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Background: SGI-1027 is a recognized inhibitor of DNA methyltransferase 1 (DNMT1), and earlier investigations have indi-
cated an inverse correlation between dysregulated DNMT1 expression in gastric cancer (GC) and retinoblastoma 1 (RB1) gene
expression. Despite this knowledge, the precise mechanisms underlying the action of SGI-1027 in GC cells remain inadequately
comprehended. The primary objective of this study is to elucidate the impact of SGI-1027 on the behavior of GC cells, encom-
passing aspects such as growth and metastatic potential, by intervening in DNMT1, thereby influencing the regulation of RB1
gene expression.
Method: The acquisition of the normal gastric mucosal cell line GES-1 and the human gastric cancer cell line MKN45 was fol-
lowed by employingWestern blot (WB) and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) techniques
to evaluate the expression levels of RB1 and DNMT1 in these two cell lines. Subsequently, the MKN45 cell line was cultured in
medium containing varying concentrations of SGI-1027, and the impact of SGI-1027 on the regulation of RB1 and DNMT1 in
GC cells was reassessed using WB and qRT-PCR techniques. To scrutinize the effect of SGI-1027 on GC cells, we utilized the
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide (MTT) assay to determine cell proliferation and performed
Transwell experiments to assess cell migration and invasion capabilities. Throughout this process, we also employed WB to as-
sess the levels of cell cycle-associated proteins (Cyclin D1, Cyclin E1, and Cyclin B1) and proteins related to apoptosis (BCL-2
associated protein X apoptosis regulator (BAX) and B-cell lymphoma 2 apoptosis regulator (BCL-2)). Furthermore, we injected
the MKN45 cell line and MKN45 cell line cultured with the optimal concentration of SGI-1027 for 5 days and 10 days into mice
subcutaneously and through the tail vein, dividing them into the Model group, Model+SGI-1027 5d group, and Model+SGI-1027
10d group. We monitored changes in tumor size and volume in mice, and tumor tissues as well as lung tissues were collected
for hematoxylin and eosin (HE) staining. Finally, DNMT1 expression levels in GC tissues were detected using both WB and
immunohistochemistry (IHC) techniques. Additionally, RB1 expression levels in GC tissues were assessed using WB.
Result: In contrast to GES-1 cells, MKN45 cells displayed a distinctive profile characterized by increased DNMT1 expression
and decreased RB1 expression (p < 0.05). However, upon the introduction of SGI-1027, a notable decrease in DNMT1 levels
within GC cells was observed, concomitant with an elevation in RB1 gene expression, with 25 µmol/L SGI-1027 identified as the
optimal concentration (p< 0.05). Functional assays demonstrated that SGI-1027-treated GC cells exhibited pronounced features
of inhibited proliferation, migration, and invasion when compared to untreated MKN45 cells (p< 0.05). Moreover, in SGI-1027-
treated GC cells, the levels of Cyclin D1, Cyclin E1, Cyclin B1, and BCL-2 were significantly reduced, while the expression level
of BAX increased (p < 0.05). Notably, the most pronounced impact was observed at 25 µmol/L SGI-1027, further underscoring
its regulatory effects on tumor cell behavior (p < 0.05). In animal experiments, the Model group exhibited a substantial in-
crease in tumor volume, with HE staining results indicating extensive necrosis in most gastric tissues and noticeable signs of lung
metastasis, accompanied by increased DNMT1 expression and decreased RB1 gene expression. In contrast, the SGI-1027 group
displayed a reduction in gastric tumor volume, decreased necrosis, and reduced lung tumor metastasis (p < 0.05). Additionally,
the expression of DNMT1 was significantly reduced in SGI-1027-treated GC cells, while RB1 expression increased (p < 0.05),
further confirming the inhibitory effects of SGI-1027 on tumor growth and metastasis.
Conclusions: SGI-1027 effectively hinders the proliferation and dissemination of GC cells by downregulating DNMT1 and pro-
moting the expression of RB1.
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Introduction

Gastric cancer (GC) is a malignancy originating from
the epithelial cells of the stomach, which line the interior
and play a crucial role in secreting gastric acid and digestive
juices for food digestion. Given its position in the digestive
system, the stomach is regularly exposed to food and poten-
tial carcinogens, increasing the likelihood of genetic muta-
tions or damage in epithelial cells. This, in turn, can lead
to the transformation of normal cells into malignant cancer
cells [1,2].

