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Abstract
AIM: To investigate the low gastric cancer incidence 
rate relative to the highly prevalent Helicobacter pylori  
(H. pylori ) infection; data relevant to H. pylori  infection 
during gastric carcinogenesis in Indian patients is cur-
rently lacking.

METHODS: The present study examines the preva-
lence of H. pylori  infection in DNA derived from 156 
endoscopic gastric biopsies of different disease groups 
that represent gastric pre-cancer [intestinal metaplasia 
(n  = 15), dysplasia (n  = 15)], cancer [diffuse adeno-
carcinoma (n  = 44), intestinal adenocarcinoma (n  = 
21)], and symptomatic but histopathologically-normal 
controls (n  = 61). This was done by generic ureC  poly-
merase chain reaction (PCR) and cagA -specific PCR 
that could specifically identify the carcinogenic H. py-
lori  strain.

RESULTS: Our analysis showed the presence of H. 
pylori  infection in 61% of symptomatic histopatholog-
ically-normal individuals, however only 34% of control 
tissues were harboring the cagA+ H. pylori  strain. A 
similar proportion of H. pylori  infection (52%) and 
cagA  (26%) positivity was observed in the tumor tis-
sue of the gastric cancer group. In comparison, H. 
pylori  infection (90%) and cagA  positivity (73%) were 
the highest in gastric pre-cancer lesions. In relation to 
tobacco and alcohol abuse, H. pylori  infection showed 
an association with tobacco chewing, whereas we did 
not observe any association between tobacco smoking 
or alcohol abuse with prevalence of H. pylori  infection 
in the tissue of any of the patient groups studied.

CONCLUSION: High incidence of H. pylori  infection 
and carcinogenic cagA  positive strain in pre-cancer le-
sions during gastric carcinogenesis may be associated 
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Core tip: The manuscript deals with the role of Helico-
bacter pylori  (H. pylori ) infection and its carcinogenic 
cagA  positivity during gastric cancer progression from 
normal to pre-cancer and pre-cancer to adenocarci-
noma, as well as its association with tobacco and alco-
hol use in these patients. Results showed that H. pylori  
infection in general, and its carcinogenic cagA  posi-
tive strains in particular, were associated with tobacco 
chewing.
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INTRODUCTION
With nearly one million new cases estimated in 2008, 
gastric cancer accounts for 7.8% of  the total cancer 
burden and is the second leading cause of  cancer deaths 
reported worldwide (738000/year)[1]. The distribution of  
gastric cancer is particularly high in Asia, Latin America, 
and some areas of  Europe and Africa. Despite some of  
the high risk populations being in Asian countries such 
as Japan, Korea, and China, other Asian countries like 
India present relatively low rates of  gastric cancer[2].

Like other malignancies, data addressing the process 
of  multistage carcinogenesis for gastric cancer suggest 
that pathogenesis of  gastric cancer is associated with a 
variety of  environmental factors, like chronic gastritis[3] 
and consumption of  tobacco and alcohol[4,5]. Excluding 
these, Helicobacter pylori (H. pylori) infection is considered 
the most prominent risk factor for onset of  gastric can-
cer. Based on experimental evidence by Marshall et al[6] 
and subsequent clinico-epidemiological studies[7,8], in 
1994 the International Agency for Research on Cancer 
classified H. pylori as a group Ⅰ carcinogen[9]. Despite the 
fact that H. pylori colonization is a risk factor for gastric 
adenocarcinoma, various aspects such as association of  
H. pylori with different grades of  gastric cancer lesions, 
necessity of  its persistent infection in the carcinogenic 
progression of  malignant disease, and its correlation 
with tobacco and alcohol habits of  infected individuals, 
particularly understanding of  their pathological effects, 
are poorly understood. Regardless of  the prevailing and 
varied tobacco and alcohol habits[10,11] and reportedly 
high prevalence of  pathogenic H. pylori strains accompa-

nied with low socioeconomic conditions, the incidence 
of  gastric cancer is low in India, which could be partly 
due to underreporting of  this disease. In India, gastric 
cancer is ranked the 5th and 7th most common cancer in 
males and females, respectively[1,12]. Moreover, these can-
cers are detected very late due to misdiagnosis caused by 
the absence of  necessary health infrastructure and endo-
scopic clinics.

Gastric cancer associated with H. pylori infection evolves 
as a consequence of  histological changes in the mucosa 
due to chronic inflammation, which culminates initially 
into intestinal metaplasia (IM), dysplasia (Dys), and, at 
later stages, intestinal (IC) or diffuse-type adenocarci-
noma (DC)[13]. Not all strains of  H. pylori are equally 
pathogenic. The pathogenicity and virulence of  H. pylori 
is primarily determined by a set of  genes (denoted as 
pathogenicity island or PIA), among which the pres-
ence of  the cytotoxin associated gene cagA codes for 
protein that confers the pathogenic character to H. pylori 
strains[14]. CagA+ H. pylori strains have strong association 
with gastric cancer[15]. The CagA protein of  H. pylori has 
been shown to translocate into the cytoplasm of  gastric 
cells, where it mediates a number of  cellular events in-
cluding: rearrangement of  the cytoskeleton, induction of  
inflammatory mediators through the specific induction 
of  proliferative and oncogenic proteins (via induction of  
oncogenic transcription factors like nuclear factor κB), 
activating protein-1, phosphatidylinositol 3 kinase, signal 
transducer and activator of  transcription (STAT)-3[16,17] 
that promote tumorigenic transformation. Despite dis-
parity in the high rates of  H. pylori infection, a low inci-
dence of  gastric carcinogenesis in India[2,18], and reports 
of  H. pylori prevalence in different types of  gastric ail-
ments (primarily non-malignant conditions like gastritis, 
duodenal ulcers and gastric ulcer)[19-22], in India there is a 
strong need for a comprehensive analysis of  the preva-
lence of  H. pylori infection and carcinogenic cagA posi-
tivity in gastric pre-cancer and cancer lesions, along with 
its correlation with habits of  tobacco and alcohol use 
that are considered potential risk factors.

