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Abstract
Background and aim—Subjects infected with H. pylori containing cagA do not always induce
serum CagA antibody. Our previous meta-analysis showed that serum CagA seropositivity was
associated with gastric cancer even in East Asian countries. However, it remains unclear why
serum CagA positive status is associated with gastric cancer. In this study, we aimed to examine
the relationship between anti CagA antibody titer and the levels of pepsinogen, and histological
score.

Methods—Eighty-eight H. pylori positive Japanese patients with gastritis were included. Serum
CagA antibody titer, pepsinogen (PG) I and PG II were evaluated by enzyme-linked
immunosorbent assay. Histological scores were evaluated according to Update Sydney System.
CagA expression was examined by immunoblot.

Results—Seroprevalence of CagA antibody was found in 75.0%. Interestingly, serum CagA
antibody titer was significantly correlated with PG I and PG II levels (P = 0.003 and 0.004,
respectively). Serum CagA antibody titer was also significantly correlated with mucosal
inflammation in the corpus (P = 0.04). On the other hand, bacterial density was not related with
CagA antibody titer. CagA expression level of the strains was irrespective of the status of PG and
serum CagA antibody.

Conclusions—Subjects with higher serum CagA antibody titer can be considered as high risk
population for the development of gastric cancer from the point of strong gastric inflammatory
response even in Japan. Host recognition rather than bacterial colonization might be associated
with the difference of serum CagA antibody titer.
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Introduction
Helicobacter pylori is a spiral Gram-negative bacterium that infects more than half of the
world’s population 1. H. pylori infection is now accepted to be linked to severe gastritis-
associated diseases, including peptic ulcer and gastric cancer 1. The infection remains latent
in the majority of infected patients, only a minority of individuals with H. pylori infection
ever develop it 2. Uemura et al. reported that gastric cancer developed in approximately 3%
of H. pylori-infected patients, compared to none of the uninfected patients 3. In addition to
host, environmental, and dietary factors, the differences in the virulence of H. pylori strains
are related with the varying outcomes of H. pylori infection.

The best studied virulence factor of H. pylori is the CagA protein. CagA producing strains
are reported to be associated with severe clinical outcomes, especially in Western
countries 4–7. CagA is a highly immunogenic protein with a molecular weight between 120
and 140 kDa 8, 9. In 2003, Huang et al. performed meta-analysis of the association between
CagA seropositivity and gastric cancer 10. They concluded that the infection of CagA
positive strains increase the risk of gastric cancer. However, because they included studies
from both Western and Asian countries, it was not clear whether an association between
CagA seropositivity and gastric cancer really exists in East Asian countries. In East Asian
countries, it is difficult to prove the importance of the cagA gene in clinical outcomes
because almost all H. pylori strains possess the cagA gene. For example, we previously
examined 491 Japanese strains from a region in the middle of Japan (Kyoto) and found that
96.3% of the strains were cagA gene-positive, irrespective of clinical outcomes 11; similar
results have been published for different regions in Japan 12–14 and other countries in East
Asia 15, 16.

Interestingly, subjects infected with cagA-positive H. pylori do not always induce serum
CagA antibody even in East Asian countries. For example, although most Japanese H. pylori
possess cagA, serum CagA antibody is detected in only 53.7 to 81.1% of infected subjects in
Japan 17, 18. This suggests that serum CagA antibody rather than the presence of cagA may
be a more useful marker to detect the high risk population for severe outcomes in East Asian
countries. Intriguingly, we reported that CagA seropositivity was significantly associated
with gastric cancer even in East Asian countries in meta-analysis 19. This suggests that anti-
CagA antibody can be used as a biomarker for gastric cancer even in East Asian countries.