Adenocarcinoma represents the predominant
histopathological pattern of GC, typically arising from the
innermost lining of the stomach’s mucosa—the shallowest
layer of the stomach wall [3,4]. However, as the disease
advances, adenocarcinoma may progressively infiltrate
deeper layers of tissue. Once cancer extends to deeper
tissues, the challenges associated with treatment intensify
[5–7]. Therefore, the timely detection and intervention
are pivotal for improving the chances of a successful
therapeutic outcome.

DNA methyltransferase 1 (DNMT1) plays a pivotal
role in regulating gene expression by engaging with pro-
tein complexes to either maintain the silence or activate
genes [8,9]. Anomalies in DNMT1 activity or expression
levels are intricately linked to various diseases, with a par-
ticular emphasis on cancer [10,11]. In cancer, DNMT1 is
frequently overexpressed, leading to the overactivation of
oncogenes and the inactivation of tumor suppressor genes
[12,13]. This abnormal DNMT1 activity significantly in-
fluences gene expression and function, fostering tumor de-
velopment [14,15].

Aberrant changes in oncogenes, which typically gov-
ern normal cell growth and differentiation, result in their
activation, propelling uncontrolled proliferation of cancer
cells. Such activated oncogenes contribute to abnormal cell
growth and malignant transformation [16,17]. Conversely,
tumor suppressor genes are often suppressed or inactivated,
depriving them of their role in inhibiting the proliferation of
cancer cells. This allows cancer cells to evade normal cel-
lular growth regulation [18,19].

Research indicates a substantial increase in DNMT1
expression levels in tissue samples from many GC patients.
Elevated levels of DNMT1 expression closely correlate
with the initiation and progression of GC.

RB1, also recognized as the “retinoblastoma 1” gene,
is a crucial tumor suppressor gene encoding the Retinoblas-
toma protein (RB protein) that plays an essential role in
maintaining normal cell growth and controlling the cell cy-
cle [20,21]. In certain cancers, the RB1 gene may undergo
regulatory disruptions, often involving direct interaction
with DNMT1 [22,23]. This interaction prompts transcrip-
tion factors to bind to the regulatory or promoter region of
the RB1 gene, leading to a reduction in its normal transcrip-
tion [24,25]. Suppression of RB1 gene expression results in

the loss of normal cell cycle control, leading to the overex-
pression of cell cycle proteins and a decrease in the expres-
sion of apoptosis-related proteins. This makes cancer cells
more prone to survival and proliferation [26]. Normally,
RB1 governs the progression of the cell cycle by inhibiting
the function of cyclin-dependent kinases [27,28]. Inactive
or mutated RB1 genes can lead to a lack of proper control
over proliferation, facilitating cancer progression [29].

Beyond cell cycle control, RB1’s role extends to pro-
cesses such as cell migration and invasion [30]. Inactivation
ofRB1may render cancer cells more prone tomigrating and
invading surrounding tissues, while normal RB1 function
helps maintain cellular stability, promotes apoptosis, and
thereby prevents cancer development [31]. In cancers like
GC, the coexistence of high DNMT1 expression and RB1
inactivation is common. Elevated DNMT1 levels may si-
lence the RB1 gene, diminishing the expression of the RB1
protein. As the RB1 protein crucially regulates the cell cy-
cle, its inactivation leads to uncontrolled cell proliferation,
bypassing normal cycle control, and favoring the growth
and spread of cancer cells [32].

