provided informed consent.

2.2. Cell culture

Human GC cell lines (SGC7901 and AGS), as well as the human normal gastric mucosa cell line (GES-1), were preserved by the
Central Laboratory of Binzhou Medical University Hospital. GES-1 cells were cultured in high glucose DMEM supplemented with 10 %
FBS. AGS and SGC7901 cells were maintained in RPMI 1640 medium supplemented with 10 % FBS. The cells were cultured and passed
10 times in a cell incubator at 37 °C and 5 % CO,, and subsequent experiments were carried out.

2.3. Bioinformatics analysis

2.3.1. Correlation analysis between APOBEC3B expression and P53 mutations

The cBioPortal (http://cbioportal.org/) [25] is an open platform for exploring multidimensional cancer genomics data. From the
cBioPortal database, we selected the “stomach adenocarcinoma (TCGA, PanCancer Atlas)” dataset. Subsequently, after entering “P53,”
we analyzed the P53 mutation status in GC tissues in the OncoPrint interface. Using the UALCAN database (http://ualcan.path.uab.
edu/index.html) [26], “TCGA gene analysis,” we input “APOBEC3B" and selected the function interface TCGA dataset, “stomach.”
APOBEC3B expression according to P53 mutation status was analyzed in the correlation analysis interface of expression status.

2.3.2. Genetic screening

The GEPIA database [27] can be used for cancer and normal gene expression profiling and interaction analysis. Using the corre-
lation analysis function of the GEPIA database, related genes were input into “Gene A" and “Gene B,” respectively. “STAD tumor,”
“STAD normal,” and “stomach” were added to the expression dataset for data acquisition and analysis.

2.4. Transfection

This experiment was divided into four groups—Blank, blank; plasmid containing the APOBEC3B gene, APOBEC3B; empty plas-
mids, vector; and APOBEC3B knockdown, si-APOBEC3B. Based on the APOBEC3B gene sequence in GenBank (NM004900; https://
ncbi.nlm.nih.gov/nuccore), the plasmid containing the APOBEC3B gene and empty vector plasmids were constructed by Shanghai
Jikai Co., Ltd. Plasmids were transfected into GC cell lines using Lipofectamine 2000 reagent (Thermo Fisher Scientific Inc.), following
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the manufacturer’s instructions, for 2 days at 37 °C. After transfection for 48 h, the infected cells were cultured with neomycin for 30
days at 37 °C to yield stably infected cells for mouse xenograft studies. For APOBEC3B knockdown, GC cells were transfected with
APOBEC3B siRNA (Ruibo Biotechnology) using Lipofectamine 2000 reagent (Thermo Fisher Scientific Inc.), following the manufac-
turer’s instructions, for 2 days at 37 °C. The following sequences were used: genOFFTM st-h-APOBEC3B-001, AGACCTACTTGTGC-
TATGA; genOFFTM st-h-APOBEC3B-002, CAGTACCACGCAGAAATGT; and genOFFTM st-h-APOBEC3B-003,
TGGGCTTTCTATGCAACGA. Transfected cells were collected for subsequent experiments.

2.5. MTT assay

Cells with good growth after transfection were seeded into 96-well plates (3000 cells/well, 6 wells/group) and incubated for 24 h at
37 °C. Subsequently, MTT reagent was added to the culture medium at a final concentration of 0.1 mg/mL. Next, 150 pL dimethyl
sulfoxide was added to the cells to dissolve the formazan crystals. Optical density was measured at 490 nm using a SpectraMax M2
microplate reader (Molecular Devices, Shanghai, China).

2.6. Colony formation assay

After transfection, the cells were seeded in 100-mm Petri dishes (2000 cells/dish). The medium was replenished every 3 days, and
the cells were allowed to grow for 9 days to form colonies. The colonies were fixed in 4 % paraformaldehyde (Biosharp) and stained
with 0.1 % crystal violet (Solarbio). The number of colonies with >50 cells was counted.

