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Abstract
Background. Proton pump inhibitors (PPIs) are widely applied for acid related disorders, and possess 
pleiotropic biological functions. The effect of PPIs on the gastric mucosa, neutrophil and Helicobacter pylori 
(H. pylori) infiltration and glandular atrophy has not been well investigated, particularly the duration of the 
effects of PPIs.

Objectives. To investigate the effects of PPIs on neutrophil infiltration, H. pylori infiltration and the gastric 
mucosa.

Material and methods. A total of 76 adult patients with gastrointestinal symptoms who had undergone 
upper gastrointestinal endoscopy were enrolled in the study. Each patient’s history was recorded, including 
smoking, alcohol consumption and the duration of PPI use prior to gastric biopsy. Endoscopic biopsies of 
gastric antral mucosa were performed and evaluated by histology. Neutrophil and H. pylori infiltration were 
graded by H & E staining in accordance with the updated Sydney system.

Results. Among the 76 patients, 44 patients had H. pylori infection and 19 patients had taken PPIs for vary-
ing durations prior to gastric biopsy. Neutrophil infiltration was significantly inhibited by PPIs (p = 0.005). 
The duration of PPI use was correlated with inhibition of neutrophil and H. pylori infiltration. A logistical re-
gression analysis demonstrated that PPIs significantly inhibited neutrophil infiltration in the gastric mucosa 
and were associated with atrophy of the mucosa.

Conclusions. PPIs attenuated neutrophil infiltration of gastric mucosa, and may be related to atrophy of 
the mucosa.
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Proton pump (H+/K+ –adenosine triphosphatase 
[ATPase]) inhibitors (PPIs) have been widely used for the 
treatment of acid-related disorders since the mid-1980s 
due to their strong anti-secretory effect, and have become 
one of the most important treatment strategies for acid-
related gastrointestinal disorders.1 Both short- and long-
term adverse effects of PPI use, including increased risk 
of infection, neoplasia and drug interaction, have been 
reported. PPIs may also affect gastric mucosal inflam-
mation, attenuate neutrophil functions and cause hypo-
chlorhydria.2–4

Neutrophils have long been viewed as short-lived effec-
tor cells of the innate immune system; they are recruited 
to the site of inflammation and generate reactive oxygen 
and nitrogen species.5 With their destructive potential, 
neutrophils enter peripheral tissue and interact closely 
with host cells.5,6 Helicobacter pylori (H. pylori) infection 
is a  global threat and commonly persists for life unless 
treated. H. pylori is one of the major factors related to the 
pathogenesis of gastric mucosa injury and the main cause 
of chronic gastritis, gastric mucosal atrophy, peptic ulcer 
and some forms of gastric cancer.7 The recruited neutro-
phils participate in the complex process of gastric inflam-
mation, including biochemical tissue injury and immuno-
logical response. Although the precise mechanism of the 
development of gastritis is still not very clear, it may be 
related to the combined influences of bacterial toxin and 
cytokines on recruited neutrophils.8

The first PPI, omeprazole, has been proven to attenu-
ate neutrophil and lymphocyte functions in vitro.9–12 PPIs 
affect the interaction of neutrophils with endothelial cells 
and attenuate neutrophil association with chemostatic 
cytokines of gastric mucosa.2,4,13 However, the effect of 
PPIs on gastric mucosa and neutrophils has not been 
thoroughly clarified.14,15 This study investigated the effect 
of PPIs on H. pylori, neutrophil infiltration and gastric an-
tral mucosa inflammation.

Material and Methods

The patients

A  total of 76  patients with gastritis, with or without 
peptic ulcer disease, were enrolled in the study. At least 
2  biopsy specimens of antral mucosa of the stomach 
were taken during endoscopy for evaluation of the gas-
tric mucosal inflammation status. Each patient’s medical 
history and basic demographic data were obtained from 
their medical records and by taking their histories. All the 
subjects provided informed consent before the endosco-
py. The study was approved by the Institutional Review 
Board of Taichung Veterans General Hospital.

Endoscopy and disease assessment

An  experienced endoscopist performed the gastroin-
testinal endoscopies. Biopsy specimens were taken from 
the antrum of the stomach of all 76 patients to evaluate 
the gastric mucosal inflammatory status. Gastric ulcers, 
duodenal ulcers and reflux esophagitis were diagnosed 
endoscopically.