SGI-1027, as a DNA methyltransferase 1 (DNMT1)
inhibitor, effectively diminishes the activity of DNMT en-
zymes, facilitating the restoration of normal function to the
RB1 gene [33,34]. This critical process is instrumental in
curbing the abnormal proliferation of GC cells and miti-
gating their propensity to metastasize. The utilization of
SGI-1027 shows promise in restricting cancer spread and
growth, positioning it as a valuable component in therapeu-
tic strategies aimed at decelerating cancer progression. This
approach reveals new directions and instills hope for poten-
tial advancements in cancer treatments.

Materials and Methods

Preparation of SGI-1027 Solution
A 50 mmol/L stock solution of SGI-1027 from Sel-

leck Chemicals, Houston, TX, USA, was prepared using
dimethyl sulfoxide (DMSO). Subsequently, drug adminis-
tration solutions of 15 µmol/L, 20 µmol/L, and 25 µmol/L
were prepared in the medium. These solutions were used
as controls in a medium containing 0.1% DMSO. The stock
solution is stored at –20 °C for an extended period.

Cell Culture
The human gastric mucosal epithelial cell line GES-

1 and the human gastric cancer cell line MKN45 cells
were procured from Procell Life Science & Technology
(Wuhan, China). These cell lines were cultured separately
in RPMI-1640 medium (Invitrogen) supplemented with
10% fetal bovine serum (FBS). Subsequently, MKN45 cells
were subjected to treatment with SGI-1027, dissolved in
DMSO, at various concentrations (15 µmol/L, 20 µmol/L,
25 µmol/L, with 0.1% DMSO as the control). The culture
conditions were maintained at 37 °C, 5% CO2, and high
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humidity. Before the experiment, all cells underwent short
tandem repeat (STR) identification and mycoplasma test-
ing, ensuring that STR identification of all cell lines was
consistent with reference values in the database and that no
signs of mycoplasma infection were detected. All proce-
dures adhere to aseptic techniques to prevent cell contami-
nation.

Western Blot
Protein extraction was performed using Radio Im-

munoprecipitation Assay (RIPA) lysis solution (P0013B,
Beyotime, Shanghai, China). Following quantification
with a bicinchoninic acid (BCA) Kit (P0012, Beyotime,
Shanghai, China), the proteins were subjected to SDS-
PAGE electrophoresis and subsequently transferred onto a
polyvinylidene fluoride (PVDF) membrane. The PVDF
membrane was immersed in 5% skim milk for 2 hours to
prevent nonspecific binding.

Subsequently, the PVDF membrane was incubated
with primary antibodies against RB1 (1:1000, ab184796,
Abcam, Cambridge, MA, USA), DNMT1 (1:1000,
ab134148, Abcam, Cambridge, UK), Cyclin D1 (1:1000,
ab226977, Abcam), Cyclin E1 (1:1000, ab13266, Abcam),
and Cyclin B1 (1:1000, ab13439, Abcam) overnight
at 4 °C. Following this, the membrane was exposed to
secondary antibodies (1:2000, ab6721, Abcam) for 1
hour under ambient conditions to facilitate binding with
the primary antibodies. The internal control used was
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(1:1000, ab8245, Abcam).

Finally, an enhanced chemiluminescence kit was em-
ployed to visualize protein signals, and relative protein ex-
pression analysis was carried out using ImageJ software
(V1.8.0.112, NIH, Madison, WI, USA).

qRT-PCR
RNA isolation from cells and tissues was conducted

using TRIzol solution (Invitrogen). Subsequently, cDNA
was synthesized using the PrimeScript RT kit (Takara,
Dalian, China). The synthesized cDNA was then com-
bined with specific primers, and PCR amplifications were
performed in a PCR system using SYBR Premix Ex TaqII
(TaKaRa, Otsu City, Japan). The results were recorded us-
ing ABI StepOne™ Software v2.3 (Applied Biosystems,
Foster City, CA, USA).

In this process, the 2−∆∆Ct method was employed to
calculate the expression levels of RB1 and DNMT1, with
GAPDH serving as an internal reference. The primer se-
quence is shown in Table 1.