It remains unclear why not all subjects have serum CagA antibody in Japan. As described
above, subjects with serum CagA antibody can be considered as a high risk group for gastric
cancer. Several factors such as bacterial factors and/or host recognition of CagA, and
environmental factors may affect the difference of serum CagA antibody titer. In addition, it
is not clear why serum CagA positive is associated with gastric cancer. In this study, we
aimed to examine the relationship between anti CagA antibody titer and the levels of
pepsinogen (PG), and histological score.

Methods
Patients

Patients were considered to be H. pylori-infected when at least one of rapid urease test,
culture, and microscopic examination showed positive results. Total of 88 H. pylori-positive
Japanese patients with gastritis (29 males, 59 females, aged 22–87 years [mean, 58.4 years])
were recruited. Patients with drug allergies and those with serious complications, such as
cardiac diseases, renal diseases, and hepatic diseases, were excluded from the study. Four
biopsy samples (2 from the antrum and 2 from the corpus) were endoscopically obtained
from each patient and used for H. pylori culture and histopathologic examination. Written
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informed consent was obtained from all participants, and the protocol was approved by the
Ethics Committee of Oita University.

ELISA for serum CagA antibody titer and pepsinogen
Serum anti CagA IgG antibody was measured by using a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (Genesis Diagnostics Ltd, Cambridgeshire, UK).
Equal and more than 6.25 U/mL was defined as positive based on the manufacturer’s
instructions. The level of the serum PG I and PG II were measured by Pepsinogen ELISA kit
(Eiken, Co. Ltd., Tokyo, Japan) according to the manufacturer’s instructions.

Histological analysis
All biopsy materials were fixed in 10% buffered formalin for 24 h, then embedded in
paraffin. Serial sections were stained with hematoxylin and eosin and with May–Giemsa
stain. State of the gastric mucosa was evaluated according to the updated Sydney system 20.
The degree of inflammation, neutrophil activity, atrophy, intestinal metaplasia, and bacterial
density were classified into four grades: 0, ‘normal’; 1, ‘mild’; 2, ‘moderate’; and 3,
‘marked’.

Isolation and genotyping of H. pylori
Antral biopsy specimens were obtained for isolation of H. pylori using standard culture
methods 11. H. pylori DNA was extracted from confluent plate cultures using a
commercially available kit (QIAGEN, Valencia, CA). The presence of cagA were
determined by polymerase chain reaction (PCR) using primer pair cagTF; 5′-ACC CTA
GTC GGT AAT GGG-3′ and cagTR; 5′-GCT TTA GCT TCT GAY ACY GC-3′ (Y = C or
T) designed in the 3′ repeat region of cagA, as described previously 21. The PCR conditions
were initial denaturation for 5 min at 95°C, 35 amplification steps (95°C for 30 s, 56°C for
30 s, and 72°C for 30 s), and a final extension cycle of 7 min at 72°C, using Blend Taq®
DNA polymerase (TOYOBO, Osaka, Japan).

Immunoblot
Whole protein extracts from H. pylori isolates were obtained by suspending the bacteria in
Laemmli sample buffer (Bio-Rad Laboratories, Inc., CA) and boiling this suspension at 100
°C for 10 minutes. Immunoblotting was performed using standard methods. Two type of
anti-CagA antibody (Abcom, Hong Kong, and Santa Cruz Biotechnology, Inc., CA) was
used as primary antibody at a 1:2000 dilution. Secondary anti-mouse or rabbit IgG was
diluted 1:2000 (Jackson ImmunoResearch Lab, Inc., PA). Detection was performed using
ECL Plus reagents (GE Healthcare, Buckinghamshire, UK). Protein concentrations were
determined by the Lowry method and adjusted.

Statistical analysis
The univariate association was quantified by the chi-square test. Spearman rank coefficients
(r) were determined to evaluate the association between anti CagA antibody titer and the
levels of PG, and histological score. A P value of less than 0.05 was accepted as statistically
significant. The SPSS statistical software package version 19.0 (SPSS, Inc., Chicago, IL)
was used for all statistical analyses.

