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Abstract

In this study, the link between bacterial infection and BCL9 gene methylation
was examined, which is crucial to cancer formation. Also, it examined patients'
gene methylation levels for stomach ulcers, gastritis [acute and chronic], and
duodenal ulcers and cancer risk. Using MS-RT-PCR, BCL-9 methylation was
associated more strongly with clinical variables. Substantial differences in BCL-9
methylation between patients and controls (median 1.368, Interquartile Range
[0.912-1.468] wvs. 1.001, [0.861-1.211], p<0.05). Interestingly, males had
substantially greater BCL-9 methylation levels than females (median 1.186,
Interquartile Range [1.139-1.308] vs. 0.986, Interquartile Range [0.875-1.150],
p<0.05). A significant difference was observed in BCL-9 methylation between
acute and chronic gastritis patients (median 1.213, Interquartile Range [1.083-
1.378] vs. 1.013, Interquartile Range [0.855-1.130], p<0.05), suggesting that
chronic inflammation may impact BCL-9 methylation patterns. BCL-9 methylation
was strongly linked with treatment status (r= 0.293, p<0.01). BCL-9 methylation
was linked to gastrointestinal diseases such as chronic gastritis. This strongly
suggests that BCL9 gene methylation can be detected early. This evidence can be
utilized to create cancer treatment and prevention medicine.

Key Words: Gastric cancer; Helicobacter pylori; DNA methylation; MS-RT- PCR
technology.
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1. Introduction

DNA methylation (epigenetic mark) is a heritable change where DNA methyl-transferases
(DNMTs) covalently transfer a methyl group (CHa) to the fifth carbon atom (C-5) position of
the cytosine ring of DNA [1]. Covalent methylation of cytosine nucleotides, or DNA
methylation, usually takes place in the presence of CpG. Via de-novomethylation (DNMT3A
and DNMT3B) or methyl group removal (TET1, TET2, and TET3), a complex protein
system in the cell writes the pattern of DNA methylation. A number of factors faithfully
duplicate methylation patterns during DNA replication (UHRFID and NMTI1) [2, 3].
Through their interacting microenvironment, Helicobacter pylori infections also cause
genetic or epigenetic alterations in a variety of cell types, including fibroblasts, epithelial
cells, immune cells, and stem cells. About two out of every five individuals will have cancer
at some point in their lives, and the prevalence is still rising globally [4]. They also disrupt
DNA repair pathways, leading to neoplastic transformation, and induce dysregulation of
critical cellular processes like cell division, apoptosis, migration, and motility [5, 6]. The
exact mechanism and reason for the development of precancerous diseases and stomach
cancer as a result of long-term H. pylori infection remain unknown despite extensive research
[7]. Despite new findings linking H. pylori infection, DNA methylation, and stomach cancer,
there are still a number of unanswered questions. These include how bacterial virulence
factors like Cytotoxin-associated gene A (CagA), Vacuolating cytotoxin A (VacA), and cag-
Pathogenicity Island (cagPAl) affect DNA methylation, how they interact with other
epigenetic modifications, and whether or not they can be used as biomarkers for gastric
cancer [8, 9]. Growing data points to B-cell CLL/lymphoma 9 protein (BCL9) involvement in
a number of illnesses, most notably human malignancies [10]. Many types of cancer,
including myeloma, have overexpressed BCL9 [11]. As an oncoprotein, BCL9 primarily
facilitates the growth of cancerous cells by maintaining their division, encouraging their
proliferation and migration, preventing apoptosis, modifying the immune system and tumor
microenvironment (TME), and controlling chromosomal instability and karyotype for tumor
evolution [12 - 14]. Although BCL9 was long thought to be a part of the canonical Wnt
signaling system, more recent research has shown that BCL9 has a variety of roles outside of
the Wnt signaling pathway [15].
Non-coding RNAs have a significant role in controlling BCLY. Two mature, single-stranded
miRNAs, miR-30a-3p and miR-30a-5p, are produced by the double-stranded miR-30a
precursor in gastric cancer. They fulfill important biological roles in two different ways.
Through BCL9, miR-30a-3p controls the nuclear translocation of b-catenin and suppresses
the production of Cyclooxygenase-2 (COX-2). BCLY's untranslated region (3° UTR) is bound
by miR-30a-5p, which thus suppresses BCL9 expression [16]. Furthermore, it is discovered
that the long non-coding RNA (IncRNA) nuclear paraspeckle assembly transcript 1 (NEAT1)
has the ability to sponge miR-30a. NEAT1 and miR-30a (miR-30a-3p and miR-30a-5p) have
a negative correlation. NEATI indirectly increases BCL9Y expression because miR-30a-5p
negatively affects BCL9 expression [17]. According to Elsarraj et al., [18], BCL9 controls
both the direct targets of STAT3, which are integrin b3, COX-2, forkhead box O1 (FOXO1),
p-c-Jun, and EGFR, as well as the upstream regulators of STAT3, which are IGF, PDGF,
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HER2, ERK/MAPK, HGF, ILK, and IL-6. Moreover, a number of tumor suppressors are
upregulated in response to downregulation of BCLY, such as phosphatidylinositol 3,4,5-
trisphosphate 3-phosphatase, dual-specificity protein phosphatase (PTEN), cyclin-dependent
kinase inhibitor 1B (CDKNI1B), and BCL2-associated agonist of cell death (BAD) [19]. In
this research, the relationship of BCLY9 to the development of stomach cancer was
investigated, and many interactions were studied, including clinical and demographic ones. In
addition, the importance and the possibility of exploiting methylation of BCL9 as a biomarker
for stomach cancer with possibility of exploiting it as a diagnostic and therapeutic target was
demonstrated.