In the view of  the above, the present study aided to 
estimate the prevalence of  carcinogenic cagA+ H. pylori 
infection in different grades of  pre-cancer and cancer 
lesions, as well as to assess its association with clinico-
epidemiological variables, particularly the habits of  to-
bacco and alcohol abuse.

MATERIALS AND METHODS
Clinical specimens and reagents
A total of  156 gastric tissues comprising 61 histologi-
cally normal, 30 pre-cancers [IM (n = 15) and Dys (n = 
15)], and 65 adenocarcinomas [DC (n = 44) and IC (n 
= 21)] prospective, but selectively-collected, endoscopic 
biopsies were obtained prior to any chemo/radiotherapy 
from the patients attending the Gastroenterology Out-
Patient Department of  the Swaroop Rani Hospital (affil-
iated with the Motilal Nehru Medical College, Allahabad, 
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Table 1  Clinico-epidemiological details of subjects enrolled in study  n  (%)

India) during the period of  2007-2012. IM and Dys were 
grouped as gastric pre-cancer lesions, while DC and IC 
were grouped as cancer lesions. Symptomatic, clinically-
suspected cases that were found to be histologically 
normal (non-malignant) were used as controls. Patients 
taking antibiotics, with a bleeding ulcer, suffering acute 
hemorrhage from other sites in the upper gastrointesti-
nal track, or having undergone stomach surgery were ex-
cluded. Written informed consent was obtained from all 
subjects. The study was carried out in accordance with 
the principles of  the Helsinki Declaration. The Institu-
tional Ethics Committees of  the Motilal Nehru Medical 
College, Allahabad and the Institute of  Cytology and 
Preventive Oncology, Noida, India approved this study 
prior to its commencement. Clinico-epidemiological and 
demographic details were taken from clinical record of  
patients and captured on a pre-designed study pro forma. 
The study questionnaire/case report form included de-
tails of  tobacco use (chewing or smoking) and alcohol 
use habits. Any person having these habits at the time of  
examination or using tobacco or alcohol daily (at least 
one cigarette or beedi/tobacco chew/alcohol shot) and 
regularly (at least 3 d/wk) for 6 mo or more in the past 
were grouped as tobacco users or alcoholics. A person 
having more than one habit was grouped under multiple 
habits. A summary of  clinico-epidemiological charac-
teristics included in the different disease groups is pre-
sented in Table 1.

Thorough endoscopic examination was done after 
obtaining patient consent. Two biopsies from the lesion 
were taken. One piece was immediately fixed in formalin 
for routine histopathological examination, whereas the 
other piece was collected in chilled 1xPBS for DNA iso-
lation. Formalin-fixed tissues were processed routinely, 
and 3 micron thick sections from paraffin blocks were 
stained with hematoxylin and eosin. The histopathologi-

cal grading of  cancer lesions was done as per Laurén’s 
classification[23,24]. All reagents used in the study were of  
analytical or molecular biology grade and procured from 
Sigma Aldrich (St Louis, MO, United States) unless oth-
erwise specified.

Detection of H. pylori infection in gastric samples
DNA from gastric endoscopic biopsies was extracted 
by commercially available DNA isolation kits for tissues 
(Roche Diagnostics GmbH, Germany) as per the manu-
facturer’s protocol. H. pylori diagnosis was performed by 
conventional ureC and cagA gene polymerase chain reac-
tion (PCR) using a pair of  pre-published primers derived 
from the highly conserved ureC region[25] and cagA intra-
genic region[26], while β-globin amplification was used as 
an internal control as previously described[27]. PCR assays 
based on ureC and cagA pre-standardized primer could 
detect at least 3.6 fg of  bacterial DNA, which corre-
sponds to approximately two H. pylori genomes[28]. PCR 
was performed in a 25 μL reaction mixture containing 
approximately 100 ng DNA, 10 mmol/L Tris-HCl (pH 
8.4), 50 mmol/L KCl, 1.5 mmol/L MgCl2, 125 μmol/L 
of  each dNTPs [dATP, dGTP, dCTP, and dTTP (Applied 
Biosystems, CA, United States)], 5 pmol of  oligonucle-
otide primers, and 0.5 U Taq DNA polymerase (Merck, 
Bangalore Genei, India). Details of  PCR primers with 
their respective target region, primer sequence, amplicon 
size, and amplification program are provided in Table 2. 
DNA from known ureC and cagA gene positive H. pylori 
strains and water blank were assayed invariably in each 
PCR run as positive and negative controls, respectively. 
After amplification, PCR products were electrophoresed 
on 2% agarose gel along with 100 bp DNA ladder as a 
molecular weight marker, visualized under an UV transil-
luminator, and documented in AlphaDigidoc (Alpha In-
notech Corp. CA, United States).
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Clinico-epidemiological characteristics Normal Pre-cancer Cancer (adenocarcinoma)

Total subjects 61 30 65
Gender 
   Male       42 (68.9)      17 (56.7)         42 (64.6)
   Female       19 (31.1)      13 (43.3)         23 (35.4)
Histopathological classification of lesions
   Intestinal metaplasia -   15 (50) -
   Dysplasia -   15 (50) -
   Diffuse adenocarcinoma - -         44 (67.7)
   Intestinal adenocarcinoma - -         21 (32.3)
Age (yr) (median) 7-85 (40) 13-78 (41.5) 22-90 (55)
   Habits1

   Tobacco chewers       28 (45.9)   15 (50)      24 (37)
   Tobacco non-chewers       33 (54.1)   15 (50)      41 (63)
   Tobacco smokers       22 (36.1)      11 (36.7)         20 (30.8)
   Tobacco non-smokers    39 (64)      19 (63.3)         45 (69.2)
   Alcoholic       15 (24.6)        8 (26.7)         16 (24.6)
   Non-alcoholic       46 (75.4)      22 (73.3)         49 (75.4)
   Multiple habits       22 (36.1)      9 (30)         16 (24.6)

1Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco and/or alcohol habits. 
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Statistical analysis
The relationships between PCR analysis and clinico-
epidemiological parameters were tested using χ 2 and 
Fischer’s Exact Test. Two-sided P values were calculated 
and a P value of  0.05 or less was considered to be sig-
nificant, while a P value of  0.001 or less was considered 
highly significant. Multivariate linear regression analysis 
was performed with age and gender stratification, and 
age gender bias was adjusted while doing the statistics.

