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Abstract.
BACKGROUND: The association between infection with cagA-positive H. pylori and an elevated susceptibility to gastric cancer
has been firmly established. PIM2 is known to be overexpressed in various types of cancers; however, the specific mechanism by
which cagA influences the regulation of PIM2 expression in gastric cancer remains unidentified at present.
MATERIALS AND METHODS: A mutant NCTC11637∆cagA strain of H. pylori and the eukaryotic expression vector pcDNA-
cagA were constructed for evaluating PIM2 expression levels in gastric cancer cells (HGC27, SGC7901, and AG) co-cultured with
the NCTC11637 and NCTC11637∆cagA strain, as well as pcDNA-cagA and the empty vector pcDNA3.1 (+).
RESULTS: Co-culturing gastric cancer cells with NCTC11637 significantly increased PIM2 expression levels (P < 0.001)
compared to the negative control group. Additionally, the expression of PIM2 in cells co-cultured with NCTC11637 was higher
than that co-cultured with NCTC11637∆cagA (P < 0.001). Furthermore, successful construction of the eukaryotic expression
vector pcDNA-cagA resulted in a significant increase in PIM2 mRNA expression levels after its transfection into gastric cancer
cells compared to the control group after 48 hours.
CONCLUSIONS: The findings indicate that H. pylori/cagA A could be one of the key factors in regulating PIM2 expression
levels, potentially influencing the progression of H. pylori-related Gastric Cancer.
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1. Introduction

Gastric cancer (GC) remains a significant public
health issue worldwide, despite recent declines in in-
cidence and mortality rates [1]. Risk factors for gas-
tric cancer are older age, low socio-economic sta-
tus, cigarette smoking, alcohol consumption, famil-
ial predisposition, previous gastric surgery, pernicious
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anaemia, and living in a population at high risk, and He-
licobacter pylori (H. pylori) infection is the most well
described risk factor for gastric cancer [2]. Chronic in-
flammation and the pathogenesis of gastric cancer (GC)
are posited to be precipitated by the activation of the
nuclear transcription factor kappa B (NFκB) induced
by H. pylori, subsequently resulting in the upregulation
of interleukin-8 (IL-8) [3,4]. Specifically, within gastric
epithelial cells, the cytotoxic-associated gene A protein
(CagA), a predominant virulence factor of H. pylori,
is responsible for the activation of NF-κB through the
canonical pathway [5,6]. The subsequent increase in
IL-8, mediated by NF-κB, is implicated in the perpet-
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uation of chronic gastritis and the propagation of in-
flammatory responses [4,5]. Our preceding studies have
uncovered that H. pylori infection and the CagA protein
may exert effects on gastric epithelial cells through the
modulation of α-enolase (ENO1) [7].

The proviral integration sites for Moloney murine
leukemia virus (PIMs) represent a group of ser-
ine/threonine kinases that are overexpressed in various
hematological malignancies and solid tumors, exert-
ing regulatory effects on cell proliferation and apop-
tosis [8]. The PIM family comprises three isoforms
(PIM1, PIM2, and PIM3), which exhibit high conser-
vation across evolutionary lines [8]. While PIM1 and
PIM3 are predominantly expressed in hematological
and solid tumors, respectively, PIM2 is primarily associ-
ated with leukemia [9]. Functionally, PIM2 plays a role
in cell apoptosis, proliferation, and differentiation [10],
and has been identified as one of the downstream targets
of NFκB [11]. However, the specific involvement of
PIM2 in H. pylori-related GC development remains to
be elucidated.

In this study, we explored the impact of H. py-
lori/cagA on PIM2 expression in gastric cancer cells,
using a cagA knockout mutant and a cagA expres-
sion vector, uncovering a new mechanism of H. pylori-
induced gastric pathogenesis through PIM2 regulation.