2. Materials and Methods
Clinical specimens

The 100 specimens in this study are split into 40 samples (control group), consisting of
roughly healthy individuals who have not been diagnosed with digestive system diseases.
Both males and females, aged 18 to 76, were represented. Additionally, 60 samples of male
and female patients with a range of ages (19—71) who displayed digestive system symptoms
and signs (diarrhea, vomiting, weight loss, and indigestion) were included in this
investigation. Face-to-face procedures were used for the patient interviews. A number of
questions about each patient's clinical picture, past medical history, demographics, previous
therapies, and family history were included in the questionnaire. Through the specialist
physicians, an endoscopy of oesophago-gastroduodenoscopy (OGD) was performed in the
digestive system unit/Fallujah Hospital/ Anbar/ Fallujah in the period from 14- March- 2023
to 15- September- 2023. They were accurately diagnosed by a physician through histological
examination as suffering from a stomach disorder. A biopsy was also taken to detect, isolate,
and molecularly diagnose H. pylori. The specimens were immersed in the medium and
allowed to incubate at room temperature (RT) aerobically. After incubation for 10 minutes, 1,
2, and 24 hours, the test result is visible. According to Uotani and Graham, the development
of a pink-red or red-violet color denotes positive results [19].

The Methylation Specific-Real-Time amplification (MS-RT-PCR) for BCL9

Using the Monarch® Genomic DNA Purification Kit Reagent procedure from New England
Biolabs/ USA, genomic DNA was extracted from the 100 biopsy samples that were collected.
Using a DNA MethylEdge™ Bisulfite Conversion System (Promega Corporation, USA),
through which all extracted DNA was treated with this substance, in order to detect CpG
islands.

Then, using MS-RT-PCR technology and using primers that were specifically designed
to determine the methylation promoter in BCLY gene to detect methylation pattern; these
primers were arranged as follows:

e BCLYLeftM 5'- GCGTAGTTAGGTTAAGTTTGCGA - 3'

e BCL9Right M 5'-TTCTAACTCCCCCTCTTACTACGAT - 3'
e BCLY9LeftU 5'- GTGTGTAGTTAGGTTAAGTTTGTGA - 3'
e BCLY9RightU  5-'TTCTAACTCCCCCTCTTACTACAAT - 3'

The MS-RT-PCR technology was accomplished using a SimpliAmp Thermal Cycler
Applied Biosystem/ USA, where the active ingredients were mixed to obtain the final volume
(20 pL), and the technique was completed carefully and with high accuracy. Using SYBR
Green PCR SuperMix, Synthol / Russia, components were SYBR Green PCR Master Mix
(10 pL), MgCl (1 pL), forward primer (1 pL), reverse primer (1 puL), nuclease- free- water (5
pL), and DNA (2 pL).
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MS-RT-PCR protocol

Three major steps that make up MS-RT-PCR were performed in each cycle for a real-time
PCR reaction. Reactions were normally run for 45 cycles, except for the first step, which is
only done in one cycle. The procedure was performed in sterile conditions and included the
following stages: initial denaturation at 95°C for 5 min one cycle; denaturation 95°C for 20
sec., annealing at 59 °C for 20 sec., and extension at 72 °C for 20 sec.