2.7. Wound-healing assay

Three equally spaced horizontal lines were drawn on the back of a 6-well plate, using a sterilized marker, followed by the inoc-
ulation of cells from each group. When the degree of cell fusion reached 90 %, the culture medium was removed and washed with PBS.
A 10-pL spearhead was used to scratch the cells perpendicularly to the horizontal line. The migration rate was calculated as follows:
Migration rate = (1 — average number of migrating cells in the experimental group/average number of migrating cells in the control
group) x 100 %.

2.8. Transwell assay

Matrix glue was added to the upper Transwell® chamber. The corresponding cell suspension was added after hydration and so-
lidification. Culture medium was added to the lower Transwell® chamber, and the cells were cultured for 24 h. Next, 4 % para-
formaldehyde was added, and the cells were fixed for 1 h. Subsequently, the cells were washed with PBS and stained with crystal violet
for 20 min.

2.9. Western blot assay

Total proteins were extracted from cells and GC tissues using radioimmunoprecipitation assay lysis buffer containing protease
inhibitors. Approximately 20 pg total protein from each group was resolved via 12 % sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (80 V). The duration of electrophoresis was determined based on molecular weight. Subsequently, the resolved protein
bands were transferred onto a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA), which was blocked with 5 %
skimmed milk powder for 2 h at 37 °C and then incubated with primary antibodies against APOBEC3B (1:1,000, Abcam); P53 (1:1,000,
Abcam); MCM2 (1:1,000, Abcam); cyclin D1 (1:1,000, Beyotime); and GAPDH (1:1,000, Goodhere) overnight at 4 °C. This was fol-
lowed by incubation with horseradish peroxidase-conjugated secondary antibodies (1:2,000, ZSGB-BIO) at 37 °C for 2 h. GAPDH was
used as an internal control for determining relative protein expression. Protein bands were quantified using ImageJ software (NIH).

2.10. Immunohistochemistry

Immunohistochemical staining was performed using the Max Vision method, DAB color kit, and Max Vision TM kit (Solarbio).
APOBEC3B and P53 antibodies were used at dilutions of 1:250 and 1:50, respectively. After conventional dewaxing and hydration,
subsequent steps were performed, according to the manufacturer’s instructions, for the test agent box, DAB color rendering, hema-
toxylin redyeing, and dehydrated medium gum sealing.

2.11. Scoring

Two pathologists interpreted 10 high-power microscopic fields, each containing >100 cells. GC cells expressed APOBEC3B in the
nucleus and cytoplasm. The staining results were reported as the staining ratio and intensity. The staining ratio was scored as follows:
0 points, 0-10 %; 1 point, 10-25 %,; 2 points, 26-50 %; 3 points, 51-75 %; and 4 points, >75 %. The staining intensity was scored as
follows: O points, no staining; 1 point, weak staining; 2 points, moderate staining; 3 points, strong staining. The sum of the staining
ratio and intensity was classified as follows: 0-3 points, negative; 4-7 points, positive [28]. P53 expression in GC cells was localized in
the nucleus; when >10 % of nuclear-stained GC cells were included in the section, the tumor was considered P53 positive [29]. The
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percentage and intensity of cell staining were assessed in a double-blinded manner.

2.12. H&E staining

Paraffin-embedded blocks of GC tissues were cut into 3-um-thick sections. Dehydrated medium gum sealing was performed,
following the H&E staining instructions.

2.13. Mouse xenografts of GC cells

Thirty-six male BALB/c nude mice (weight, 5-12 g; age, 4-6 weeks) were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. All animal experiments were approved by the Ethics Committee of Binzhou Medical University Hospital and in
accordance with the NIH’s Guide for the Care and Use of Laboratory Animals. All mice were fed with common feed and sterile water ad
libitum and were housed at 25 °C, with 55 % humidity and a 12-h light/dark cycle. The experiment was performed after 1 week of
observation.

Each group of cells (2 x 10°%) was subcutaneously injected into the flanks of nude mice to establish the xenograft model. The length
and width of the tumors were measured at 5-day intervals using Vernier calipers. Approximately 20 days after inoculation, the mice
were euthanized via cervical dislocation. The mouse weight, tumor weight, and tumor size were recorded. The tumor was divided into
two parts: one part was fixed in formalin; the other was stored at —80 °C for subsequent experiments.

