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Abstract

Background: H. pylori CagA protein plays the most critical pathogenesis role of gastroduodenal diseases.
CagA translocation is dependent on the Cagl protein encoded by the cagl gene. Objectives: This study
aimed to investigate Cagl amino acid sequence polymorphisms of H. pylori and its associations with
gastroduodenal diseases. Materials and methods: The cagl partial nucleotide sequences of 72 H. pylori
strains from Vietnamese patients with gastroduodenal disorders were investigated via Sanger sequencing,
then were translated into amino acid sequences. Results: The findings showed nine variants of amino acid
polymorphism within the Cagl hypervariable motif at residues 58 - 62, in which the DEIGK variant was the
most prevalent, accounting for 40.28%, the DKIGK variants represented 30.56%, both DKMGE and DTTGE
variants accounted for 8.33%. The five remaining variants, including YEIGK, NEIGQ, NKIGQ, DEIGQ and
DTIGK, had low frequencies (1.39 - 4.17%). Notably, we observed a novel amino acid sequence polymorphism
pattern at residues 140-144 with four variants as EAELQ, EGKLK, LGKLK, and EAKLQ, which accounted for
61.11%, 30.56%, 5.56%, and 2.78%, respectively. Stratifying gastroduodenal diseases, the EAELQ variant rates
in the gastric cancer and precancerous lesions groups were 86.67% and 70%, respectively, whereas those in
the non-atrophic gastritis and peptic ulcers groups were only 47.37% and 44.44%, respectively. The difference
in these rates was statistically significant (p=0.038). Multivariable logistic regression analysis demonstrated
that the EAELQ variant was independently associated with premalignant and malignant gastric lesions, after
adjustment for age and gender, OR=3.82 (1.40-11.20). Conclusion: This preliminary study highlighted the
genetic diversity of the H. pylori cagl gene, revealing distinct polymorphism patterns unique to Vietnam. The
EAELQ variant at Cagl residues 140-144 may serve as an indicator of gastric cancer risk.

Keywords: gastric cancer, cagl gene, Helicobacter pylori, amino acid polymorphism, gastroduodenal
diseases.

1. INTRODUCTION

Helicobacter pylori (H. pylori), a microaerophillic
Gram-negative bacterium, infects more than half
of the population in the world [1]. This bacterium
infection causes chronic gastritis (CG) and can
subsequently lead to other gastroduodenal
disorders, such as peptic ulcers (PU), gastric cancer
(GC), and gastric mucosa-associated lymphoid tissue
lymphoma [2]. In 1994, the International Agency
for Research on Cancer identified this bacterium
as a Group | definite carcinogen that causes GC [3].
Nevertheless, not all H. pylori infections result in
severe clinical outcomes. Several factors influence
the progression of H. pylori-induced gastroduodenal
diseases, including host susceptibility, environmental
factors and, most importantly, bacterial toxins [4]. H.
pylori CagA protein encoded by cytotoxin-associated

gene A (cagA gene) within the cag pathogenicity
island (cagPAl) plays the most critical pathogenesis
role [5]. A number of studies have shown that cagA-
positive H. pylori strains are identified as risk factors
for GC [6,7]. H. pylori CagA protein is translocated
into host gastric epithelial cells via the Type IV
secretion system (T4SS).

The Cagl protein, a component of T4SS encoded
by the cagl gene, plays an important role in the
CagA translocation [8]. The CaglL arginine-glycine-
aspartate (RGD) motif, at residues 76—78, is essential
for the interaction of T4SS with integrin receptors
during translocation. Although the RGD motif
is conservative, its adjacent regions are highly
polymorphic, particularly the CaglL hypervariable
motif (CagLHM) at residues 58-62. More than 30
variations of CagLHM have been identified globally,
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and geographical diversity has been associated with
clinical outcomes, especially GC[9-11]. Furthermore,
Cagl can trigger the intracellular signal pathway,
causing an inflammatory response independent
of CagA translocation [11]. Therefore, CaglL amino
acid polymorphisms should be investigated for their
association with gastroduodenal diseases.