2. Materials and methods

2.1. Reagents and cell lines

ClonExpress II One Step Cloning Kit, ClonExpress
MultiS One Step Cloning Kit, ChamQ Universal SYBR
qPCR Master Mix and HiScript R© II Q RT SuperMix
for qPCR (+gDNA wiper) were supplied by Vazyme
Biotechnology Co., Ltd. (Nanjing, China). Lipofec-
tamine 2000 R© and TRIzol were obtained from Invit-
rogen (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Takara Biotechnology Co., Ltd. (Dalian, China)
provided PrimeSTA R© GXL DNA Polymerase and E.
coli DHα Competent Cells. Mouse anti-CagA anti-
body (cat. no.sc-28368) was purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA). Anti-beta actin
mouse monoclonal antibody (cat. no. A01010) and Goat
Anti-Mouse IgG-HRP (cat.no.SA00001-1) were sup-
plied by Abbkine Scientific Co., Ltd. (Wuhan, China)
and Proteintech Group, Inc. (Rosemont, IL, USA), re-
spectively. In this study, the GC cell lines, HGC27 (PRI-
MARY Biological, Shanghai, China), SGC7901 and
AGS (Procell Life, Wuhan, China), were utilized. The

HGC27 and SGC7901 cells were maintained in RPMI-
1640 medium (HyClone, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (Cegrogen Biotech
GmbH, Germany). The AGS cells were cultured in F12
medium (HyClone, Logan, UT, USA).

2.2. Construction of H. pylori cagA knocked-out strain

The upstream and downstream homologous frag-
ments of cagA derived from H. pylori NCTC11637, as
well as chloramphenicol resistance gene (cmR) origi-
nating from the plasmid pNZ8110, were successfully
amplified by PCR. The primers were delineated as fol-
lows: P1-F1 sense, 5-CGAGGTCGACGGTATCGATA
AGCTTTGCTCGGCAACTGACATCA-3, P2-F1 anti-
sense, 5-ATCAATT TTATTAAAGTTCATTGTTTCTC
CTTACTATACC-3; P3-F2 sense, 5-CCTAATGACT
GGCTTTTATAAAGGATTAAGGAA TACCAAAAAC
G-3, P4-F2 anti-sense, 5-GCGGT GGCGGCCGCTC
TAGATTCCACTTCTGATCGCAAGC-3; P5-cmR
sense, 5-GGTATAG TAAGGAGAAACAATGAACTTT
AATAAAATTGAT-3, P6-cmR anti-sense, 5-CGTTTTT
GGTATTCCTTAATCCTTTATAAAAGCCAGTCATT
AGG-3. PCR conditions included pre-denaturation at
95◦C for 5 min followed by 35 cycles consisting of de-
naturation at 94◦C for sixty seconds, annealing at 57◦C
for fifty seconds, and extension at 72◦C also lasting
sixty seconds; concluding with a final ten-minute ex-
tension step set again to 72◦C. The Clon Express Mul-
tiS One Step Cloning Kit facilitated insertion of frag-
ments into plasmid pBluescript IISK (-). The recombi-
nant plasmid underwent transfer into NCTC11637 by
electroporation, and subsequently, the mutant strain was
selected on a chloramphenicol agar plate. Identification
of the mutant strain NCTC1163∆cagA entailed PCR,
sequencing and Western blot to identify.

2.3. Construction of cagA eukaryotic expression vector

The cagA gene fragment was gained via PCR from
the genomic DNA of NCTC11637. Then, the plasmid
pcDNA3.1 (+) along with seamless cloning technique
were utilized to construct the eukaryotic expression vec-
tor pcDNA-cagA. The primer sequences were showed
as follows: P7-CagA, 5-CAGTGTGGTGGAATTCGCC
AC ATGACTAACGAAACCATTGACC-3; P8-CagA,
5-AACGGGC CCTCTAGACTCGAGTTAAGATTTT
TGGAAA CCACCTTTT-3.