RESULTS
A total of  156 histologically-confirmed gastric tissues 
from 65 adenocarcinoma (median age: 55 years; range: 
22-90 years), 30 pre-cancer (median age: 41.5 years; 
range: 13-78 years), and 61 symptomatic control patients 
(median age: 40 years; range: 7-85 years) were examined 
for H. pylori infection by ureC and cagA PCRs, which re-

vealed the presence of  generic and pathogenic H. pylori 
strains, respectively (Figure 1). Tissues were considered 
H. pylori positive if  the DNA was positive for either of  
the two PCRs. Analysis of  H. pylori positivity in the gas-
tric tissue of  the hospital visiting symptomatic control 
group revealed a H. pylori positivity of  61%, whereas 
only 34% of  the control gastric tissues were cagA+ (Table 
3). On the other hand, the positivity of  H. pylori infection 
was the highest in pre-cancer tissues (93%) compared 
to the control or cancer groups (Table 4). Moreover, 
the pre-cancer tissues, irrespective of  histopathological 
grade, demonstrated a high prevalence of  the cagA+ H. 
pylori strain in this disease group (73%). Contrary to pre-
cancer tissues, gastric tissues from cancer lesions (DC or 
IC) had a lower frequency of  H. pylori infection (52%) 
as well as a cagA positivity (26%) that more closely re-
sembled the symptomatic control group (Table 5).

In general, study samples had an overrepresenta-
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Primer Sequence Annealing position Product length (bp) Amplification cycle

Hp ureC-F 5’-AAG CTT TTA GGG GTG TTA 
GGG GTT T-3’

1293-1318 294 94 ℃, 10’, 36 cycle (94 ℃, 2’; 55 ℃, 2’; 72 ℃, 2’), 

72 ℃, 10’
Hp ureC-R 5’-AAG CTT ACT TTC TAA CAC 

TAA CGC-3’
1587-1563

Hp cagA-F 5’-AAT ACA CCA ACG CCT CCA 
AG-3’

2593-2612 400 94 ℃, 4’, 39 cycle (94 ℃, 2’; 59 ℃, 2’; 72 ℃, 2’), 72 ℃, 
10’

Hp cagA-R 5’-TTG TTG CCG CTT TTG CTC 
TC-3’

2992-2973

β-globin-F 5’-GAA GAG CCA AGG ACA GGT 
AC-3’

195-176 268 94 ℃, 4’, 30 cycle (95 ℃, 30’’; 55 ℃, 30’’; 72 ℃, 1’), 

72 ℃, 10’
β-globin-R 5’-CAA CTT CAT CCA CGT TCA 

ACC-3’
54-73

Table 2  Primer sequences, primer annealing positions, expected lengths of amplified DNA products, and amplification cycle of poly-
merase chain reaction performed in the study

M       +VE       -VE        N         N         Dys      Dys       IM         IM       DC        DC         IC         IC

Pre-cancer Cancer

←ureC (299 bp)

←cagA (399 bp)

←β-globin (268 bp)

Figure 1  Detection of Helicobacter pylori infection by ureC and cagA-specific polymerase chain reactions in human gastric biopsies. Representative aga-
rose gel photographs showing specific polymerase chain reaction amplification of Helicobacter pylori ureC and cagA gene segments in DNA isolated from different 
histopathological grades of gastric biopsies. N: Normal; Dys: Dysplasia; IM: Intestinal metaplasia; DC: Diffuse adenocarcinoma; IC: Intestinal adenocarcinoma; M: 
Marker 100 bp ladder.
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Table 4  Analysis of Helicobacter pylori  gene expression in pre-cancer gastric tissues with clinico-epidemiological parameters  n  (%)

Table 3  Analysis of Helicobacter pylori  gene expression in normal gastric tissues with clinico-epidemiological parameters  n  (%)

tion of  males in each disease group. Excluding gastric 
tissues from females in the symptomatic control group 
(who expressed significantly higher H. pylori positivity), 
there was no gender bias in H. pylori infection in pre-
cancer or cancer tissue types. To understand the effect 
of  confounding factors on the final outcome, age and 
gender stratification was performed and adjusted while 
doing the statistics. We also performed multivariate lin-
ear regression analysis, which again showed that these 
two factors did not play any significant role in the final 
outcome. Moreover, gastric tissue from these female 
patients showed no difference in the frequency of  the 
pathogenic strain when compared to cagA positivity.

H. pylori infection in general and cagA positivity in 
particular was strongly associated with the habit of  
chewing tobacco irrespective of  the disease group, where-

as no association between H. pylori infection and tobacco 
smoking, alcohol consumption, or a combination of  the 
two could be ascertained (Tables 3-5).

DISCUSSION
The present study was conducted to perform a compara-
tive analysis of  H. pylori infection, and to examine the 
potential contribution of  carcinogenic cagA+ strains in 
gastric cancer progression and their association with to-
bacco use and alcohol abuse that may play a permissive 
role in carcinogenic transformation. Our results demon-
strate that the frequency of  H. pylori infection was high-
est in precancerous gastric lesions and was associated 
with the habit of  chewing tobacco. Pre-cancer lesions, 
irrespective of  histopathological grade, had a relatively 
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Clinico-epidemiological characteristics Total cases
n

ureC  
positive

P cagA 
positive

P Hp +ve P

Normal 61 33 (54.1) -    21 (34.4) - 37 (60.7) -
Age (median 40 yr; range: 7-85 yr)
   < 40 29 13 (44.8) 0.167      8 (27.6) 0.284 15 (51.7) 0.174
   ≥ 40 32 20 (62.5)    13 (40.6) 22 (68.8)
Gender
   Male 42 18 (42.9) 0.009    14 (33.3) 0.789 22 (52.4) 0.049
   Female 19 15 (78.9)      7 (36.8) 15 (78.9)
Habits1

   Tobacco chewers 28 19 (67.9) 0.047 14 (50) 0.018 20 (71.4) 0.113
   Tobacco non-chewers 33 14 (42.4)      7 (21.2) 17 (51.5)
   Tobacco smokers 22 13 (59.1) 0.557 11 (50) 0.055 15 (68.2) 0.366
   Tobacco non-smokers 39 20 (51.3)    10 (25.6) 22 (56.4)
   Alcoholic 15 9 (60) 0.597   6 (40) 0.601 10 (66.7) 0.583
   Non-alcoholic 46 24 (52.2)    15 (32.6) 27 (58.7)
   Multiple habits 22 14 (63.6) 0.262    10 (45.5) 0.173 15 (68.2) 0.366

1Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco and/or alcohol habit.

