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ABSTRACT

Objectives: To investigate the association between EBV viral infectious dose, infection with EBV and/or H. pylori 
and histologically different gastric diseases and cancer. Also, to study the association between EBV and/or H. pylori 
infection with DNA methylation patterns of human tumor suppressor genes p16 and CDH1 in progression of primary 
gastric diseases to neoplasia. Methods: The current prospective cross-section study included a total of 94 GTPs 
taken from patients suffering from gastro-duodenal manifestations recruited to Gastro-Endoscopy Department at 
Gastroenterology and Hepatology Teaching Hospital, Baghdad, Iraq, from November 2017 to October 2018. Two 
gastric tissue biopsies (GTBs) were collected from those patients. Genomic DNA was extracted from fresh GTPs. 
Direct molecular identification of H. pylori in extracted DNA was performed by amplification of species-specific urea. 
Identification of Epstein-Barr nuclear antigen 1(EBNA1) in extracted DNA was performed using nested PCR. DNA 
samples positive to EBNA1 were submitted for viral load estimation using quantitative real time PCR. Methylation 
patterns of p16 and CDH1 promoters were detected in modified DNA samples by sodium sulfate using MS-PCR. 
Results: Of total samples, 39 (41.5%) of DNA samples were positive for H. pylori and 18 (19.15%) DNA samples 
were positive for EBNA-1. Studying EBV load, 8/23DNA samples were showed infectious dose of EBV. Studying 
methylation patterns of p16 and CDH-1 promoters, 21/42 and 19/42 DNA samples were provide results for MSP-
PCR, respectively. Conclusion: Epstein-Barr virus and H. pylori infection may have a synergistic effect in developing 
different gastric diseases and that enable the clinician to choose the suitable treatment regime.

Keywords: Epstein-Barr virus, Helicobacter pylori, Gastric cancer, p16 DNA methylation, E-cadherin DNA  
methylation

INTRODUCTION

Epstein-Barr Virus Nuclear Antigen-1 (EBNA1) is the only EBV protein involved in viral DNA replication and 
episome maintenance during the proliferation of latently infected cell. Its lack any enzymatic activities such as DNA 
helicase, therefore, EBV depends heavily on host cellular proteins to replicate its episomes [1]. Epstein-Barr virus 
strains have been classified into type 1 and type 2 based primarily on the sequence of their EBV Nuclear Antigen-2 
gene (EBNA2). Type 1 EBV strains are prevalent worldwide [2]. 

Gastric cancer (GC) considers as the third most common cause of cancer associated mortality worldwide [3]. Almost, 
95% of stomach neoplasms are adenocarcinomas [4]. The percentage of EBV associated GC (EBVaGC) was about 
10% of GC cases. Despite the geographical proximity, GC rate varies from very low in Iraq and Egypt to intermediate 
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in Turkey to high in Iran [5-7]. Epstein-Barr virus associated GC had specific clinic-pathological features, includes 
male preference and commonly occurs in the upper and middle portion of the stomach [8]. Reactive oxygen species 
(ROS) induced by, or secreted from, activated inflammatory cells may enhance DNA damage and genomic instability 
in adjacent epithelial cells, which may generate clones of genetically altered precursors susceptible to latent EBV 
infection [9]. 

DNA methylation is the most extensively studied epigenetic modification in which a methyl group added to the fifth 
carbon position of cytosine residue in a cytosine followed by guanine at the same DNA strand (CpG) in human DNA, 
some viral DNA and some bacterial DNA [10]. Mainly, increased methylation in the promoter region of a gene leads 
to reduced gene expression, whereas methylation in the transcribed region has a variable effect on gene expression 
[11]. In EBV infection, restriction to latent infection is induced by the methylation of the episomal DNA of virus [12]. 

During latency, EBVaGC possess the most extensive methylation of CpG island motifs on both human and viral 
genomes [13]. The viral genome is silenced by host-driven methylation of CpG island motifs. Based on the subgroup 
of viral genes which are expressed, tumors caused by EBV classified into four types; latency Ia, Ib, II and III [14,15]. 

