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Helicobacter pylori infection and administration of
non-steroidal anti-inflammatory drugs
down-regulate the expression of gastrokine-1 in
gastric mucosa
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Background/aims: Gastrokine-1 is a novel protein that plays an important role in the maintenance of the integrity of the gastric mucosa.
However, whether Helicobacter pylori infection and non-steroidal anti-inflammatory drugs, which are known to cause gastric mucosal inju-
ries, affect gastrokine-1 expression in the gastric mucosa is unknown. The aim of the present study was to determine gastric mucosal expres-
sion of gastrokine-1 in patients with Helicobacter pylori infection or long-term non-steroidal anti-inflammatory drug administration.
Material and Methods: A total of 40 patients with functional dyspepsia (20 with Helicobacter pylori-negative chronic gastritis, and 20 with
Helicobacter pylori-positive chronic gastritis), and 37 Helicobacter pylori-negative long-term non-steroidal anti-inflammatory drug users (26
with aspirin, 11 with selective cyclooxygenase-2 inhibitors) were selected. In addition, 20 Helicobacter pylori-negative healthy volunteers we-
re recruited as controls. All subjects underwent endoscopies with biopsies taken from the antrum and the sites with lesions. Gastric mucosal
changes were detected endoscopically and histologically, and gastrokine-1 protein expression in the antral mucosa was analyzed by immuno-
histochemistry. Results: Expression of gastrokine-1 protein was decreased in Helicobacter pylori-positive chronic gastritis compared with He-
licobacter pylori-negative subjects and the healthy controls. Similarly, gastrokine-1 expression in non-steroidal anti-inflammatory drug users
was also decreased, compared with the healthy controls, but there was no significant difference in gastrokine-1 expression between the aspi-
rin group and selective cyclooxygenase-2 inhibitor group. Moreover, gastrokine-1 expression levels tended to be associated with the severity of
chronic gastritis. Conelusions: Both Helicobacter pylori infection and long-term non-steroidal anti-inflammatory drug administration down-
regulate gastrokine-1 expression in the gastric mucosa, which may contribute to the gastric mucosal injuries induced by these two factors.
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Helikobakter pilori enfeksiyonu ve non-streroidal anti enflamatuvar ilag¢
kullanim1 mide mukozasinda gastrokin-1 ekspresyonunu baskilamaktadir

Amacg: Gastrokin-1 gastrik mukozanin biitiinliigiiniin korunmasinda rolii olan yeni tanimlanmis bir molekildiir. Ancak, gastrik mukoza
hasart yaptigi bilinen Helikobakter pilori enfeksiyonunun veya non-streodial antienflamatuvar ilaglarin, gastrokin-1 ekspresyonunu etkile-
yip etkilemedigi bilinmemektedir. Bu ¢alismanin amact, Helikobakter pilori enfeksiyonu veya uzun siireli non-streodial antienflamatuvar
ilag kullanimi olan hastalarda gastrik mukozada gastrokin-1 ekspresyonunun arastirilmasidir. Yontem: Fonksiyonel dispepsisi olan 40
hasta (20 Helikobakter pilori negatif kronik gastrit ve 20 Helikobakter pilori pozitif kronik gastrit) ve Helikobakter pilori negatif kronik non-
streodial antienflamatuvar ila¢ kullanimi olan 37 hasta (26 aspirin kullanan ve 11 selektif siklooksigenaz-2 inhibitori kullanan) ¢alisma-
ya alindi. Ayrica 20 Helikobakter pilori negatif saglikly goniillii de ¢calismaya kontrol grubu olarak dahil edildi. Tiim hastalara endoskopi
yapildi ve antrum ve tespit edilen lezyonlarin biyopsileri alindi. Gastrik mukozadaki degisiklikler endoskopik ve histolojik olarak tespit edil-
di ve antral mukozadaki gastrokin-1 protein ekspresyonu immunohistokimyasal olarak analiz edildi. Bulgular: Gastrokin-1 ekspresyonu
Helikobakter pilori-negatif kronik gastritte, Helikobakter pilori pozitif kronik gastrite ve saglikli kontrollere gire azalmis bulundu. Benzer
olarak, non-streodial antienflamatuvar ilaglart alan grupta gastrokin-1 ekspresyonu saglikli kontrollerinkine gore diisiik bulundu ancak as-
pirin alanlar ile selektif siklooksigenaz-2 inhibitoru alanlar arasinda anlamly farklilik saptanmadi. Bunlara ek olarak, gastrokin-1 ekspres-
yonu ile kronik gastritin siddeti arasinda iliski mevcuttu. Sonug: Helikobakter pilori enfeksiyonu ve uzun siireli non-streodial antienflama-
tuvar ilaglarin kullaniminin neden oldugu gastrik mukozadaki gastrokin-1 ekspresyonundaki azalmanin, bu faktorlerin neden oldugu gas-
trik mukoza hasarina katkist olabilir.
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INTRODUCTION