2.4. Co-culture of H. pylori with GC cells

Initially, H. pylori NCTC11637 was co-cultured with
the GC cells, namely HGC27, SGC7901 and AGS, un-
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der multiplicity of infection (MOI) ratios of 50:1, 100:1
and 150:1, respectively. Subsequently, the expression
levels of PIM2 mRNA within these cells were quantita-
tively assayed at 24-hour of co-culture initiation. Sub-
sequently, employing NCTC11637 strain as a reference
control, the NCTC1163∆cagA was co-cultured with
the GC cells for 24 hours at an MOI of 150:1. The ex-
pression of PIM2 mRNA was then precisely quantified
using qPCR.

2.5. Cellular transfection

Upon successful identification and confirmation of
the recombinant plasmid construct, the gastric cancer
cell lines HGC27, SGC7901 and AGS cells were indi-
vidually subjected to transfection with pcDNA-cagA.
Concurrently, a control group was established using
the empty vector pcDNA3.1 (+). Post-transfection, the
cells were incubated for a period of 48 hours, following
which the expression levels of PIM2 mRNA were eval-
uated employing quantitative polymerase chain reaction
(qPCR) methodology.

2.6. Reverse transcription-quantitative PCR
(RT-qPCR)

Total RNA was extracted using TRIzol reagent,
strictly according to the manufacturer’s protocols pro-
vided by the manufacturer. Subsequently, a 20 µl re-
action system was employed for the reverse transcrip-
tion process, utilizing HiScript R© II Q RT SuperMix
for qPCR kit. The qPCR reaction was performed us-
ing ChamQ Universal SYBR qPCR Master Mix, ac-
cording to the manufacturer’s protocol. The primer
sequences were as follows: CagA forward, 5-ACGC
TCTGTCTTCTGTGCTAATGG-3; CagA reverse, 5-
AATCATGCCTAGCTTCAGGACCAC-3; PIM2 for-
ward, 5-GCCATCCAGC ACTGCCATTCC-3; PIM2
reverse, 5-ACAGCCACGGCGTAGGTCTATC-3; GAP
DH forward, 5-ACCACAGTCCATGCCATCAC-3; GA
PDH reverse, 5-TCCACCACCCTG TTGCTG TA-3.
The qPCR conditions: Pre- -denaturation at 95◦C for
30 s; 40 cycles of 95◦C for 10 s and 60◦C for 30 s. The
relative expression of CagA and PIM2 was normalized
to GAPDH, and the expression levels were calculated
using the 2-∆∆Cq method.

2.7. Western blot

Total protein was extracted from cells employing
RIPA Lysis buffer (ComWin Biotech Co., Ltd., Beijing,

China), which was supplemented with a 1% protease
inhibitor cocktail (ComWin Biotech Co., Ltd., Beijing,
China). The protein concentration was quantified using
the BCA Protein assay kit (Thermo Fisher Scientific,
Inc.). Equivalent quantities of protein extracts (50 µg)
were resolved through SDS-PAGE conducted on a 10%
gel. The resolved proteins were then transferred onto
a polyvinylidene fluoride membrane, which was sub-
sequently blocked with 5% w/v non-fat dried milk dis-
solved in TBS with Tween-20 (TBS-T, 0.1% Tween-20,
pH 8.3) for 1 h at room temperature, and incubated with
primary antibodies at 4◦C overnight. The following pri-
mary antibodies were used: antiβ-actin (1:1000) and
anti-CagA (1:1000). Following washing with TBS-T,
the membranes were incubated with HRP-labeled anti-
rabbit or mouse IgG secondary antibody (both 1:3000)
for 1 h at room temperature. Bands were visualized
using an enhanced chemiluminescence kit (ComWin
Biotech Co., Ltd., Beijing, China) and Amersham Im-
ager 600.

2.8. Statistical analysis

All data were analyzed utilizing the SPSS software
(version 17.0; SPSS, Inc., Chicago, IL, USA). Quan-
titative data were presented as the mean ± standard
deviation. Comparisons of groups were carried out us-
ing Student’s t-test and one-way analysis of variance
(ANOVA). To further elucidate these differences, the
Bonferroni test was applied for multiple comparison
of groups. P < 0.05 was considered as statistically
significant difference.