Helicobacter pylori is a group-1 carcinogen. In developed countries, H. pylori prevalence rate was determined as 
(20%-50%) as compared with developing countries (80%) [16]. Some studies considered co-infection with EBV 
and H. pylori as a risk factor for EBVaGC [17,18], while others suggested that H. pylori and EBV comprise different 
carcinogenic pathways [19,20]. Inflammatory cell infiltration by H. pylori infection might be a more imported factor 
for the induction of aberrant DNA methylation [21]. In human, CpG island methylation in the promoter region of 
various cancer-associated genes are consider as one of a major mechanisms of development and progression of gastric 
carcinoma [22]. In patients with GC whom co-infected with EBV and H. pylori, a high frequencies of promoter 
methylation were observed in various cancer-related genes such as p16 and E-cadherin (CDH1) [23,24]. 

The current study aimed to investigate the association between EBV viral infectious dose, infection with EBV and/or 
H. pylori and histologically different gastric diseases and cancer. Also, to study the association between infection with 
EBV and/or H. pylori and DNA methylation patterns of human tumor suppressor genes p16 and CDH1 in progression 
of primary gastric diseases to neoplasia.

MATERIALS AND METHODS

Study Design and Sampling 

The current prospective cross-section study included a total of 134 patients (70 male and 64 female) suffering from 
gastro-duodenal manifestations recruited to Gastro-Endoscopy Department at Gastroenterology and Hepatology 
Teaching Hospital, Baghdad, Iraq, from November 2017 to October 2018. According to consultant physician instruc-
tions, those patients were submitted to clinical examination and endoscopy. Two gastric tissue biopsies (GTBs) were 
collected from those patients, one was placed in 10% formalin and sent to histopathological laboratory and the second 
one was placed in 1ml of normal saline and preserved at -20°C for molecular analysis.

Data was collected from each patient includes (name, age, gender, smoking, alcoholic and previous treatment and 
treatment uptake). Histopathology findings of each patient were obtained from laboratory reports. According to 
esophagus-gastro-duodeno-scopy (OGD) findings, patients suffered from different gastric diseases were grouped into 
chronic gastritis (CG), gastric ulcer (GU), gastric cancer (GC) and normal (intact mucosa). 

Patients with a history of gastric surgery, active gastrointestinal bleeding, who had received treatment like proton 
pump inhibitors or bismuth compounds in the last four weeks before endoscopy were excluded. This study was ap-
proved by Ethical Committee of College of Medicine-AL-Nahrain University.

Genomic DNA Extraction 

Genomic DNA was extracted from fresh GTPs using (QIAamp® DNA Mini kit Cat. No. 51304, Qiagen, USA) 
following manufacturer instructions. Quality of extracted DNA was checked by amplifying of housekeeping gene 
glyceraldehyde phosphate dehydrogenase (GAPDH) using conventional PCR [25]. PCR products were electrophoresd 
on 2% agarose gel. The appearance of band with 240bp indicates that DNA quality suitable for further molecular study.
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Direct Molecular Identification of H. pylori in Extracted DNA from GTBs 

Conventional PCR was performed using specific primers for identification of species-specific ureA of H. pylori [26]. 
PCR products were electrophoresed in 2% agarose gel and the presence of band with 411 bp indicated positivity to 
H. pylori.

Direct Molecular Identification of EBV in Extracted DNA from GTBs 

Identification of Epstein-Barr nuclear antigen 1(EBNA1) in extracted DNA from GTBs was done using nested PCR 
after optimization of procedure [27]. Master mix of first round of PCR was prepared with a final volume of 50 μl per 
one reaction as following: 1X of Green Go Taq® reaction buffer (Promega, USA), 200 μM of dNTPs (Promega, USA), 
20 pmol of each forward and reverse primers (Alpha DNA, USA), 3 Units of Go Taq® DNA Polymeras (Promega, 
USA). Nuclease-free water was added until the reaction volume reach to sufficient volume. Of extracted DNA, 100 
ng/μl was added to reaction mixture tube. To the no template control reaction tube (NTC), nuclease-free water was 
added instead of DNA. Then, PCR reaction tubes were transferred to the thermal cycler (Eppendorf, Germany) and 
programmed as following: 94ºC for 5min as pre-denaturation step, a repeated cycles of 35X of 94ºC for 1min, 55ºC 
for 1 min, 72ºC for 1min and a final extension step of 72ºC for 7 min. 