Gastric diseases that are originated from the loss
of integrity of the gastric mucosa, such as chronic
gastritis and ulceration, have been major prob-
lems in the world. Normally, the structural integ-
rity of the gastric mucosa is maintained by the
mucosal defense mechanisms (1,2). However, even
under physiological conditions, the gastric mucosa
is continuously exposed to many factors that may
undermine and break the integrity. Once the ag-
gressive factors overwhelm the mucosal defense,
the integrity of the gastric mucosa may be impai-
red, resulting in severe inflammation, erosion, ul-
ceration, bleeding, or even perforation (3).

Among the aggressive factors, Helicobacter pylori
(Hp) infection is confirmed to be the most impor-
tant and most common etiological factor for gastric
mucosal injuries, such as chronic gastritis and pep-
tic ulceration (4). Multiple and interactive mecha-
nisms, including impairments in gastrin regulati-
on, acid secretion, inflammatory response, and neu-
ral pathways, contribute to the development of Hp-
induced gastric injuries and subsequent consequen-
ces (5-7). Use of non-steroidal anti-inflammatory
drugs (NSAIDs), including aspirin and selective
cyclooxygenase (COX)-2 inhibitors, is another risk
factor for gastric injuries (8). A variety of changes,
such as deficiency in prostaglandins, neutrophil ac-
tivation, microcirculatory disturbances, oxygen fre-
e radicals, and luminal acid, all contribute to the
development of NSAID-induced gastric injuries
(9,10). Although Hp infection and NSAIDs are dif-
ferent etiological factors, and induce gastric injuri-
es via different mechanisms, they may share com-
mon pathways involving some key molecular chan-
ges during the process of gastric injuries (11-13).

On the other hand, gastric mucosal defense mec-
hanisms withstand the damage factors to mainta-
in the integrity of the mucosa. These mechanisms
are multifactorial and many molecular compo-
nents are involved. Gastrokine-1 (GKN1) is a novel
protein that was firstly cloned by a Japanese gro-
up in 2000 (14). It is a secreted protein with a mo-
lecular weight of approximately 18 KDa and shows
high evolutionary conservation across human,
mouse, rat, and cow. Previous studies have shown
that GKN1 is expressed specifically in the gastric
mucosa, but not in other organs such as the lung,
liver and pancreas (15,16). These expression pat-
terns of GKN1 indicate that it may play a distinc-
tive role in the stomach. GKN1 has been demons-
trated to have mitogenic and motogenic activities
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and plays an important role in the maintenance of
the integrity of the gastric mucosa (15,17). Altho-
ugh GKNI1 is abundantly expressed in normal gas-
tric epithelium, its expression is significantly
down-regulated or even absent in gastric cancer.
Using proteomic techniques, Nardone et al. (18) re-
ported that there were two isoforms for GKN1, and
it was the basic isoforms that were down-regulated
in Hp-positive dyspeptic patients with moderate-
severe gastritis. They further investigated GKN1
expression in Hp-related precancerous and cance-
rous gastric lesions and found that GKN1 was sig-
nificantly decreased in Hp-positive patients, com-
pared with Hp-negative patients. They also obser-
ved a progressive decrease in GKN1 expression
from chronic gastritis to precancerous lesions (i.e.
gastric atrophy and intestinal metaplasia) and
gastric cancer, in which GKN1 expression was un-
detectable or even absent (19). These findings indi-
cate that down-regulation of GKIN1 expression is
associated with inflammatory damage to the gas-
tric mucosa, and also the subsequent consequences
(19). However, the role of GKN1 in NSAID-induced
gastric mucosal injury has not been explored, and
the interactive effects of Hp infection and NSAIDs
on GKN1 expression remain to be elucidated. The-
refore, this preliminary study was carried out to
address these issues by determining the protein
expression of GKN1 in the gastric mucosa in
dyspeptic patients with or without Hp infection
and in long-term NSAID users.