MTT Assay
Cells were seeded into 96-well plates at a den-

sity of 4 × 103 cells per well. Subsequently, 25
µL of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetra-
zolium bromide (MTT) solution (Sigma, St. Louis, MO,

USA) was added to each well, and the plate was placed in
a CO2 incubator at 37 °C. Finally, the optical density at
490 nm was measured using a microplate reader (Biotek,
Winooski, VT, USA).

Transwell
Transwell assays were employed to assess the migra-

tory and invasive capabilities of the cells. The bottom
chamber was filled with 600 µL of medium enriched with
20% FBS, while the top chamber was layered with 200 µL
of Dulbecco’s modified Eagle’s medium (DMEM) without
serum. To evaluate the cells’ invasive capacity, the upper
chamber was supplemented with Matrigel (BD Bioscience,
Franklin Lake, NJ, USA) at a concentration of 2 mg/mL.

Cells were seeded in the upper chamber at a density
of 5 × 104 cells/mL and subsequently incubated at 37 °C
with 5% CO2 for 24 hours. Following incubation, the cells
in the bottom chamber were fixed with 4% Paraformalde-
hyde (PFA) and then stained with 0.01% crystal violet (Ser-
vicebio Technology Co., Ltd., Wuhan, China). Ultimately,
the stained cells were counted using a microscope (DP74;
Olympus Corporation, Tokyo, Japan).

Animal Experiment
All animal trials strictly adhered to the “Labora-

tory Animal Care and Use Guidelines” and received ap-
proval from the Ethics Committee of Affiliated Hospital
of Nanjing University of Chinese Medicine (Lot Number:
202104008). Male BALB/c nude mice (Slack, Jingda,
Changsha, China), aged between 4–6 weeks and weighing
18–20 g, were procured and maintained in a pathogen-free
environment.

MKN45 cells andMKN45 cells cultured in 25 µmol/L
SGI-1027 medium for 5 days and 10 days were subcuta-
neously injected into BALB/c nude mice at a concentration
of 1 × 107 cells/200 µL and administered through caudal
vein injection, respectively. Themice were categorized into
the following groups: Model, Model+5d 25 µmol/L SGI-
1027, Model+10d 25 µmol/L SGI-1027. The growth of the
transplanted tumor was monitored every 4 days, and the di-
mensions and mass of the tumor were documented. After 4
weeks, the mice were euthanized under 2%–3% isoflurane
anesthesia via cervical dislocation, and both tumor tissue
and lung tissue were harvested for further analysis. The
tumor volume (V) is calculated according to the following
formula: V = length / 2 × width2.

HE Staining
The tumor tissue samples were immersed in a 10%

formalin solution and underwent ethanol gradient dehydra-
tion. Subsequently, these samples were encased in paraf-
fin before being sectioned into 4 µm thick slices. The sec-
tions were then stained with hematoxylin and eosin (HE)
(Sigma Aldrich, St. Louis, MO, USA). Finally, the stained
sections were observed under an optical microscope (Leica
Microsystems, Wetzlar, Germany).
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Table 1. Primer sequences of RB1 and DNMT1.
Human gene F (5′-3′) R (5′-3′)

DNMT1 TTGATGCGGAAACCCTGGAA CGTGAAACATCTGCCCGTTG
RB1 AAGGACCGAGAAGGACCAAC AAGGCTGAGGTTGCTTGTGT
GAPDH GCAAATTCCATGGCACCGTC AGCATCGCCCCACTTGATTT
Mouse gene F (5′-3′) R (5′-3′)

RB1 GAGCTTGGCTAACTTGGGAGA AGTGCAGGAGGTGAGAACTTA
GAPDH GTGAACGGATTTGGCCGTATTG GCAACAATCTCCACTTTGCCACT
DNMT1, DNA methyltransferase 1; RB1, retinoblastoma 1; GAPDH, Glyceraldehyde-3-phosphate
dehydrogenase.