2.14. Statistical analysis

Variables are presented as mean + SD. Between- and among-group comparisons were performed using Student’s t-test and one-way
ANOVA, respectively. Spearman’s rank correlation analysis was performed to determine correlations among groups. Statistical sig-
nificance was set at P < 0.05. All experiments were performed in triplicate.
3. Results

3.1. APOBECS3B expression in GC tissues and cells

We observed high APOBEC3B expression in GC tissues and cells (see Fig. 1a and b).

3.2. Correlation between APOBEC3B and P53 activity

The positive rate of APOBEC3B expression was 78.3 % (126/161) among the 161 patients with GC (see Fig. 2a and b and Table 1).
There was a significant positive correlation between APOBEC3B and P53 expression (see Fig. 2c and d and Table 1). To confirm the
relationship between APOBEC3B and P53 in GC cells, mutation data were obtained from cBioPortal, which revealed that the P53
mutation rate in GC cells was 49 % (see Fig. 2e). Further, the P53 mutation group showed significantly higher APOBEC3B expression
than the P53 non-mutation group (see Fig. 2f).

3.3. APOBEC3B promotes GC cell proliferation

MTT and cell cloning assays were used to determine the effect of APOBEC3B expression on GC cell proliferation. Both assays
revealed that, compared with the control group, APOBEC3B and si-APOBEC3B transfection significantly promoted and inhibited cell
proliferation, respectively (see Fig. 3a—c).
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Fig. 1. APOBEC3B expression in gastric cancer (GC) tissues and cells. (a) APOBEC3B expression in GC and adjacent tissues. (b) APOBEC3B
expression in GC cell lines.
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Fig. 2. Correlation between APOBEC3B expression and P53 activity. (a) Negative APOBEC3B expression in normal gastric tissue. (b) Positive
APOBEC3B expression in gastric cancer (GC) tissue ( x 200). (c¢) Negative P53 expression in GC tissue. (d) Positive P53 expression in GC tissue. (e)
P53 mutation rate in GC cells. (f) Correlation between APOBEC3B and P53 mutations. *P < 0.05, **P < 0.01, ***P < 0.001, *

Table 1
Correlation between APOBEC3B and P53 expression in gastric cancer tissues.
APOBEC3B n P53 r P
+ -
+ 126 64 62 0.16 0.42
- 35 11 24

3.4. APOBEC3B promotes GC cell migration and invasion

Wound healing and Transwell assays were performed to determine the effect of APOBEC3B expression on the migration and in-
vasion of GC cells. Compared with the scrambled control, APOBEC3B overexpression and knockdown promoted and inhibited GC cell
motility, respectively (see Fig. 4a-d).

3.5. APOBEC3B expression promotes GC tumorigenicity In vivo

To determine the effect of APOBEC3B expression on tumor growth in xenograft mice, nude mice were subcutaneously implanted
with GES-1 and AGS cells transfected with an empty vector or APOBEC3B. Tumor growth was measured four times, with measure-
ments taken every 5 days. For both cell lines, APOBEC3B exhibited significantly increased tumor volume and weight compared with
the empty vector and blank groups (see Fig. 5a—c). For H&E staining of APOBEC3B in tumor tissues, see Fig. 5d and e ( x 100).

3.6. APOBEC3B promotes GC development by regulating P53, MCM2, and cyclin D1

The GEPIA database was used to obtain differentially expressed P53 and MCM2 genes in GC cells after regulating APOBEC3B
expression (see Fig. 6a). Using the correlation analysis function of the GEPIA database, cyclin D1 (a classic cell proliferation-related
protein) was positively correlated with APOBEC3B expression in GC tissues (see Fig. 6a). Western blotting showed that mice with
APOBEC3B overexpression had markedly increased cell proliferation compared with the control group. Additionally, APOBEC3B
enhanced P53, MCM2, and cyclin D1 expression (see Fig. 6b). Similarly, in GES-1 and AGS cells, compared with the control group,
APOBEC3B overexpression and knockdown significantly increased and decreased P53, MCM2, and cyclin D1 expression, respectively
(see Fig. 6¢). These results suggested that APOBEC3B may influence GC progression by regulating P53, MCM2, and cyclin D1
expression.
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Fig. 3. APOBEC3B promotes gastric cancer cell proliferation. (a, b) Effect of APOBEC3B expression on GES-1 and AGS cell proliferation. (c) Effect of
APOBEC3B expression on the clonal formation rate of GES-1 and AGS cells. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