MATERIALS AND METHODS

The study population consisted of a selected 40 pa-
tients with functional dyspepsia (20 Hp-positive
and 20 Hp-negative) and 37 long-term NSAIDs
users (all Hp- negative) selected from outpatients.
The functional symptoms were upper abdominal
pain or discomfort often exacerbated with eating,
early satiety, postprandial abdominal bloating or
distention, and nausea, as outlined in the Rome II-
I criteria. Of the NSAID users, 26 had received as-
pirin (acetylsalicylic acid [ASA]) and 11 selective
COX-2 inhibitors (celecoxib or meloxicam) for mo-
re than six months. These patients were randomly
selected from cardiovascular or rheumatismal out-
patients. In addition, 20 healthy volunteers who
were selected from those individuals attending the
hospital for regular physical examinations and
confirmed to be negative for Hp infection by "“C-
urea breath test were recruited (Table 1).
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Table 1. Clinical and histological characteristics of the study population

Subject group Male/ Age Distribution of subjects according to
Female (Mean+SD) severity of chronic gastritis
Absent Mild Moderate Marked
Healthy volunteers (n=20)* 10/10 44.6£12.7 20 0 0 0
Patients with functional dyspepsia (n=40) 23/17 44.5+9.3 0 8 26 6
H. pylori-negative (n=20) 12/8 44.9+10.7 0 6 12 2
H. pylori-positive (n=20) 11/9 43.9+£7.9 0 2 14 4
NSAID users, H. pylori-negative (n=37) 44.8+12.3 0 7 28 2
Aspirin users (n=21) 15/6 44.7+15.8 0 4 16 1
COX-2 inhibitor users (n=16) 11/5 45.8+6.6 0 3 12 1

All subjects enrolled in this study had no history
of gastric ulcer, neoplasia, gastric surgery, liver di-
sease, or severe systemic disease in the past six
months, and they did not receive any proton pump
inhibitors (PPIs), mucosal protective agents or an-
tibiotics over the past six months. No patient had
ever received antibiotic therapy aiming to eradica-
te Hp infection. All subjects were invited to under-
go upper gastrointestinal endoscopy. During up-
per gastrointestinal endoscopy, two biopsies were
taken from the gastric antrum for histological exa-
minations including the detection of Hp infection
with hematoxylin and eosin staining as described
below. One additional fresh antral biopsy was ob-
tained for the rapid urease test (RUT), which was
performed according to the instructions of the ma-
nufacturer (Tianjin Reagent Biotech Company, Ti-
anjin, China). Briefly, after the biopsy was incuba-
ted in the test medium for 3 minutes (min) at ro-
om temperature, a color change of the medium
was observed. An unchanged yellow color was in-
terpreted as Hp-negative, while a color change
from yellow to pink or red was interpreted as Hp-
positive. A subject positive for Hp as determined
by both histology and RUT was defined as having
Hp infection, and those negative for both tests was
defined as having no Hp infection.

Written, informed consent was obtained from all
patients before the sample collection. The study
was approved by the Ethics Committee of the First
Affiliated Hospital of Sun Yat-Sen University.

Gastric biopsy specimens were fixed in 10% neut-
ralized formalin and embedded in paraffin for his-
tological processing. Histological examinations
were performed by an experienced pathologist, ac-
cording to the updated Sydney system (20). Bri-
efly, chronic inflammation, neutrophil polymorph
activity, glandular atrophy, and intestinal metap-
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lasia were recorded in all cases of gastritis. Gastri-
tis was graded on a mild, moderate, or marked
scale as indicated in the guidelines.