Histological assessments

Biopsy specimens were examined with hematoxylin-
eosin (HE) staining. The  specimens from the antrum 
were assessed for the presence of H. pylori, neutrophil in-
filtration, lymphocyte infiltration, glandular atrophy and 
intestinal metaplasia. Intestinal metaplasia was evaluated 
morphologically by the presence of goblet cells, absorp-
tive cells and cells resembling clonocytes. Neutrophil 
infiltration was diagnosed by the presence of polymor-
phonuclear leukocytes in the lamina propria of the gastric 
mucosa. H. pylori infection, neutrophil infiltration, lym-
phocyte infiltration, intestinal metaplasia and glandular 
atrophy were classified as none, mild, moderate and se-
vere according to the updated Sydney system.16

Statistical analysis

All the statistical analyses were carried out using the 
Statistical Package for Social Sciences (version 15.1; 
SPSS, Inc., Chicago, USA) and SAS 9.1.3 (SAS Institute 
Inc., Cary, USA). Continuous variables are expressed as 
means ± SD. The Kruskal-Wallis test or Mann-Whitney 
U test was used for inter-group comparisons of continu-
ous variables. The χ2 test with Yates’ correction was used 
for the comparisons of discrete variables, gender, the 
presence/absence of H. pylori infection and the histology 
grading of neutrophil infiltration. Forward stepwise logis-
tic regression analysis was used for comparisons of histo-
logical variables among PPI users and non-PPI users. For 
two-group comparisons a two-sided p value of less than 
0.05 was considered statistically significant.

Results

PPI use, peptic ulcer type and H. pylori 
affect neutrophil infiltration

A total of 76 patients (46 females and 30 males, mean 
age 56.6 years) were examined. Among them 19 patients 
were taking PPIs and 57  patients were not taking PPIs 
in the 3 months prior to their endoscopic examinations. 
The  baseline clinical characteristics of the patients and 
variables affecting neutrophil infiltration are shown in 
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Table 1. Among the 76 patients, there were no differences 
in grades of neutrophil infiltration based on age, gender, 
NSAID use and smoking history. The use of PPIs prior to 
endoscopic examination significantly affected neutrophil 
infiltration. The  results demonstrated that patients who 
were taking PPIs tended to have less neutrophil infiltra-
tion in the gastric mucosa than non-PPI users.

PPI use modulates neutrophil infiltration, 
lymphocyte infiltration and atrophy 
of the mucosa

The histological characteristics of PPI users and non-
PPI users are shown in Table 2. Patients taking PPIs had 
less neutrophil infiltration and lymphocyte infiltration 
(p = 0.005 and 0.009, respectively). Though only 41 pa-
tients (54%) , the atrophy index of mucosa was also more 

Table 1: Patient variables that affect neutrophil infiltration

Variable Grade

Neutrophil infiltration 

P-valuenone (n = 22) mild (n = 26) moderate (n = 16) marked (n = 12)

n (%) n (%) n (%) n (%)

Age 62.55 ± 16.56 62.15 ± 18.22 59.88 ± 8.61 54.67 ± 9.44 0.446 b

Gender m
f

10
12

(45.5)
(54.5)

11
15

 (42.3)
 (57.7)

 3
13

(18.8)
(81.3)

 6
 6

 (50.0)
 (50.0)

0.278 a

PPIs without
with

11
11

(50.0)
(50.0)

20
 6

 (76.9)
 (23.1)

14
 2

(87.5)
(12.5)

12
 0

(100.0)
  (0.0)

0.005 ** a

NSAIDs without
with

21
 1

(95.5)
 (4.5)

26
 0

(100.0)
  (0.0)

15
 1

(93.8)
 (6.3)

12
 0

(100.0)
  (0.0)

0.540 a

Smoking without
with

19
 3

(86.4)
(13.6)

26
 0

(100.0)
  (0.0)

14
 2

(87.5)
(12.5)

11
 1

 (91.7)
  (8.3)

0.296 a

UGI scopy GU
DU

GU + DU
gastritis

esophagitis

 6
 5
 1
 1
 9

(27.3)
(22.7)
 (4.5)
 (4.5)
(40.9)

12
 5
 1
 4
 4

(46.2)
(19.2)
 (3.8)

 (15.4)
 (15.4)

 4
 9
 3
 0
 0

(25.0)
(56.3)
(18.8)
 (0.0)
 (0.0)

 3
 4
 5
 0
 0

 (25.0)
 (33.3)
 (41.7)
  (0.0)
  (0.0)