Statistical analysis

Statistical analysis was carried out using GraphPad Prism 8 (GraphPad Software, CA,
USA). Continuous variables, such as age, were presented as the median and interquartile
range (IQR), while categorical variables, including sex, smoking status, comorbidities,
residence, H. pylori infection, and medical treatment, were presented as frequencies and
percentages. Additionally, Pearson correlation coefficients were calculated to assess
relationships between various clinical, molecular, and epigenetic factors, and the results were
visualized using a correlation matrix and heatmap. Promoter DNA methylation levels of CpG
island BCL-9 were compared between different groups using Mann-Whitney U tests. A p-
value<0.05 was regarded as statistically significant for all statistical tests.

3. Results and discussion
Demographic and clinical characteristics

Out of 100 participants in the current study, sixty patients had various gastric diseases
(Table 1). There was no discernible difference in the groups' median ages (p=0.813), with the
control group's median age being 42 years (interquartile range, IQR=25.3) and the patient
group's median age being 38 years (IQR=21.8). Furthermore, there was a comparable gender
distribution in both groups: in the control group, there were 37.5% males and 41.7% females,
while in the sick group, there were 46.7% males and 53.3% females (p=0.414). The
proportion of smokers was also relatively similar in both groups, with 30% of participants
being smokers and 70% being non-smokers (p=0.999). The proportion of patients with
comorbidities was higher in the patient group (40%) than in the control group (22.5%),
although the difference was not statistically significant (p=0.084). The distribution of
residence was also similar between the groups, with 57.5% of the control group and 55% of
the patient group residing in urban areas, while 42.5% and 45% resided in rural areas,
respectively (p=0.840). A notable difference was observed in the prevalence of H. pylori
infection between the two groups. While none of the participants in the control group tested
positive for H. pylori infection, a significant proportion (88.3%) of the patient group was
found to be infected (p=0.001). Lastly, the proportion of participants receiving medical
treatment was comparable between the control group (10%) and the patient group (63.3%),
with no significant difference observed (p=0.834).

The frequency and percentage of patients with various gastric conditions in the patient
group, are presented in Figure 1A. Gastritis was the most prevalent condition, affecting
51.7% of patients, followed by gastric cancer (23.3% of patients), duodenal ulcers (13.3% of
patients), and gastric ulcers (11.7% of patients). Furthermore, the distribution of these
conditions by sex is depicted in Figure 1B. Notably, gastritis was equally prevalent among
males (16 patients) and females (15 patients), while duodenal ulcers were more common in
females (6 patients) compared to males (2 patients), but without any significant differences.
Gastric cancer affected an equal number of males and females (7 patients each), and gastric
ulcers showed a similar distribution, with 3 male and 4 female patients. Moreover, the age-
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wise distribution of these gastric conditions is illustrated in Figure 1C. Interestingly, gastritis
was more prevalent in patients aged 40 years or younger (21 patients) compared to those over
40 years (10 patients). In contrast, gastric cancer was more common in patients over 40 years
(10 patients) than in those aged 40 years or younger (4 patients). Gastric ulcers and duodenal
ulcers showed a similar distribution across both age groups, with 3 and 4 patients aged 40
years or younger and 4 patients each in the over 40 years age group, respectively.

Table 1: Demographic and clinical characteristics of the study participants.