Paraffin sections (4 um thick) were cut from the
specimens, deparaffinized in xylene and hydrated
through a graded series of ethanol concentrations.
Antigen retrieval was performed by heating the
sections for 10 min at 100°C in 0.01M citrate buf-
fer (pH 6.0), endogenous peroxidase activity was
quenched with 3% H,0, for 15 min, and nonspeci-
fic staining was reduced by a blocking serum for 10
min. The sections were then incubated with mouse
anti-human GKN1 (1:300, Abnova Corporation,
China) at room temperature for 2 hours (h). Then,
a two-step detection method was used according to
the manufacturer’s instructions (EnVision™ Detec-
tion Kit, Gene Tech Company Limited, China). Bri-
efly, after incubation with the primary antibody,
the tissue was incubated with the ChemMate™ En-
Vision™/HRP for 30 min at room temperature.
Then, hematoxylin was used as a counterstain.
The reaction was visualized by the CheMate™
DAB plus Chromogen. Negative controls were per-
formed by omitting the first antibodies.

Previous studies had found that GKN1 was ex-
pressed in the superficial epithelium and in the
upper third of the glandular epithelium, so we cal-
culated the immunoreactive cells in these fields
(16,18). A scoring system with two categories was
used for evaluation of immunohistochemical re-
sults. Category A documented the number of im-
munoreactive cells as 0 (<56%), 1 (5%-25%), 2 (26%-
50%), 3 (561%-75%), and 4 (>75%). Category B do-
cumented the intensity of the immunostaining as
0 (no immunostaining), 1 (weak), 2 (moderate),
and 3 (strong). Finally, values for category A and
B were combined to obtain a score. The staining
results were measured semi-quantitatively on a



scale of 0 (score less than 2), 1+ (score range from
2 to 3), 2+ (score range from 4 to 5), and 3+ (score
range from 6 to 7). Immunostaining was assessed
by an experienced pathologist who was blinded to
the clinical data of the patients.

Statistical Analysis

All quantitative data were expressed as mean =
standard deviation (SD). The immunoreactive dif-
ference in the proportion of subjects with GKN1
expression between the different groups was de-
termined by Mann-Whitney test and Kruskal-
Wallis test. All statistical analyses were carried
out using the SPSS statistical software package
(version 11.0, SPSS Inc. Chicago, USA). A p value
of < 0.05 was considered statistically significant.

RESULTS

Expression of GKN1 in Healthy Volunteers,
Patients with Functional Dyspepsia and
NSAID Users

By definition, Hp-positive patients with functional
dyspepsia were positive for both histology and
RUT, and Hp-negative patients with functional
dyspepsia and NSAID users were negative for
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both histology and RUT. All healthy volunteers
were negative for histology and RUT.

In normal gastric mucosa without Hp infection,
strong immunostaining of GKN1 was found in the
superficial epithelial cells and in the epithelial
cells of the upper part of glands, which was consis-
tent with the results of previous studies (16,18).
However, GKN1 expression was gradually decrea-
sed and absent in the deeper glands of gastric mu-
cosa (Figure 1A).

The immunopositivity of GKN1 in Hp-positive pa-
tients with functional dyspepsia was significantly
decreased compared with that in Hp-negative sub-
jects (Table 2) (Figures 1B, 1C). Similarly, the ex-
pression of GKN1 in NSAID users was also dec-
reased; there was no significant difference betwe-
en ASA and selective COX-2 inhibitor users (Tab-
le 2) (Figures 1D, 1E).

Expression of GKN1 in Healthy Volunteers,
Patients with Functional Dyspepsia and
NSAID Users in Terms of the Presence and
Severity of Chronic Gastritis

Chronic gastritis was observed in all patients with
functional dyspepsia and NSAID users, but in no-

Figure 1. Immunohistochemical staining
of GKNT in gastric tissues (200x), with the
enlarged magnification (400x) on the top
left corner. A, normal gastric mucosa of H.
pylori-negative healthy volunteers; B, gas-
tric mucosa of H. pylori-negative patients
with functional dyspepsia; C, H. pylori-po-
sitive gastritis; D, gastric mucosa of aspirin
user; and E, gastric mucosa of selective
COX-2 inhibitor user.
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Table 2. GKN1 expression in healthy volunteers, dyspeptic patients with functional dyspepsia and non-steroidal

anti-inflammatory drug (NSAID) users

Subject group

Distribution of subjects according to GKN1 expression levels

- + ++ +++
Healthy volunteers (n=20)* 0 0 0 20
Dyspeptic patients (n=40) 0 5 25 10
H. pylori-negative (n=20) f, 0 0 12 8
H. pylori-positive (n=20)# 0 5 13 2
NSAID users (n=37)* 0 0 30 7
Aspirin users (n=21) f 0 0 18 3
COX-2 inhibitor users (n=16) ##, 0 0 12 4

