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ABSTRACT

Background & Aims: Previous genome-wide association studies showed that genetic polymorphisms in
toll-like receptor 1 (TLRI) and protein kinase AMP-activated alpha 1 catalytic subunit (PRKAAI) genes were
associated with gastric cancer (GC) or increased Helicobacter pylori (H. pylori) infection susceptibility. The
aim of this study was to evaluate the association between TLRI and PRKAAI genes polymorphisms and H.
pylori infection, atrophic gastritis (AG) or GC in the European population.

Methods: Single-nucleotide polymorphisms (SNPs) were analysed in 511 controls, 340 AG patients and 327 GC
patients. TLRI C>T (rs4833095) and PRKAA1 C>T (rs13361707) were genotyped by the real-time polymerase
chain reaction. H. pylori status was determined by testing for anti-H. pylori IgG antibodies in the serum.
Results: The study included 697 (59.2%) H. pylori positive and 481 (40.8%) H. pylori negative cases. We
observed similar distribution of TLRI and PRKAA1 alleles and genotypes in H. pylori positive and negative
cases. TLRI and PRKAA1 SNPs were not linked with the risk of AG. TC genotype of TLRI gene was more
prevalent in GC patients compared to the control group (29.7% and 22.3% respectively, p=0.002). Carriers
of TC genotype had a higher risk of GC (aOR=1.89, 95% CI: 1.26-2.83, p=0.002). A similar association was
observed in a dominant inheritance model for TLRI gene SNP, where comparison of CC+TC vs. TT genotypes
showed an increased risk of GC (aOR=1.86, 95% CI: 1.26-2.75, p=0.002). No association between genetic
polymorphism in PRKAAI gene and GC was observed.

Conclusions: TLRI rs4833095 SNP was associated with an increased risk of GC in a European population,
while PRKAA1 rs13361707 genetic variant was not linked with GC. Both genetic polymorphisms were not
associated with H. pylori infection susceptibility or the risk of AG.

Key words: Helicobacter pylori — TRL1 — PRKAA1 — gastric cancer — atrophic gastritis.

Abbreviations: AG: atrophic gastritis; AMPK: adenosine monophosphate-activated protein kinase; GC: gastric
cancer; H. pylori: Helicobacter pylori; PRKAAI: protein kinase AMP-activated alpha 1 catalytic subunit; SNPs:
single-nucleotide polymorphisms; TRLI: toll-like receptor 1.

INTRODUCTION for development of GC [4]. Widely available data show
that H. pylori gastritis is an infectious disease and leads
to chronic active gastritis of varying severity in virtually

all infected subjects [5]. The severity of H. pylori related

The global burden of
gastric cancer (GC) remains

exceptionally high, still ranking
as a second leading cause of
cancer related death worldwide
[1]. Gastric cancer trends are
dominated by the declining
occurrence of non-cardia gastric
cancer; however, rates of cardia
cancer are increasing in Western
countries [2, 3]. H. pyloriinduced
chronic atrophic gastritis (AG) is
the most consistent risk factor

diseases varies greatly among infected individuals, with the
outcome governed by interactions between host genetic [6],
epigenetic [7-10], apoptotic pathways [11] or environmental
factors [12]. To date, molecular factors that may determine
malignant transformation severity in gastric cancerogenesis
are not completely understood [13-15]. It has been observed
that environmental factors combining with low-penetrance
susceptibility genes might be very important for cancer
development [16, 17].

Epithelial cells of gastric mucosa are among the first
cellular barriers for H. pylori in the gastrointestinal tract as
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they recognize H. pylori-derived microbe-associated molecular
patterns (MAMPs) through ligation of pattern recognition
receptors (PRRs), especially the toll-like receptors (TLRs).
The PRRs recognize bacterial lipopolysaccharides (LPS) and
induce the secretion of pro-inflammatory molecules [18].
Polymorphisms of TLR genes can confer host susceptibility
to H. pylori infection as well as to H. pylori related diseases by
modulating the release of pro-inflammatory cytokines, which
underline gastric inflammation and the immune response
to H. pylori [19]. A recent genome-wide association study
(GWAS) revealed significant association of single-nucleotide
polymorphisms (SNPs) in the TRLI gene with susceptibility
of H. pylori in an European descent population [20].