Clinico-epidemiological characteristics Total cases
n

ureC  
positive

P cagA 
positive

P Hp +ve P

Pre-cancer 30 27 (90) 0.0011    22 (73.3) < 0.0011 28 (93.3) < 0.0011

Age (median: 41.5 yr; range: 13-78 yr)
   < 41.5 15    14 (93.3) 0.543    11 (73.3) 1.00 14 (93.3) 1.00
   ≥ 41.5 15    13 (86.7)    11 (73.3) 14 (93.3)
Gender
   Male 17    15 (88.2) 0.713    14 (82.4)   0.201 16 (94.1)   0.844
   Female 13    12 (92.3)      8 (61.5) 12 (92.3)
Types
   Dysplasia 12   12 (100) 0.136   9 (75)   0.866 12 (100)   0.503
   Intestinal metaplasia 18    15 (83.3)    13 (72.2) 16 (88.9)
Habits2

   Tobacco chewers 15    13 (86.7) 0.543 12 (80)   0.409 14 (93.3)   1.000
   Tobacco non-chewers 15    14 (93.3)    10 (66.7) 14 (93.3)
   Tobacco smokers 11    11 (100) 0.165    10 (90.9)   0.098 11 (100)   0.265
   Tobacco non-smokers 19    16 (84.2)    12 (63.2) 17 (89.5)
   Alcoholic   8     8 (100) 0.271      7 (87.5)   0.290  8 (100)   0.377
   Non-alcoholic 22    19 (86.4)    15 (68.2) 20 (90.9)
   Multiple habits   9     9 (100) 0.232      8 (88.9)   0.207  9 (100)   0.338

1Normal vs pre-cancer; 2Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits include two or more of any tobacco 
and/or alcohol habits.
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Table 5  Analysis of Helicobacter pylori  gene expression in adenocarcinoma gastric tissues with clinico-epidemiological parameters  n  (%)

high proportion of  carcinogenic cagA+ strains. However, 
frequency of  H. pylori infection or cagA positivity was 
detected at low levels in tumor tissue of  adenocarcinoma 
lesions that more closely resembled the symptomatic 
control group.

Our PCR data demonstrated the presence of  H. pylori 
infection in each disease group (a significant proportion 
of  which was cagA+), although its prevalence varied in 
different types of  gastric tissues. Our study showed the 
presence of  H. pylori infection in 61% of  histologically 
normal, but symptomatic, individuals. Studies carried out 
using serological or microscopic tests reported a vari-
able presence of  H. pylori infection in the gastric mucosa 
that ranged from 15%-92% in different adult popula-
tions worldwide[8]. An earlier study on H. pylori revealed 
a high prevalence of  this pathogen, which could reach 
as high as 80%[20,29]. However, the prevalence of  H. pylori 
shows major variations in ulcers, gastritis, and dyspepsia 
in India[20,21,29,30]. Despite high H. pylori prevalence, its im-
portance in the progression of  malignant gastric lesions 
is still debated. The high prevalence of  H. pylori infec-
tion but correspondingly low incidence of  gastric cancer 
in Asian countries like India is still a major paradox[18]. 
Accumulating evidence indicates a major variation in 
H. pylori prevalence that ranged from 45%-87.5%[20,21,31]. 
Moreover, it is important to note that prevalence of  H. 
pylori infection in asymptomatic individuals increases 
with age; 56%-63% in the adult population[31]. The as-
sociation between carcinogenic H. pylori and progression 
of  gastric carcinoma may have been previously under- or 
overestimated due to the poor accuracy of  serologic H. 
pylori markers, lack of  discrimination of  infecting geno-
types, and the inclusion of  previously resolved exposure 
with concurrent infection. Studies showed that PCR is a 
more accurate and sensitive technique than conventional 

methods like histopathology, rapid urease tests, and se-
rological assays in detecting H. pylori infection[32]. Among 
the different primers of  H. pylori genes, ureC and cagA 
gene primers are most frequently used in different stud-
ies[25,26], and represent the identification of  generic and 
pathogenic H. pylori strains, respectively.

Our PCR-based analysis revealed the presence of  a 
lower percentage of  the pathogenic cagA+ strain in over-
all H. pylori infection in symptomatic individuals. How-
ever, other investigators have demonstrated a higher 
percentage of  cagA positivity that ranged up to 90% in 
duodenal ulcers and gastritis in different geographical 
location[33]. Further investigation of  H. pylori infection 
in pre-cancer gastric tissues revealed a high frequency 
of  H. pylori infections in intestinal metaplasia (89%) and 
dysplasia (100%); interestingly, the majority of  these 
infections were cagA+. Information regarding the preva-
lence of  pathogenic cagA+ H. pylori in pre-cancer lesions 
in India is grossly inadequate. Prevalence of  H. pylori 
has been described in some reports that addressed pre-
cancer lesions in isolation[34,35]. However, a comparative 
analysis of  H. pylori infection within pre-cancer and ad-
enocarcinoma groups in a single population have not yet 
been made, which, in purview of  the variability in the 
frequency of  H. pylori and its virulent strain, is essential 
in order to understand the pathogenic role of  H. pylori 
in different stages of  gastric carcinogenesis. Neverthe-
less, data from other geographical regions demonstrate 
that the prevalence of  H. pylori ranges from 34%-71% 
in different studies[36-38], whereas prevalence of  the H. 
pylori cagA strain showed a frequency that ranged from 
40%-52% in other studies[39,40]. In contrast, we observed 
a high frequency of  cagA in pre-cancer lesions. CagA 
is a bacterial oncoprotein that functionally mimics the 
mammalian Gab family of  adaptor proteins and is re-
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Clinico-epidemiological Characteristics Total cases
n

ureC  
positive

P cagA 
positive

P Hp +ve P

Adenocarcinoma 65    33 (50.8)   < 0.0011    17 (26.2) < 0.0011    34 (52.3) < 0.0011