Vietnam has a high frequency of H. pylori
infection (about 60%) [12]. H. pylori eradication
treatment is becoming increasingly challenging due
to growing antibiotic resistance [13,14]. In 2022, the
reported number of new cases of GC in Vietnam
was 16,277 [15]. The prevalence of cagA-positive
H. pylori in East Asian nations, including Vietnam,
is extremely high [16—18]. Notably, cagA-positive H.
pylori strains were frequently observed not only in
the GC group but also in benign groups in East Asian
nations [19-22]. As a result, cagA positivity cannot
be used as a useful biomarker for GC risk in East Asia
[19]. In addition to cagA, some H. pylori virulent
genes have been deeply investigated in Vietnam,
such as cagk, vacA, iceA, babA, oipA, homB, etc [22—
25]. To date, there has been no research on the H.
pylori cagl gene in Vietnam.

In that circumstance, investigating
polymorphisms of H. pylori virulent cagL gene is
essential not only for better understanding H. pylori
genetic diversity and pathogenesis but also for
identifying H. pylori strains with high toxicity. This will
serve as a foundation for developing more effective
and targeted strategies to prevent H. pylori-related
gastroduodenal disorders, including GC. Therefore,
this study was carried out to investigate CaglL amino
acid sequence polymorphisms of H. pylori and its
associations with gastroduodenal diseases.

2. MATERIALS AND METHODS

2.1. Study population

2.1.1. Inclusion criteria

- Patientswho underwent upper gastrointestinal
endoscopy having gastroduodenal mucosa lesions,
such as gastritis, peptic ulcers, and visible neoplastic
suspicious lesions.

+ nAG or PU was diagnosed via gastroduodenal
mucosa lesions recorded from upper gastrointestinal
endoscopy.

+ PCL or GC was diagnosed by histopathological
examination on gastric biopsy specimens: Atrophic
gastritis and intestinal metaplasia were graded using
the updated Sydney System [26], whereas dysplasia
and gastric cancer were recognized using the 2019
WHO Classification of Tumours [27].

- H. pylori infection was identified by rapid
urease test (RUT) on antrum and corpus biopsy
specimens and was confirmed by PCR with ureC-
specific primers for extracted DNA samples [28].

- H. pylori with cagA-positivity was detected
using PCR as previously described [22].

- H. pylori with cagl-positivity was detected
using PCR as described in the method section.

2.1.2. Exclusion criteria

- Patients who were received therapy with
antibiotics and/or proton pump inhibitors and/or an
H2 blocker within 4 weeks prior to endoscopy.

- Patients who had undergone gastrectomy.

2.2. Methods

2.2.1. Sample size

This study was conducted on patients who
underwent upper gastrointestinal endoscopy and
were obtained gastric mucosa biopsy specimens
at the Hospital of Can Tho University of Medicine
and Pharmacy (CTUMP) or the Hue University
of Medicine and Pharmacy Hospital (HueUMP
Hospital) from June 2019 to December 2024. DNA
samples extracted from H. pylori and cagA-positive
biopsy specimens or isolates were stored at -20°C at
the Department of Medical Genetics, Hue University
of Medicine and Pharmacy. The Ethics Committee
of the Hue University of Medicine and Pharmacy
approved the research on the H. pylori cagl gene
on October 5, 2023, under the code H2023/474.
Therefore, H. pylori cagl positivity was identified
from October, 2023 by PCR assays.

Finally, we collected 72 DNA samples from
patients with gastroduodenal diseases infected with
cagl-positive H. pylori, including 19 patients with
non-atrophic gastritis (nAG), 18 patients with PU,
20 patients with chronic gastritis with precancerous
lesions (PCL), and 15 patients with gastric cancer
(GC).

2.2.2. Amplifying H. pylori cagl fragment

- The cagl fragment was amplified by PCR assay
using primers cagl-F-B4-new and caglL-R-B5-new
primers that were modified from Yadegar’s original
cagl-F-B4 and cagl-R-B5 primers [11].

+ Forward primer (cagL-F-B4-new):
5’-GCAGAAGATATAACAAGCGGCTTAAAG-3’
+ Reverve primer (cagL-R-B5-new):

5’-ATTAGAAATCATAGCCTATCGTCTCAG-3’

- Each PCR reaction was performed in a total
volume of 50 plL containing 25 uL of GoTaq Green
MasterMix 2 (Promega Corp., Madison, WI, USA),
2.5 pL (10 pmol/uL) of forward and reverse primers,
2 L (100 ng/uL) of genomic DNA, and 18 uL of
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nuclease-free sterile water.