PRKAA1isagene that encodes adenosine monophosphate-
activated protein kinase (AMPK). Adenosine monophosphate-
activated protein kinase is the central metabolic switch found
in all eukaryotes that govern glucose and lipid metabolism
in response to nutrient and intracellular energy levels
alterations. It has been implicated in a number of diseases
related to energy metabolism, including cancer [16]. Therefore,
genetic polymorphisms in PRKAAI might contribute to GC
development by affecting the regulation of energy metabolism
[21]. A Chinese GWAS identified that a SNP in PRKAA]I
(rs13361707) gene was associated with non-cardia GC in
Chinese patients [22]. Further studies also showed significant
gene-based association between PRKAA 1 and GC [16, 21, 23~
25]. Moreover, one study found that PRKAA I polymorphisms
may have an influence to H. pylori infection development
and a synergetic effect on the risk of development of GC [26].
However, the direction of this association remains ambiguous
and the polymorphism may even be inversely related to GC
risk [27].

In this study we aimed to evaluate the association between
TLRI C>T (rs4833095) and PRKAAI C>T (rs13361707) gene
polymorphisms and the presence of H. pylori infection, AG or
GC in European population.

METHODS

Study population

Patients and controls were recruited during 2005-2017 at
three gastroenterology centers in Lithuania (Department of
Gastroenterology, Lithuanian University of Health Sciences,
Kaunas), Latvia (Riga East University Hospital) and Germany
(Department of Gastroenterology, Hepatology and Infectious
Diseases, Otto-von-Guericke University, Magdeburg). Most
of the patients came from our previous studies on genetic
predisposition of cancer risk [28-31]. All patients in the control
and AG groups underwent upper endoscopy with biopsies due
to dyspeptic symptoms, but had no history of malignancy.
Patients without atrophy or intestinal metaplasia on gastric
biopsies based on the Sydney classification were included in
the control group, while patients with premalignant conditions
constituted the AG group. This consisted of patients with
high-risk AG, defined as pan-gastritis (similar inflammatory
scores in antrum and corpus), corpus-predominant gastritis
with or without the presence of gastric atrophy, and intestinal
metaplasia either in the antrum or corpus of the stomach
[32]. All GC patients had histopathological documentation of

] Gastrointestin Liver Dis, December 2018 Vol. 27 No 4: 363-369

gastric adenocarcinoma. The inclusion criterion for the study
population was no previous history of H. pylori eradication.
H. pylori status was determined by testing for anti-H. pylori
IgG antibodies in serum using the ELISA method. The results
were interpreted according to the locally established titers.

In total 1178 individuals were included in the study (511
controls, 340 AG patients and 327 GC patients): 634 subjects
were from Latvia (383 controls, 112 AG, 139 GC), 302 from
Germany (62 controls, 138 AG, 102 GC) and 242 from
Lithuania (66 controls, 90 AG, 86 GC). All patients included
in the study were of European descent. The study was approved
by the Ethics Committee of the Lithuanian University of
Health Sciences (Protocol no. BE-2-10), Central Medical
Ethics Committee of Latvia (Protocol no. 01-29.1) and Ethics
Committee of the Otto-von-Guericke University Magdeburg
(Protocols No. 63/08 and 34/08). The research was carried out
in accordance with the Helsinki Declaration. Informed consent
was obtained from all the persons participating in the study.

DNA extraction and genotyping

Genomic DNA from samples was extracted from peripheral
blood mononuclear cells using the salting-out method and
stored at -20°C until analysis as described previously [33].
TLRI C>T rs4833095 and PRKAAI1 C>T rs13361707 SNPs
were genotyped by the real-time polymerase chain reaction
(RT-PCR) using TagMan® assays with a 7500™ real-time cycler,
in accordance with the manufacturers instructions (Life
Technologies, Carlsbad, California, USA). Dubious samples
underwent repetitive genotyping analysis.

Statistical analysis

Statistical analysis was performed using the PLINK
software (version 1.07). Distribution of observed and expected
genotypes was examined for consistency with Hardy-Weinberg
equilibrium. For comparisons of allele frequencies between
controls and cases Pearson’s goodness-of-fit test x> was used.
Logistic regression analysis with adjustment for age, sex
and H. pylori infection presence was performed to estimate
the association between SNP alleles and genotypes with
development of AG, GC and H. pylori infection. Analysis
was performed estimating allelic, genotypic, recessive and
dominant models. Odds ratios and 95% confidence intervals
are presented. Categorical data are expressed as absolute
numbers with percentages. Age is shown as a mean with
standard deviation. Differences were considered statistically
significant when p<0.05.

