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Pepsinogen-II 100 bp ins/del gene polymorphism and its elevated
circulating levels are associated with gastric cancer, particularly
with Helicobacter pylori infection and intestinal metaplasia
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Abstract

Background Polymorphism in the gene of pepsinogen-II

(PG-II) and its serum level are effective biomarkers for

terminal differentiation of gastric mucosa into gastritis,

intestinal metaplasia (IM), and gastric cancer (GC) in

relationship to Helicobacter pylori infection.

Methods Genotyping of the PG-II 100 bp insertion/dele-

tion (ins/del) polymorphism was performed in patients with

GC (n = 192) and age- and gender-matched H. pylori-as-

sociated dyspepsia (n = 180) and healthy subjects (HS,

n = 240) by PCR. IgG anti-H. pylori (in all subjects) and

serum PG-II levels were estimated in 145 patients each

with GC and dyspepsia and in 65 healthy controls (HC)

using ELISA (Biohit Oyj, Finland).

Results Five alleles were amplified by PCR: allele 5

(510 bp), allele 4 (480 bp), allele 3 (450 bp), allele 2

(400 bp), and allele 1 (shorter allele, 310 bp). Allele 1 car-

riage was infrequent, and serum PG-II level was higher

among patients with GC than in HC [OR 0.43 (95 % CI,

0.29–0.85), p\ 0.001 and mean ± SD; 17.53 ± 12.60 vs.

12.77 ± 7.53 lg/l, p = 0.005, respectively], particularly in

the presence of H. pylori [OR 0.42 (0.25–0.71), p = 0.001

and 18.78 ± 12.63 vs. 13.97 ± 8.14, p = 0.034]. However,

allele 1 carriage and PG-II levels were comparable among

patients with GC and dyspepsia. Patients with IM also car-

ried allele 1 infrequently and had higher levels of PG-II than

those without [OR 0.5 (0.29–0.85), p = 0.011 and

20.07 ± 14.22 vs. 16.61 ± 12.08, p = 0.048].

Conclusions Carriage of the shorter allele of the PG-II

100 bp ins/del polymorphism and elevated levels of PG-II

are associated with GC, particularly with H. pylori infec-

tion and IM.

Keywords Pepsinogen II polymorphism � Intestinal
metaplasia � Helicobacter pylori � Dyspepsia � Gastritis

Introduction

Although the prevalence of gastric cancer (GC) has

recently declined, it is still the second leading cause of

cancer-related deaths worldwide, as well as in India among

men (12.6 %) and women (14.1 %) [1, 2]. GC develops

through multiple histological steps such as chronic gastri-

tis, gastric atrophy, intestinal metaplasia (IM), and dys-

plasia [3]. The three major etiological factors for

development of GC are Helicobacter pylori infection,

genetic susceptibility, and dietary factors. Recently, several

host genetic polymorphisms have been regarded as poten-

tial factors contributing to development of GC.

The human pepsinogen (PG)-II (or C) gene is located in

the 6p11–6p21.3 region of chromosome 6 and contains a

100-bp insertion/deletion (ins/del) polymorphism between

exons 7 and 8 [4, 5]. This polymorphism has emerged in

recent years as an important determinant of disease suscep-

tibility and severity [6–8]. Different allelic forms of PG-II

gene polymorphism may alter its serum levels, and the

changes in PG-II levels are associated with several gastric

diseases such as gastritis, peptic ulcer, andGC. Studies on the
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association between PG-II gene polymorphism and GC are

scant. In this study, we aimed to evaluate the biological role

of PG-II gene polymorphism in the development of pre-

cancerous gastric lesions and GC.

