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Abstract

AIM: To compare ghrelin levels in plasma and gastric
mucosa before and after Helicobacter pylori (H. pylor)
treatment in children with A. pylori-associated func-
tional dyspepsia.

METHODS: Children with 4. pylori-associated func-
tional dyspepsia were enrolled in this study. 4. pylori
infection was confirmed by positive bacterial culture
results. All of the children received triple H. pylori erad-
ication therapy (a 2 wk course of omeprazole, amoxi-
cillin, and clarithromycin). The children were divided
into two groups based on the success of the H. pylori
treatment: group 1 (eradicated) - patients who had a
negative 13C-urea breath test 2 mo after the end of
therapy; and group 2 (non-eradicated) - patients who
had a positive 13C-urea breath test. Plasma ghrelin,
gastric ghrelin mRNA, and the body mass index were
evaluated in both groups before and after the H. pylori
treatment. The plasma ghrelin levels were measured
by a radioimmunoassay. The expression of gastric
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ghrelin mRNA was determined by real-time reverse
transcription polymerase chain reaction.

RESULTS: A total of 50 children with H. pylori-asso-
ciated functional dyspepsia were treated with triple A.
pyilori eradication therapy. The mean age of the chil-
dren was 5.52 + 0.83 years, and there were 28 males
and 22 females. Among the 50 AH. pylori-positive chil-
dren, 30 successfully achieved eradication, and 20 did
not. The mean plasma ghrelin levels of group 1 were
22.17 £ 1.73 ng/L and 26.59 %= 2.05 ng/L before and
after the treatment, respectively, which was a signifi-
cant increase (P = 0.001). However, the mean plasma
ghrelin level of group 2 before and after the H. pylori
treatment was 21.34 £ 2.40 ng/L and 22.24 £ 2.10
ng/L (P = 0.785). The plasma ghrelin levels increased
substantially after treatment in group 1 but showed
only minor changes in group 2. Similarly, the gastric
ghrelin mRNA expression in group 1 before treatment
was 2.84 + 0.08. After treatment, the level was 3.11
+ 0.65, which was significantly different (P = 0.023).
The gastric ghrelin mRNA expression in group 2 did
not change significantly during the treatment (2.82 +
0.44 vs 2.79 = 0.31, P = 0.875). The plasma ghrelin
and gastric ghrelin mRNA levels in group 1 increased
substantially after the treatment but did not do so in
group 2. In addition, the body mass index the two
groups did not differ significantly 2 mo before and af-
ter the H. pylori treatment.

CONCLUSION: H. pylori eradication increases the
plasma and tissue ghrelin levels in children with 4.
pylori-associated functional dyspepsia.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is an emerging
global health problem. It is regarded as a major cause of
chronic gastritis, duodenitis and peptic ulcers. H. pylori
is generally acquired eatly in life”. The prevalence of
H. pylori infection is higher in children from developing
countries than in those from developed countries. H.
Pylori is the major pathogen of the gastrointestinal tract
and may also be responsible for dyspeptic symptoms
and reduced appetite that can lead to malnutrition and
impaired growth[3’4j.

The gastrointestinal hormone ghrelin is a recently
discovered gut-brain peptide that regulates food intake
in humans and has strong growth hormone-releasing ac-
tivityﬁ’ﬁj. Ghrelin is composed of 28 amino acids and has
been confirmed to both stimulate the hypothalamic ap-
petite center through neuropeptide YNPY/AGRP and
to directly regulate gastrointestinal function and appe-
tite"”. In addition, ghrelin enhances gastrointestinal tract
motility and accelerates gastric emptying, which explains
its appetite-promoting effects””. Ghrelin is mainly syn-
thesized and secreted by gastric endocrine cells. Thus,
chronic persistent damage to the gastric mucosa, which
occurs in H. pylori infection, may affect ghrelin produc-
tion and lead to changes in food intake and body weight.

In adults, there are contradictory reports on the re-
lationship between H. pylori infection and ghrelin. Some
studies have demonstrated that H. pylori infection de-
creased ghrelin secretion' "', whereas other studies have
reported that H. pylori infection has no effect on plasma
ghrelin levels">"™, There have been only a few small
studies evaluating the relationship between ghrelin and H.
pylori infection in children. A direct relationship between
H. pylori intection and gastric ghrelin production in chil-
dren remains to be demonstrated.