Fig. 1. Expression of RB1 gene and DNMT1 in gastric cancer cells. (A–E) Detection of DNMT1 and RB1 expression by WB and
qRT-PCR (n = 3). *p< 0.05 versus the GES-1 group. WB, Western blot; qRT-PCR, quantitative reverse transcription-polymerase chain
reaction.

Immunohistochemistry
The tumor tissue underwent fixation using 4% PFA,

followed by paraffin embedding. Subsequently, tissue sec-
tions measuring 4 µm in thickness were prepared, and
these sections were incubated with the primary antibody
DNMT1 (1:1000, ab188453, Abcam). Following that, the
tissue sections were subjected to incubation with a sec-
ondary goat anti-rabbit antibody for 2 hours at room temper-
ature. Next, staining was performed using the Diamindben-
zidine (DAB) staining kit (ZY6SK2020, Zeye-BIO, Shang-
hai, China) with a brief hematoxylin counterstaining for 30
seconds. Finally, the sections were examined under a mi-
croscope (Nikon, Tokyo, Japan).

Statistical Analysis
The experimental data were subjected to statistical

analysis using GraphPad Prism 9 (Dotmatics, Boston, MA,
USA). The data are presented as mean± SD. Statistical dif-

ferences among various groups were assessed through Stu-
dent’s t-test andAnalysis of Variance (ANOVA) analysis. A
significance level of p < 0.05 was considered statistically
significant.

Results

DNMT1 Activity and RB1 Gene Expression in
Gastric Cancer Cells

According to the results obtained from Western blot
(WB) and quantitative reverse transcription-polymerase
chain reaction (qRT-PCR), it was observed that the activ-
ity of DNMT1 in the human gastric cancer cell lineMKN45
significantly increased compared to normal gastric mucosal
epithelial cells GES-1, while the expression level of theRB1
gene notably decreased (p < 0.05) (Fig. 1A–E).
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Fig. 2. Effect of SGI-1027 on expression of DNMT1 and RB1 in MKN45 cells. (A–E) Detection of DNMT1 and RB1 expression by
WB and qRT-PCR (n = 3). *p < 0.05 versus the MKN45 group, #p <0.05 versus the 15 µmol/L SGI-1027 group.

Impact of SGI-1027 on DNMT1 Activity and RB1
Gene Expression Level in GC Cells

The results clearly demonstrate a gradual decrease in
the expression of DNMT1 and an increase in the content of
the RB1 gene in the SGI-1027 treatment groups at differ-
ent concentrations (including 15 µmol/L, 20 µmol/L, and
25 µmol/L) when compared to the MKN45 group (p <

0.05). Furthermore, compared with the 15 µmol/L SGI-
1027 group, there was a significant reduction in DNMT1
expression and an increase in RB1 gene content in the 20
µmol/L and 25 µmol/L SGI-1027 groups (p < 0.05). No-
tably, these changes are most prominent in the 25 µmol/L
SGI-1027 treatment group (p < 0.05) (Fig. 2A–E).

Impact of SGI-1027 on the Behavior of GC Cells
through the DNMT1-RB1 Pathway

The results from the MTT and Transwell experiments
demonstrate that, in comparison to theMKN45 group, SGI-
1027 treatment at different concentrations (including 15
µmol/L, 20 µmol/L, and 25 µmol/L) exhibits significant in-
hibitory effects on cell proliferation, migration, and inva-
sion abilities (p < 0.05). Furthermore, in comparison to
the 15 µmol/L SGI-1027 group, cell proliferation, migra-
tion, and invasion were notably inhibited in the 20 µmol/L
and 25 µmol/L SGI-1027 groups (p < 0.05). It is particu-

larly noteworthy that these inhibitory effects on cell behav-
ior are most pronounced in the 25 µmol/L SGI-1027 treat-
ment group (p < 0.05) (Fig. 3A–C).

