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Abstract: Genetic polymorphisms at the IL-1 cluster are associated with increased Helicobacter pylori
(H. pylori)-associated disease risk in an ethnically dependent manner. Due to the corroborated
role of IL-1f in H. pylori infection progression, our aim is to depict the impact of IL1B rs1143627
and rs16944 as well as the ILIRN variable number of identical tandem repeats (VNTR) on the
clinical and biological features of Moroccan H. pylori-infected patients. A total of 58 patients with
epigastralgic pain were referred to the gastroenterology department for histopathological and clinical
analysis. DNA extraction from antrum and fundus biopsies and PCR-RFLP were performed to
detect polymorphisms. As a result, VNTR was significantly associated with IL-13 antrum levels
(p-value = 0.029), where the *1/*4 genotype showed a positive association with upregulated cytokine
levels in the antrum and was clustered with H. pylori-infected patients’ features and higher levels of
IL-1p in the antrum and fundus. Likewise, *1/*1 genotype carriers clustered with severe gastritis
activity and H. pylori density scores along with low levels of IL-1p in the antrum and fundus,
while the *1/*2 genotype was clustered with non-infected-patient features and normal IL-13 levels.
In conclusion, VNTR might be an interesting predictor to identify patients at risk of developing
H. pylori-associated pathologies.

Keywords: Helicobacter pylori; IL-1(3; IL-1 polymorphism; rs1143627; rs16944; ILIRN VNTR

1. Introduction

Helicobacter pylori (H. pylori) is a spiral gram-negative bacterium with flagella, classified
by the World Health Organization (WHO) as a class I carcinogen [1,2]. H. pylori infects
the stomach of half the world’s population and almost two-thirds of people in developing
countries. This infection varies by country, age, ethnicity, promiscuous conditions, and
hygiene. It can trigger a plethora of pathologies from overlying simple asymptomatic
gastritis to more serious pathologies such as gastric cancer [3]. These pathologies are
related to the severity of the inflammation and depend on the complex interaction between
H. pylori, host immune response and environmental factors [4]. In Morocco, this infection
presents a prevalence of 69.2% and represents a major public health problem [5].
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H. pylori-induced inflammatory response results in the secretion of a wide panel of
inflammatory cytokines by epithelial and immune cells, such as interleukin-1 (IL-1f3),
which is a pleiotropic pro-inflammatory cytokine. IL-1f3 is involved in the initiation and
amplification of the inflammatory response during H. pylori infection, as well as in the
modulation of the secretory function of gastric epithelial cells (CEG), acting as a potent
inhibitor of stomach acid secretion, which is necessary for the digestion and elimination of
ingested bacteria [6,7]. The overexpression of IL-13 was recently identified as a signature
of the intestinal metaplasia stage in the fundus of H. pylori-infected patients, an advanced
stage that could progress toward gastric cancer [8].

On the chromosome 2q14.2, the IL1 gene cluster is subject to different polymorphisms
(Figure 1). This cluster comprises IL1A, IL1B, IL1F7, IL1F9, IL1F6, IL1FES8, IL1F5, IL1F10
and IL1RN. Previous studies have demonstrated that the single-nucleotide polymorphism
(SNP) at the —31 and —511 positions of the IL-1f3 gene, IL-1B-31 C/T (rs1143627) and
IL-1B-511 T/C (rs16944), as well as the Interleukin-1 receptor antagonist (IL-Ra) gene’s
variable number of identical tandem repeats (VNTR) influence IL-13 expression and might
predict the prognosis of H. pylori-infected patients [9]. Furthermore, epidemiological
studies have emphasized that ethnicity can greatly impact the level of this cytokine’s
secretion and its involvement in the H. pylori-associated physiopathology through various
polymorphisms [9-11]. Controversially, certain populations have shown no significant
association between polymorphisms and H. pylori-associated pathologies [12,13].
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Figure 1. Representation of the IL1 genes cluster, where genes are represented by the boxes and
placements of polymorphisms of interest are visualized. In the figure, distances of each gene are not
representative of their actual length.