Circulating PG-II is a proenzyme of pepsin II, an

endoproteinase present in gastric juice. It is secreted

predominantly by pyloric glands in the gastric mucosa

and the proximal duodenal mucosa [9, 10]. The circulat-

ing levels of PG-II may be helpful for noninvasive

assessment of atrophic gastritis (AG), which predicts the

occurrence of GC [11, 12]. AG is also frequently asso-

ciated with IM, another precursor of GC, in contrast to

nonatrophic gastritis [13, 14]. An elevated level of cir-

culating PG-II is a marker of AG, and it remains high

even in the presence of gastric ulcer [15, 16]. Therefore,

serum PG-II levels may be used as a noninvasive bio-

marker of AG and IM [17]. H. pylori infection is a known

factor, influencing interindividual variation in PG-II levels

and the risk of GC [18, 19]. Because patients with dys-

pepsia are often associated with H. pylori infection and

yet do not develop GC, we wanted to compare PG-II gene

polymorphism with their serum levels as compared to

patients with GC [20, 21]. Accordingly, we designed this

case–control prospective study to evaluate the association

between the PG-II 100 bp ins/del gene polymorphism, its

circulating level among patients with GC and dyspepsia

and in healthy controls (HC) in relationship to histological

findings and H. pylori infection.

Methods

Study subjects

Two hundred patients with non-cardia GC were included in

this study.One hundred eighty-two age- and gender-matched

H. pylori-associated patients with dyspepsia were included

as controls on the basis of endoscopy and Rome III criteria

[22]. Subjects who had received antimicrobial therapy, H2-

receptor blockers, proton-pump inhibitors, and nonsteroidal

antiinflammatory drugs within 15 days previously were

excluded from the study. Two hundred and fifty volunteers

from the community (age- and gender matched) willing to

participate in the study were included as HC. Patients and

controls were of similar ethnicity. The study protocol was

approved by the Institutional Ethics Committee, and written

informed consent was obtained from all the subjects.

Demographic and clinical parameters were recorded

using a standard questionnaire. Data on smoking (in form

of bidi, hukka, or cigarettes) and tobacco chewing (in the

form of surti, paan with surti, and gutka) were recorded

from all the subjects. The frequency and quantity of alco-

hol consumption were also recorded.

Sample collection

Six biopsies were collected in 10 % neutral buffered formalin

from tumor margins during upper gastrointestinal endoscopy

(Olympus Optical, Tokyo, Japan), and sections were evalu-

ated after hematoxylin and eosin (H&E) staining to confirm

the presence and subtype (Lauren) of malignancy [23]. Four

biopsieswere obtained frompatients withGC (gastricmucosa

away from the tumor) and dyspepsia (two each from antrum

and body) for evaluation of IM, gastritis, and H. pylori

infection. IM and gastritis (graded according to the updated

Sydney system) were assessed by an expert pathologist, who

was blinded about the other parameters [24, 25].

A 2-ml blood sample was collected from all the patients

and controls in ethylenediaminetetraacetic acid (EDTA)

vacutainer tubes for genotyping. A 2-ml blood sample was

also collected in gel clot activator-based vacutainers (RS

Biosciences, USA), after 8–10 h of fasting, for estimation

of PG-II level.

Diagnosis of H. pylori infection

H. pylori infection was diagnosed by an enzyme-linked

immunosorbent assay (ELISA), rapid urease test (RUT),

and histopathology. Anti-H. pylori IgG antibodies were

tested by ELISA using a commercially available kit (Biohit

Oyj, Finland) as per manufacturer’s instructions on sera

obtained from patients as well as controls [26]. A cutoff

value of antibody concentration C30 enzyme immune units

(EIU) was considered positive. RUT was performed using

an in-house method, the sensitivity and specificity of which

have been validated previously [27]. A change in color

from yellow to pink during a 2-h observation period was

considered as a positive test. Sections from biopsies stained

with hematoxylin and eosin and Giemsa stain were used for

diagnosis of H. pylori by histopathology.