- Temperature conditions included initial
denaturation at 95°C for 5 min, followed by 30 cycles
of denaturation at 94°C for 1 min, annealing at 50°C
for 50 sec, extension at 72°C for 1 min, and a final
extension at 72°C for 8 min. PCR reaction was carried
out in the thermal cycler SureCycler 8800 (Agilent
Technologies, Malaysia).

- The PCR products were electrophoresed on
a 1% agarose gel with SafeViewTM Classic (Applied
Biological Materials Inc. (abm), Richmond, BC,
Canada) at 80 V for 1 h. The product size was 689 bp.

- PCR technique was performed at Department
of Medical Genetics, Hue University of Medicine and
Pharmacy.

2.2.3. Genotyping H. pylori caglL

- Amplicons were subjected to Sanger direct
sequencing at 1st BASE Laboratories (Malaysia)
using an ABI PRISM 3730x| Genetic Analyzer (Applied
Biosystems, USA). Results were received as .ab1 and
.seq files.

- We used BioEdit software version 7.2.5
(Informer Technologies Inc.) to read DNA sequencing
traces and translate them in-frame into amino acid
sequences. The amino acid sequences of our H. pylori
strains were aligned with those of two reference
strains, F32 (AP011943.1) and 26695 (NC_000915.1),
which represent East Asian and Western-type strains,
respectively. The F32 and 26695 strain sequences
are publicly available on GenBank (https://www.
ncbi.nlm.nih.gov/genbank/). The caglL partial
nucleotide sequences were deposited in GenBank
database under accession numbers from PQ878555
to PQ878603, from PV035783 to PV035801, from

3. RESULTS
3.1. Patient characteristics

PV126523 to PV126526, which will be publicly
accessible from February 2026.

2.2.4. Phylogenetic analysis

A phylogenetic tree of 72 our clinical H. pylori
samples and two reference strains was constructed
based on cagl partial sequences using Molecular
Evolutionary Genetics Analysis (MEGA11) software
(Pennsylvania, USA). Particularly, sequences of this
study were aligned against reference sequences
using ClustalW multiple alignment tool. A Neighbor-
joining tree was constructed with bootstrap method
at 1000 replications. The phylogenetic tree was into
two major clade (clade A and clade B) based on
topology-defined bifurcation points.

2.2.5. Statistical analysis

Statistical analysis was carried out on the
VassarStats website (http://vassarstats.net) (Richard
Lowry, Vassar College, Poughkeepsie, NY). ANOVAand
Tukey HSD tests were performed to assess significant
differences in mean age between groups with
gastroduodenal disease. A chi-square test was also
used to determine significant relationships between
cagl amino acid polymorphisms and gastroduodenal
diseases; if more than 20% of the expected cell
frequencies were less than 5, Fisher’s exact tests
were used. Multivariable logistic regression analysis
was performed using R package version 4.5.3 to
evaluate the independent association between
the H. pylori CagL amino acid polymorphism and
premalignant and malignant gastric lesions, with
adjustment for potential confounders such as age
and gender. Odds ratios (OR) and 95% confidence
intervals (Cl) were calculated. A p-value of less than
0.05 was statistically significant.

Table 1. Characteristics of patients with gastroduodenal diseases infected with cagL-positive H. pylori

Characteristics nAG PU PCL GC p-value
Age (Yi SD) 41.74+15.08 44.56+14.83 37.00+12.63 64.87+13.97 <0.0001*
Gender (%)

Male (n = 48) 11 (57.89) 14 (77.78) 12 (60.00) 11 (73.33) 0.524%*

Female (n = 24) 8(42.11) 4(22.22) 8 (40.00) 4(26.67)

Total (N = 72) 19 18 20 15

Notes: *p-value was calculated by ANOVA test. Tukey HSD test showed the significant differences in the
mean age between nAG group, or PU group, or PCL group and GC group, with p < 0.01.