0.0004 ** a

H. pylori 
(histology)

none
mild

moderate
severe

19
 3
 0
 0

(86.4)
(13.6)
 (0.0)
 (0.0)

19
 3
 3
 1

 (73.1)
 (11.5)
 (11.5)
  (3.8)

 6
 2
 4
 4

(37.5)
(12.5)
(25.0)
(25.0)

 0
 1
 6
 5

  (0.0)
  (8.3)
 (50.0)
 (41.7)

< 0.0001 ** a

H. pylori 
(histology)

negative
positive

19
 3

(86.4)
(13.6)

19
 7

 (73.1)
 (26.9)

 6
10

(37.5)
(62.5)

 0
12

  (0.0)
(100.0)

< 0.0001 ** a

a Pearson χ2 test; b Kruskal-Wallis test; * p < 0.05; ** p < 0.01.

Table 2. Histological variables in patients who used or did not use PPIs

Variable Grade

PPI

P-valuewithout PPI (n = 57) with PPI (n = 19)

n (%) n (%)

Neutrophil infiltration none
mild

moderate
severe

11
20
14
12

(19.3)
(35.1)
(24.6)
(21.1)

11
 6
 2
 0

(57.9)
(31.6)
(10.5)
 (0.0)

0.005 ** a

Chronic inflammation none
mild

moderate
severe

 0
14
23
20

 (0.0)
(24.6)
(40.4)
(35.1)

 0
11
 7
 1

 (0.0 )
(57.9)
(36.8)
 (5.3)

0.009 ** a

Atrophy none
mild

moderate
severe

25
 5
 1
 0

(80.6)
(16.1)
 (3.2)
 (0.0)

 4
 6
 0
 0

(40.0)
(60.0)
 (0.0)
 (0.0)

0.023 * a

Intestinal metaplasia none
mild

moderate
severe

34
14
 7
 2

(59.6)
(24.6)
(12.3)
 (3.5)

11
 7
 1
 0

(57.9)
(36.8)
 (5.3)
 (0.0)

0.548 a

a Pearson χ2 test; b Yates’ correction for continuity; * p < 0.05; ** p < 0.01.
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severe in PPI users than non-PPI users. There were no 
significant differences in intestinal metaplasia between 
PPI and non-PPI users.

The duration of PPI use correlated with 
inhibition of neutrophil and H. pylori 
infiltration

Figure 1 shows the duration of PPI use among patients 
with different grades of gastric neutrophil infiltration 
(22 patients with no neutrophil infiltration, 26 with mild 
infiltration, 16 with moderate and 12 with marked infil-
tration; 79.32 ± 117.67, 26.12 ± 81.04, 8.38 ± 29.97, and 
0.00  ±  0.00, respectively; p  =  0.004). Patients with de-
creased neutrophil infiltration tended to have taken PPIs 

for longer durations prior to endoscopic examination. 
The duration of PPI use also had a  significant effect on 
H. pylori infiltration (Fig. 2).

PPI use was associated with decreased 
neutrophil infiltration and increased 
mucosal atrophy

Tables 3 a and 3 b present the results of forward step-
wise logistical regression analysis of PPI use. PPI use was 
associated with decreased neutrophil infiltration and in-
creased mucosal atrophy.

Fig. 1. The duration of PPI use among patients with different grades of 
neutrophil infiltration in the gastric mucosa. The Kruskal-Wallis test was 
used for comparison of four groups and the Mann-Whitney U test was 
used for comparison between each group and none group; a) Kruskal- 
-Wallis test; b) Mann-Whitney U test; *p < 0.05)

Fig. 2. The duration of PPI use among patients with different grades of 
H. pylori infiltration in the gastric mucosa. The Kruskal-Wallis test was used 
for comparison of four groups and Mann-Whitney U test was used for 
comparison between each group and none group; a) Kruskal-Wallis test; 
b) Mann-Whitney U test; *p < 0.05)

Table 3 a. Stepwise logistic regression analysis of the effect of PPI use (total number of patients: n = 76)

Variable
(cutoff )

Regression
coefficient S.E. Odds ratio 95% CI of odds ratio P-value

Neutrophil activity 0.007 **

Neutrophil activity (mild) –1.204 0.631 0.30 0.09 – 1.03 0.056 

Neutrophil activity (moderate, severe) –2.565 0.849 0.08 0.01 – 0.41 0.003 **

Constant  0.000 0.426 1.00 1.000 

* p < 0.05 (tested by Wald statistics); accuracy of model = 75.0%; regression mode: forward stepwise.