RESULTS

Study group

Characteristics of the study groups are presented in Table
I. Males were dominant in the GC group (65.4 %), while
females were more prevalent in control (70.8 %) and AG
(62.9 %) groups (p<0.001). Average age of controls was 47.16
years, in AG group 60.74 years and in GC group 65.49 years
(p<0.001). Males were more prevalent in H. pylori positive
(64.9%) than in H. pylori negative group (53.9%) (Table I).
Country of origin was distributed equally between H. pylori
positive and negative cases. H. pylori distribution (H. pylori
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Table I. Characteristics of study groups

Control Atrophic Gastric P value'? H. pylori H. pylori P value'?
group gastritis group  cancer group negative cases  positive cases

(n=511) (n=340) (n=327) (n=481) (n=697)
Gender (n, %)
Males 149 (29.2) 127 (37.4) 214 (65.4) <0.001 169 (35.1) 321 (46.1) <0.001
Females 362 (70.8) 213 (62.6) 113 (34.6) 312 (64.9) 376 (53.9)
Age (years)
Mean + SD 47.16x17.3 60.74+13.4 65.49+13.0 <0.001 55.41+17.9 56.70+16.6 0.205
Country (n, %)
Latvia 383 (75.0) 112 (32.9) 139 (42.5) 251(52.2) 383 (55.0)
Germany 62 (12.1) 138 (40.6) 102 (31.2) <0.001 133 (27.7) 169 (24.2) 0417
Lithuania 66 (12.9) 90 (26.5) 86 (26.3) 97 (20.2) 145 (20.8)

! Statistical analysis of age distribution performed using ANOVA; ? Statistical analysis of gender and country distribution

performed using the Chi-Square test.

positive and negative cases) in the control group was 52.3 %
and 47.7 %, in AG group 59.4 % and 40.3%, and in GC group
69.7 % and 30.3 %,, respectively. In order to prevent potential
confounding effects of gender, age and H. pylori infection
presence, these factors were included as covariates in logistic
regression analysis.

Hardy-Weinberg equilibrium

The studied SNPs were tested for Hardy-Weinberg
equilibrium. Results are presented in Table II. Determined
and expected frequency of two SNPs distribution of genotypes
did not differ and were in agreement with HWE expectation
rs4833095, p=1; rs13361707, p=0.653 (Table II).

Association of TLR1 and PRKAA1 SNPs with atrophic
gastritis and gastric cancer

Table III summarizes frequencies of both SNPs alleles and
genotypes in controls, AG and GC patients. TLR1 rs4833095
allele C frequency in GC group was 17.0 %, while in the
control group was 13.3 %. This increase was statistically
significant and revealed an increased risk for GC (aOR =1.64,
95 % CI: 1.17-2.29, p=0.004, Table III). Furthermore, TLRI
rs4833095 genotype TC was found in 29.7 % of GC patients
compared to 22.3 % of controls (p=0.002). TC genotype and
dominant inheritance models showed association with GC
withaOD =1.89, 95 % CI: 1.26-2.83, p =0.002, and aOD=1.86,
95 % CI 1.26-2.75, p=0.002. Genotypes and alleles of PRKAA I
rs13361707 were distributed similarly between controls, AG
and GC patients. No significant associations were found
(Table III).

Table II. Analysis of Hardy-Weinberg equilibrium

Association of TLRI1 and PRKAAI SNPs with the
presence of H. Pylori infection

Table IV summarizes frequencies of both SNPs (TLRI
rs4833095 and PRKAAI rs13361707) alleles and genotypes
in H. pylori negative and positive cases. Overall, genotypes
and alleles frequencies of both polymorphisms did not differ
between H. pylori positive and negative cases and no significant
associations were determined (Table IV).