DNA extraction and genotyping of pepsinogen-II

100 bp ins/del polymorphism

Genomic DNA was extracted from peripheral blood

leukocytes using a commercially available kit with slight

modifications (AuPrep, Life Technologies, New Delhi,

India). The ratio of absorbance at 260 and 280 nm of iso-

lated DNA was around 1.65–1.92 and stored at -40 �C
until use. Genotyping was done by polymerase chain

reaction (PCR), which amplifies the DNA in the intron

between exons 7 and 8 by these primers: forward PGCa:50-
AGCCCTAAGCCTCTTTTTGG-30 and reverse PGCb:50-
GGCCAGATCTGCGTGTTTTA-30. The PCR reaction

was performed according to the previously published pro-

tocol [5]. Band size of PCR products was resolved by 3 %

agarose gel electrophoresis.
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Estimation of serum PG-II level

Serum PG-II levels were estimated in 145 patients with

GC, 145 patients with dyspepsia, and 65 HC using a

commercially available ELISA kit (Biohit Oyj, Finland) as

per manufacturer’s instructions. PG-II levels were expres-

sed in microgram per liter. The standard curve was plotted

to calculate final concentrations and results [26].

Statistical analysis

Chi-square (v2) test was used for comparison of categorical

data. Patients were categorized on the basis of disease

group, presence or absence of IM, gastritis, serological test

for H. pylori, and Lauren’s classification of GC. Binary

logistic regression was used to estimate risks as odds ratio

(OR) with 95 % confidence intervals (CI) using software

SPSS 15 (SPSS, Chicago, IL, USA). Differences between

serum PG-II levels were analyzed using independent t test.

Bonferroni’s correction (a multiple comparison correction)

was applied to significant associations.

Results

Demographic parameters

Age and gender were comparable among patients with GC

and HC. Similarly, gender was also comparable but age

was dissimilar among patients with GC and dyspepsia

(Table 1). Tobacco habits and alcoholism were also similar

among all the groups (Table 1).

Histological parameters

Patients with GC had higher frequency of IM than those

with dyspepsia [64/178 (36.0 %) vs. 16/179 (8.9 %),

p\ 0.001] but similar frequency of gastritis [115/176

(65.3 %) vs. 131/175 (74.9 %), p = ns]. Severity of gas-

tritis (mild, moderate, and severe) was similar among

patients with GC and dyspepsia (Table 1). By Lauren’s

classification of GC (n = 176), 92 (52 %) had intestinal and

75 (43 %) had a diffuse type of tumor. In 9 patients (5 %),

the tumor was unclassified.

H. pylori infection

Biopsy-based tests such as RUT and histology represent the

active infection whereas serum-based anti-H. pylori IgG

antibody ELISA might represent infection in the past. Data

on evaluation of H. pylori infection according to a standard

protocol using three tests are presented in Table 1. These

data show that biopsy-based tests such as histology and

RUT less often detected H. pylori infection than serology.

Because endoscopy-based tests (RUT and histology) were

not ethically permitted among HC, we undertook only

serology-based tests among these controls. Anti-H. pylori

IgG ELISA was comparable among patients and controls

(Table 1). To avoid the discrepancy in H. pylori diagnosis,

we have used only anti-H. pylori IgG ELISA test results for

comparison of gene polymorphism and serum levels.

Genotype frequency of PG-II 100 bp ins/del

polymorphism among patients and controls

PCR product was absent in 8 patients with GC, 2 with

dyspepsia, and 10 with HC. Distribution of genotypes

among 192 patients with GC compared to 180 patients with

dyspepsia and 240 HC is shown in Table 2. Frequency of

genotype 4/3 (480/450 bp) and 4/2 (480/400) was more

frequent among patients with GC than HC [40/192 (20.8 %)

vs. 32/240 (13.3 %), p = 0.038 and 21/192 (10.9 %) vs.

12/240 (5 %), p = 0.021, respectively]. However, genotype

1/1 (310/310 bp) was infrequent among patients with GC

than dyspepsia and HC [16/192 (8.3 %) vs. 36/180 (20 %)

and 45/240 (18.7), p value 0.001 and 0.002, respectively].