* all were H. pylori-negative. T, p<0.001, compared with H. pylori-negative healthy volunteers.
#, p=0.014, compared between H. pylori-negative and -positive patients. ##, p=0.596, compared between aspirin users and COX-2 inhibitor users.

Table 3. GKN1 expression in healthy volunteers, patients with functional dyspepsia and non-steroidal anti-inf-
lammatory drug (NSAID) users in terms of the severity of histologically confirmed chronic gastritis.

Subject group

Distribution of subjects according to GKN1 expression levels

- + ++ +++
Healthy volunteers (n=20)* 0 0 0 20
Absent (n=20) 0 0 0 20
Mild (n=0) 0 0 0 0
Moderate (n=0) 0 0 0 0
Marked (n=0) 0 0 0 0
Dyspeptic patients (n=40) f# 0 5 25 10
Absent (n=0) 0 0 0 0
Mild (n=8) 0 0 0 8
Moderate (n=26) 0 0 24 2
Marked (n=6) 0 5 1 0
NSAID users (n=37)*f 0 0 30 7
Absent (n=0) 0 0 0 0
Mild (n=7) 0 0 0 7
Moderate (n=28) 0 0 28 0
Marked (n=2) 0 0 2 0

* all were H. pylori-negative. f, p<0.001, compared with H. pylori-negative healthy volunteers.
#, p<0.001, compared among patients with different degrees of severity of chronic gastritis.

ne of the healthy volunteers. In normal gastric
mucosa of healthy volunteers, the expression of
GKN1 was abundantly present. However, in the
patients with functional dyspepsia and NSAID
users, the expression of GKN1 was progressively
decreased from mild to marked chronic gastritis
(Table 3).

DISCUSSION

In this study, we first evaluated the expression of
GKN1 in normal gastric mucosa. Concordance
with previous studies, our data confirmed that
GKN1 was abundantly expressed in the surface
gastric epithelial cells and the upper part of
glands, but absent in the deeper gastric glands
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(14,16), suggesting that GKN1 may play a role in
the defensive barrier of the gastric mucosa. It has
been reported that GKN1 is secreted from the gas-
tric epithelial cells as a component of the mucin.
On the surface of the gastric epithelium, GKN1
may provide mechanical and chemical protection
for the surface epithelial cells, by acting as a lub-
ricant or gel stabilizer and helping to maintain the
mucous pH gradient and hydrophobic barrier
(15,17). GKN1 possesses mitogenic activities, like
epithelial growth factor (EGF), to keep epithelial
cell proliferation, migration re-epithelization and
reconstruction of gastric glands (21,22). Moreover,
previous studies have shown that GKN1 also pos-
sesses motogenic activities to promote restitution



in scrape-wounded monolayer cultures and media-
te repair after injury to maintain the integrity of
the mucosa (15,17). These physiological functions
and expression location of GKN1 are similar to
trefoil factor 1, which plays an important cytopro-
tective role in the gastric mucosa (23,24). In addi-
tion, GKN1 is involved in gastric maturation in
postnatal rats and protection of colonic epithelial
cells (25,26). It is noted that another member of
the gastrokine family, GKN2, has been viewed as
a protective factor in gastric mucosa (27,28).

Hp infection has been established as an etiological
cause of gastric inflammation and peptic ulcerati-
on. It leads to damage to the gastric mucosa by dif-
ferent sophisticated mechanisms manipulating
and regulating various molecular factors and
pathways. We detected GKN1 in Hp-negative and
Hp-positive patients with functional dyspepsia, all
having different degrees of gastric inflammation,
and found that Hp infection significantly reduced
the expression of GKN1. This observation was
consistent with the previous studies that reported
a decreased expression of GKN1 in Hp-positive pa-
tients with chronic gastritis and gastric atrophy
(18,19). In addition, it has been reported that the
expression of GKIN1 is increased after the eradica-
tion of Hp infection (29). These findings suggest
that chronic persistence of Hp infection results in
the decreased expression of GKN1, which may be
one of the mechanisms by which Hp infection le-
ads to damage to the gastric mucosa.