For the second-round amplification, PCR master mix was prepared with final volume of 50 μL per one reaction con-
taining the same components of first round and 6 μL of amplified product from the first round was added to the reaction 
tube as a template. Amplified program was as following: 94ºC for 5min as pre-denaturation step, a repeated cycles of 
20X of 94ºC for 1min, 55ºC for 1 min, 72ºC for 1 min and a final extension step of 72ºC for 7 min. PCR products from 
first round and second round was electrophoresed in a 2% agarose gel. The appearance of 490 bp and 336 bp bands, 
respectively, indicates positive for EBNA-1 of EBV. 

Quantification of EBV Infectious Load using Quantitative Real Time PCR (Q-PCR)

DNA samples positive to EBNA1 were submitted for viral load estimation using quantitative real time PCR  
(Mic q Bioline, Australia) and specific kit for EBV quantification (artus® EBV RG PCR Kit, Cat. No. 4501265, 
Qiagen, USA) was used following manufacturer instructions, to estimate the infectious dose of the EBV. The cut-off 
value was determined as ≥ 200 copies/ml [28]. Gastric tissue biopsy was weighted (2 μg) and then the weight unite 
was converted to μl of sample volume. Q-PCR results were calculated as copies/µl then, results converted to copies/
ml. The interpretation of results was calculated using the following equation: 

Results (copies/ml) = Q-PCR calculation (copies/ml)× Elution volume (μl)

Sample volume (µl)

*(each 1 µg equal 0.001 μl)

Determination of DNA Methylation Patterns of Human p16 and CDH1 Promoters 

Bisulfite DNA conversion: DNA samples positive for EBNA-1 were treated with sodium bisulfite using specific kit 
(EpiTect® Bisulfite Kit cat. No. 59104, Qiagen, USA), following manufacturer instructions [29,30]. The principle of 
sodium bisulfite conversion reaction is that un-methylated cytosine in DNA will converted to uracil, leaving the meth-
ylated cytosine un-changed. During PCR amplification of bisulfite converted DNA using specific primers, uracil in 
the DNA template will replace by thymine. The bisulfite conversion therefore introduces specific changes in the DNA 
sequence that reflects the methylation status of individual cytosine. 

Methylation Specific PCR (MS-PCR) for Detection of DNA Methylation Patterns 

Methylation patterns of p16 and CDH1 promoters were detected in modified DNA samples using MS-PCR30. Two 
primer sets, one for detection of methylated state and the other for non-methylated state of p16 and E-cadherin pro-
moters were used. The amplified products were electrophoresed on 2% agarose gel each in separated lane. Presence 
of band with 150 bp means presence of methylated state of p16 promoter, while the presence of band with 151 bp by 
using the primer for detection of un-methylation of p16 promoter means un-methylated. If both of the above bands 
were presented, that means partial methylation of p16 promoter.

Regarding CDH1, the presence of band with 116bp means presence of methylated state, while the presence of band 
with 97 bp by using the primer to detect un-methylation status of gene promoter means un-methylated. If both of the 
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above bands were presented, that means partial methylation of gene promoter. Thermal cycler (Ependrowff, USA) was 
used. Optimization of reaction conditions was done by using different concentration of primers (3-10 pmol ), different 
concentrations of DNA (300 ng/μl-500 ng/μl) and gradient annealing temperatures from (48-55)°C.

Statistical Analysis

Statistical analysis Data were summarized, analyzes and presented using statistical package for social sciences (SPSS) 
version 23 and Microsoft Office Excel 2010. Quantitative variables were expressed as mean, standard deviation (SD), 
median and inter-quartile range; whereas, categorical variables were expressed as number and percentage. Mann 
Whitney U test used to compare numeric variables between two groups, while Chi-square test was used to study as-
sociation between any two categorical variables; however, Yates correction was used instead when more than 20% of 
cells have expected count less than 5 and Fisher exact test when a cell or more contain an observed value of zero. The 
level of significance was set at p ≤ 0.05.

RESULTS

Patients 

From a total of 134GTPs, only 94 GTPs taken from patients (45/94 (47.9%) patients were male and 49/94 (52.1%) 
patients were female) were included in farther test. The mean age of patients was (47.55 ± 17.12) ranging between 
(17-80) years old. Regarding patients from whom 6/94 (6.4%) GTPs were obtained and considered as negative control 
(un-remarkable changes in gastric mucosa), 3 patients were male and 3patients were female with age ranged between 
(24-71) years old.