Results
Association between serum CagA antibody titer and PG

Total of 88 patients with gastritis were examined their serum CagA antibody titer. Serum
CagA antibody titer was ranged from 0.3 to 137.1 U/mL and average titer was 32.1 ± 33.4
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U/mL. When equal and more than 6.25 U/mL was defined as positive based on the
manufacturer’s instructions, 66 (75.0%) patients were serum CagA antibody positive and
remaining 22 were considered as negative. The average levels of PG I and II were 62.6 ±
37.0 (range; 8.7 to 259.0) and 21.6 ± 12.6 (range; 2.4 to 74.6) ng/mL, respectively. The PGI/
II ratio was ranged from 1.1 to 13.6 and average was 3.3 ± 1.9.

The comparison of age, gender and PG level according to the status of CagA antibody was
shown in Table 1. There was no difference of average age between serum CagA antibody
positive and negative group (P = 0.49). The percentage of male was significantly higher in
serum CagA antibody negative group than positive group (54.5 vs. 25.7%, P = 0.01).
Among 59 female, 49 (83.0%) showed serum CagA antibody positive. On the other hand,
serum CagA antibody positive rate was 58.6% (17/29) in male. In fact, serum CagA
antibody titer was significantly higher in female than male (38.6 ± 35.7 vs. 18.6 ± 23.2 U/
mL, P = 0.003). PG II level was significantly higher in serum CagA antibody positive group
than negative group (P = 0.04). PG I level was also higher in serum CagA antibody positive
than negative group; however, it was not statistical significance (P = 0.30). There was no
difference of PG levels between male and female (data not shown).

The correlation between serum CagA antibody titers and PG levels was also examined (Fig.
1). Serum CagA antibody titer was significantly correlated with PG I level (r = 0.30, P =
0.003). In addition, serum CagA antibody titer was also correlated with PG II level (r = 0.30,
P = 0.004). There was no correlation between serum CagA antibody titer and PG I/II ratio (P
= 0.77) Even when only serum CagA antibody positive group was selected, serum CagA
antibody titer was significantly correlated with PG I and PG II (r = 0.40, P = 0.001 for PG I,
r = 0.40, P = 0.001 for PG II, respectively).

Association between serum CagA antibody titer and histological score
Next, the relationship between serum CagA antibody titer and histological score was
examined. There were no significant differences of each score between serum CagA
antibody positive and negative group (Table 2). However, the correlation between serum
CagA antibody titer and histological score was examined, the inflammation in the corpus
was significantly correlated with serum CagA antibody titer (r = 0.26, P = 0.01) (Fig. 2).
Mucosal activity in the corpus was tended to be correlated with serum CagA antibody titer,
however there was no statistical significance (P = 0.07). These correlations was not found in
the antrum (P = 0.47 for the inflammation, P = 0.60 for the activity). On the other hand,
there was no association between serum CagA antibody titer and bacterial density both in
the antrum and corpus (P = 0.87 and 0.79, respectively) (Fig. 2). This suggests that low
bacterial density cannot be a reason for low serum CagA antibody titer. Neither atrophy nor
intestinal metaplasia both in the antrum and corpus was correlated with serum CagA
antibody titer. PG II was significantly correlated with inflammation and activity in the
corpus (P < 0.001, < 0.001, respectively). These correlations was not found in the antrum (P
= 0.20 for the inflammation, P = 0.15 for the activity). Bacterial density in the antrum was
significantly correlated with activity and inflammation in the antrum (P = 0.001 and P <
0.001, respectively), whereas bacterial density in the corpus was not correlated with any
histological score. Even when only serum CagA antibody positive group was selected,
serum CagA antibody titer was significantly correlated with inflammation and activity in the
corpus (r = 0.26, P = 0.04 for inflammation, r = 0.24, P = 0.04 for activity, respectively).