Allele frequency of PG-II gene polymorphism

among patients and controls

The carriage of allele 1 is important in PG-II 100 bp ins/del

gene polymorphism and risk of GC [6, 7]. Five alleles were

amplified by PCR: allele 5 (510 bp), allele 4 (480 bp),

allele 3 (450 bp), allele 2 (400 bp), and allele 1 (310 bp;

shorter allele). Allele 1 carriage was infrequent among

patients with GC compared to HC [82/192 (42.7 %) vs. 153

(63.8 %), p\ 0.001, OR 0.43 (0.29–0.85)]. Carriage of

allele 1 also tended to be lower among patients with GC

than dyspepsia (Table 3).

Association between allele 1 carriage

and histological findings

Frequency of allele 1 carriage was comparable among

intestinal type compared with the diffuse type of GC

(Table 3). Distribution of allele 1 carriage and non-carriage

was also similar among patients with gastritis and among

patients with different degrees of gastritis (Table 3).

Patients with IM (GC and dyspepsia both) had more

infrequent allele 1 carriage than those without [27/79

(34.2 %) vs. 130/265 (49.1 %); OR 0.5 (95 % CI

0.29–0.85), p = 0.011].

In case-only analysis, the frequency of allele 1 carriage

was similar among patients with GC and dyspepsia in the
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presence and absence of IM and gastritis [in case of IM: IM?/

GC?: 24/64 (37.5 %) vs. IM?/dyspepsia?: 4/16 (25 %),

p = 0.397 and IM-/GC?: 55/106 (51.9 %) vs. IM-/dys-

pepsia?: 88/161 (54.7 %), p = 0.707 and in case of gastritis:

gastritis?/GC?: 51/109 (46.8 %) vs. gastritis?/dyspepsia?:

67/129 (51.9 %), 0.438 and gastritis-/GC?: 27/59 (45.8 %)

vs. gastritis-/dyspepsia?: 24/44 (54.5 %), p = 0.429].

Association between allele 1 carriage and H. pylori

sero-positivity

The frequency of allele 1 carriage among H. pylori sero-

positive and sero-negative subjects is presented in Table 4.

Carriage of allele 1 was infrequent among H. pylori sero-

positive patients with GC compared to those with HC; it

was, however, comparable among patients with GC, dys-

pepsia, and sero-negative subjects (Table 4).

Serum levels of PG-II among patients and controls

Serum PG-II level was higher among patients with GC than

HC (mean ± SD: 17.53 ± 12.60 vs. 12.77 ± 7.53,

p = 0.005). However, serum PG-II levels were comparable

among patients with GC than with dyspepsia and among

patients with Lauren’s classified types of GC (Fig. 1).

H. pylori sero-positive patients with GC had higher serum

levels of PG-II than HC, although levels were comparable

among sero-negative subjects (GC/H. pylori? vs. HC/H.

pylori?: 18.78 ± 12.63 vs. 13.97 ± 8.14, p = 0.034 andGC/

H.pylori-vs.HC/H.pylori-: 15.99 ± 12.5vs. 11.09 ± 6.34,

p = ns, respectively).However, serumPG-IIwas comparable

among patients with GC and dyspepsia in relation toH. pylori

infection (Fig. 1).

Serum PG-II level was similar among patients with GC

than dyspepsia in relationship to IM (GC/IM? vs. dyspepsia/

Table 1 Demographic data, histology, Helicobacter pylori, tobacco habits, and alcoholism among patients and controls

GC (n = 192) DC (n = 180) HC (n = 240) p value

Age in years (mean ± SD) 52.91 ± 12.35 49.31 ± 9.63 51.46 ± 10.45 GC vs. DC = 0.002

GC vs. HC = 0.187

Gender (male) 136 (70.8 %) 116 (64.4 %) 168 (70.0 %) GC vs. DC = 0.188

GC vs. HC = 0.850

Tobacco habitsa

Chewing of surti, paan with surti, and gutka 65/185 (35.1 %) 56/178 (31.5) 52/215 (24.2 %) NS