Histopathological Findings 

According reports of histopathological findings of GTBs, patients were grouped as 53 (56.4%) patients with CG re-
lated H. pylori, 18 (19.1%) patients with CG, 4 (4.3%) patients with GU,13 (13.8%) patients with GC and 6 (6.4%) 
patients with un attack mucosa. 

Direct Molecular Identification of H. pylori in Extracted DNA from GTPs

DNA quality was estimated by amplification of GAPDH using conventional PCR. Only 94/134 samples were included 
in further molecular tests, while 40/134 GTPs were excluded because of low quality of extracted DNA from these 
samples. Results of direct identification of H. pylori in 94 extracted DNA from GTPs showed that 39/94 (41.5%) of 
extracted DNA samples were positive for H. pylori. The distribution of patients related to these samples according to 
histopathology findings were as 35 (89.7%) patients with CG, 1(2.6%) patients with CU and 3 (7.69%) patients with 
GC. The association between H. pylori positive samples and chronic gastritis revealed that there was statistically high 
significant association (p<0.05).

Direct Molecular Identification of EBV in Extracted DNA from GTBs

The results shown that 18/94 (19.15%) DNA samples were positive for EBNA-1, while 76/94 (80.9%) DNA samples 
were negative for EBNA-1 (Figure 1). Association between the presents of EBV and histopathological findings in 
patients positive to EBV were as 11 (61.1%) patients with CG and 7 (38.9%) patients with GC. Association between 
EBV positive samples and GC was statistically high significant (p<0.05).

 
Figure 1 Identification of EBV using specific primers set for amplification of EBNA-1(336 bp), second round. Lane (1,2,3): 
positive samples for EBNA1; Lane (4): negative samples for EBNA1; Lane N: no template control; Lane L: DNA ladder 
(100 bp); Electrophoresis was done in 2% agarose gel at (5 V/cm) for 60 min
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Quantification of EBV Infectious Dose using Quantitative Real Time PCR

Viral load of EBV was quantified in 37/94 (39.4%) extracted DNA from GTPs to estimate infectious dose of EBV. The 
selection of these samples was based on positivity to EBNA1 and histopathological findings. Only 23/37 (62.16%) 
extracted DNA samples were shown a results whether positive or negative for infectious dose of EBV load. Of these, 
8/23 (34.8%) samples were showed infectious dose of EBV. Association between the presents of EBV infectious dose 
and histopathological findings in patients were as 2 (25%) patients with CG, 2 (25%) patients with GU, 3 (37.5%) 
patients with GC and1 (12.5%) patient have normal mucosa. 

Association between Histopathological Findings and Co-infection with H. pylori and EBV

Association between histopathological findings and the co-infection with H. pylori and EBV shown that 1 patient with 
CG related H. pylori and 2 patients with GC. There was not statistically significant association (p>0.05).

DNA Methylation Patterns of p16 and CDH-1 Promoters 

A total of 42/94 (44.7%) extracted DNA samples from GTPs were selected based on histopathological findings and 
positivity to infection with H. pylori and/or EBV to detect DNA methylation patterns of p16 and CDH-1 promoters. 
Only 21/42 and 19/42 DNA samples were provide a results for MSP-PCR of p16 and CDH-1, respectively (Figure 2).

Association between histopathological findings and DNA methylation patterns of p16 promoter in studied patients 
shown that the most frequent methylated pattern was found in CG related H. pylori 3/8 (37.5%) samples and GC 3/8 
(37.5%) samples (Table 1).

Figure 2 DNA methylation pattern of p16; M: methylated promoter (150 bp), U: unmethylated promoter (151 bp); DNA 
methylation pattern of patient1 shows partial methylated; N: no template control; L: DNA ladder (100 bp);  

Electrophoresis was done in 2.5% agarose gel at (5 V/cm) for 60 min.