3. Results

3.1. The expression of PIM2 at different multiplicity of
infection (MOI) levels with H. pylori

The Fig. 1 demonstrated that the expression levels of
PIM2 at varying multiplicities of infection (MOI) with
H. pylori. The experimental group with an MOI of 150
exhibited a significant upregulation of PIM2 mRNA
expression compared to the control group across three
gastric cancer cell lines, HGC27, SGC7901 and AGS
(P < 0.05). In addition, the PIM2 mRNA expression in
the experimental group at MOI of 10 was significantly
elevated relative to the control group in HGC27and
SGC7901 gastric cancerous cell lines (P < 0.05). Con-
versely, no statistically significant difference in PIM2
mRNA expression was observed at an MOI of 50:1 in
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Fig. 1. Expression of PIM2 mRNA in GC cells infected with H. pylori at a range of MOIs. (∗P < 0.05).

HGC27and AGS gastric cancer cells. Additionally, our
findings indicate an MOI-dependent increase in PIM2
transcription, with the most pronounced elevation oc-
curring at an MOI of 150, in the infected GC cells, as
compared to the control groups.

We subsequently investigated the expression levels of
PIM2 mRNA in H. pylori GC27, SGC7901, and AGS
cells after infection with H. pylori strain NCTC11637
at an MOI of 150:1 (Fig. 2). The results revealed a
significant upregulation of PIM2 mRNA expression
in HGC27 cells at 12 h (P = 0.001) and 24 h (P =
0.001) post-infection with NCTC11637, whereas no
significant difference in PIM2 mRNA expression was
observed at 6 h (P = 0.117). Similarly, infection of
SGC7901 cells with NCTC11637 for 6 h (P < 0.001),
12 h (P = 0.015), and 24 h (P < 0.001) resulted
in a significant increase in PIM2 mRNA expression.
Furthermore, NCTC11637 infection of AGS cells for
6 h (P < 0.001), 12 h (P < 0.001), and 24 h (P <
0.001) also led to a marked elevation in PIM2 mRNA
expression compared to the control group.

3.2. The expression of PIM2 infected with NCTC11637
and NCTC11637 ∆cagA H. pylori Strains

We successfully constructed the H. pylori ∆cagA
strain, which was molecularly identified via PCR
(Fig. S1) and confirmed by Western blot analy-
sis (Fig. S2). Subsequently, the GC cells were co-
cultured with H. pylori NCTC11637 (cagA+) and

NCTC11637∆cagA mutants for 24 hours. Compared to
the uninfected controls, both the cagA+ H. pylori and
the ∆cagA H. pylori infection resulted in elevated PIM2
mRNA expression in three cancerous cells (P < 0.05)
(Fig. 3). However, the expression level of PIM2 mRNA
was significantly higher in the cells infected with the
cagA+ strain than those with the ∆cagA mutants (P <
0.05).

3.3. The expression of PIM2 infected with the
eukaryotic expression vector construction of
NCTC11637 cagA

The eukaryotic expression vector pcDNA-cagA was
successfully constructed as confirmed by PCR (Fig. S3).
Subsequent transfection of HGC27, SGC7901 and AGS
cells with pcDNA-cagA showed increased expression
of cagA gene as detected by qPCR and Western blot
analysis, confirming successful transfection into cells
(Fig. 4). The expression levels of PIM2 mRNA in
HGC27, SGC7901 and AGS cells transfected with
pcDNA-cagA for 48 hours, were significantly higher
than control cells treated with pcDNA3.1(+) (P <
0.05) (Fig. 5).

4. Discussion

PIM2 kinase plays an important role as an onco-
gene in multiple cancers, such as leukemia, liver, lung,
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Fig. 2. The expression of PIM2 mRNA in H. pylori NCTC11637-infected HGC27, SGC7901, and AGS cells at 6 h, 12 h, and 24 h post-infection
(∗P < 0.05).