Thus, we studied children with H. pylori-associated
functional dyspepsia (FD) and evaluated their plasma
and gastric ghrelin production before and after treating
their H. pylori infection. FD is a syndrome characterized
by chronic and recurrent gastroduodenal symptoms in
the absence of any organic or metabolic disease. H. pylori
infection has been suggested to play a role in the devel-
opment of FD. FD in patients with H. pylori infection
is defined as a different disease entity. We recruited FD
subjects to minimize any confounding factors that might
have affected the study.
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MATERIALS AND METHODS

Subjects

This study examined children with FD and H. py/ori in-
fection that had been confirmed by positive bactetial cul-
ture results. The FD diagnosis was based on the Rome
1M criteria™. Patients with histopathological examination
showed normal mucosa. The children were divided into
two groups, depending on the H. pylori treatment results:
the H. pylori eradication group (group 1) and the H. pylori
failed eradication group (group 2). The patients who had
the following symptoms or diseases were excluded from
the study: serious infections, heart, lung, kidney or other
major organ disorders, use of drugs that may affect the H.
Pylori test results (antibiotics, H2 blockers, proton pump
inhibitors and bismuth preparations) and use of cortico-
steroids. The patients who showed severe gastritis, ulcers
ot erosion by endoscopy wete also excluded.

Endoscopy and biopsy samples

All of the participants underwent an initial upper gastro-
intestinal endoscopy. Six biopsy specimens were taken
from the intact mucosa in the gastric antrum. Two of
these specimens were used for bacterial cultures. Another
two specimens were used for histological assessment. The
remaining specimens were immediately snap frozen and
stored in liquid nitrogen for ghrelin mRNA detection.

Radioimmunoassay for serum ghrelin levels

On the day of the endoscopy, blood samples were taken
between 8:00 am and 10:00 am after an overnight fast,
transferred into tubes containing EDTA and centrifuged.
The plasma was then separated and stored at -80 C until
needed. The blood samples were taken before and after
the H. pylori treatment. The plasma ghrelin concentra-
tions were measured by radioimmunoassay.

Real-time reverse transcription polymerase chain
reaction of ghrelin

Quantitative reverse transcription polymerase chain re-
action was used to detect ghrelin mRNA. cDNA was
generated using M-MLV reverse transcriptase (Sangon
Biological Engineering Technology And Service Co.,
Shanghai, China), 1 pug of total RNA as a template and
random hexamer priming. The resulting cDNA was
amplified using an Exicycler. The real-time PCR analysis
was conducted using SYBR” Premix Ex Taq™ and spe-
cific primers. The forward ghrelin primer was TGGAG-
GTCAAGCAGAAGGG, and the reverse primer was
GCAGAAGCAAGCGAAAAGC. The mRNA levels

were normalized using [B-actin.

Bacterial culture and identification

Selective Columbia blood agat (containing 5 mg/L TMP,
10 mg/L vancomycin, 2500 U/L polymyxin and 2 mg/L
amphotericin B) was used for the culture. The H. pylori
identification was based on colony morphology, the cata-
lase and urease tests, and Gram staining to determine the
morphological and staining properties.
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Group 1 Group 2
Number of children (male/female) 17/12 11/10
Age (yr) 6.15+0.74 549+0.23
BMI (kg/m’) 147+1.5 159+1.7

Group 1: Helicobacter pylori (H. pylori) eradication group; Group 2: H. pylori
failed eradication group. BMI: Body mass index.

H. pylori eradication

The H. pylori-infected children were treated with omepra-
zole (20 mg/d), amoxicillin (50 mg/kg per day), and
clarithromycin (15 mg/kg per day) for two weeks. The
children were not given any other medication after the
triple therapy. The H. pylori infection status was evalu-
ated using the 13C-urea breath test 2 mo after the end
of the therapy.

Follow-up

The patients were followed up 2 mo after the end of
therapy. Endoscopy and biopsy sampling were con-
ducted, and plasma was collected again. We monitored
serum ghrelin and gastric ghrelin mRNA and assessed
the changes in their body mass indexs (BMlIs).

Statistical analysis

All of the data were expressed as mean * SE. The Stu-
dent’s 7 test was used to compare mean. P < 0.05 was
considered to be significantly different.

RESULTS

From January 2009 to April 2011, we studied 50 children
with H. pylori-associated FD. The characteristics of the
children, including their mean age, gender and BMI, are
shown in Table 1. The H. pylori therapy was effective in
30 children and failed in 20 children.

In group 1, the plasma ghrelin levels before and after
the treatment were significantly different (22.17 = 1.73
ng/L and 26.59 * 2.05 ng/L, respectively, P = 0.001).
However, the plasma ghrelin levels in group 2 before
and after the treatment were similar (21.34 £ 2.40 ng/L
and 22.24 + 2.10 ng/L, respectively, P = 0.785). The
plasma ghrelin levels in group 1 increased substantially
after the therapy, but those in group 2 showed only mi-
nor changes.