Impact of SGI-1027 on the Expression of Cell Cycle
and Apoptotic Proteins in GC Cells through the
DNMT1-RB1 Pathway

TheWB results reveal that, in the SGI-1027 treatment
groups at different concentrations (including 15 µmol/L, 20
µmol/L, and 25 µmol/L), the expression levels of cell cycle
proteins (Cyclin D1, Cyclin E1, Cyclin B1) significantly
decreased compared to the MKN45 group. Additionally,
there was a marked reduction in the expression level of the
anti-apoptotic protein B-cell lymphoma 2 apoptosis regu-
lator (BCL-2), and correspondingly, an increase in the lev-
els of the pro-apoptotic protein BCL-2 associated protein X
apoptosis regulator (BAX) was observed (p < 0.05). Fur-
thermore, when compared with the 15 µmol/L SGI-1027
group, the levels of cyclin and anti-apoptotic protein in the
20 µmol/L and 25 µmol/L SGI-1027 groups significantly
decreased (p< 0.05). Notably, these changes are most pro-
nounced in the 25 µmol/L SGI-1027 treatment group (p <

0.05) (Fig. 4A–G).
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Fig. 3. Effect of SGI-1027 on growth and metastasis of MKN45 cells. (A) MTT detection of cell proliferation (n = 3). (B) Transwell
detects cell migration. (C) Transwell detects cell invasion (n = 3). *p < 0.05 versus the MKN45 group, #p < 0.05 versus the 15 µmol/L
SGI-1027 group. OD, optical density; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide.
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Fig. 4. Effects of SGI-1027 on cycle and apoptosis proteins inMKN45 cells. (A–G) Expression levels of cyclin and apoptotic proteins
were measured by WB (n = 3). *p < 0.05 versus the MKN45 group, #p < 0.05 versus the 15 µmol/L SGI-1027 group. BAX, BCL-2
associated protein X apoptosis regulator; BCL-2, B-cell lymphoma 2 apoptosis regulator.
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Fig. 5. Effects of SGI-1027 on growth and transfer in mice. (A–C) Changes in tumor size and volume. (D) Tumor lung metastasis
(n = 3). (E) HE staining of the gastric tissue. (F) HE staining of the lung tissue (n = 3). *p < 0.05 versus the Model group, #p < 0.05
versus the Model+SGI-1027 5d group. HE, hematoxylin and eosin.

The Impact of SGI-1027 on the Growth and
Metastasis of GC Tissue through the DNMT1-RB1
Pathway

The Nude Mice Tumor Formation and Metastasis
Model were established by injecting MKN45 cells co-
cultured with SGI-1027 for 5 and 10 days into nude mice to
observe tumor growth. In vivo experimental results indicate
that, in comparison to the Model group, tumor growth in
the Model+SGI-1027 5d group and Model+SGI-1027 10d
group was inhibited, leading to a reduction in tumor size
and volume. Additionally, there was a decrease in the size
and number of nodules in lung tissue, accompanied by a di-
minished degree of lung metastasis (Fig. 5A–D) (p< 0.05).

HE staining revealed distinctive features in the gas-
tric tumors of the Model group, including irregular cell nu-
clei, inconspicuous nucleoli, a high nuclear-cytoplasmic ra-
tio, and a small number of mitotic phenomena. In con-
trast, tumor tissues from theModel+SGI-1027 5d group and
Model+SGI-1027 10d group exhibited fewer tumor cells,
smaller and condensed nuclei, fragmentation, dissolution,
and deeper staining (Fig. 5E).

Furthermore, compared to the Model group, lung tis-
sues from the Model+SGI-1027 5d group and Model+SGI-
1027 10d group displayed a reduced size and number of
nodules, indicating a decrease in the extent of lung metas-
tasis (Fig. 5F) (p < 0.05).
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Fig. 6. Effect of SGI-1027 on expression of DNMT1 and RB1 in mice. (A,B) DNMT1 expression was measured by WB (n = 3).
(C) DNMT1 expression was determined by immunohistochemistry, the positive areas appear brown to dark brown (n = 3). (D–F) The
expression level of RB1 was detected byWB and qRT-PCR (n = 3). *p< 0.05 versus the Model group, #p< 0.05 versus the Model+SGI-
1027 5d 15 µmol/L SGI-1027 group. WB, Western blot.
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The Impact of SGI-1027 on DNMT1 Activity and
RB1 Gene Expression Level in GC Tissue