     0.7082    0.3122    0.3452

Age (median 55 yr; range: 22-90 yr)
   < 55 31    14 (45.2)     0.388    10 (32.3)    0.285    15 (48.4)    0.546
   ≥ 55 34    19 (55.9)      7 (20.6)    19 (55.9)
Gender
   Male 42    22 (52.4)     0.725    10 (23.8)    0.561    23 (54.8)    0.592
   Female 23    11 (47.8)      7 (30.4)    11 (47.8)
Types
   Diffuse 44    24 (54.5)     0.378    13 (29.5)    0.368    25 (56.8)    0.292
   Intestinal 21      9 (42.9)   4 (19)      9 (42.9)
Habits3

   Tobacco chewers 24    19 (79.2) < 0.001 12 (50)    0.001    19 (79.2)    0.001
   Tobacco non-chewers 41    14 (34.1)      5 (12.2)    15 (36.6)
   Tobacco smokers 20 10 (50)     0.934   8 (40)    0.090 11 (55)    0.772
   Tobacco non-smokers 45    23 (51.1)   9 (20)    23 (51.1)
   Alcoholic 16      9 (56.2)     0.614   4 (25)    0.904      9 (56.3)    0.716
   Non-alcoholic 49 24 (49)    13 (26.5) 25 (51)
   Multiple habits 16      9 (56.2)     0.614      6 (37.5)    0.234      9 (56.3)    0.716

1Pre-cancer vs adenocarcinoma; 2Normal vs adenocarcinoma; 3Tobacco chewing habits include betel quid, areca nut, and/or pan masala use; multiple habits 
include two or more of any tobacco and/or alcohol habits.
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sponsible for gastric carcinogenesis[41]. H. pylori infection 
is significantly associated with intestinal metaplasia (72%) 
and dysplasia (75%) of  pre-cancerous lesions, while in 
adenocarcinoma H. pylori-cagA infection was significantly 
higher in the diffuse type than the intestinal type of  ad-
enocarcinoma. It is unknown as to why there are high 
overall H. pylori or cagA+ strains in pre-cancer lesions but 
not in cancer lesions in our clinical specimens, as well 
as the reason for the low incidence of  gastric cancer. In 
view of  observations by both us and others, it is likely 
that the Indian population is highly prone to carcino-
genic H. pylori infection. However, due to the prevailing 
medical practice of  indiscriminate and widespread over-
use of  antibiotics in the treatment of  gastric and other 
ailments[42], carcinogenic progression of  H. pylori induced 
lesions may be prevented.

In contrast to pre-cancer lesions, the prevalence of  H. 
pylori was characteristically lower in cancer tissues (52%); 
more closely resembling the symptomatic control group. 
Globally, prevalence of  H. pylori infection ranges from 
27%-92% in advanced gastric carcinoma (predominantly 
intestinal type)[18]. On the other hand, H. pylori infec-
tion in gastric cancer lesions in studies from different 
regions of  India demonstrates similar H. pylori positiv-
ity (43%-86%)[35,43,44], which was closer to the frequency 
detected in the present investigation. Interestingly, we 
found a low frequency of  cagA+ strains in gastric cancer 
tissues, whereas a study from another group from In-
dia showed a high proportion of  cagA positivity (up to 
100%), of  which 86% cases were found to possess H. py-
lori with intact cagA-PAI[45]. It is likely that cagA+ H. pylori 
in cancer lesions are a remnant of  a more carcinogenic 
infection that could have been involved in tumorigenic 
transformation.

Though the sample size in our study showed a male 
gender bias in gastric pre-cancer and cancer lesions, H. 
pylori infection was not age or gender specific. Inciden-
tally, symptomatic females showed significantly higher 
H. pylori infection than males, though they did not differ 
in cagA positivity. Contrary to this observation, gastric 
cancer incidence in India is reported to be lower in 
Indian females[12]. The reasons behind such discrepant 
observations are not clear. The high prevalence of  H. 
pylori infection may be due to poor household hygiene in 
rural areas and addiction to tobacco, particularly chewing 
tobacco, in females which is quite frequent in northern 
India[11,46]. According to a population-based epidemiolog-
ical study, women significantly (P < 0.00001) preferred 
smokeless/chewable tobacco compared to smoking[11]. 
Moreover, it has been generally observed that females 
from rural areas usually do not come to referral hospi-
tals until they have significant symptoms, whereas males 
report even if  symptoms are milder. It is quite likely that 
this phenomenon resulted in the higher percentage of  
females who came for endoscopy having H. pylori infec-
tion than males in the control and pre-cancerous groups, 
whereas in cancer cases, where both genders had equally 
severe symptoms, such a bias did not exist.

Analysis of  H. pylori infection with habits of  tobacco 

and alcohol abuse in different disease groups revealed 
an association of  tobacco chewing with H. pylori infec-
tion, whereas its association with tobacco smoking or 
alcoholism could not be established in our study. To-
bacco smoking and alcoholism have been indicated as 
risk factors for gastric cancer[47,48], and the association 
of  tobacco use and H. pylori infection is equally fre-
quent[49,50]. However, the mechanism by which these fac-
tors cooperate during gastric carcinogenesis is not clear. 
Tobacco chewing is a highly prevalent practice in the low 
socioeconomic strata population in India[11,46]. Our study 
demonstrates that habit of  tobacco chewing in general, 
and specifically in combination with contaminated hands 
or unhygienically-prepared tobacco in such forms as 
khaini, local snuff, and lime-tobacco, could be a major 
factor promoting the transmission of  H. pylori. Interest-
ingly, in a study on a Yemeni population, a similar habit 
of  chewing qat was found to be associated with high H. 
pylori infection[51], which supports our findings regarding 
the association of  chewing tobacco with infection of  H. 
pylori.