DISCUSSION

Genetic predisposition appears to be crucial for the
development of different gastrointestinal cancers with the new
riskloci being identified every year [6, 34]. We hypothesized that
TLRI rs4833095 identified in a recent H. pylori susceptibility
GWAS and PRKAA1rs13361707 identified ina GC GWAS may
contribute to the progression of AG and GC in a population of
European descent. We genotyped these two polymorphisms
in 327 GC patients, 340 AG cases and 511 controls. We found
that TLRI SNP rs4833095 was significantly associated with GC
in a European descent population; however, this SNP was not
linked with the susceptibility to H. pylori infection and was
not associated with the risk of AG. Meanwhile, we found no
associations between polymorphism in PRKAAI rs13361707
and H. pylori infection, neither in AG nor GC groups. To our
best knowledge, this is the first replication study in European
populations of the genetic variant TLRI rs4833095 identified in
H. pylori susceptibility GWAS. It must be pointed out that these
SNPs also have not been investigated previously in patients
with H. pylori induced gastritis.

Single nucleotide Allele frequencies Genotype Determined Expected p value
polymorphism distribution frequency of frequency of
(SNP) heterozygous heterozygous
allele allele
rs4833095 C (0.146) T (0.854) 25/295/858 0.250 0.250 1
(CC/CT/TT)
rs13361707 T (0.264) C(0.736) 79/465/634 0.395 0.389 0.653
(TT/TC/CC)
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Table III. Genotype and allele frequencies of TLRI C>T (rs4833095), PRKAA1 C>T (rs13361707) and association with
atrophic gastritis and gastric cancer.

Alleles/ genotypes Controls Atrophic gastritis group (n=340) Gastric cancer group (n=327)

(n=511)

n (%) n (%) aOR (95% CI) P n (%) aOR (95% CI) P

rs4833095
TLR1 C>T
T 886 (86.7) 582 (85.6) 543 (83.0)
C 136 (133) 98 (14.4)  1.19(0.88-1.61) 0254 111(17.0) 1.64 (1.17-2.29)  0.004
TT 386 (75.5) 249 (73.2) 1 (Reference) 223 (68.2) 1 (Reference)
TC 114 (22.3) 84 (24.7) 1.27 (0.89-1.82)  0.186 97 (29.7) 1.89 (1.26-2.83) 0.002
cC 11(22) 7(2.1) 1.08 (0.39-2.98)  0.882 7(2.1) 1.62 (0.56-4.69)  0.371
CC+TC/TT 1.26 (0.89-1.77)  0.199 1.86 (1.26-2.75) 0.002
CC/TC+TT 1.02 (0.37-2.80) 0.969 1.36 (0.48-3.91) 0.564
rs13361707
PRKAAI C>T
T 263 (25.7)  205(30.1) 123(0.97-1.57)  0.091  155(23.7)  0.87(0.65-1.16)  0.349
C 759 (74.3) 475 (69.9) 499 (76.3)
TT 31(6.1) 29 (8.5) 1.68 (0.92-3.07)  0.094 19 (5.8) 0.87 (0.40-1.86) 0.717
TC 201(39.3) 147 (432) 1.17(0.85-1.60) 0.336 117(35.8) 0.82(0.57-1.18)  0.288
CC 279 (54.6) 164 (48.3) 1 (Reference) 191 (58.4) 1 (Reference)
TT+TC/ CC 1.23 (0.91-1.66) 0.181 0.83 (0.58-1.17) 0.287
TT / TC+CC 1.56 (0.87-2.82)  0.136 0.94 (0.45-1.99) 0.874

aOR, adjusted odds ratio; CI, confidence interval; significant p values are marked in bold.

Innate immune responses mediated by TLRs induce early  associated with susceptibility and outcomes in a number of
inflammatory responses to pathogen and damage-associated  infectious and noninfectious disease states [35]. Association
molecular patterns. Genetic variation in TLRs has been  between TRL1 rs4833095 and tuberculosis susceptibility [36,

Table IV. Genotype and allele frequencies of TLRI C>T (rs4833095), PRKAAI C>T (rs13361707) and
association with H. Pylori infection presence.