Table 1 Association between DNA methylation patterns of p16 and histopathological findings

Histopathological Findings
p16 Methylation Patterns

U-p16 (N=8) M-p16 (N=8) PM-p16 (N=5) Total (N=21)
Chronic Gastritis 0 1 (12.5%) 0 1 (4.8%)

Chronic Gastritis related H. pylori 4 (50%) 3 (37.5%) 4 (80%) 11 (52.4%)
Gastritis Ulcer 2 (25%) 1 (12.5%) 0 3 (14.2%)

Gastric Adenocarcinoma 2 (25%) 3 (37.5%) 1 (20%) 6 (28.5%)
U: Un-methylated; M: Methylated: PM: Partially methylated

Association between DNA methylated samples of p16 (N=8) and positivity to EBV infection was more frequent in CG 
related H. pylori samples and GC samples.

The results of DNA methylation patterns of CDH-1 in studied patients shown that the most frequent DNA methylated 
pattern was in CG related H. pylori (Table 2).
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Table 2 Association between DNA methylation patterns of E-cadherin and histopathological findings

Histopathological Findings
 E-cadherin Methylation Patterns 

U-CDH1 (N=11) M-CDH1 (N=4) PM-CDH1 (N=4) Total (N=19)
Chronic Gastritis NA NA NA NA

Chronic Gastritis related H. pylori 4 (36.4%) 3 (75%) 2 (50%) 10 (52.6%)
Gastritis Ulcer 2 (18.8%) - 1 (25%) 2 (10.5%)

Gastric Adenocarcinoma 5 (45.5%) 1 (25%) 1 (25%) 7 (36.8%)
U: Un-methylated; M; Methylated; PM: Partially methylated; NA: Not identified

The association between DNA methylated samples of CDH1 and positivity to EBV infection was ¼ (25%) in each of 
CG related H. pylori samples and GC samples. 

Association between DNA methylation patterns of p16 and CDH1 and co-infection with EBV and H. pylori 

Association between DNA methylated patterns of p16 (21 samples) and CDH1 (19 samples) and co-infection with 
EBV and H. pylori shown in Table 3. 

Table 3 Association between DNA methylation patterns of p16 and CDH1 and co-infection with EBV and H. pylori

Molecular Identification 
using PCR

p16 Methylation Patterns (n=21) CDH1 Methylation Patterns (n=19) 

U=8 (38.1%) M=8 (38.1%) p=5 (23.8%) U=11 (57.9%) M=4 (21.1%) p=4 (21.1%)

EBV 1 (12.5%) 1 (12.5%) 1 (20%) 1 (9%) 1 (25%) 1 (25%)

H. pylori 3 (37.5%) 2 (25%) 3 (60%) 5 (45.5%) 3 (75%) 2 (50%)

EBV and H. pylori Positive 0 0 0 1 (9%) 0 0

EBV and H. pylori Negative 4 (50%) 4 (50%) 1 (20%) 4 (36.4%) 0 1 (25%)

N: Number of samples; CDH1: E-cadherin gene

DISCUSSION

Patients 

In the present study, 13/94 (13.8%) patients were diagnosed histopathologicaly as have GC. The age range of those 
patients was (37-80) years, with mean age 43.15 years. Male to female ratio was 1.2:1. Previous Iraqi study revealed 
that no age group of both gender can be excluded and the ratio of male to female patients with GC was 1.3:l [31]. 
Other Iraqi study in Baghdad was included 50 patients with GC, their age ranged between 60-70 years and male to 
female ratio was1.4:1 [32]. Also, Iraqi study was revealed that the incidence of gastric carcinoma was high at ages 
over 50 years followed by ages between 41-50 years and regarding gender, they found that male was the predominant 
[33]. A study was done in Duhok city at 2017 revealed that the mean age of patients was 60.27 years ranging between 
21-93 years and male to female ratio was 1.38:1. This ratio reflects the results of high exposure to carcinogens in male 
including smoking, dietary habits, alcohol consumption and probably higher incidence of H. pylori [34]. Despite the 
geographical proximity of Iraq and Iran, the incidence of GC differs hugely between these countries. In Iran high 
incidence rate of GC (15.3 cases/105) compared to Iraq (3.6 cases/105) [35].

Histopathological Findings

In Iraq, gastric cancer is the ninth common cancer types of all body organs and the second commonest gastrointestinal 
malignancy after colorectal carcinoma [31,36]. 