Fig. 3. Expression of PIM2 mRNA in the GC cells co-cultured with H. pylori (cagA+) and H. pylori (∆cagA), respectively (∗P < 0.05).

myeloma, prostate and breast cancers. PIM2 is largely
expressed in both leukemia and solid tumors, and it pro-
motes the transcriptional activation of genes involved in
cell survival, cell proliferation, and cell-cycle progres-
sion [12]. This study revealed that the MOI and dura-
tion of H. pylori infection upregulated the expression of
PIM2 in gastric cancer cells. Furthermore, our findings
provided additional evidence for the regulatory effect
of cagA on PIM2 expression in gastric cancer epithelial
cells by demonstrating an increase in PIM2 expression
following transfection with cagA.

H. pylori colonizes the human gastric mucosa and
significantly increases the risk of GC [2]. H. pylori
can activate NFκB and enhance the production of pro-
inflammatory cytokines. NFκ involved not only in

the inflammatory response but also in the regulation
of immune response, cell proliferation, differentiation
and apoptosis [5,6]. Furthermore, H. pylori infection
can promote the expression of programmed death lig-
and 1 (PD-L1) in gastric epithelial cells through the
JAK/STAT transcription signaling pathway, thereby,
suppressing immune surveillance, and facilitating gas-
tric carcinogenesis [14].

The PIM2 gene is recognized as an oncogene, which
plays an essential role in the signal transduction process
related to cell proliferation, differentiation, apoptosis,
migration, survival and metabolism. It is also transcrip-
tionally regulated by the JAK/STAT and NFκ signaling
pathways [11,13,15]. Our study observed a correlation
between H. pylori infection and PIM2 expression in
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Fig. 4. Expression of cagA gene in the GC cells transfected with pcDNA-cagA plasmid. (a) (b) (c) CagA mRNA expression in the GC cells,
HGC27, AGS and SGC7901, transfected with pcDNA-cagA and pcDNA3.1(+), respectively, for 48 h; (d) Expression of CagA in the SGC7901
cells transfected with pcDNA-cagA for 48 h (∗P < 0.05).

Fig. 5. PIM2 mRNA expression in the GC cells transfected with pcDNA-cagA plasmid. (∗P < 0.05).

GC cells, potentially mediated by the JAK/STAT and/or
NFκB signaling pathways. Furthermore, our data in-
dicated that the PIM2 expression levels proportionally
with the rising MOIs of H. pylori-GC cell coculture.
This finding supports the notion that antibiotic thera-
pies or vaccination may mitigate H. pylori-induced le-
sions primarily by reducing gastric bacterial coloniza-
tion, which holds significant implication for clinical
practices.

The CagA is s one of the most widely stud-
ied H. pylori virulence factor. Previous studies have
demonstrated that infection with H. pylori cagA (+)
strains significantly increased the risk of gastric car-
cinoma [16]. The present study provided evidence of

the significant impact of CagA on PIM2 expression in
GC cells through co-culture experiments involving H.
pylori (cagA+/∆cagA) and GC cells, as well as cellular
transfection. The mechanism and significance of the
CagA effect on PIM2 need to be further investigated.

As documented, CagA can be injected into target
cells. Upon once translocation into the host cytoplasm,
CagA may bind to the inner surface of the cell mem-
brane and interact with several host proteins, thereby ac-
tivating downstream signaling pathways such as NFκB
and β-catenin pathway [13,17]. Besides, CagA can
modulate the activity of kinase/mitogen-activated pro-
tein kinase (ERK/MAPK), resulting to abnormal pro-
liferation and migration of gastric epithelial cells [18].
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Furthermore, CagA has been reported to induce the
production of pro-inflammatory cytokines and anti-
apoptotic proteins by activating STAT3, as well as to ac-
tivate transcription factors via the JAK/STAT signaling
pathway in response to inflammation [19,20]. In vitro
infection of cells with H. pylori (cagA+) strains can
result in formation of an elongated cell shape, known
as “hummingbird phenotype” [21]. This morphologi-
cal alteration can promote the occurrence of epithelial-
mesenchymal transition (EMT) [22]. These findings
indicated that CagA may have multiple functions in
the development of H. pylori-associated. The present
study elucidated the role of CagA in modulating PIM2
production, thereby providing novel insights into the
role of H. pylori in gastric pathogenesis.