Table 3 b. Stepwise logistic regression analysis of the effect of PPI use (in relation to the number of patients with gastric mucosa atrophy evaluation; n = 46)

Variable
(cutoff )

Regression
coefficient S.E. Odds ratio 95% CI of odds ratio P-value

Neutrophil activity 0.084 

Neutrophil activity (mild) –3.292 1.528  0.04 0.00 –   0.74 0.031 *

Neutrophil activity (moderate/severe) –2.062 1.265  0.13 0.01 –   1.52 0.103 

Atrophy  3.317 1.364 27.57 1.90 – 399.40 0.015 *

Constant –0.630 0.685  0.53 0.357 

* p < 0.05 (tested by Wald statistics); accuracy of model = 80.5%; regression model: forward stepwise.
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Discussion
The  study showed that PPIs affect the microenviron-

ment of the gastric mucosa. PPI users in the study group 
had less neutrophil and lymphocyte infiltration in the 
gastric mucosa than non-users. In addition, PPI use also 
affected H.  pylori infiltration in the gastric mucosa and 
induced gland atrophy.

PPIs may affect leukocyte infiltration and the gastric 
mucosal gland. Furthermore, PPIs may be related to 
the course of gastric inflammation and carcinogenesis. 
A previous study suggested that PPIs may attenuate neu-
trophil-related oxidative stress and phagocytosis.3,9,10,12 
PPI-induced agranulocytosis and impaired lymphocyte 
functions have recently been reported.11,17 The  neutro-
phils that infiltrate gastric mucosa are affected by PPIs. 
PPIs can attenuate neutrophil adherence to endothelial 
cells by inhibiting the expression of adhesion molecules.13 
The results of the current study indicated that PPIs may at-
tenuate the infiltration of neutrophils in the gastric antral 
mucosa. Infiltrating neutrophils play an important role in 
gastric mucosal injury, particularly in regard to oxidative 
stress and inflammatory cytokines.6 Gastric mucosa neu-
trophils also defend against foreign bacterial infection. 
The effect of PPIs on gastric mucosa neutrophil-related 
oxidative stress and the innate immunity of neutrophils 
in the gastric mucosa need further investigation, particu-
larly considering the heterogeneity of human hosts.

Gastric mucosa glandular distribution and inflamma-
tory cytokine production are also affected by PPIs. Two 
components of gastric inflammatory status, intestinal 
metaplasia and glandular atrophy, have been studied. 
A  previous report suggested PPI use may be related to 
mucosal atrophy, but not intestinal metaplasia. There 
also may be complex biological interactions among PPIs, 
H.  pylori, gastritis and carcinogenesis, but the mecha-
nisms of such interactions have not been clarified. In the 
natural course of H. pylori infection, the location of H. py-
lori, acid secretion, PPI use and neutrophil infiltration are 
all important components in the development of gastritis.

The effect of PPIs on gastric neoplasms has not yet been 
decisively clarified. PPI use may be related to atrophy of 
the gastric glands, which in turn may be linked to carci-
nogenesis. However, a relationship between PPI use and 
cancer has not been established. The  results of animal 
studies on the role of PPIs in inflammation and carcino-
genesis are controversial. Yeo et  al. demonstrated that 
PPIs suppressed H. pylori-induced angiogenesis.18 Hagi-
wara et al. reported that long-term PPI use exacerbated 
atrophic gastritis and promoted carcinogenesis.19 In  the 
present study, PPI use was related to glandular atrophy. 
PPIs may play a  role in the course of gastritis, atrophic 
gastritis, intestinal metaplasia and carcinogenesis.

One limitation of this study was the small number of 
subjects enrolled; another was the fact that the quan-
tity of neutrophils was not measured over the corpus of 

stomach. In  addition, chemokine activity (for example, 
interleukin-8) was not evaluated in relation to neutrophil 
infiltration; clarification of the mechanism of neutrophil 
attraction will require further study.

Conclusions
The  study showed that PPIs modified the microenvi-

ronment of gastric mucosa. PPIs use attenuated the infil-
tration of neutrophils and H. pylori in the gastric mucosa. 
The suppressive effect of PPIs on neutrophil and H. pylori 
infiltration was also related to the duration of PPI use.
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