Although the onset of  H. pylori infection starts in 
early childhood, our study group comprised subjects 
older than 17 years (except two cases of  7 and 13 year-
olds who did not use tobacco in any form). Therefore, 
H. pylori positive subjects in the present study might have 
received prior exposure to H. pylori infection in early 
childhood by tobacco use or other means. A significant 
association between tobacco chewing and H. pylori in 
the cancer group, but not in the control or pre-cancer 
groups, further shows that H. pylori and tobacco may act 
as a co-carcinogen. It is likely that the toxic effect of  to-
bacco may further promote cagA+ H. pylori-mediated car-
cinogenic transformation in gastric epithelial cells over a 
long time period. A large cross-sectional epidemiological 
study in school children demonstrated that 11.2% of  
school-going children were addicted to tobacco in some 
form. Interestingly, 2.5% of  the study subjects were 
“exclusive tobacco chewers” and the mean age of  initia-
tion of  these habits in school children was found to be 
around 12.4 years[52]. Moreover, the likelihood of  con-
current H. pylori infection due to tobacco being contami-
nated by being rubbed on the palm prior to use cannot 
be ruled out.

Overall, our study provides a comprehensive account 
of  generic and cagA+ H. pylori infection in different gas-
tric pre-cancer and cancer lesions, and demonstrates a 
high incidence of  H. pylori infection and carcinogenic 
cagA+ strains in pre-cancer lesions during gastric carcino-
genesis that may be acquired orally due to the habit of  
chewing tobacco or other similar abusive products.

COMMENTS
Background
With nearly one million new cases estimated in 2008, gastric cancer accounts 
for 7.8% of the total cancer burden and is the second leading cause of cancer 
deaths reported worldwide (738000/year). The distribution of gastric cancer is 
particularly high in Asia, Latin America, and some areas of Europe and Africa. De-

6866 June 14, 2014|Volume 20|Issue 22|WJG|www.wjgnet.com

 COMMENTS

Pandey A et al . H. pylori  in gastric cancer



spite some of the high risk populations being in Asian countries such as Japan, 
Korea, and China, other Asian countries like India present relatively low rates of 
gastric cancer.
Research frontiers
The present study was conducted to perform a comparative analysis of Heli-
cobacter pylori (H. pylori) infection and potential contribution of carcinogenic 
cagA+ strains in gastric cancer progression, as well as to examine their asso-
ciation with tobacco use and alcohol abuse that may play a permissive role in 
carcinogenic transformation.
Innovations and breakthroughs
The results demonstrate the frequency of H. pylori infection was highest in pre-
cancerous gastric lesions and was associated with habit of tobacco chewing. 
A high incidence of H. pylori infection and carcinogenic cagA positive strains in 
pre-cancer lesions during gastric carcinogenesis may be associated with the 
habit of chewing tobacco.
Peer review
This manuscript is a well-written article with some clinico-epidemiological sig-
nificance in the Indian population.

REFERENCES
1	 Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin 

DM. Estimates of worldwide burden of cancer in 2008: 
GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 
21351269 DOI: 10.1002/ijc.25516]

2	 Brenner H, Rothenbacher D, Arndt V. Epidemiology of 
stomach cancer. Methods Mol Biol 2009; 472: 467-477 [PMID: 
19107449 DOI: 10.1007/978-1-60327-492-0_23]

3	 Dooley CP, Cohen H, Fitzgibbons PL, Bauer M, Appleman 
MD, Perez-Perez GI, Blaser MJ. Prevalence of Helicobacter 
pylori infection and histologic gastritis in asymptomatic 
persons. N Engl J Med 1989; 321: 1562-1566 [PMID: 2586553 
DOI: 10.1056/NEJM198912073212302]

4	 Brenner H, Rothenbacher D, Bode G, Adler G. Relation of 
smoking and alcohol and coffee consumption to active He-
licobacter pylori infection: cross sectional study. BMJ 1997; 
315: 1489-1492 [PMID: 9420488]

5	 Graham DY, Malaty HM, Evans DG, Evans DJ, Klein PD, 
Adam E. Epidemiology of Helicobacter pylori in an as-
ymptomatic population in the United States. Effect of age, 
race, and socioeconomic status. Gastroenterology 1991; 100: 
1495-1501 [PMID: 2019355]

6	 Marshall BJ, Warren JR. Unidentified curved bacilli in the 
stomach of patients with gastritis and peptic ulceration. 
Lancet 1984; 1: 1311-1315 [PMID: 6145023]

7	 Pounder RE, Ng D. The prevalence of Helicobacter pylori 
infection in different countries. Aliment Pharmacol Ther 1995; 
9 Suppl 2: 33-39 [PMID: 8547526]

8	 Brown LM. Helicobacter pylori: epidemiology and routes 
of transmission. Epidemiol Rev 2000; 22: 283-297 [PMID: 
11218379]

9	 Schistosomes, liver flukes and Helicobacter pylori. IARC 
Working Group on the Evaluation of Carcinogenic Risks to 
Humans. Lyon, 7-14 June 1994. IARC Monogr Eval Carcinog 
Risks Hum 1994; 61: 1-241 [PMID: 7715068]

10	 Jose L, Nalappat S, Sasidharan VP. A clinico-pathological 
study of carcinoma stomach. Indian J Pathol Microbiol 1995; 
38: 73-79 [PMID: 8919472]

11	 Kumar S, Pandey U, Bala N, Tewar V, Oanh KT. Tobacco 
habit in northern India. J Indian Med Assoc 2006; 104: 19-22, 
24 [PMID: 16850862]

12	 NCRP. Atlas of Cancers in India. 2008. Available from: 
URL: http://canceratlasindia.org/map.aspx

13	 Correa P, Houghton J. Carcinogenesis of Helicobacter py-
lori. Gastroenterology 2007; 133: 659-672 [PMID: 17681184]

14	 Tomb JF, White O, Kerlavage AR, Clayton RA, Sutton GG, 
Fleischmann RD, Ketchum KA, Klenk HP, Gill S, Dough-
erty BA, Nelson K, Quackenbush J, Zhou L, Kirkness EF, 
Peterson S, Loftus B, Richardson D, Dodson R, Khalak HG, 

Glodek A, McKenney K, Fitzegerald LM, Lee N, Adams 
MD, Hickey EK, Berg DE, Gocayne JD, Utterback TR, Pe-
terson JD, Kelley JM, Cotton MD, Weidman JM, Fujii C, 
Bowman C, Watthey L, Wallin E, Hayes WS, Borodovsky M, 
Karp PD, Smith HO, Fraser CM, Venter JC. The complete 
genome sequence of the gastric pathogen Helicobacter py-
lori. Nature 1997; 388: 539-547 [PMID: 9252185]