Association between serum CagA antibody and bacterial CagA expression
The presence of cagA in the strain was examined by PCR using randomly selected 28
patients including 19 serum CagA antibody positive and 9 negative cases. PCR showed that
all 28 samples were cagA-positive. To examine whether the difference of serum CagA
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antibody titer is attribute to the bacterial CagA expression level, bacterial CagA expression
levels were examined by immunoblot. We selected 4 samples from serum CagA antibody
negative/low PG II level, and 5 samples from serum CagA antibody positive/high PG II
level. As a result, there was no difference of CagA expression level (Fig. 3). Even in the
strain isolated from patients with serum CagA antibody negative/low PG II level, the CagA
expression was found and there was no significant difference compared with that of serum
CagA antibody positive/high PG II level. This suggests that low CagA expression level in
the bacteria does not contribute to the low serum CagA antibody titer.

Discussion
In East Asian countries, different CagA seropositivity has been reported despite almost all
H. pylori possessing cagA. CagA seropositivity in gastritis ranged from 53.7 to 81.1%, even
in Japan 17, 18. In our meta-analysis, CagA seropositivity was associated with gastric cancer
even in East Asian countries, although the odds ratio in East Asian countries was smaller
than in studies that included Western countries 19. Furthermore, even in the H. pylori-
negative population, the presence of anti-CagA antibodies increases the risk of gastric
cancer 19. This evidence confirms that CagA antibodies can potentially remain positive for a
longer period of time than the anti-H. pylori antibody 22, 23. Accordingly, anti-CagA
antibody was related to gastric cancer in both H. pylori-positive and -negative populations in
East Asian countries.

Serum PG has been found to be a marker of gastric mucosal status including atrophy and
inflammation 24. There are two forms of PG: PG I and PG II, and both are produced by the
chief and mucus neck cells in the gastric fundus and corpus. PG II is also produced by the
pyloric glands in the antrum and Brunner’s glands in the proximal duodenum. Although
atrophy is usually diagnosed by endoscopic biopsy, there is a significant potential sampling
errors in identifying atrophy by random biopsy because atrophy of gastric mucosa could be
patchy. On the other hand, PG was reported to be used as a surrogate marker for gastric
mucosal status 25. Serum PG I and PG II are known to increase by H. pylori infection.
However, as PG II exhibits a greater raise relative to PG I, the PG I/II ratio decrease in the
presence of H. pylori. After that, as the fundic gland mucosa reduces, PG I levels gradually
decrease, whereas PG II levels remain fairly constant. As the result, a stepwise reduction of
the PG I/II ratio is closely correlated with the progression from normal gastric mucosa to
extensive atrophic gastritis. In the present study, serum CagA antibody was significantly
correlated with the levels of PG I and II, but not PG I/II ratio. Consistent with our findings,
Fukuda et al. reported that serum PG I and II level but not PG I/II ration were significantly
higher in serum CagA antibody positive compared with negative children 26. Serum PG was
reported to be correlated with gastric inflammatory score 27. In addition, the cagA status was
reported to be associated with various kinds of cytokines including interleukin-8 and may
cause severe inflammation in the stomach 28. It is also possible that gastritis increases
permeability of the gastric epithelial surface, enabling back diffusion of PGs after
secretion 27. These findings suggest that serum CagA antibody titer was associated with
gastric inflammation, but not atrophy.