We also compated gastric ghrelin mRNA expression
in the two groups before and after the H. pylori treat-
ment. Similar to the changes in the plasma ghrelin levels,
the gastric ghrelin mRINA expression in group 1 was 2.84
1+ 0.08 and 3.11 £ 0.65 (P = 0.023) before and after the
treatment, respectively, which was significantly different.
These values were not significantly different in group 2
(2.82 £ 0.44 and 2.79 + 0.31, P = 0.875).

The plasma ghrelin levels and gastric ghrelin mRNA
increased significantly in group 1 but showed inconsis-
tent changes in group 2 (Figures 1 and 2). The plasma
ghrelin levels paralleled the gastric ghrelin mRNA ex-
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Figure 1 Plasma ghrelin levels before and after the Helicobacter pylori treat-
ment in group 1 (P = 0.001) and group 2 (P = 0.785). Group 1: Helicobacter
pylori (H. pylori) eradication group; Group 2: H. pylori failed eradication group.
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Figure 2 Ghrelin mRNA expression in the gastric mucosa before and after
the Helicobacter pylori treatment in group 1 (P = 0.023) and group 2 (P =
0.875). Group 1: Helicobacter pylori (H. pylori) eradication group; Group 2: H.
pylori failed eradication group.

pression levels in the H. pylori eradication group. These
results suggest that attenuating ghrelin production in the
gastric mucosa accounts for the decrease in the plasma
ghrelin concentrations.

The mean BMI in the H. pylori eradication group
before and after the treatment was 14.7 + 1.5 kg/ m”and
15.6 + 1.2 kg/m’ (P = 0.765), respectively. The mean
BMI in the H. pylori failed eradication group before and
after the treatment was 15.9 = 1.7 kg/m2 and 155+ 1.6
kg/m2 (P = 0.825), respectively. Our study found that
BMI did not change significantly before and after the H.
pylori treatment in either group.

DISCUSSION

Our study found that the plasma ghrelin and gastric
ghrelin mRNA levels increased significantly in those
patients for whom the H. pylori treatment was successful
and were not significantly different in those patients for
whom the H. pylori treatment failed. These findings are
consistent with those of other studies in which subjects
underwent H. pylori treatment and had increased plasma
ghrelinm’m and gastric ghrelin mRINA levels™.

Inflammation of the gastric mucosa is the one of
the important mechanisms of H. pyloriinduced changes
in ghrelin production. However, severe inflammation of
the mucosal layers by other factors, such as ulcers and
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atrophic gastritis, can also influence ghrelin production.
Cummings ez al™ found that plasma ghrelin levels were
low in a young woman with an evolving autoimmune
gastric process. Thus, the change in ghrelin production
caused by H. pylori infection might be confused with
the severe inflammation caused by diseases such as ul-
cers and atrophic gastritis. Therefore, we recruited FD
subjects without severe histopathological changes to
minimize the confounding factors and found that ghre-
lin production increased after H. pylori eradication inde-
pendent of inflammation. Furthermore, diseases such as
ulcers, atrophic gastritis and cancer are seen much less
frequently in children than in adults, and the host genetic
and environmental factors (such as diet, alcohol, and
smoking) that play an important role in ghrelin produc-
tion are mote uniform in children. Studies of children
can clarify the relationship between H. pylori and ghrelin
more directly than can studies of adults.

The reports on the influence of H. pylori eradication
on ghrelin concentrations in children are contradictory.
Pacifico et a/™ have reported that successful H. pylori
treatment in children was associated with increased BMI
and lean and fat mass but not with increased ghrelin
levels, which were actually decreased. These results may
suggest that changes in ghrelin levels after the H. pylori
infection has been cured are epiphenomenal. By con-
trast, Konturek e a/”" found that eliminating H. pylori
from the stomach using triple eradication therapy re-
sulted in enhanced circulating plasma ghrelin in H. pylori-
positive shepherds and their children. The discrepancies
in the response to H. pylori treatment may be related to
the strain of H. pylori. Patients with the type I strain,
which expresses the cytotoxin-associated gene product
and vacuolating cytotoxin A virulence factors, have lower
circulating ghrelin levels than those with the less virulent
type II strain, which does not express these virulence
factors™, The features of H. Ppylori strains are known to
differ between developed and developing countries, and
H. pylori infection 1s also known to be associated with
socio-economic conditions. The patients in the study by
Konturek e a/”" were shepherds who may have the same
H. pylori strain as our patients, and our results are similar
to those reported by Konturek ez al®,

Ghrelin-producing cells have been found mainly
in the oxyntic mucosa of the stomach. Decades of ac-
quired H. pylori infection can lead to chronic gastritis and
atrophy. Thus, some authors have demonstrated that
ghrelin production was influenced by reductions in the
number of oxyntic cells caused by atrophy. Cindoruk ez
al™ have shown that eradicating H. pylori has no affect
on the plasma ghrelin concentration in patients without
atrophy. Osawa ¢/ al'" have also suggested that impaired
gastric ghrelin production in association with the atro-
phic gastritis caused by H. pylori infection accounted for
the decreased plasma ghrelin concentration. There was
no evidence of gastric atrophy or intestinal metaplasia in
our study. The functional impairment of ghrelin-produc-
ing cells due to inflammation, perhaps mediated by cyto-
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kines, may account for reduced ghrelin production”*,