4. Discussion

Cancer has a significant impact on human health, and its occurrence is linked to various factors, including bacteria, viruses,
smoking, obesity, and environmental factors [30,31]. GC is a prevalent malignant tumor, ranking fifth in incidence among solid tumors
worldwide, and has a high fatality rate. Despite the reduction in incidence and mortality through early screening and planned pre-
vention strategies, GC remains a major obstacle to increasing human life expectancy in the 21st century. Due to the absence of
symptoms during its initial stages, most patients with GC are diagnosed and treated at an advanced stage, leading to an unfavorable
prognosis [32]. Consequently, there is an urgent need for novel diagnostic biomarkers and targeted therapies for GC.

APOBEC3B, as a cytidine deaminase, is upregulated in various malignant tumors with a poor prognosis. Here, it alters the
expression of key cancer genes and is, therefore, involved in tumor development [8,33]. Using bioinformatics analysis, previous re-
ports have shown that APOBEC3B plays a key role in GC; however, little is known about the mechanism by which APOBEC3B gene
expression is regulated. In this study, we showed that APOBEC3B was overexpressed in GC. APOBEC3B upregulation enhanced the
proliferation of GC cells in vitro and tumorigenicity in vivo. Regarding the underlying mechanism, APOBEC3B upregulated P53, MCM2,
and cyclin D1 and affected cell cycle progression. Furthermore, APOBEC3B expression positively correlated with P53, MCM2, and
cyclin D1 expression in a mouse model and in GC cells.

Few reports have shown a positive correlation between APOBEC3B expression and the genes associated with cell proliferation.
David et al. [34] reported that APOBEC3B expression was correlated with adverse clinicopathological features, as well as proliferative
characteristics, such as cell cycle-related genes and mitosis, in breast cancer. Du et al. [35] reported that APOBEC3B knockdown
affected ovarian cancer cell viability and, in adrenal cortical cancer [36], knockdown of APOBEC3B reduced cell proliferation and
tumor growth in a xenograft mouse model. However, the mechanism by which APOBEC3B affects GC progression remains elusive. In



N. Su et al. Heliyon 10 (2024) 24458

A GEs-1

Migration(%)

Blank Vector APOBEC3B sh-APOBEC3B
B AGS

Migration(%)

Blank Vector APOBEC3B si-APOBEC3B

Number of invasion cells

\ ¢ P
BEC3B si-APOBEC3B

Number of invasion cells

Blank ' Vector ‘ APO

Fig. 4. APOBEC3B promotes gastric cancer cell migration and invasion. (a, b) Effect of APOBEC3B expression on the migration of GES-1 and AGS
cells. (¢, d) Effect of APOBEC3B expression on the invasion of GES-1 and AGS cells.
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Fig. 5. Effect of APOBEC3B expression on the growth of xenograft tumors in nude mice. (a) Effect of APOBEC3B expression on tumor size. (b) Effect
of APOBEC3B expression on tumor growth. (¢) Effect of APOBEC3B expression on tumor volume. (d, e) H&E staining of APOBEC3B in tumor tissue.

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

our study, we observed APOBEC3B overexpression in a mouse model and human tumor tissue. Upregulated APOBEC3B expression
significantly enhanced cell proliferation, migration, and invasion, whereas APOBEC3B knockdown significantly inhibited cell pro-
liferation, migration, and invasion. Furthermore, APOBEC3B overexpression in nude mice promoted GC cell growth. Taken together,
our findings showed that APOBEC3B plays an oncogenic role in GC and is involved in the development and progression of GC,
providing new directions and strategies for the treatment and prevention of GC.