Generally, the prognosis of patients with gastric carcinoma is dependent on its histological type, such as intestinal 
type (IT) or diffuse type (DT) [37]. In the present study, GTPs from 13/94 (13.9%) patients were diagnosed histo-
pathologically with GC. Of them, 9/13 (69.2%) GTPs samples were intestinal type and 4/13 (30.7%) GTPs samples 
were diffused type. Iraqi study included 155 patients with GC classified to 84/155 (54%) patients with intestinal type, 
40/155 (25.8%) patients with diffuse type and the remaining were mixed type [34]. 
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Direct Molecular Identification of Helicobacter pylori from Gastric Tissue Biopsy 

Nearly, 50% of the global population is estimated to be infected by H. pylori in which, less than 2% develop GC [18]. 
In the present study, H. pylori were identified directly in extracted DNA from GTBs using specific primers for ureA 
and 39/94 (41.5%) samples were positive to H. pylori. Regarding Iraqi studies, using rapid urease test and multiplex 
PCR to detect cagA, ureC, flagellin A and 16s rRNA of H. pylori in extracted DNA from GTBs and they found that 
102/210 (48.57%) samples were positive to H. pylori by rapid urease test and 97/210 (46.01%) samples were positive 
to 16SrRNA, flagellin A and ureC, but only 40/97 (19.04%) samples were cagA positive [38,39]. Other study was used 
PCR specific primers to detect species-specific 23S rRNA in extracted DNA from GTBs and they found that 56/120 
(46.6%) samples were positive to H. pylori. A study found that 51/69 (73.9%) GTPs were positive to H. pylori using 
specific primers for ureA [40]. 

A Turkish study was used five different methods (histological examination, bacterial culture, H. pylori stool antigen 
(HpSA), PCR detection of 16s rRNA in stool and Fluorescence in situ hybridization (FISH)) to identified H. pylori in 
132 GTPs and stool specimens and they found that 56/132 (42.4%) cultured GTPs were positive, 64/132 (48.5%) stool 
specimens were positive using HpSA test, 85/132 (64.4%) GTPs were positive using histological examination, 98/132 
(74.2%) extracted DNA from GTPs was positive using 16s rRNA, 81 (61.4%) GTPs were positive using FISH and 28 
(21.2%) stool samples were positive using PCR [41]. Iranian study was included 89 extracted DNA from GTBs using 
PCR and they found that 49/89 (55%) samples were positive for ureC [42]. In Palestine, a study was revealed that 
44/100 (44%) extracted DNA samples from GTPs were positive to H. pylori based on direct molecular detection of 
ureA and the glmM using PCR [43]. In Kingdom of Saudi Arabia, a study was referred to that 20/35 (57.2%) samples 
from patients with GC and 10/10 (100%) samples from patients with GU were positive to H. pylori using 16s rRNA 
and ureC [44].

Identification of EBV by Detection of EBNA-1 using Nested PCR 

In the present study, 18/94 (19.1%) extracted DNA samples were positive to EBV, in which, 7/18 (53.85%) samples 
from patients with GC. A meta-analysis study carried to estimate the prevalence of EBV-positivity in GC was referred 
to that the overall prevalence was 8.7% of 15,952 patients with GC using In situ hybridization for EBV-EBER. EBV 
and prevalence was similar in patients from Asia (8.3%), Europe (9.2%), and the Americas (9.9%) [45]. Sudanic study 
found that 11/50 (22.0%) patients with GC were positive for EBNA1 using conventional PCR [46]. Another Sudanic 
study found that 7/30 (23.3%) GTPs from patients with GC were positive for EBV by detecting LMP1 using immune-
histochemistry [47]. In Portugal, they found that 15/179 (8.4%) FFPE-GTBs from patients with GC were positive to 
EBV-EBERs using in situ hybridization (ISH) [48]. 

Estimation of EBV Viral Load using Quantitative PCR

Since EBV is a ubiquitous virus that infects the majority of humans without major adverse health consequences, it is 
important to distinguish between normal background levels of EBV viral load and abnormally increased levels of EBV 
viral load that could be suggest pathogenicity. In the present study, results of study is associated between infectious 
dose of EBV and GC by quantification of EBNA-1 using Q-PCR shown no statistically significant (p>0.05). 