To our knowledge, no studies have investigated the association of IL-1f3 polymor-
phisms and the evolution of H. pylori infection in the Moroccan population. Consequently,
the main objective of this work is to determine the impact of the three IL-1-associated
polymorphisms cited above on Moroccan H. pylori-infected patients.

2. Material and Methods
2.1. Ethics Statement

This research was conducted according to the principles set out in the Declaration of
Helsinki and in local ethical guidelines. This study was approved by the Ethics Committee
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for Biomedical Research, Ibn Rochd Hospital, Casablanca, Morocco. Written informed
consent was obtained from all patients.

2.2. Patients

Fifty-eight patients referred for an upper gastrointestinal endoscopy to diagnose the
cause of abdominal pain were recruited by the Gastroenterology Department of Ibn Rochd
Hospital at Casablanca and the military hospital in Rabat, Morocco.

Patients who had undergone previous gastroduodenal surgery, who had been treated
to eradicate H. pylori or who had taken proton-pump inhibitors or anti-inflammatory drugs
during the 3 months preceding the endoscopy were excluded from the present study. The
medical history was obtained from each patient included in our study. A total of 6 biopsies
were taken from each patient, 3 from the antrum and 3 from the fundus. The biopsies
were separately processed to perform histopathological analyses and extract DNA. The
tissue sampling procedures as well as the method of sample handling were identical for
the biopsies from the antrum and the fundus.

2.3. Histopathological Analyses

Routine histopathological analyses were carried out on the gastric mucosal tissues in
the anatomopathological department of the CHU Ibn Rochd at Casablanca or the military
hospital in Rabat and were assessed according to the updated Sydney system [14]. Briefly,
the gastric mucosal tissue samples were fixed in 10% formalin for 24 h and embedded in
paraffin. Sequential 3-5 um sections were cut and stained with hematoxylin—eosin and
modified Giemsa.

2.4. DNA Extraction

Biopsies intended for the genomic DNA extraction were homogenized using a spatula
in sterile Eppendorf tubes and then lysed with lysis buffer containing 20uL of proteinase
K at 20 mg/mL (600 U/mL) overnight (14 h) at 56 °C. Genomic DNA isolation from cell
lysates was carried out using the standard phenol-chloroform protocol.

2.5. PCR-RFLP Assay

The study of the IL1 cluster gene polymorphisms, IL1B at positions —31 and —511,
was carried out through restriction enzyme digestion, while ILIRN VNTR was detected
with PCR. The primers used for the three polymorphisms are cited in Table 1. The PCR was
carried out in a final volume of 25 uL containing 150 ng of DNA, 0.4 uM of each primer
(New England Biolabs), 10 mM dNTP (New England Biolabs) and 1 U Tag-polymerase
(One Taq, New England biolab). The PCR program for the amplification of the two SNPs
was, in turn, started with denaturation at 94 °C for 5 min, 94 °C for 30 s, 56 °C for 30 s,
72 °C for 30 s (35 cycles) and, finally, at 72 °C for 5 min. The digestion was performed by
both restriction enzymes aval (C | YCGRG) for the SNP at position —511 and alul (AG|CT)
for the SNP at position —31. A total of 15 pL of the amplified products was digested with 5U
of one of the restriction enzymes (New England Biolabs) at 37 °C for 3 h. Visualization was
carried out on 3% agarose gel. The genotypes were analyzed according to the visualized
fragments (Table 2).

The analysis of VNTR at the ILIRN level was performed with PCR starting with
denaturation at 95 °C for 5 min followed by 35 cycles at 95 °C for 30 s, at 50 °C for 30 s
and at 72 °C for 30 s and, lastly, elongation at 72 °C for 5 min. The different alleles were
identified according to the size of the fragment amplified. The 410 bp band was classified
as allele 1, the 240 bp band was classified as allele 2, the 500 bp band was classified as allele
3, the 325 bp band was classified as allele 4 and the 595 bp band was classified as allele 5.
The amplicons were visualized on a 2% agarose electrophoresis gel in the presence of 2 L.
BET under ultraviolet light.
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Table 1. Primers used for PCR.