Controls (n= 40) Patients (n= 60) P
Age, years 42 (25.3) 38 (21.8) 0.813
Sex
Male 15 (37.5) 28 (46.7) 0.414
Female 25 (41.7) 32 (53.3)
Smoking status
Smoker 12 (30) 18 (30) 0.999
Non-smoker 28 (70) 42 (70)
Comorbidities
Present 9 (22.5) 24 (40) 0.084
Absent 31 (77.5) 36 (60)
Residence
Urban 23 (57.5) 33 (55) 0.840
Rural 17 (42.5) 27 (45)
H. pylori infection
Positive 0(0) 53 (88.3) 0.001
Negative 40 (100) 7(11.7)
Medical treatment
Yes 24 (10) 38 (63.3) 0.834
No 16 (90) 22 (36.7)

The age is presented as median (and interquartile range, IQR), and categorical data (sex,
residence, comorbidities, and smoking status) are presented as frequencies (and percentages).
P-values were calculated using a Mann Whitney’s U test for age and Fisher’s exact test for
categorical data.
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Figure 1: Distribution of gastric conditions among patients: A) Frequency and percentage of
patients with gastric ulcers, gastritis, gastric cancer, and duodenal ulcers, B) Distribution of
gastric conditions by sex, and C) Age-wise distribution of gastric conditions, categorized into
patients aged 40 years or younger and those over 40 years.
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Figure 2: Each curve in this graph represents an instantaneous state measured at each RTq-
PCR cycle, indicating amplification of the target DNA sequence.
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The number of cycles (from 0 to 45) is shown on the x-axis for each RTq-PCR cycle
performed as the target DNA is amplified exponentially. The y-axis indicates the levels and
amounts of fluorescence, which increase in direct proportion as DNA is amplified. The Ct
value represents the point where the curve intersects with the threshold line. A) Amplification
curve for BCLY9 Methylated samples. B) Amplification curve for BCL9 Unmethylated
samples.

DNA methylation

The amplification curve for the hundred BCL9 Methylated samples is displayed in Figure
2 A. The Ct value ranged from (22.899— 44.321). The amplification curve for the hundred
BCLY9 Unmethylated samples is shown in Figure 2 B, with a Ct value ranging from (26.881—
40.132). The current study investigated DNA methylation patterns of CpG island BCL-9 in
relation to clinical and pathological factors in gastric disease. According to Muhammad et al.,
[21], DNA methylation is the primary epigenetic change in cancer cells. Epigenetic
dysregulation is a hallmark of cancer.
According to Wu et al., [22], BCL9 is regarded as a crucial developmental regulator and a
proven oncogenic driver in a variety of cancer types, mostly by enhancing Wnt/b-catenin
signaling. The results are summarized in Table 2 and visualized in Figure 3 for BCL-9. BCL-9
methylation showed more pronounced associations with certain clinical factors (Table 2 and
Figure 3). There was a significant difference in BCL-9 methylation between patients and
controls (median 1.368, IQR [0.912-1.468] vs. 1.001, [0.861-1.211], p<0.05), several
noteworthy associations was observed. Most strikingly, BCL-9 methylation levels were
significantly higher in males compared to females (median 1.186, IQR [1.139-1.308] vs.
0.986, IQR [0.875-1.150], p<0.05). Additionally, a significant difference was found in BCL-9
methylation between acute and chronic gastritis cases (median 1.213, IQR [1.083-1.378] vs.
1.013, IQR [0.855-1.130], p<0.05), which suggests that the chronicity of inflammation may
influence BCL-9 methylation patterns. BCL9 acts as a co-activator for B-catenin, a central
component of the Wnt signaling pathway. When Wnt ligands bind to their receptors, B-
catenin is stabilized and translocates to the nucleus, where it partners with TCF/LEF
transcription factors to activate target genes that promote cell proliferation and survival [23].
Other factors such as age, smoking status, residence, chronic disease status, and treatment
status did not significantly correlate with BCL-9 methylation (all p>0.05). Infection with H.
pylori showed a difference in the methylation level of the gene, but statistically, it is small
and does not reach a significant difference (p=0.760). This is often explained by the fact that
infection with bacteria slightly affects the methylation level of this gene. The risk of gastric
cancer (GC) is associated with DNA methylation in the stomach mucosa caused by H. pylori.
On the other hand, the CpG island methylator phenotype (CIMP) is characterized by elevated
levels of methylation specific to cancer and offers unique molecular and clinicopathological
aspects of GC [24]. Also, in this study, it became clear that there is no significant difference
between cancerous and non-cancerous cases, even though there is a small difference between
them (median 1.149, IQR [0.959-1.237] vs. 1.140, IQR [0.885-1.323], p=0.839). The
methylation status of BCL9 could serve as a potential biomarker for gastric cancer. Detecting
BCL9 methylation may help to assess the aggressiveness of the tumor and could aid in
prognostic evaluations.
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Table 2: DNA methylation levels of BCL-9 in relation to clinical and pathological factors in
gastric disease.