A study was developed Q-PCR assays targeting disparate regions of the EBV genome (BamH1W, EBNA1, LMP1, 
LMP2, and BZLF1) to measure EBV viral load in tissue and blood samples , and they found that EBV viral load in 
normal gastric mucosa is extremely low (<1 EBV DNA copy/105 cells), similar to that of whole blood from healthy 
donors [49]. In India, a study included 200 GTPs from patients (100 non-ulcer dyspepsia, 50 peptic ulcer disease, 50 
gastric carcinoma) showed that 113/200 (56.5%) GTBs were positive to EBV using Q-PCR. Data were also analyzed 
between normal and cancer/ulcer tissue. Out of 50/200 (25%) patients with GC, none of them presented a detectable 
copy number of EBV DNA in normal mucosa, but they found that 81/200 (40.5%) GTPs from those patients have dual 
infection with EBV and H. pylori [50]. Iranian study showed that 6/90 (6.66 %) samples from patients with GC have 
DNA viral load more than 2000 copies/105 cells, so they were considered as EBVaGC [51]. 

Association between Histopathological Findings and Co-infection with Helicobacter pylori and EBV 

Approximately, 20% of human cancers is driven by infectious agents as the causative inducers [52]. In the present 
study, a total of 3/8 (37.5%) extracted DNA from GTPs shown positivity to EBV infectious dose were also positive 
to H. pylori. A study referred to that of 48/78 (61.5%) patients whom positive to H. pylori using Immunohistochem-
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istry (IHC), 18/48 (37.5%) patients were positive to EBNA1 antigens using IHC [53]. Few studies reported that  
co-infection of patients with both EBV and H. pylori enhanced the inflammatory lesions compared to those only infected with  
H. pylori or EBVaGC [18,54]. In Southwest Mexico, a study found that 39/138 (8.3%) extracted DNA from GTPs 
were identified as positive for H. pylori and EBV using PCR amplification of 16s rRNA and EBNA1, respectively 
[55].

Association between DNA Methylation Patterns of p16 and CDH1, Infection with H. pylori and/or EBV in Rela-
tion with Histopathological Findings

Prior studies have showed that loss of critical tumor suppressor gene products, such as p16 and CDH1, in  
EBV-infected gastric cancers more predominant [56]. It was refereed to that methylation of p16 promoter was signifi-
cantly elevated in the mucosa of H. pylori positive compared with H. pylori negative healthy volunteers and there was 
association between promoter methylation of p16 and H. pylori infection in gastric carcinogenesis [57]. 

In the present study, 8/21 (30.1%) extracted DNA from GTPs were showed methylated promoter of p16. Of these, 
3/8 (37.5%) samples from patients with CG and 3/8 (37.5%) samples from patients with GC. Iraqi study found that 
53/120 (44.2%) GTPs from patients with different gastric diseases were methylated in p16 promoter and methylation 
frequency of this gene promoter increased while the disease progressing 39. Turkish study found that abnormal 
methylation of p16 detected in 6/20 (30%) samples from peripheral blood and GTPs of 20 patients with GC [58]. 
Other study found that 77/106 (72.6%) of extracted DNA from peripheral blood of patients with GC shown p16 
methylated promoter while only 1/18 sample from healthy control, using MS-PCR analysis [59]. 

In the present study, 4/19 (21.1%) extracted DNA from GTPs were showed methylated promoter of CDH1, of these, 
1/4 (25%) sample from patients with GC and 3/4 (75%) samples from patients with CG. Out of 4 samples that 
have methylated promoter of this gene, 3/4 (75%) samples were positive for H. pylori and 1/4 (25%) sample was 
positive for EBV. It was refereed to that there was a connection between the H. pylori infection and CDH1 promoter 
hypermethylation in pre-cancer lesions and bacterial eradication resulted in cancer reduction [57]. Meta-analysis 
study included 587 GTPs from cancer sites and 389 normal mucosa tissues of patients with GC from the People’s 
Republic of China, South Korea, Japan, Tunisia, Brazil, and Italy showed that the frequency of E-cadherin hyper-
methylated promoter ranged from 28.6% to 82.2% (average 61%) in cancer tissues and from 0.00% to 54.5% (average 
16%) in normal mucosa, respectively [60]. A study in Egypt detected CDH1 promoter methylation in 36/64 (50.6%) 
specimens from gastric cancer patients [61].
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