**p-value was calculated by Fisher’s exact test.

The GC group’s mean age was 64.87 + 13.97, which was greater than that of the other groups. The
distribution of genders within the groups of gastroduodenal diseases did not differ.
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3.2. Amino acid polymorphism of CagL in groups of gastroduodenal diseases
Table 2. Distribution of amino acid polymorphisms
of Cagl classical motifs in groups of gastroduodenal diseases

Motif Poly- Number (%) nAG (%) PU (%) PCL (%) GC (%) p-value
morphism
CaglHM DEIGK 29 (40.28) 9 (47.37) 3 (16.67) 10 (50) 7 (46.67)
DKIGK 22 (30.56) 6 (31.58) 7 (38.89) 3(15 6 (40)
DKMGE 6 (8.33) 2(10.53) 2(11.11) 2 (10) 0 (0)
DTTGE 6 (8.33) 0 (0.00) 2(11.12) 2 (10) 2 (13.33)
YEIGK 3(4.17) 1(5.26) 0 (0.00) 2 (10) 0(0) >0.05
NEIGQ 2(2.78) 0 (0.00) 1(5.56) 1(5) 0(0)
NKIGQ 2(2.78) 1(5.26) 1(5.56) 0(0) 0(0)
DEIGQ 1(1.39) 0 (0.00) 1(5.56) 0 (0) 0 (0)
DTIGK 1(1.39) 0 (0.00) 1(5.56) 0(0) 0(0)
RGD RGD 70(97.22)  18(94.74) 18 (100) 20(100) 14 (93.33) -~ 0.05
KGD 2(2.78) 1(5.26) 0(0) 0 (0) 1(6.67) '
LXXL LALL 72 (100) 19 (100) 18 (100) 20 (100) 15 (100) -~ 0.05
Other 0(0) 0(0) 0(0) 0(0) 0(0) '
FEANE FEANE 61(84.72)  16(84.21) 16 (88.89) 17 (85) 12 (72.73) -~ 0.05
FETNE 11 (15.28) 3(15.79) 2(11.12) 3(15) 3(27.27) '
TASLI TASLI 67(93.06)  17(89.47) 17 (94.44) 18 (90) 15 (100)
TVSLI 2(2.78) 2(10.53) 0(0) 0(0) 0(0) >0.05
TTSLI 3(4.17) 0(0) 1(5.56) 2 (10) 0(0)
SKIIVK SKIIVK 69 (95.83)  18(94.74)  17(94.44)  20(100)  14(93.33) -~ 0.05
SKVIVK 3(4.17) 1(5.26) 1(5.56) 0(0) 1(6.67) '
Total 72 19 18 20 15

Among the nine variants of CagLHM, the DEIGK variant was the most prevalent, accounting for 40.28%.
The DKIGK variants represented 30.56%, both DKMGE and DTTGE variants accounted for 8.33%. The five
remaining variants had low frequencies: YEIGK (4.17%), NEIGQ (2.78%), NKIGQ (2.78%), DEIGQ (1.39%)
and DTIGK (1.39%). The other motifs, including RGD, LXXL, FEANE, TASLI, and SKIIVK, were observed to
be mostly conserved. The distribution of CaglL amino acid polymorphism did not differ between groups of
gastroduodenal diseases.

Table 3. Distribution of novel amino acid polymorphisms of CaglL at residues 140 - 144
in groups of gastroduodenal diseases

f:;if';‘jz Number (%) nAG (%) PU (%) PCL (%) GC (%) p-value
EAELQ 44 (61.11) 9 (47.37) 8 (44.44) 14(70.00)  13(86.67)  0.038
EGKLK 22 (30.56) 8 (42.11) 8 (44.44) 4 (20.00) 2(13.33)  0.120
LGKLK 4 (5.56) 1(5.26) 1(5.56) 2 (10.00) 0 (0) 0.900
EAKLQ 2 (2.78) 1(5.26) 1(5.56) 0 (0) 0(0) 0.710
Total 72 19 18 20 15

We detected a novel Cagl amino acid polymorphic pattern at residues 140 - 144, including four variants
as EAELQ, EGKLK, LGKLK, and EAKLQ, which accounted for 61.11%, 30.56%, 5.56%, and 2.78%, respectively.
Stratifying gastroduodenal diseases, the EAELQ variant rates in the GC and PCL groups were 86.67% and
70%, respectively, whereas those in the nAG and PU groups were only 47.37% and 44.44%, respectively. The
difference between these rates was statistically significant (p = 0.038).
73|
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Table 4. Multivariable logistic regression analysis of factors associated with premalignant and malignant
gastric lesions (PCL and GC) versus benign conditions (nAG and PU)