Smoking 47/187 (25.2 %) 62/179 (34.6 %) 48/208 (23.1 %) NS

Both chewing and smoking 37/185 (20 %) 33/178 (18.5 %) 29/210 (13.8 %) NS

No tobacco use 75/187 (40.1 %) 61/179 (34.1 %) 115/215 (53.5 %) NS

Alcoholisma

Alcoholic 56/192 (29.2 %) 52/180 (28.9 %) 35/192 (18.2 %) NS

Non-alcoholic 136/193 (70.8 %) 128/180 (71.1 %) 157/192 (81.8) NS

Helicobacter pylori infection

IgG ELISA 100/168 (59.5 %) 120/180 (66.7 %) 164/240 (68.3 %) GC vs. DC = 0.167

GC vs. HC = 0.067

RUT 44/150 (29.3 %) 64/154 (41.6 %) 0.026

Histopathology 57/164 (34.8 %) 115/182 (63.2 %) <0.001

Histological findings

Intestinal metaplasia 64/178 (36.0 %) 16/179 (8.9 %) <0.001

Gastritis 115/176 (65.3 %) 131/175 (74.9 %) 0.062

Severity of gastritis n = 115 n = 131

Mild 85 (73.9 %) 108 (82.4 %) 0.984

Moderate 24 (20.9 %) 20 (15.3 %) 0.797

Severe 6 (5.2 %) 3 (2.3 %) 0.749

Lauren classification of GC (n = 176)

Diffuse

Intestinal

Unclassified

75 (42.6 %)

92 (52.3 %)

9 (5.1 %)

Bold values are significant (p\ 0.05)

GC gastric cancer, DC dyspepsia control, HC healthy control, SD standard deviation, NS not significant, IgG ELISA anti-H. pylori IgG enzyme-

linked immunosorbent assay, RUT rapid urease test
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IM?: 20.28 ± 14.08 vs. 19.37 ± 15.16, p = ns and GC/

IM- vs. dyspepsia/IM-: 17.09 ± 12.54 vs. 15.94 ± 11.45,

p = ns). Serum PG-II was also comparable in relation to

gastritis (Fig. 2). However, patients with IM (GC and dys-

pepsia both) had higher PG-II levels than those without

(20.07 ± 14.22 vs. 16.61 ± 12.08, p = 0.048).

Relationship between PG-II allele 1 carriage

and serum PG-II levels

Subjects carrying allele 1 had lower levels of PG-II than non-

carriers (mean ± SD: 14.04 ± 9.15 vs. 19.32 ± 14.18,

p\ 0.001). In case-only analysis, patients with GC carrying

allele 1 also had lower PG-II levels than non-carriers

(10.04 ± 12.95 vs. 14.45 ± 16.0, p = 0.025) (Fig. 3).

Allele 1 carriage of shorter allele and serum PG-II

levels in relationship to smoking and alcohol

consumption

Allele 1 carriage and serum PG-II levels were comparable

among smoker and non-smoker patients with GC (data not

shown). Allele 1 carriage was also comparable, but serum

PG-II level was higher among alcoholic as compared with

non-alcoholic patients with GC (18.14 ± 8.92 vs. 12.78 ±

12.56, p = 0.043).

Table 2 Genotyping patterns of PG-II polymorphism in different groups

Genotype pattern GC (n = 192) DC (n = 180) HC (n = 240) GC vs. DC p value GC vs. HC p value

5:1 (510:310) bp 4 (2.1 %) – 5 (2.1 %) – 1.000

4:4 (480:480) bp 8 (4.2 %) 4 (2.2 %) 3 (1.3 %) 0.443 0.089

4:3 (480:450) bp 40 (20.8 %) 28 (15.6 %) 32 (13.3 %) 0.188 0.038

4:2 (480:400) bp 21 (10.9 %) 10 (5.6 %) 12 (5 %) 0.061 0.021

3:3 (450:450) bp 20 (10.4 %) 21 (11.7 %) 18 (7.5 %) 0.700 0.288

3:2 (450:400) bp 21 (10.9 %) 22 (12.2 %) 22 (9.2 %) 0.698 0.541

4:1 (480:310) bp 29 (15.1 %) 28 (15.6 %) 40 (16.7 %) 0.904 0.660

3:1 (450:310) bp 27 (14.1 %) 23 (12.8 %) 43 (17.9 %) 0.717 0.324

2:1 (400:310) bp 6 (3.1 %) 8 (4.4 %) 20 (8.3 %) 0.504 0.903

1:1 (310:310) bp 16 (8.3 %) 36 (20 %) 45 (18.7 %) 0.001 0.002

Bold values are significant (p\ 0.05)