Rs16944 (—511) 5-TGGCATTGATCTGGTTCATC-3’
5'-GTTTAGGAATCTTCCCACTT-3
5-AGAAGCTTCCACCAATACTC-3’
5-AGCACCTAGTTGTAAGGAAG-3
5/-CCTCAGCAACACTCCTAT-3'
5'-TCCTGGTCTGCAGGTAA-3’

Rs1143627 (—31)

IL-1RN VNTR [15]

Table 2. Description of visualized fragments after RFLP.

IL-1B —31C/T 137 pb + 102 pb 238 pb + 137 pb + 102 pb 238 pb
IL-1B —511 T/C 304 pb 304 pb+190pb +114pb 190 pb + 114 pb

2.6. Statistical Analysis

Statistical analyses were performed in R software environment version 4.2.1. To
determine the patient distribution, a detailed table (Table 3) including all the variables of the
study was generated using the “crosstable” function, and the differences’ significance was
analyzed through a t-test and x2 test for age and other categorical variables, respectively.

Table 3. Distribution of patients according to H. pylori infection status. The scores were accorded as
reported in the Sydney classification [14].

Non-Infected

Infected (N = 51) (N=7) p-Values
45.9 40.6 0.4703
F 21 (91.30) 2 (8.70)
0.5226
M 30 (85.71) 5 (14.29)
Urban 47 (88.68) 6 (11.32)
0.569
Rural 4 (80.00) 1 (20.00)
FS 6 (100.00) 0 (0)
NS 40 (88.89) 5(11.11) 0.2646
S 5 (71.43) 2 (28.57)
HPO 0 (0) 7 (100.00)
HP1 18 (100.00) 0 (0) b
HP2 23 (100.00) 0(0) 1572 > 10
HP3 10 (100.00) 0 (0)
PNNO 16 (76.19) 5 (23.81)
PNN1 16 (100.00) 0 (0)
0.1402
PNN2 15 (88.24) 2 (11.76)
PNN3 4 (100.00) 0 (0)
C allele 10 (90.91) 1 (9.09%)
0.7363

T allele 41 (87.23) 6 (12.77)
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Table 3. Cont.

Infection Status N (%)

Infected (N = 51) NOI(I;I;f;;ted p-Values
_511 SNP C allele 43 (86.00) 7 (14.00)
(Rs_511) T allele 8 (100.00) 0 (0) 02591
*1/*1 40 (88.89) 5 (11.11)
VNTR *1/*2 8 (80.00) 2 (20.00) 0.5935
*1/*4 3 (100.00) 0(0)
Low 12 (85.71) 2 (14.29)
Gastritis Moderate 33 (86.84) 5 (13.16) 0.6279
severe 6 (100.00) 0 (0)
None 34 (89.47) 4 (10.53)
Low 13 (86.67) 2 (13.33)
Atrophy 0.04721
Moderate 4 (100.00) 0 (0)
severe 0 (0) 1 (100.00)
none 46 (92.00) 4 (8.00)
Metaplasia Low 3 (60.00) 2 (40.00) 0.05687
Moderate 2 (66.67) 1 (33.33)
Gastritis 34 (82.93) 7 (17.07)
Stage Atrophy 13 (100.00) 0(0) 0.2802
Metaplasia 4 (100.00) 0 (0)

“Chi2loop” R-package version 1.1.2 was used to perform iteration chi-square testing
between the categorical variables from the cohort dataset, available on https:/ /github.com/
cdesterke/chi2loop (accessed on 21 September 2022). Data must be converted to a data
frame before running the following functions. Then, the “cltest” function was applied to
perform chi-square iterations between the overall categorical variables, each represented
by a character column. The output was filtered and visualized with an NLP plot (NLP:
negative log10 of chi-square test p-values) through the “nlpplot” function, where only
significant associations were represented. The output was also visualized with variable
community detection with a Louvain classification algorithm network through the “chinet”
function to detect the variables’ clusters.