Variable

Unit OR (95% ClI) p-value
Age per 1-year increase 1.02 (0.99 - 1.05) 0.182
Gender male vs female 0.76 (0.25 - 2.27) 0.620
EAELQ variant present vs absent 3.82(1.40 - 11.20) 0.011

The EAELQ variant was independently associated with premalignant and malignant gastric lesions,
whereas age and gender were not significantly associated.
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3.3. Cagl phylogenetic tree

Topology-based phylogenetic clustering revealed
a significant enrichment of GC and PCL within Clade
A, whereas Clade B was predominantly associated
with nAG and PU disease. This association was
statistically significant, particularly nAG, PU, PCL
and GC in Clade A were 10, 8, 15 and 13 patients,
respectively; in Clade B were 9, 10, 5 and 2 patients,
respectively (Fisher’s exact test, p = 0.038). Notably,
both reference strains F32 and 26695 were located
within Clade B, suggesting that the Clade A enriched
for GC and PCL represents a distinct cagl sequence
lineage.

4. DISCUSSION

The genome of H. pylori exhibits considerable
polymorphism, characterized by notable
geographical variations, which explains the
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differences in pathogenicity observed between East
Asian and Western-type strains. Although the CagA
protein is a virulence factor that plays a crucial role in
H. pylori pathogenesis, it cannot be used as a useful
biomarker in East Asian strains [19]. In our study, all
patients were infected with cagA-positive H. pylori.
In term of H. pylori pathogenesis, the translocation
of CagA protein into host gastric epithelial cells is
necessary to initiate intracellular signal pathways.
CaglL protein, a T4SS component, is critical for
interacting with integrin receptors, suchas a8, o B,
a,B,, and o B, on epithelial cell surfaces, allowing
CagA to translocate [9,29-31]. Moreover, Cagl can
induce an inflammatory response in cells that have
not undergone CagA translocation [11]. The primary
site of binding for the interaction between Cagl
and integrin receptors is the RGD motif located at
residues 76—78 [10]. The subsequent motif is the
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LXXL motif, with the amino acid leucine at residues
79 and 82, which enhances the adherence of Cagl to
various cell lines through the integrin o, B6, playing
a crucial role in this process [32]. Furthermore, an
auxiliary sequence consisting of phenylalanine-
glutamic-alanine-asparagine-glutamic (at residues
86-90), referred to as the FEANE motif, triggers the
interaction between the RGD motif and integrins
[31]. It is proposed that a motif consisting of the
amino acids threonine, alanine, serine, leucine, and
isoleucine (TASLI) at residues 170-174 has a role
in integrin binding, separate from the RGD motif.
The TASLI motif also has a role in maintaining the
conformation of RGD due to its position opposite
RGD [33]. Additionally, the CaglL C-terminal region
spanning residues 232-237, referred to as serine-
lysine-isoleucine-isoleucine-valine-lysine  (SKIIVK),
facilitates interleukin-8 secretion [11,30]. In our
investigation, all five of the aforementioned motifs
exhibited high conservative feature and were not
shown to be related to gastroduodenal diseases.
Notably, CaglL contains a hypervariable motif
(CagLHM) located at residues 58 - 62, which has been
observed to have over 30 variants worldwide [9]. The
current study identified nine variants, which include
four globally prevalent variants as DKMGE, NEIGQ,
NKIGQ, and DKIGK. Nevertheless, the NEIGQ and
NKIGQ variants exhibited extremely low prevalence
in our study. On the other hand, the DEIGK variant
was unexpectedly identified as the most prevalent,
accounting for 40.28% of our samples, although it
was rather uncommon worldwide. Gorrell et al.[9]
conducted a global analysis of CagLHM geographical
diversity among 506 H. pylori strains, and the DEIGK
variant was only found in six strains in Malaysia (three
isolates), New Zealand (two isolates), and Taiwan
(one isolate). The prevalence of the DEIGK variant,
together with the minority presence of NEIGQ and
NKIGQ variants, in the current study emphasized a
unique characteristic of H. pylori strains in Vietnam.
A number of publications have indicated a significant
relationship between CagLHM and gastroduodenal
diseases, particularly the Y58E59 polymorphism,
which results in an increased risk of GC [29,34].
Additionally, the NKMGK variant has been found
to be related to PUD [11]. In contrast, Caliskan et
al (2022) demonstrated that new patterns of Cagl
polymorphism, specifically excluding CagLHM, were
correlated with clinical outcomes al [35]. Our findings
did not reveal an association between CaglHM
polymorphism and gastroduodenal diseases.
Surprisingly, we found a sequence of five amino
acids at residues 140-144 of the Cagl that exhibited