GC gastric cancer, DC dyspepsia control, HC healthy control, bp PCR products (in base pairs)

Statistical test: Chi-square test

Table 3 Allele 1 (310 bp) carriage distribution in different groups

Allele 1 carriage vs. non-carriage Allele 1 (310 bp) non-carriagea Allele 1 (310 bp) carriage

Subject groups GC (n = 192) 110 (57.3 %) 82 (42.7 %)

DC (n = 180) 85 (47.2 %) 95 (52.8 %)

HC (n = 240) 87 (36.3 %) 153 (63.8 %)

GC vs. DC

p value, OR (95 % CI)

Reference 0.076, 0.69 (0.45–1.04)

GC vs. HC p value, OR (95 % CI) Reference <0.001, 0.43 (0.29–0.85)

Intestinal metaplasia (GC ? DC) Present (n = 79) 52 (65.8 %) 27 (34.2 %)

Absent (n = 265) 135 (50.9 %) 130 (49.1 %)

p value, OR (95 % CI) Reference 0.011, 0.50 (0.29–0.85)

Gastritis (GC ? DC) Present (n = 233) 129 (55.4 %) 104 (44.6 %)

Absent (n = 103) 54 (52.4 %) 49 (47.9 %)

p value, OR (95 % CI) Reference 0.618, 0.89 (0.59–1.41)

Lauren classification of GC Diffuse (n = 74) 38 (51.4 %) 36 (48.6 %)

Intestinal (n = 85) 49 (57.6 %) 36 (42.4 %)

p value, OR (95 % CI) Reference 0.426, 1.29 (0.66–2.53)

Bold values are significant (p\ 0.05)

GC gastric cancer, DC dyspepsia control, HC healthy control, OR age- and gender-adjusted odds ratio, 95 % CI 95 % confidence interval
a Allele 1 non-carriage was taken as a reference
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Discussion

The present study suggests a possible explanation for the low

incidence of GC in India despite high rates of H. pylori

infection in relation to IM and gastritis as follows. (1) Allele

1 carriage was infrequent and serum PG-II level was higher

among patients with GC compared to HC alone and in the

presence of H. pylori, (2) patients with IM (GC and dys-

pepsia both) also had infrequent allele 1 carriage and higher

PG-II level than those without, (3) however, allele 1 carriage

and serum PG-II level were comparable among patients with

intestinal or diffuse type of GC and among patients with

gastritis compared to those without.

Although the PG-II 100 bp ins/del polymorphism has

been thought to be a risk factor for GC, only three studies

on this issue have been reported till date. Of these, two

studies were from Asia (one from China and the other from

Japan) and one from Portugal [6–8]. Although the Asian

studies suggested that allele 1 carrier of this polymorphism

was a risk factor for GC, the study from Portugal found it

to be a protective factor. Such contradictory observations

might be related to the racial and genetic differences in

different populations. However, statistical error resulting

from inadequate sample size and differences in frequency

of H. pylori infection may also be an explanation for this

discordance. Surprisingly, evaluation for H. pylori infec-

tion, GC, and this polymorphism was not done in these

studies. As H. pylori infection causes inflammation in the

gastric mucosa and duodenum, we have included patients

with dyspepsia as a disease control group for evaluation of

Table 4 Association between PG-II allele 1 carriage and sero-positivity of Helicobacter pylori

H. pylori sero-

positivity

GC DC HC

Positive

(n = 100)

Negative

(n = 68)

Positive

(n = 120)