Alleles/genotypes  H. pylori negative  H. pylori positive

cases (n=481) cases (n=697)
n (%) n (%) aOR 95% CI p value

rs4833095
TLR1 C>T
T 819 (85.1) 1192 (85.5)
C 143 (14.9) 202 (14.5) 0.966 (0.764-1.220) 0.770
TT 349 (72.6) 509 (73.0) 1 (Reference)
TC 121 (25.2) 174 (25.0) 0.980 (0.747-1.284) 0.881
CC 11(2.2) 14 (2.0) 0.871 (0.389-1.951) 0.737
CC+TC/TT 0.971 (0.746-1.262) 0.823
CC/TC+TT 0.876 (0.392-1.955) 0.746
rs13361707
PRKAAI C>T
T 251 (26.1) 372 (26.7) 1.051 (0.870-1.271) 0.605
C 711 (73.9) 1022 (73.3)
TT 29 (6.1) 50(7.2) 1.230 (0.756-2.003) 0.405
TC 193 (40.1) 272 (39.0) 0.995 (0.778-1.271) 0.965
CC 259 (53.8) 375 (53.8) 1 (Reference)
TT+TC/CC 1.025 (0.810-1.297) 0.836
TT/TC+ CC 1.233 (0.766-1.985) 0.388

aOR, adjusted odds ratio; CI, confidence interval.
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37], increased risk of IgA nephropathy [38], Crohn’s disease
and ulcerative colitis [39], susceptibility for alopecia areata [40],
increased mortality in patients with sepsis following traumatic
injury [35] have been found in various studies. The discovery
of association between TLRI SNP rs4833095 and H. pylori
seroprevalence in a GWAS in European descent population
[20] was replicated in the Thai population: the TLR1 rs4833095,
C allele was associated with a significantly increased risk for
H. pylori infection [19]. Moreover, the above mentioned SNP
along with TLR10 rs10004195 was associated with GC in
H. pylori infected subjects in a Malaysian population [18].
Interestingly, in a Chinese population with a high risk of GC,
TRLI rs4833095 and TLR10 rs10004195 were associated with
adecreased risk of H. pylori infection and precancerous gastric
lesions [41]. Our study also revealed an association between
TLRI rs4833095 and GC, but we did not find the association
of this SNP with a susceptibility to H. pylori infection or
presence of AG.

PRKAAI rs13361707 has been evaluated in several GC
genetic association studies [16, 21, 24-27, 42-47], following
identification of this SNP as a risk factor for non-cardia
GC in GWAS in 2011 [22]. The systematic review and
meta-analysis by Mocellin et al. (2015) supported the link
between PRKAAI rs13361707 and an increased risk of non-
cardia subtype GC [46]. Additionally, some studies have
also reported associations between PRKAAI and GC [16,
21, 23, 24, 26]. Recently, PRKAA1 SNP was identified in a
GWAS in Iceland as a risk factor for GC [25]. In contrast,
the results of a recent meta-analysis (2017) showed that
PRKAAI rs13361707 was not significantly associated with a
GC risk in an Asian population [27]. These findings support
our study results since we did not find the PRKAAI gene
association with the development of GC. Conflicting data of
published studies might appear due to various causes. First
of all, different ethnic backgrounds may impact the risk of
different diseases [42, 48]. Secondly, GC risk is influenced
both by environmental and genetic factors [25]. The study by
Eom et al. [43] showed that H. pylori infection, CagA status,
and PRKAA1I polymorphisms were risk factors for GC in
Koreans, and that the combination of two of these factors
rather than their independent effects synergistically increased
the risk. Finally, combined polymorphisms, instead of single
low-penetrance variations in susceptibility, may lead to high-
risk classification for specific populations [42].

This study has some limitations that need to be discussed.
First of all, the small sample size and small subgroups of diffuse
and intestinal cancer might be too small to carry out sub-group
analyses. Due to the same reason, we could not perform sub-
analyses between cancers located at different anatomical sites
(e.g. cardia cancer versus distal GC). Furthermore, within the
genetic association analysis of H. pylori IgG seropositivity, the
presence of GC or AG might have a certain bias to the results
and requires evaluation in larger independent cohorts. We
also did not have complete data on other risk factors such as
smoking and drinking status and we could not include them
in the multifactorial analyses. Since published data on the two
SNPs are partly contradictory, larger studies with subgroup
analyses would be desirable.

CONCLUSIONS

TLRI rs4833095 SNP is associated with an increased risk of
GCin a population of European descent, while polymorphism
in PRKAAI gene is not linked with the presence of GC. Both
genetic polymorphisms have no association with H. pylori
infection susceptibility and the risk of AG.
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