Shimoyama et al. reported that inflammation in the antrum and the corpus was more
significant in serum CagA antibody positive when they examined the presence of serum
CagA antibody by immunoblot 29. In the present study, although there were no significant
differences of each histological score between serum CagA antibody positive and negative
group, the mucosal inflammation in the corpus was significantly correlated with serum
CagA antibody titer. This finding also supported that different level of antibody production
from lymphocytes induced by H. pylori infection can contribute to the various serum CagA
antibody level. Interestingly, positive correlation between the inflammatory score and serum
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CagA antibody titer was found only in the corpus but not in the antrum. Corpus dominant
gastritis rather than antrum dominant gastritis was a risk factor to develop gastric ulcer and
gastric cancer 3, 30. In addition, even when only serum CagA antibody positive group was
selected, serum CagA antibody titer was significantly correlated with inflammation and
activity in the corpus. Therefore, antibody titer rather than the presence of antibody can be a
useful marker for advanced inflammation in the stomach in Japan. This suggests that serum
CagA antibody titer might be available marker to predict a gastric cancer in Japan. It has
also been reported that measurement of serum levels of C-reactive protein (CRP) using a
high-sensitivity assay (hs-CRP) can reveal subclinical inflammatory states which may
reflect vascular inflammation 31. Recent report showed that the mean serum level of hs-CRP
was significantly higher in H. pylori positive group than H. pylori negative group although
the level of hs-CRP was not different between CagA antibody positive and negative group in
Iran 32. It is better to examine the association between serum CagA antibody and hs-CRP in
Japan in the further study.

In our study, in spite of cagA positive by PCR, the prevalence of serum CagA antibody was
75.0%, which was consistent with previous studies from Japan 17, 33. The cagA gene is
located at one end of the cag pathogenicity island (PAI), an approximately 40-kbp-region
that is thought to have been incorporated into the H. pylori genome by horizontal transfer
from an unknown source 34. The cag PAI encodes a type IV secretion system, through
which CagA is delivered into host cells 35, 36. CagA has been reported to interact with
various target molecules in host cells; the best studied is the cytoplasmic Src homology 2
domain of Src homology 2 phosphatase (SHP-2). Mutations of SHP-2 have been found in
various human malignancies and mice that lacked the SHP-2-binding site developed
hyperplastic antral tumors 37, indicating that SHP-2 plays an important role in gastric
cancer. Therefore, other gene(s) except for cagA in cag PAI can contribute to the difference
of serum CagA antibody titer. However, almost of case was cag PAI positive in Japan 29.
Therefore, it is unlikely that diversity of cag PAI can contribute to the difference of serum
CagA antibody titer. Furthermore, CagA expression pattern was not associated with the
serum CagA antibody titer. In addition, there was no association between serum CagA
antibody titer and bacterial density in the antrum and corpus by histological examination.
This suggests that low serum CagA antibody titer cannot attribute to the low bacterial
density.

Therefore, our findings suggest that host and environmental factors can affect the difference
of serum CagA antibody titer. For example, even when healthy volunteers were infected
with same strains, they showed different histological score 38. Therefore, host recognition
can be associated with the difference of serum CagA antibody titer. We found that serum
CagA antibody positive rate was significantly higher in female than male irrespective of the
status of PG. In general, estrogen stimulates immune responses and testosterone is
immunosuppressive 39. H. pylori infected female mice showed the higher IgG2c levels than
male mice 40. In addition, a previous study showed that a better vaccine efficiency of H.
pylori infection was obtained in females than male 41. This suggests that immune responses
differ between the genders. Host genetic polymorphisms can determine the susceptibility to
and severity of infection 2. Especially, inflammatory cytokine gene polymorphisms
(interleukin (IL)-1 gene cluster, TNF-α, IL-10, and IL-8) have been reported to be correlated
with gastric cancer 42–47. In addition, environmental factors such as diet (e.g., salt intake)
can also affect the gastric cancer incidence 48. Loh et al. reported that increased expression
of cagA in response to high salt conditions 49. Furthermore, they showed that co-culture of
gastric epithelial cells with H. pylori in high salt conditions resulted in the increased
tyrosine-phosphorylated CagA and increased secretion of IL-8 by the epithelial cells
compared with low salt conditions. These findings provide important insights into
mechanisms through which high-salt diets increase the risk for gastric cancer among
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subjects infected with cagA-positive H. pylori. Further studies using host and environmental
information are necessary to elucidate the contributing factors for serum CagA antibody
titer.