The experimental results reveal that, in comparison
to the Model group, the expression level of DNMT1 in
the Model+SGI-1027 5d group and Model+SGI-1027 10d
group significantly decreased. The positive rate of DNMT1
also witnessed a substantial decrease, while the expression
level of the RB1 increased (p < 0.05). Moreover, when
compared with the Model+SGI-1027 5d group, there was
no significant difference in the expression level of DNMT1
detected byWestern blot (WB) in theModel+SGI-1027 10d
group, but there were significant differences in other groups
(p < 0.05) (Fig. 6A–F).

Discussion

GC, a prevalent malignant tumor, typically originates
in the gastric mucosal layer or adjacent areas of the stom-
ach. Untreated, it has the potential to metastasize to other
organs, posing a significant threat to life [35,36]. The in-
cidence of GC tends to rise with age, particularly in in-
dividuals aged 60 and older. Several risk factors con-
tribute to the likelihood of developingGC, including dietary
habits, lifestyle, high consumption of salted, pickled, and
hot foods, as well as inadequate intake of vegetables and
fruits. These factors are considered to be associated with
the risk of GC [37,38].

Bacterial infections, particularly Helicobacter pylori
infection, may also influence the onset of GC. Individuals
infected with H. pylori are more susceptible to GC [39,40].
Additionally, genetic factors play a crucial role, as a family
history of GC, especially among first-degree relatives, in-
creases an individual’s risk of developing GC [41]. There-
fore, recognizing the risk factors for GC and making efforts
to avoid these factors are of paramount importance for the
prevention and early detection of GC.

Genes are specific regions within the DNA molecule
that carry encoded genetic information, determining an or-
ganism’s hereditary traits and biological functions [42].
Each gene encodes a particular protein or RNA molecule,
which performs various functions within cells, such as en-
zymatic activity, structural support, and signal transduc-
tion [43]. Genes exert control over these proteins or RNA
through the regulation of their synthesis and function, play-
ing a critical role in the regulation of cell growth, differen-
tiation, and activity [44,45].

Gene expression refers to the process in which the in-
formation within DNA is transcribed into RNA and subse-
quently translated into proteins. The regulation of gene ex-
pression is a crucial aspect of an organism’s ability to adapt
to its environment and maintain normal physiological func-
tions [46,47]. Changes in genes can impact their expression
levels, leading to either overexpression or downexpression
of certain proteins.

The RB1 gene plays a crucial normal role in cells as a
tumor suppressor, contributing to the orderly progression of
the cell cycle [48]. Under normal conditions, the RB1 pro-
tein can form complexes with cell cycle proteins D1 and E1,
thereby halting further progression of the cell cycle. This
means that, under normal circumstances, the RB1 protein
regulates cell growth and division, maintaining tissue health
and stability.

However, when the RB1 gene becomes hypermethy-
lated, RB1 protein expression is suppressed, preventing it
from adequately inhibiting the cell cycle. This results in
the loss of control over the cell cycle, leading to rapid and
uncontrolled proliferation. In GC, the overexpression of
DNMT1 causes abnormal expression of the RB1 gene, in-
hibiting the normal expression of the RB1 protein. This
leads to GC cells losing control over the cell cycle, prolif-
erating rapidly, ultimately forming tumors.