Recent studies have shown that H. pylori infection
causes the release of many pro-inflammatory cytokines,
such as interleukin (IL)-1, IL-6 and 1L-8, and influences
decreases in ghrelin productionpﬂ. Abiko e a/*” further
confirmed the relationships among H. pylori infec-
tion, ghrelin secretion and cytokines. A comparison of
the ghrelin level, appetite and body weight of H. pylori-
infected II-7 gene knockout and wild-type mice showed
no obvious changes in the knockout mice but significant
reductions in the ghrelin level, appetite and body weight
of the infected wild-type mice. These results indicated
that H. pylori infection can affect ghrelin secretion sia
IL-1. Therefore, further investigations are required to
understand the relationships among ghrelin, H. pylori in-
fection and inflammatory cytokines in children.

Compared with previous studies of children, our
study not only demonstrated that plasma ghrelin con-
centrations were influenced by H. pylori eradication but
also focused on the gastric mucosa to better understand
the effects of H. pylori infection on ghrelin expression
changes. Increases in gastric ghrelin production may ac-
count for the higher concentrations of plasma ghrelin
seen after H. pylori eradication.

A previous study has reported that BMI increased
significantly 12 mo after H. pylori eradication®. Our
study was designed to evaluate ghrelin changes at 2 mo
after H. pylori treatment and was therefore too short to
detect changes in BMI.

The changes in ghrelin production can be related to
successfully eradicating the H. pylori infection. Ghrelin
has also been suggested as a potential marker for H. pylo-
7i treatment success and may be an indicator of children
who should be treated for H. pylori infection.

In conclusion, we demonstrated that plasma and gas-
tric tissue ghrelin levels in children are increased after H.
pylori eradication. H. pylori may influence ghrelin produc-
tion. We also hypothesize that ghrelin may play an im-
portant role in the mechanism of H. pylori-associated FD
in children. Future studies are needed to investigate this

hypothesis.

COMMENTS

Background

Helicobacter pylori (H. pylori) infection in children is higher in developing coun-
try. It not only is the major pathogen of the gastrointestinal tract but also may
be responsible for dyspeptic symptoms and reduces appetite that might lead
to malnutrition to impair growth. Ghrelin is primarily secreted from the stomach
and has been implicated in the coordination of eating behavior and weight regu-
lation. Thus, there exists the possibility that chronic persistent damage of the
gastric mucosa, such as H. pylori infection, might affect ghrelin production and
lead to changes in food intake and body weight. The direct relationship between
H. pylori infection and gastric ghrelin production is needed to be demonstrated.

Research frontiers

Many studies assessing the relationship between H. pylori and Ghrelin in adults
have been published but a comparable study in children is lacking. The impor-
tant area in the study is selected children with H. pylori-associated dyspepsia
as subjects and evaluates plasma and gastric ghrelin production before and
after treating H. pylori.
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Innovations and breakthroughs

Compared with previous studies in children, the authors’ study not only demon-
strates that plasma ghrelin concentrations are influenced after H. pylori eradica-
tion but also focused on the gastric musca to better understand the effects of
H. pylori infection on the alteration of ghrelin expression. Increases in gastric
ghrelin production may account for higher concentration of plasma ghrelin after
H. pylori eradication. The authors’ study also suggested that level of ghrelin can
be considered as one of the maker of H. pylori successfully or not and can be
one of the indication for children H. pylori infection therapy. Furthermore, this
report provide novel insights for understanding the physiological function of
ghrelin and its relation to associated disease.

Applications

The study results suggest that gherlin levels in plasma and gastric tissue in chil-
dren are increased after H. pylori eradication and ghrelin may play an important
role in the mechanism of H. pylori-associated dyspepsia in children.

Terminology

Ghrelin: Ghrelin is a gastrointestinal hormone and possesses strong growth
hormone-releasing activity and is recently discovered gut-brain peptide that
regulates food intake of human; Functional dyspepsia: Functional dyspepsia is
a syndrome characterized by chronic and recurrent gastroduodenal symptoms
in absence of any organic or metabolic disease.

Peer review

This is a novel study in which authors evaluate plasma and gastric ghrelin pro-
duction before and after treating H. pylori in children with H. pylori-associated
dyspepsia. The results suggest that ghrelin may play an important role in the
mechanism of H. pylori-associated dyspepsia in children.
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