To determine the eventual association type between polymorphisms and the clinical
and biological features of H. pylori infection, a Mosaic plot [16] was performed through the
“mosaic” function available in the “vcd” package.

At last, and based on the iterative chi-square test, the linked variables to the polymor-
phisms’ cluster were selected, and a multiple correspondence analysis (MCA) [17] was
built with FactoMineR R-package version 2.4. The output was visualized using variable
and grouped map representations to differentiate between the H. pylori-infected patients’
profiles in regards to their exhibited polymorphisms.

3. Results

The patient distribution and polymorphism association with the clinical and biolog-
ical features of H. pylori infection were identified. IL-1B-31 and IL-1B-511 SNPs were
respectively identified as rs_31 and rs_511 for the analysis. IL-1p expression data were
retrieved from our previous work [8] and were converted into five quantiles (IL-1BQ). The
patient distribution according to H. pylori infection is presented in Table 3. No significant
difference between the numbers of infected and uninfected patients is shown in regard to
gender distribution (p-value = 0.52), the region of the patient’s residency (urban vs. rural)
(p-value = 0.57) or smoking habits (p-value = 0.26). As for clinical parameters, the H. pylori
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NLP-plot
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density score and atrophy and metaplasia scores show significant differences between the
infected and uninfected patients (respective p-values = 1.57 x 10-12,0.047, 0.052). Gastritis
activity shows no difference between the infected and non-infected patients (p-value = 0.14).
Regarding direct relations between infection and the three genetic polymorphisms IL1B-31
SNP, IL1B-511 SNP and VNTR, no significance was observed (respective p-values = 0.73,
0.26, 0.59).

In order to determine whether both SNPs and VNTR are associated with other param-
eters such as the characteristics of the patients and the clinical and biological features of
H. pylori infection, univariate iterative chi-square tests were performed with all these cate-
gorical variables cited in Table 3. According to the NLP plot, IL1B-511 SNP was significantly
associated with the other polymorphisms: a great association was noted with IL1B-31 SNP
(p-value = 1.30 x 10°, Figure 2A, Supplementary Table S1) and to a lesser extent with VNTR
(p-value = 0.024, Figure 2A, Supplementary Table S1). VNTR was found to be significantly
associated with IL-1 levels in the antrum (p-value = 0.029, Figure 2A, Supplementary
Table S1). In the network, the overall polymorphisms were clustered together (pink) and
were linked to the cluster with both the clinical and biological features of the infection (light
blue cluster) through VNTR (Figure 2A). No direct relations were found between genetic
polymorphisms and epidemiologic parameters like smoking habit and gender (Figure 2A).
The iterative test was processed again, only using variables within the cluster (light blue
cluster) associated with the three polymorphisms to detect the variable communities with
a Louvain classification algorithm and confirm the antrum IL-1§3 levels’ direct association
with VNTR (Figure 2B, Supplementary Table S2).

on Helicobacter pylori cohort Quantiles-Q5

G_activity
gender
HP_density
L1BQ_ANTRUM
rs_511
stage
VNTR

covariates in rows

NLP-plot on Helicobacter pyleri cohort Quantiles-Q5

HP_density

. NLP

rs_511

VNTR

IL1BQ_ANTRUM
1

covariates in rows

Figure 2. Iterative chi-square tests between categorical variables of the study: (A) negative log10
p-value plot (NLP plot) and Louvain clustering network including clinical, epidemiological, genetic
and IL-b parameters; (B) negative log10 p-value plot (NLP plot).
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Because of the association between VNTR and IL-1f at the antrum level, a Mosaic plot
was performed to depict the nature of this association (Figure 3). As a matter of fact, higher
levels of antrum IL-1 were significantly linked to the *1/*4 genotype (p-value = 0.029).