BCL-9 methylation (2-2A¢Y)

Clinical and Pathological factors

Median (IQR) p-value
DNA methylation
Control 1.001 (0.861-1.211) 0.041
Patients (All) 1.368 (0.912-1.468) )
Sex
Male 1.186 (1.139-1.308) 0.001
Female 0.986 (0.875-1.150) )
Age
<40 years 1.149(0.886-1.296) 0.969
>40 years 1.139(1.013-1.216) )
Smoking status
Smoker 1.218(1.171-1.291) 0.070
Non-smoker 1.105(0.904-1.208) )
Residence
Urban 1.130(0.891-1.213) 0.445
Rural 1.149(1.013-1.292) )
Chronic disease
Yes 1.153(0.886-1.240) 0.866
No 1.149(0.959-1.237) )
Treatment
Yes 1.128(0.901-1.283)
No 1.176(1.020-1.217) 0.703
Diseases
Cancers 1.140(1.036-1.221) 0.839
Non-cancers 1.149(0.902-1.274) )
Gastritis
Acute 1.213(1.083-1.378) 0.026
Chronic 1.013(0.855-1.130) )
H. pylori status
+ve 1.149(0.959-1.237) 0.760

-ve

1.140 (0.885-1.323)
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Figure 3: BCL-9 methylation patterns in gastric disease. The figures depict the DNA
methylation levels of BCL-9 (2722%) in relation to various clinical and pathological factors in
gastric disease. Box plots represent the median, interquartile range, and outliers for each
category. Statistically significant differences (p<0.05) are observed for overall specimen, sex,
and gastritis type as indicated by asterisks (*).

Correlation analysis

This study also studied the relationships between various clinical, molecular, and
epigenetic factors in gastric disease. The correlation matrix is presented in Table 3 and Figure
4. H. pylori infection showed some of the strongest correlations in the analysis. The H. pylori
positivity also correlated positively with treatment status (= 0.395, p<0.01). The epigenetic
markers, BCL-9 promoter CpG island methylation, exhibited notable correlations with several
factors. BCL-9 methylation correlated positively with treatment status (r= 0.293, p<0.01).
Only BCL-9 methylation was negatively correlated with age, residence and smoking (r= -
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0.035, r=-0.049, and r= -0.159, respectively). One kind of lymphoid tissue that influences
both local and systemic immune responses is gut-associated lymphoid tissue [25].

BCLY amplification was found in a notably larger percentage of basal-like invasive breast
cancers than in luminal breast cancers [18]. However, other demographic factors such as age,
sex, residence, and smoking status did not correlate significantly with epigenetic markers.
However, there is still a lack of extensive clinical validation for DNA methylation acting as
tumor biomarkers, which prevents their application in clinical practice [26]. A major
contributing factor to the development of GC is aberrant DNA methylation caused by H.
pyvlori; DNA methylation serves as a link between H. pylori and GC. Cytotoxin-associated
gene A (CagA), which causes aberrant methylation of the gene promoter and causes
carcinogenesis in normal gastric cells, is the basis for H. pylori's oncogenicity [27].
According to recent research, macrophages can interact with the Wnt signaling system, and
activation of the Wnt signaling pathway can cause initial resistance to immunotherapy [28].

BCL-9 methylation 0,04 0.09 -0.05 0.13 -0.16 0.29 0.15

H. pylori 0.15 Correlation

I 1.0

0.5

Treated 0.29

Smoking

0.0

Chronic disease

0.5

Residence -0.05

Sex

0.09

Age -0.04

Figure 4: Heatmap displaying the study's variable correlation coefficients. On the color scale,
red denotes a positive correlation, white indicates no association, and blue represents a
negative correlation. The degree of association is shown by the color's intensity. Numbers in
each cell represent the correlation coefficient.
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Table 3: Correlation matrix of variables in the study.