high polymorphism, with four types of variants:
EAELQ, EAKLQ, EGKLK, and LGKLK. The predominant
variants were EAELQ (61.11%) and EGKLK (30.56%).
This study is the first to examine amino acid
polymorphism at residues 140 - 144. Searching
publications that showed the CaglL sequence, we
found that, among 309 analyzed H. pylori strains
from other countries, EGKLK variant was the most
frequent (297/309) and only three strains possessed
EAELQ variant [10,11,35-38]. As a result, the region
of residues 140 - 144 is highly conservative among
H. pylori isolates worldwide, with the exception of
Vietnam, which accounts for the lack of prior studies
on this segment of CaglL. Apart from us, only Ogawa
et al. conducted an analysis of five distinct H. pylori
strains obtained from five Vietnamese patients with
GC [36]. The five strains possessed the AE variant
at residues 141-142, whereas the other strains
from various Southeast Asian countries carried the
GK variant. Nevertheless, these investigators did
not carry out research on H. pylori isolates from
Vietnamese patients with other gastroduodenal
disorders, and hence they could not draw a
comprehensive conclusion.

The current study found a high polymorphism
at residues 140 - 144, which is associated
with  gastroduodenal diseases. In particular,
the EAELQ variant increased the risk of gastric
carcinogenesis. Multivariable logistic regression
analysis demonstrated that the EAELQ variant was
independently associated with premalignant and
malignant gastric lesions. Individuals infected with
H. pylori carrying this variant had approximately
3.8-fold higher odds of disease compared with
those without the variant, even after adjustment
for age and gender. This finding suggests that the
EAELQ variant at residues 140 - 144 of H. pylori
CaglL may play a role in the early stages of gastric
carcinogenesis.

The amino acid sequence at residues 140 - 144
is part of Cagl a, helix [33]. Amino acids, such as
alanine (A), glutamic (E), leucine (L), glutamine
(Q), and lysine (K), are amino acids with high helix-
forming propensities. Notably, alanine has the
highest helix-forming propensity, whereas glycine
(G) has the lowest propensity [39, 40]. Therefore,
the EAELQ variant resulted in a more stable of the a,
helix compared to the EGKLK variant. As a result of
the increased CagA translocation capacity, H. pylori
strains with the EAELQ variant were more hazardous
than those with the EGKLK variant. Further research,
particularly in vivo experiments, is required to
support this hypothesis.
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Additionally, a cagl-based phylogenetic
analysis was performed to explore the relationship
between H. pylori genetic variation and the
spectrum of gastroduodenal diseases. We observed
a non-random distribution of clinical phenotypes
across the phylogenetic tree. The cagl sequences
derived from patients with GC and patients with
PCL were significantly enriched within Clade A,
whereas sequences associated with nAG and PU
were predominantly distributed within Clade B.
This finding suggests that cagl sequence variants
associated with advanced gastric lesions may form a
distinct sequence lineage that is not well represented
by commonly used reference strains.

This study presents an initial report on the
genetic diversity of cagl gene, the association
between the Cagl amino acid polymorphism at
residues 140-144, as well as genetic variation, and
gastric carcinogenesis. Nonetheless, it has certain
limitations, such as the small sample size. Additional
research on a greater number of H. pylori isolates
is necessary to ascertain whether the EAELQ
variant may serve as a marker for the risk of gastric
carcinogenesis. Future studies with larger and more
diverse populations, including multicenter designs,
are warranted to improve the generalizability of
the findings. In addition, prospective cohort studies
would be valuable to further evaluate the role of
the EAELQ variant in disease progression. Despite
these limitations, our findings provide preliminary
evidence supporting the potential role of the H.
pylori CagL EAELQ variant in gastric carcinogenesis.

5. CONCLUSION

This preliminary study highlighted the genetic
diversity of the H. pylori cagl gene, revealing
distinct polymorphism patterns unique to Vietnam.
A novel amino acid polymorphism was identified at
residues 140-144, which is associated with gastric
carcinogenesis, with the EAELQ variant potentially
serving as a novel indicator of gastric cancer risk.
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