VNSVNTR
/™ /72 /74
= Pearson
g. residuals:
© e 3.2
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=
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S - 20
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[an]
ég
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=] — 12
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p-value =
= 0.029062

Figure 3. Mosaic plot performed on VNTR genotypes and antrum IL-1§3 levels. Blue-colored tiles
reflect a positive association while grey tiles reflect null association.

Genotypes Carrier Stratification According to Clinical and Biological Features

For further insight, an MCA was performed including the variables associated with
the polymorphism cluster, which were the IL-1f3 levels in both the antrum and fundus
and H. pylori density and gastritis activity scores (Figure 2B), and was built accordingly
(Figure 4A,B). Interestingly, the IL1B-511 T and IL1B-31 C alleles were clustered with low
to moderate scores, with higher IL-1 fundic levels. As for VNTR, *1/*2 clustered with
non-infected patient features and both negative gastritis activity and H. pylori density scores
(PNNO and HPO, respectively). The *1/*4 genotype was clustered with patients presenting
low gastritis activity scores (PNN1) and both low and moderate H. pylori density scores
(HP1 and HP2, respectively) with higher levels of IL-1§3 in the antrum and the fundus. The
*1/*1 genotype was closely situated to the cluster of patients with moderate and severe
gastritis activity scores (PNN2 and PNNS3, respectively), severe H. pylori density scores
(HP3) and low levels of IL-1(3 expression in the antrum and fundus (Figure 4).

These results suggest that both IL1B-511 T and IL1B-31 C allele carriers exhibit a range
of low to moderate clinical scores with higher fundic levels of IL-1(3. Most importantly,
VNTR genotypes might stratify patients through their clinical /biological parameters such
as IL-1 levels, gastritis activity and H. pylori density scores.
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Figure 4. Multiple correspondence analysis between polymorphism and associated parameters:
(A) variable representation during the MCA; (B) distribution of the groups during MCA analysis on
the first factorial map.

4. Discussion

IL-18 is a pro-inflammatory cytokine whose overexpression is closely linked to the
development of gastric cancer in H. pylori-infected patients [18]. This association is at-
tributed to its ability to inhibit gastric acid production and to bolster inflammation, thereby
progressing from gastritis towards atrophy, intestinal metaplasia and gastric cancer [6].
According to several studies, some patients are at higher risk to develop this cancer. This
predisposition is explained by an allelic variability induced by the polymorphisms in-
fluencing IL-1 expression, which in turn influences the severity of H. pylori infection
according to the studied population [9]. In fact, IL-13 polymorphism seems to impact the
clinical /biological features of H. pylori infection in an ethnic manner [19,20]. Therefore, we
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aim to determine the impact of IL-1-associated polymorphisms (IL-1B SNPs at —511 and
—31 positions as well as ILIRN VNTR) within a sample of Moroccan patients exhibiting
H. pylori infection.

Our results show that, through iterative chi-square testing, no association was ob-
served between both SNPs IL1B-31/IL1B-511 and the clinical/biological features of
H. pylori infection. The homozygotic T —511 SNP allele has been shown to be associ-
ated with higher gastritis activity scores, while no impact has been shown on H. pylori
density or pathogenesis scores [20]. For better insight, an MCA was built, and its visualized
results show that IL1B-511 T and IL1B-31 C allele carriers exhibit a range of low to moderate
clinical scores with higher fundic levels of IL-1f3. In our previous work, we showed that
higher levels of fundic IL-13 are a signature of metaplasia in H. pylori-infected Moroccan
patients [8]. This advanced stage has been depicted through advanced research as a point
of no return regarding gastric cancer, highlighting the need for early intervention against
H. pylori infection to diminish the risk of developing this neoplasia [21]. These results
suggest that these two allele carriers might be susceptible to developing H. pylori-associated
pathologies, which might progress towards advanced stages because of the higher IL-1f3
levels exhibited by these patients. Other studies have shown that IL1B-511 T allele carriers
exhibit an overexpression of IL-1f3 in the antrum and fundus of Japanese and German
patients following infection by H. pylori [20,22]. As a matter of fact, the IL1B-511 T allele
has been linked to severe gastric inflammation and gastric cancer within Brazilian and
Italian populations [23-25]. Similarly, Taiwanese carriers of the IL-1B-511 T allele have
an increased risk of reflux esophagitis [26]. Nevertheless, Murphy et al. found no evidence
linking a higher risk of developing H. pylori-associated diseases with IL-1B-511 SNP in the
Irish population [27]. As for IL-1B-31 SNP, studies on the Brazilian population suggest
that IL1B-31 C allele carriers may have enhanced IL-1f3 production at the gastric level,
heightening the risk of developing severe chronic gastritis and gastric carcinoma [24,25].
This allele has also been associated with a higher risk of reflux esophagitis within the
Taiwanese population [26].