15	 Huang JQ, Zheng GF, Sumanac K, Irvine EJ, Hunt RH. 
Meta-analysis of the relationship between cagA seropositiv-
ity and gastric cancer. Gastroenterology 2003; 125: 1636-1644 
[PMID: 14724815]

16	 Bronte-Tinkew DM, Terebiznik M, Franco A, Ang M, Ahn 
D, Mimuro H, Sasakawa C, Ropeleski MJ, Peek RM, Jones 
NL. Helicobacter pylori cytotoxin-associated gene A activates 
the signal transducer and activator of transcription 3 path-
way in vitro and in vivo. Cancer Res 2009; 69: 632-639 [PMID: 
19147578]

17	 Ding SZ, Goldberg JB, Hatakeyama M. Helicobacter pylori 
infection, oncogenic pathways and epigenetic mechanisms 
in gastric carcinogenesis. Future Oncol 2010; 6: 851-862 
[PMID: 20465395 DOI: 10.2217/fon.10.37]

18	 Fock KM, Ang TL. Epidemiology of Helicobacter py-
lori infection and gastric cancer in Asia. J Gastroenterol 
Hepatol 2010; 25: 479-486 [PMID: 20370726 DOI: 10.1111/
j.1440-1746.2009.06188.x]

19	 Katelaris PH, Tippett GH, Norbu P, Lowe DG, Brennan R, 
Farthing MJ. Dyspepsia, Helicobacter pylori, and peptic ul-
cer in a randomly selected population in India. Gut 1992; 33: 
1462-1466 [PMID: 1452068]

20	 Misra V, Misra SP, Dwivedi M, Singh PA. Point prevalence 
of peptic ulcer and gastric histology in healthy Indians with 
Helicobacter pylori infection. Am J Gastroenterol 1997; 92: 
1487-1491 [PMID: 9317069]

21	 Romshoo GJ, Malik GM, Bhat MY, Rather AR, Basu JA, 
Qureshi KA. Helicobacter pylori associated antral gastritis 
in peptic ulcer disease patients and normal healthy popula-
tion of kashmir, India. Diagn Ther Endosc 1998; 4: 135-139 
[PMID: 18493464 DOI: 10.1155/DTE.4.135]

22	 Kumar D, Dhar A, Dattagupta S, Ahuja V, Mathur M, Sharma 
MP. Pre and post eradication gastric inflammation in Helico-
bacter pylori-associated duodenal ulcer. Indian J Gastroenterol 
2002; 21: 7-10 [PMID: 11871846]

23	 Dicken BJ, Bigam DL, Cass C, Mackey JR, Joy AA, Hamil-
ton SM. Gastric adenocarcinoma: review and considerations 
for future directions. Ann Surg 2005; 241: 27-39 [PMID: 
15621988]

24	 Lauren P. The two histological main types of gastric carci-
noma: diffuse and so-called intestinal-type carcinoma. An 
attempt at a histo-clinical classification. Acta Pathol Microbiol 
Scand 1965; 64: 31-49 [PMID: 14320675]

25	 Labigne A, Cussac V, Courcoux P. Shuttle cloning and nu-
cleotide sequences of Helicobacter pylori genes responsible 
for urease activity. J Bacteriol 1991; 173: 1920-1931 [PMID: 
2001995]

26	 Tummuru MKR, Cover TL, Blaser MJ. Cloning and expres-
sion of a high-molecular-mass major antigen of Helicobacter 
pylori: Evidence of linkage to cytotoxin production. IAI 
1993; 61: 1799-1809

27	 Shukla S, Shishodia G, Mahata S, Hedau S, Pandey A, 
Bhambhani S, Batra S, Basir SF, Das BC, Bharti AC. Aberrant 
expression and constitutive activation of STAT3 in cervical 
carcinogenesis: implications in high-risk human papilloma-
virus infection. Mol Cancer 2010; 9: 282 [PMID: 20977777]

28	 Taylor DE, Eaton M, Chang N, Salama SM. Construction 
of a Helicobacter pylori genome map and demonstration of 
diversity at the genome level. J Bacteriol 1992; 174: 6800-6806 
[PMID: 1400229]

29	 Prasad S, Mathan M, Chandy G, Rajan DP, Venkateswaran 
S, Ramakrishna BS, Mathan VI. Prevalence of Helicobacter 
pylori in southern Indian controls and patients with gas-

6867 June 14, 2014|Volume 20|Issue 22|WJG|www.wjgnet.com

Pandey A et al . H. pylori  in gastric cancer



troduodenal disease. J Gastroenterol Hepatol 1994; 9: 501-506 
[PMID: 7827302]

30	 Misra RN, Bhagat M, Ahmed N. Helicobacter pylori in dys-
pepsia - Antibiotic sensitivity and virulence patterns. Med J 
Armed Forces India 2006; 62: 22-26

31	 Mishra S, Singh V, Rao GR, Dixit VK, Gulati AK, Nath G. 
Prevalence of Helicobacter pylori in asymptomatic subjects-
-a nested PCR based study. Infect Genet Evol 2008; 8: 815-819 
[PMID: 18771754 DOI: 10.1016/j.meegid.2008.08.001]

32	 Vinette KM, Gibney KM, Proujansky R, Fawcett PT. Com-
parison of PCR and clinical laboratory tests for diagnosing H. 
pylori infection in pediatric patients. BMC Microbiol 2004; 4: 
5 [PMID: 14969595 DOI: 10.1186/1471-2180-4-5]

33	 Saha DR, Datta S, Chattopadhyay S, Patra R, De R, Rajen-
dran K, Chowdhury A, Ramamurthy T, Mukhopadhyay 
AK. Indistinguishable cellular changes in gastric mucosa 
between Helicobacter pylori infected asymptomatic tribal 
and duodenal ulcer patients. World J Gastroenterol 2009; 15: 
1105-1112 [PMID: 19266604]