Negative

(n = 60)

Positive

(n = 164)

Negative

(n = 76)

Non-carriers 57 (57 %) 33 (48.5 %) 57 (47.5 %) 28 (46.7 %) 58 (35.4 %) 29 (38.2 %)

Allele 1 carriers 43 (43 %)a,c 35 (51.5 %)b,d 63 (52.5 %)c 32 (53.3 %)d 106 (64.6 %)a 47 (61.8 %)b

GC gastric cancer, DC dyspepsia control, HC healthy control, OR age- and gender-adjusted odds ratio, 95 % CI 95 % confidence interval, allele

1 non-carriage was taken as a reference

GC vs. HC: ap = 0.001, OR = 0.42 (95 % CI 0.25–0.71); bp = 0.169, OR = 0.62 (0.31–1.23) for H. pylori sero-positive and sero-negative,

respectively

GC vs. DC: cp = 0.444, OR = 0.81 (0.46–1.4); dp = 0.801, OR = 0.91 (0.45–1.85) for H. pylori sero-positive and sero-negative, respectively

Fig. 1 Serum pepsinogen-II

(PG-II) levels in micrograms

per liter (lg/l) among patients

and controls. a PG-II was higher
among patients with gastric

cancer (GC) than healthy

controls (HC) but comparable to

those with dyspepsia. b PG-II

was similar among Lauren’s

classified GC. c PG-II was also

higher among Helicobacter

pylori sero-positive patients

with GC than in HC. d PG-II

was comparable among H.

pylori sero-negative subjects.

Independent t test with

Bonferroni’s correction in

subgroup analysis
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H. pylori-associated precancerous lesions, e.g., gastritis

and IM [28, 29]. Accordingly, in the current case–control

study in which sample size was calculated statistically, we

investigated the relationship between genetic polymor-

phism in the PG-II gene and GC in relationship to H. pylori

infection in a northern Indian population.

Moreover, in India, in spite of the high frequency of H.

pylori infection, the frequency of GC is quite low (this is

known as the Indian enigma). A similar enigma has been

described from Africa, Malaysia, Colombia, and Costa

Rica [30–33]. All previous studies on the relationship

between genetic polymorphism in the PG-II gene and GC

were undertaken in populations with high risk for GC. Ours

is perhaps the first study on the relationship between

genetic polymorphism in the PG-II gene and GC in a

population with low risk for GC. Only a single study from

southern India has evaluated the frequency of pepsinogen

phenotypes among patients with duodenal ulcer [34]. We

have found that genotype frequency among patients with

GC was different compared to dyspepsia and HC. The

carriage of allele 1 (310 bp) is important in the genotype of

the PG-II 100 bp ins/del polymorphism [6, 7, 35]. Inter-

estingly, our study revealed that carriage of allele 1 was

frequent in our healthy population (63.8 %). The results of

a Chinese study (57.1–61.0 %) and a Portuguese study

(72.4 %) were similar to our observation [7]. However,

another Asian study (Japanese: 46.3 %) showed discor-

dance with our findings [6, 36]. We also found that carriage

of allele 1 (310 bp, the shorter allele) was infrequent

among patients with GC compared to HC. Although the

results of our study are in accordance with the Portugal

study, these are in contradiction to the results of studies

from China and Japan, which are high-risk areas for GC.

Hence, the current study may offer an explanation for the

Fig. 2 Serum PG-II levels in

micrograms per liter (lg/l)
among patients. a PG-II was

comparable among patients with

GC and dyspepsia in relation to

intestinal metaplasia (IM).

b However, PG-II was higher

among patients with IM (GC

and dyspepsia both) than in

those without. c PG-II was

comparable in relation to

gastritis, and among patients

with gastritis (GC and dyspepsia

both) than those without (d)

Fig. 3 Serum PG-II levels

among all subjects (a) and in

patients with GC only (b). An
independent t test was used to

compare PG-II levels among

allele 1 carriers and non-carriers
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Indian enigma of low frequency of GC in spite of a high

rate of H. pylori infection.