The CagA-induced regulation of PIM2 overexpres-
sion may represent a critical mechanism underlying
the development of GC. Santio et al. demonstrated that
in hematopoietic cells, cytokines, hormones or anti-
gens predominantly upregulated PIM2 gene expression
mainly via the JAK/STAT signaling pathway [23]. Pre-
vious studies has established that STAT protein are reg-
ulators of EMT [24]. In breast cancer cells, PIM2 in-
directly activates STAT3 protein by upregulating the
production of cytokines IL-α and IL-.The activated
STAT3, in turn, regulates the transcription of PIM2,
thereby establishing a positive feedback loop that con-
tinuously activates STAT3 and subsequently regulates
EMT of breast cancer cells [25,26]. Additionally, the
mammalian target of rapamycin complex 1 (mTORC1)
signaling pathway, which is implicated in various tu-
mors, is associated with tumor metastasis and prolifer-
ation [27,28]. PIM2 is involved in carcinogenesis, and
plays a role in modulating informatory capacity and aer-
obic glycolysis through the PIM2/mTORC1 signaling
pathway [29,30,31]. The present study, in conjunction
with previous findings, supported the hypothesis that
H. pylori infection and its CagA may enhance PIM2
expression in gastric cells via the JAK/STAT signal-
ing pathway. This interaction disrupts the balance be-
tween cellular proliferation and apoptosis, and upreg-
ulate EMT in gastric epithelial cells by the mTORC1
signaling pathway, thereby predisposing the stomach
be predisposed to carcinogenesis.

Additionally, the present study demonstrated that co-
culture of H. pylori and GC cells resulted in the overex-
pression of PIM2 in the infected GC cells. This effect
was observed not only with the H. pylori NCTC11637
(cagA+) strain but also with the H. pylori mutant strain
NCTC11637 (∆cagA) , albeit to a lesser extent. These
findings suggest that H. pylori may produce bioactive

components other than CagA that are capable of regu-
lating PIM2 expression. Identifying and characterizing
these bacterial components could provide new insights
into the unknown pathogenic mechanisms of H. pylori
infection, and should be a focus of future research.

The present study has limitations. Firstly, the current
study was confined to the assessment of PIM2 mRNA
expression within gastric cancer cell lines, which may
not accurately represent the conditions in the gastric
mucosa. The findings, therefore, should be interpreted
with caution. Secondly, the study has focused exclu-
sively on the alterations in PIM2 mRNA levels, not
accounting for potential changes at the protein level,
which may lead to an incomplete understanding of the
effects of cagA transfection on the expression and func-
tionality of PIM2 in gastric cancer cells.

5. Conclusions

Our study unveiled that the expression of PIM2 in
gastric cancer cells was influenced by both the quan-
tity and duration of H. pylori infection. Furthermore,
we pinpointed that cagA of H. pylori played a pivotal
role in upregulating PIM2 expression in gastric can-
cer epithelial cells. Our results further illustrated that
transfection of cagA into gastric cancer cells elevated
PIM2 expression, providing additional evidence for the
regulatory impact of cagA on PIM2 expression in gas-
tric cancer epithelial cells. Considering the oncogenic
nature of PIM2, our findings imply that cagA-mediated
regulation of PIM2 expression may constitute an im-
portant mechanism underlying the pathogenesis of H.
pylori infection-induced gastric cancer.
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