34	 Bhasin DK, Kakkar N, Sharma BC, Joshi K, Sachdev A, 
Vaiphei K, Singh K. Helicobacter pylori in gastric cancer in 
India. Trop Gastroenterol 1999; 20: 70-72 [PMID: 10484891]

35	 Misra V, Misra SP, Singh MK, Singh PA, Dwivedi M. Preva-
lence of H. pylori in patients with gastric cancer. Indian J 
Pathol Microbiol 2007; 50: 702-707 [PMID: 18306532]

36	 Farinati F, Valiante F, Germanà B, Della Libera G, Baffa R, 
Rugge M, Plebani M, Vianello F, Di Mario F, Naccarato R. 
Prevalence of Helicobacter pylori infection in patients with 
precancerous changes and gastric cancer. Eur J Cancer Prev 
1993; 2: 321-326 [PMID: 8358284]

37	 Craanen ME, Dekker W, Blok P, Ferwerda J, Tytgat GN. In-
testinal metaplasia and Helicobacter pylori: an endoscopic 
bioptic study of the gastric antrum. Gut 1992; 33: 16-20 
[PMID: 1740271]

38	 Haziri A, Juniku-Shkololli A, Gashi Z, Berisha D, Haziri A. 
Helicobacter pylori infection and precancerous lesions of 
the stomach. Med Arh 2010; 64: 248-249 [PMID: 21246927]

39	 Pilotto A, Rassu M, Bozzola L, Leandro G, Franceschi M, Fur-
lan F, Meli S, Scagnelli M, Di Mario F, Valerio G. Cytotoxin-
associated gene A-positive Helicobacter pylori infection in the 
elderly. Association with gastric atrophy and intestinal meta-
plasia. J Clin Gastroenterol 1998; 26: 18-22 [PMID: 9492857]

40	 Zhang C, Yamada N, Wu YL, Wen M, Matsuhisa T, Mat-
sukura N. Helicobacter pylori infection, glandular atrophy 
and intestinal metaplasia in superficial gastritis, gastric ero-
sion, erosive gastritis, gastric ulcer and early gastric cancer. 
World J Gastroenterol 2005; 11: 791-796 [PMID: 15682469]

41	 Hatakeyama M. Helicobacter pylori CagA - A potential bac-
terial oncoprotein that functionally mimics the mammalian 

Gab family of adaptor proteins. EMI 2003; 5: 143-150
42	 Ganguly NK, Arora NK, Chandy SJ, Fairoze MN, Gill JP, Gupta 

U, Hossain S, Joglekar S, Joshi PC, Kakkar M, Kotwani A, Rattan 
A, Sudarshan H, Thomas K, Wattal C, Easton A, Laxminarayan R. 
Rationalizing antibiotic use to limit antibiotic resistance in India. 
Indian J Med Res 2011; 134: 281-294 [PMID: 21985810]

43	 Mishra KK, Srivastava S, Dwivedi PP, Prasad KN, Ayyagari 
A. UreC PCR based diagnosis of Helicobacter pylori infec-
tion and detection of cag A gene in gastric biopsies. Indian J 
Pathol Microbiol 2002; 45: 31-37 [PMID: 12593561]

44	 Saxena A, Shukla S, Prasad KN, Ghoshal UC. Virulence 
attributes of Helicobacter pylori isolates & amp; their asso-
ciation with gastroduodenal disease. Indian J Med Res 2011; 
133: 514-520 [PMID: 21623037]

45	 Ali M, Khan AA, Tiwari SK, Ahmed N, Rao LV, Habibullah 
CM. Association between cag-pathogenicity island in Heli-
cobacter pylori isolates from peptic ulcer, gastric carcinoma, 
and non-ulcer dyspepsia subjects with histological changes. 
World J Gastroenterol 2005; 11: 6815-6822 [PMID: 16425389]

46	 Dikshit RP, Kanhere S. Tobacco habits and risk of lung, 
oropharyngeal and oral cavity cancer: a population-based 
case-control study in Bhopal, India. Int J Epidemiol 2000; 29: 
609-614 [PMID: 10922335]

47	 Phukan RK, Zomawia E, Narain K, Hazarika NC, Mah-
anta J. Tobacco use and stomach cancer in Mizoram, India. 
Cancer Epidemiol Biomarkers Prev 2005; 14: 1892-1896 [PMID: 
16103433 DOI: 10.1158/1055-9965.EPI-05-0074]

48	 Zaridze D, Borisova E, Maximovitch D, Chkhikvadze V. 
Alcohol consumption, smoking and risk of gastric cancer: 
case-control study from Moscow, Russia. Cancer Causes Con-
trol 2000; 11: 363-371 [PMID: 10843447]

49	 Kopański Z, Schlegel-Zawadzka M, Golec E, Witkowska B, 
Micherdziński J, Cienciala A, Kustra Z. The significance of 
selected epidemiologico-clinical factors in the prevalence of 
the Helicobacter pylori infection in young males. Eur J Med 
Res 1997; 2: 358-360 [PMID: 9262490]

50	 Simán JH, Forsgren A, Berglund G, Florén CH. Tobacco 
smoking increases the risk for gastric adenocarcinoma 
among Helicobacter pylori-infected individuals. Scand J 
Gastroenterol 2001; 36: 208-213 [PMID: 11252415]

51	 el-Guneid A, el-Sherif AM, Murray-Lyon IM, Zureikat N, 
Shousha S. Effect of chewing Qat on mucosal histology and 
prevalence of Helicobacter pylori in the oesophagus, stom-
ach and duodenum of Yemeni patients. Histopathology 1991; 
19: 437-443 [PMID: 1757083]

52	 Narain R, Sardana S, Gupta S, Sehgal A. Age at initiation & 
amp; prevalence of tobacco use among school children in 
Noida, India: a cross-sectional questionnaire based survey. 
Indian J Med Res 2011; 133: 300-307 [PMID: 21441684]

P- Reviewers: Ji JF, Vieth M    S- Editor: Gou SX    
L- Editor: Rutherford A    E- Editor: Liu XM

6868 June 14, 2014|Volume 20|Issue 22|WJG|www.wjgnet.com

Pandey A et al . H. pylori  in gastric cancer



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

2   2


	6860.pdf
	WJGv20i22-Back Cover.pdf