The COVID-19 pandemic has been hard on people living with cancer. Researchers have found that deamination mediated by the
APOBEC3 family plays an important role in the evolution of the novel coronavirus. Deamination of the APOBEC3 family accelerated
the mutation of the virus and promoted the emergence of new variants of SARS-CoV-2 [37]. Warren et al. [38] reported that APO-
BEC3B, along with a variety of DNA viruses, such as restricted HBV, HPV, herpes virus, and adeno-associated virus, is a driving factor
of a variety of malignant tumors, such as liver cancer, breast cancer, and uterine cancer. APOBEC3B-mediated mutations have been
shown [33] to cause cell cycle defects in multiple cell lines. The mechanisms by which APOBEC3B is dysregulated in multiple cancers
remain unclear. Gara et al. [36] reported that high APOBEC3B expression results in the increase/loss of chromosomes 4 and 8, as well
as an increase in P53 mutation frequency, in adrenal cortical carcinoma. P53 is critically involved in APOBEC3B regulation.
Furthermore, loss of P53 activity can activate the tumor mutation mechanism, triggering the transformation of normal cells into cancer
cells [39]. Our findings are consistent with those of previous reports. Using bioinformatics analysis, we found that P53 mutations were
closely associated with APOBEC3B expression. Immunohistochemical results showed a positive correlation between APOBEC3B and
P53 expression in GC tissue, suggesting that P53 inactivation could alter APOBEC3B expression and promote GC progression.
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Fig. 6. APOBEC3B promotes gastric cancer development through P53, MCM2, and cyclin D1. (a) Correlation between P53, MCM2, cyclin D1, and
APOBEC3B expression. (b) Effect of APOBEC3B on P53, MCM2, and cyclin D1 expression in mice after subcutaneous injection of GES-1 and AGS
cells. (¢) Effect of APOBEC3B on P53, MCM2, and cyclin D1 expression in GES-1 and AGS cells.

Accelerated cell cycle, uncontrolled cell growth, and an imbalance between cell growth and apoptosis are specific features of tumor
cells [40]. It has been established that cyclin D1 overexpression alters cell cycle progression, leads to evasion of normal cell checkpoint
regulation, induces cell proliferation, and increases tumor susceptibility [41]. Keyhanian et al. [42] reported increased MCM2 and
cyclin D1 expression in leiomyoma, which was closely associated with leiomyoma progression. Furthermore, Li et al. [43] showed that
downregulated MCM2 expression significantly inhibited the proliferation of progenitor cells in chronic rhinitis. Several studies
focusing on MCM2 [44] have identified molecular events that may be potential markers of cell proliferation. Moreover, DNA repli-
cation is crucial for maintaining genomic stability and regulating the cell cycle [45], and all replication processes start from the
beginning of DNA replication. Replication fork damage is often the main cause of DNA damage and genomic structural alterations



N. Su et al. Heliyon 10 (2024) e24458

[46]. MCM2 is critically involved in DNA replication. Ishimi et al. [47] showed that MCM2 promoted cancer cell development by
interfering with cellular DNA replication. This suggests that MCM2 has specific effects on APOBEC3B and is among the leading factors
promoting genetic mutations. The role of MCM2 and APOBEC3B in the occurrence and development of GC remains unclear. In our
cohort, we utilized the correlation analysis function of the GEPIA database and found that MCM2 and cyclin D1 were positively
correlated with APOBEC3B expression in GC tissues. Thus, APOBEC3B may induce mutations in GC cells by regulating MCM2
expression. We also confirmed that APOBEC3B overexpression and knockdown promoted and inhibited MCM2 expression in both
mouse models and GC cells, respectively. Our study underscored that APOBEC3B has a growth-promoting function in GC, possibly
owing to the APOBEC3B-mediated regulation of MCM2 and cyclin D1. However, our findings did not elucidate the correlation between
the number of genetic mutations and GC progression in vitro and in vivo. Thus, future studies are required to explore this correlation
further.

5. Conclusions
APOBEC3B, a crucial factor in GC development, is overexpressed in GC and is significantly associated with P53 activity. Mecha-

nistically, APOBEC3B promotes GC cell proliferation by upregulating MCM2 and cyclin D1 in vitro and in vivo. Further studies are
warranted to elucidate the mechanisms underlying the involvement of APOBEC3B in regulating GC cells.
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