Precancerous lesions such as IM and gastritis increase

the susceptibility for development of GC. In our study, the

frequency of allele 1 carriage was comparable among

patients with GC and dyspepsia in presence or absence of

IM and gastritis. However, allele 1 carriage was protective

against the development of IM. This result was also sup-

ported by a Portuguese study (OR 0.28; 95 % CI,

0.14–0.59) [7]. We found that allele 1 carriage was com-

parable among patients with or without gastritis and with

different types of GC using the Lauren classification.

However, one Chinese study showed that the homozygous

allele 1 was infrequent among patients with superficial

gastritis (7.83 %) compared to AG (18.0 %) and GC

(20.2 %) [35]. In general, the prevalence of AG and GC is

low in India, particularly in the northern part of India,

which might be an explanation for this observation.

The role of H. pylori in gastric carcinogenesis varies

according to the background of populations. In this study,

we examined the association between the genetic poly-

morphism of PG-II with its serum levels and GC in relation

to H. pylori infection. We observed that allele 1 carriage

was infrequent among patients with GC who were sero-

positive for H. pylori. However, a previous Japanese case–

control study showed no differences in allelic frequency of

PG-II polymorphisms among patients with gastric body

ulcer in the presence and absence of H. pylori infection

[36]. H. pylori colonizes in the stomach mucosa and

increases the risk of GC, being closely related to the level

of serum PGs. Thus, it is quite natural that H. pylori affects

the level of PG-II. We also found that patients with H.

pylori sero-positive GC had higher PG-II levels than HC,

but data were comparable in sero-negative subjects. These

observations suggest that the presence of H. pylori and

allele 1 carriage alter the level of PG-II, and perhaps have a

key role in the protection against GC but not gastric ulcer.

Furthermore, two other studies from our center suggested

other explanations for this paradox [37–39].

Correa’s hypothesis suggests that intestinal and diffuse

types of GC may have different pathogenesis because of

their different epidemiological features [40]. Serum PG

levels were found to be different in intestinal and diffuse

types of GC, which are probably related to the severity of

AG and IM according to histological type. Patients with

GC had higher PG-II levels than HC in our study. A

similar study showing increase in PG-II level in GC has

been reported earlier [19]. We also found that patients

with IM (GC and dyspepsia both) had higher PG-II levels

than those without. However, low sensitivity and speci-

ficity for cutoff of PG-II levels suggest that this test is not

useful for detection of GC and IM. Furthermore, serum

PG-II level was comparable among patients with GC and

dyspepsia as well as among patients with intestinal and

diffuse type of GC. Low frequency of AG in patients with

intestinal type of GC in our population and possible type

II statistical error may be explanations for this observation

[41, 42].

Subjects with allele 1 carriage had lower levels of serum

PG-II. Patients with GC having allele 1 also had lower PG-

II levels than those without. Previous analysis of the

genomic sequence consisting of the 100 bp ins/del poly-

morphism (Genome USCS NM_002630; Ref.

NM_002630.1) suggests that an extensive number of

TATA-box sequences (responsible for active gene

expression) was present between exons 7 and 8, altering the

level of PG-II [43]. These observations suggest that allele 1

(310 bp) is a deletion fragment of the PG-II 100 bp ins/del

gene polymorphism and acts as an under-producer of PG-

II, whereas allele 2 (400 bp), allele 3 (450 bp), allele 4

(480 bp), and allele 5 (510 bp) had insertion fragments and

were over-producers. Our study showing frequent presence

of shorter allele (allele 1) is associated with protection

against the development of GC in the Indian population.

In conclusion, the present study shows that allele 1

carriage (310 bp) of the PG-II 100 bp ins/del polymor-

phism is infrequent; however, circulating PG-II level is

elevated among patients with GC, particularly those having

H. pylori infection and IM. Higher frequency of the shorter

allele (under-producer of serum PG-II) in our healthy

population might be an explanation for lower prevalence of

GC in the Indian enigma.
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