NSAIDs are other risk agents that cause damage
to the gastric mucosa. In a previous study, indo-
methacin (a nonselective COX inhibitor) or rofeco-
xib (a selective COX-2 inhibitor) were gavaged in-
to mice. Whereas indomethacin was associated
with a decreased expression of GKN1, followed by
gastric mucosal injury, rofecoxib was not associa-
ted with the down-regulation of GKN1 in the gas-
tric mucosa and showed no gastric mucosal in-
juryl7. This animal experiment suggested that
traditional NSAIDs may induce gastric impair-
ment by reduction in the expression of GKN1, but
COX-2 selective inhibitors cause gastric mucosal
injury without involvement of the down-regulati-
on of GKIN1 expression. A recent study demonstra-
ted that GKN1 expression was significantly dec-
reased in the gastric antrum, but slightly elevated
in the gastric corpus in 10 Hp-negative human vo-
lunteers who took ASA for one week (30). The aut-
hors postulated that the epithelial cells of the an-
trum may have lost the ability to express and sec-
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rete GKN1 due to the mucosal damage by ASA,
whereas epithelial cells of the corpus, less injured
by ASA, compensationally expressed and secreted
GKN1, at a higher level, by the autocrine and pa-
racrine functions (30). However, this study is limi-
ted by its small number of subjects, the use of only
ASA, and its short duration. To better understand
the effect of long-term usage of NSAIDs on GKN1
expression, we included patients who had used
ASA or selective COX-2 inhibitors for more than
six months, and detected GKN1 expression in the
antral gastric mucosa. Consistent with the previo-
us animal and human volunteer studies, our re-
sults showed that GKN1 expression was down-re-
gulated in the patients who had used ASA for mo-
re than six months. However, unlike the animal
study, we observed that GKN1 expression was al-
so down-regulated in the patients who had used
selective COX-2 inhibitors for more than six
months. The expression of GKN1 was not signifi-
cantly different between ASA users and selective
COX-2 inhibitor users.

Selective COX-2 inhibitors are claimed to be less
toxic to the gastrointestinal tract than ASA becau-
se of their smaller effect on the gastric prostaglan-
din G levels. We suggest that selective COX-2 in-
hibitors may have no or little effect on GKN1 in
the short term. However, long-term administrati-
on of selective COX-2 inhibitors may damage the
integrity of the gastric epithelium and consequ-
ently result in the reduction of GKN1 expression,
which depends on the surface integrity of the gas-
tric epithelial cells and upper part of the glands. It
was still unknown whether COX-1 or COX-2 could
regulate the expression of GKN1.

Based on the findings of the present study, along
with findings from previous studies, we hypothesi-
ze that Hp infection and ASA may directly cause
the decrease in GKN1 expression in the gastric
antrum, which results in the damage to the gastric
mucosa. While selective COX-2 inhibitors may ha-
ve little effect on the GKN1 expression in the short
term, long-term administration may be associated
with decreased GKN expression, which in turn
contributes to the damage to the gastric mucosa.
However, this hypothesis needs to be tested in
well-designed clinical studies.

One more important issue that needs to be addres-
sed is whether NSAIDs and Hp infection have any
additive effects on GKN1 expression, as NSAID
usage accompanied by Hp infection usually has
additive effects and leads to more severe gastric
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injury. Unfortunately, we did not include NSAID
users with Hp infection in our study, and thus
further investigation is required to elucidate this
critical issue.

In conclusion, both Hp infection and NSAID admi-
nistration down-regulate the expression of GKN1
in the gastric mucosa, which is associated with the
severity of gastric inflammation. Further experi-
ments are required to elucidate the detailed mole-
cular mechanisms by which Hp infection and
NSAIDs regulate the expression of GKN1 and le-
ad to the mucosal damage.
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