As for VNTR, patients with different genotypes exhibited distinctive clinical /biological
parameters (IL-1f3 levels, gastritis activity, H. pylori density score). In addition, this poly-
morphism was linked to IL-1(3 at the antrum level, where the *1/*4 genotype showed
a positive association with higher levels of this cytokine in the antrum. At this level, pa-
tients with H. pylori-induced gastritis exhibiting no advanced stage showed higher levels of
IL-13 when compared to non-infected patients [28,29]. In our data, higher levels of IL-1p at
the level of the antrum were exhibited in the early stages such as gastritis (Supplementary
Table S3). According to the H. pylori infection etiology, the gastric antrum serves as a critical
niche for H. pylori infection due to its higher pH [7,14]. Other than that, clinical case studies
have shown that advanced stages are mostly observed at this level and might eventually
progress toward the corpus, which might be explained by this IL-13 upregulation [30]. As
a matter of fact, higher IL-1f3 has been shown to modulate gastrin levels by acting on G
cells, resulting in antral transformation [31]. These overall observations might suggest that
VNTR is able to determine the susceptibility of developing various H. pylori-associated
diseases. Remarkably, *1/*4 genotype carriers might be at higher risk of developing antral
inflammation through elevated IL-1f3 expression. The results of previous studies have
shown that IL-1Ra polymorphism significantly impacts IL-13 expression [20,22]. Differen-
tially from what we found, *2 allele carriers exhibited higher IL-1(3 expression with severe
degrees of inflammation and a close association with atrophy in the antrum and corpus
in Japanese and German populations [20,22]. In the Brazilian population, the *2 allele
exhibited higher levels of IL-1§3 [28]. In the same population, there is an association of this
allele variant with susceptibility to chronic gastritis and gastric cancer [32].

These overall results suggest that within this sample of Moroccan patients, these ana-
lyzed IL-1 polymorphisms might be a potential predictor of H. pylori-associated
disease development.
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5. Conclusions

Because of the response diversity exhibited by H. pylori-infected patients, the necessity
of finding out predictors will extensively help to prevent advanced-stage development.
To our knowledge, the present study is the first to depict the relationship between IL-1
polymorphism and H. pylori clinical features in the Moroccan population, which exhibits
a higher prevalence of H. pylori infection. In fact, ethnicity seems to impact the host
response to H. pylori infection through polymorphism and might predispose certain patients
to develop advanced stages by modulating IL-1p levels. Although a low number of
patients were recruited for this study, our results show that IL1B-511 T and IL1B-31 C allele
carriers might be susceptible to developing H. pylori-associated pathologies. In addition,
and to a further interesting extent, VNTR might be a predicting factor by differentiating
H. pylori-infected patients, pointing out those at risk of developing serious diseases.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390 /microorganisms11020353/s1, Table S1: Iterative chi.square
testing association between each clinical /biological parameters. Table S2: Iterative chi.square testing
association between each clinical /biological parameters. Table S3: Distribution of gastritis according
to IL-13 ANTRUM Levels.
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