In addition to cell cycle regulation, the RB1 protein
also plays a vital role in the apoptosis process. Under nor-
mal circumstances, the normal function of the RB1 pro-
tein helps maintain the apoptosis mechanism of cells, en-
suring the timely removal of abnormal or damaged cells.
However, when abnormal expression of the RB1 gene re-
sults in impaired function of the RB1 protein, uncontrolled
cell cycling prevents cells from entering apoptosis. This
may inhibit the apoptotic signaling pathway, resulting in de-
creased expression of apoptosis-inducing factors like BAX.
Meanwhile, BCL-2 typically functions to suppress apop-
tosis, causing its expression to increase, further promoting
the survival and proliferation of GC cells. Therefore, the
interaction between the RB1 gene and DNMT1 plays a piv-
otal role in the development of GC, influencing cell cycle
and apoptosis regulation, ultimately driving the growth and
transformation of cancer cells.

SGI-1027, a drug previously studied for its inhibitory
effects on DNMT (DNAmethyltransferase) activity in liver
cancer, has demonstrated efficacy in liver cancer treatment
mechanisms [49]. However, its effects in the context of
gastric cancer (GC) research have not been extensively
explored. The objective of our study was to investigate
how SGI-1027 regulates DNMT1 activity in gastric cancer,
its impact on RB1 gene expression, and its effects on the
growth and metastasis of gastric cancer cells.

Our research findings indicate that in GC cells,
DNMT1 expression was significantly elevated compared
to normal gastric epithelial mucosal cells, while RB1 ex-
pression markedly decreased. To explore the impact of
SGI-1027 on the expression of DNMT1 and RB1, as well
as the behavior of GC cells, including cell cycle proteins
and apoptosis proteins, we co-cultured different concentra-
tions (15, 20, 25 µmol/L) of SGI-1027 with the GC cell line
MKN45 and compared it to untreated MKN45 cells.

Experimental results suggest that treatment with SGI-
1027 led to a decrease in DNMT1 expression and an in-
crease in RB1 expression. Furthermore, SGI-1027 treat-
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ment significantly reduced the proliferation, migration, and
invasion capabilities of GC cells. Additionally, SGI-1027
treatment results in the downregulation of cell cycle pro-
teins (Cyclin D1, Cyclin E1) and apoptosis proteins (BCL-
2) in GC cells, with an increase in the apoptosis-promoting
protein BAX. The 25 µmol/L concentration of SGI-1027
shows the most significant changes.

In vivo experimental results demonstrate that com-
pared with the model group, the co-cultured group with
SGI-1027 exhibited obvious inhibitory effects after 5 and
10 days. This indicates a significant slowdown in the tu-
mor growth of nude mice and a reduction in lung tumor
metastasis.

HE staining revealed that the number of tumor cells
in the Model+SGI-1027+5d and 10d groups decreased, and
the degree of necrosis was significantly reduced. The activ-
ity and positive activity of DNMT1 in tumor tissues signifi-
cantly decreased, and the expression level ofRB1 increased.
This suggests that SGI-1027 may inhibit tumor growth and
metastasis by modulating DNMT1 and RB1. Notably, the
Model+SGI-1027+5d group exhibited the smallest degree
of lung metastasis in both treatment durations, indicating
the most significant therapeutic effect. This could be at-
tributed to the weakening of the inhibitory effect ofMKN45
cells on SGI-1027 after 5 days of culture, leading to the
emergence of drug resistance. In contrast, the Model+SGI-
1027 group cultured after 10 days showed a decrease in
therapeutic effectiveness, possibly due to prolonged expo-
sure to SGI-1027 causing MKN45 cells to develop resis-
tance, diminishing the therapeutic effect. These results sug-
gest the potential therapeutic effect of SGI-1027 in inhibit-
ing tumor growth and reducing lung metastasis. However,
further research is needed to gain insight into its therapeu-
tic effects and possible resistance mechanisms at different
time points, providing more comprehensive information for
future clinical applications.

Conclusions

SGI-1027 inhibits the activity of DNA methyltrans-
ferase 1 (DNMT1), effectively promoting the expression of
the RB1 gene. This significantly decelerates the prolifera-
tion, migration, and invasion of gastric cancer cells. Simul-
taneously, it induces apoptosis, suppressing tumor growth
and metastasis, thereby offering a potential therapeutic av-
enue to ameliorate the progression of gastric cancer.
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