Variable Age Sex  Residence Cl.lromc Smoking Treated H. . BCL-9.
disease pylori  methylation
Age 1.000  0.051 -0.051 0.008 -0.119 -0.055 -0.075 -0.035
Sex 0.051  1.000 0.125 0.051 0.154 -0.079  -0.049 0.088
Residence -0.051  0.125 1.000 0.065 0.078 0.060 -0.027 -0.049
Cl.lromc 0.008  0.051 0.065 1.000 -0.120 0.006 0.107 0.130
disease
Smoking -0.119  0.154 0.078 -0.120 1.000 -0.097 0.072 -0.159
Treated -0.055 -0.079 0.060 0.006 -0.097 1.000  0.395%* 0.293%*
H. pylori -0.075 -0.049 -0.027 0.107 0.072 0.395%*  1.000 0.145
BCL-9. -0.035  0.088 -0.049 0.130 -0.159  0.293**  (.145 1.000
methylation

Pearson correlation coefficients are shown as values. ** denotes p<0.01, and * denotes
p<0.05.

The coding for binary variables was as follows: Residence (0= Rural, 1= Urban), Sex
(0= Female, 1= Male), H. pylori, (0= Negative, 1= Positive), treated (0= No, I= Yes),
smoking status (0= No, 1= Yes), and chronic disease (0= No, 1= Yes).

Although the potential genetic and epigenetic variations are not fully understood, recent
evidence suggests that H. pylori induces changes in the methylation of important genes after
infection and enhances their function by releasing reactive oxide and nitric oxide. Some have
even shown that it has the ability to activate DNA methyl transferases [31, 32]. These
enzymes are responsible for the acquisition of genomic methylation patterns. It is important
because it strengthens the hypothesis that chronic H. pylori inflammation induces epigenetic
disruption of some "tumor-progenitor genes" such as CDH1 and APC, in non-neoplastic stem
cells of the "healthy" stomach, possibly increasing their replicative potential and reducing
their differentiation. The current finding by Chehelgerdi et al., [33] turned out that relevant
epigenetic events occur in chronic H. pylori gastritis and may represent the beginning of
gastric carcinogenesis. This is significant because it strengthens the hypothesis. Based on
this discovery, it is feasible to find diagnostic solutions appropriate for untying the knot of
stomach cancer and finding more accurate and efficient solutions.

According to earlier research, BCL9 and BCLYL are expressed at distinct phases of the
development of the mouse mammary gland, with BCL9L expression decreasing during post-
lactational involution [20]. Recent research by Wei et al. has shown that BCL9 suppression
alters macrophage polarization into the M1 and M2 subtypes. It is becoming more widely
recognized that macrophage polarization has a crucial pathogenetic role in inflammatory and
malignant disorders [30]. Targeting the epigenetic regulation of genes like BCLY may
represent a therapeutic strategy, potentially using drugs that modify DNA methylation to
restore normal expression patterns of important cancer-related genes.

In the current study, several limitations and challenges were encountered in terms of
application and analysis. Although RT-PCR is widely used for gene methylation analysis, the
precise amount of methylation is limited. RT-PCR requires carefully designed primers, which
can cause nonspecific interactions with unmethylated regions, leading to incomprehensible
and unanalyzable results. Identifying genes of interest in a particular study can be difficult
when there is gene similarity. Experimental conditions, such as temperature or concentration
of different materials, can be challenging, as they can produce erroneous Ct values due to
differences in fluorescence intensity or cycle. Modern techniques also require highly
efficient, modern, and sophisticated equipment to perform correctly. Interpreting methylation
results can be complicated by the interaction of numerous environmental and genetic factors
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that influence statistical analysis. Individual variation in methylation levels among the
population requires a large number of participants and a more comprehensive study.

4. Conclusion

The current results indicate that the methylation level of the gene changed after infection
with H pylori and gender. Infection with H. pylori showed a difference in the methylation
level of BCL-9 gene. The methylation level is closely related to various stomach conditions,
most notably acute gastritis. It is possible to use BCL9 as a therapeutic target to prevent GC
and as a biomarker of high-risk gastritis. This leads to strong evidence that detecting the
molecular level of methylation of BCL9 gene has an effective early diagnostic role. Research
in this area may lead to the development of novel diagnostic and treatment strategies
targeting the epigenetic landscape of gastric cancer. This evidence can be exploited in the
future to develop a suitable drug to treat the condition and prevent cancer.

5. Novelty and Impact

One potential treatment approach could be to target the BCL9 gene's epigenetic regulation,
potentially using drugs that modify DNA methylation to restore normal expression patterns of
important cancer-related genes.
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