However, we should keep a caution for the difference of serum CagA antibody titer
examined by ELISA. We found a significant heterogeneity in a meta-analysis 19. This
heterogeneity appeared to result from the use of different populations or different methods,
or from differences in the antigens used to detect anti-CagA antibodies. We previously
examined the relationship between serum CagA antibody and gastric cancer in a Japanese
population using two different recombinant CagA antigens 18. CagA seropositivity was 82%
by OraVax antigen and 72% by Chiron antigen, irrespective of the existence of gastric
cancer, when determining the cutoff value by the population living in the same region
(Kyoto, Japan). This suggests that numerical results from studies using different antigens
and different protocols may not be comparable 50, 51. Because many recombinant CagA as
coating antigen in ELISA system were derived from European strain, recombinant CagA
derived from East Asian strain may be proper in East Asian countries. The CagA can be of 2
types: East-Asian-type CagA and Western-type CagA according to the difference of amino
acid sequences of the C-terminal of CagA 52. Individuals infected with East-Asian-type
CagA strains reportedly have an increased risk of peptic ulcer or gastric cancer compared
with individuals with Western-type CagA strains 53, 54. East Asian-type CagA or Western-
type CagA status may also affect the serum CagA antibody titer and/or different sensitivity
of assay. At present, there are no reports that examine the prevalence of East Asian-type
CagA-specific antibody in sera. Yasuda et al. reported the development of monoclonal
antibody against East Asian-type CagA for developing a sandwich-ELISA system 55.
However, this is the system for detecting East Asian type-CagA strains but not serum
antibody. To detect serum East Asian-type CagA-specific antibody, the development of an
ELISA assay using East Asian-type CagA-specific antigen will be required.

In conclusion, our study revealed that high serum CagA antibody titer was significantly
correlated with PG I, PG II and inflammation in the corpus. Therefore, subjects with higher
serum CagA antibody titer can be considered as high risk population for the development of
gastric cancer from the point of strong gastric inflammatory response even in Japan.
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Figure 1. The correlation between serum CagA antibody titer and PG I, PG II

Shiota et al. Page 11

J Gastroenterol Hepatol. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. The correlation between serum CagA antibody titer and gastric mucosal inflammation,
bacterial density
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Figure 3. CagA protein expression profile
Bacterial protein was extracted in the strains from the patients with serum CagA antibody
negative/low PG II and serum CagA antibody positive/high PG II, respectively. CagA
protein expression was examined by Western blot.
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Table 1

The comparisons of age, gender and PG level according to the status of serum CagA antibody

Serum CagA antibody
positive

Serum CagA antibody
negative

p

n 66 22

Age (y) 57.9 ± 13.2 60.0 ± 11.6 0.49

Male 17 (25.7 %) 12 (54.5%) 0.01

PG I 64.9 ± 38.8 58.8 ± 30.9 0.30

PG II 23.1 ± 13.2 17.6 ± 8.8 0.04

PG I/II 5.6 ± 21.8 3.5 ± 1.7 0.12
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Table 2

The comparison of histological scores according to the status of serum CagA antibody

Serum CagA antibody
positive

Serum CagA antibody
negative

p

n 66 22

Antrum

Inflammation 2.38 ± 0.51 2.41 ± 0.59 0.73

Activity 1.29 ± 0.73 1.55 ± 0.91 0.22

Atrophy 1.41 ± 0.65 1.36 ± 0.79 0.86

Intestinal metaplasia 0.26 ± 0.68 0.55 ± 0.96 0.09

Bacterial density 1.20 ± 0.76 1.20 ± 0.76 0.75

Corpus

Inflammation 2.30 ± 0.60 2.14 ± 0.56 0.23

Activity 1.48 ± 0.70 1.36 ± 0.65 0.51

Atrophy 0.65 ± 0.85 0.55 ± 0.85 0.48

Intestinal metaplasia 0.09 ± 0.33 0.18 ± 0.50 0.38

Bacterial density 1.65 ± 0.64 1.64 ± 0.79 0.89
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