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Abstract

AIM: Ghrelin is an endogenous ligand for the growth
hormone secretagogue receptor, and it plays a role in
stimulating the growth hormone secretion, food intake,
body weight gain and gastric motility. Eradication of
Helicobacter pylori (H pylori) was shown to be associated
with increase of the body weight. On the other hand, H pylori
infection evokes the release of gastric IL-1B. The present
study was designed to investigate the involvement of
the gastric IL-1 signal in the ghrelin dynamics in H pylorr
colonized mice.

METHODS: Twelve-week-old female IL-1-receptor type
1-homozygous-knockout mice (IL-1R17) and their wild-type
littermates (WT) were orally inoculated with H pylori
(Hp group), while other cohorts received oral inoculation
of culture medium (Cont group). Thirteen weeks after
the inoculation, the mice were examined. The plasma
and stomach ghrelin levels and the gastric preproghrelin
mRNA were measured.

RESULTS: Although the WT mice with H pyiloriinfection
showed a significantly decreased body weight as
compared with that of the animals without 4 pyforiinfection,
H pyloriinfection did not influence the body weight of the
IL-1R1-knockout (IL-1R17") mice. In the H pyloriinfected
IL-1R17 mice, the total and active ghrelin levels in the
plasma were significantly increased, and the gastric
ghrelin level was decreased. No significant differences
were noted in the gastric preproghrelin mRNA expression.

CONCLUSION: Ghrelin secretion triggered by H pylori
infection might be suppressed by IL-1f, the release of

which is also induced by the infection, resulting in the
body weight loss of mice with A pylori infection.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Ghrelin, an endogenous ligand for the growth hormone
secretagogue receptor (GHS-R), stimulates growth hormone
(GH) release from cultured pituitary cells in a dose-
dependent manner!"; and is produced and sectreted from
the A-like cells found mainly in the oxyntic glands of the
gastric fundus?. Ghrelin is now known to play a role in not
only GH release, but also in controlling the appetite and
body weight. Since both parenterally and intracerebro-
ventricularly administered ghrelin have been shown to
stimulate food intake and increase the body weight of
mice and rats with free access to food, even those animals
with GH deficiency?, the control of appetite and body
weight may be independent of GH release. Ghrelin, a
28-amino-acid peptide, is activated when its third serine
residue is acylated by n-octanoic acid, and GHS-R is
responsive to the first four or five residues including the
octanylated serine residue of the whole ghrelin peptidel.
GHS-R has been shown to be present in the pituitary,
hypothalamus, adrenal glands, thyroid, pancreas, myocardium,
spleen and testes!" 9. Ghrelin stimulates the expression of
both NPY and AGRP mRNA in the hypothalamus. The
central orexigenic effect of ghrelin is mediated by the
NPY/AGRP-expressing neurons in the hypothalamus™*'".
On the other hand, ghrelin has also been reported to suppress
vagal afferent activity®. The peripheral orexigenic effect
of ghrelin may be mediated, at least in part, by its suppressive
effect on the vagal afferent activity.

IL-1B is a pro-inflammatory cytokine that mediates the
cachectic process by stimulating the expression and release
of leptin," and/or by mimicking the effect on the
hypothalamus of excessive negative-feedback signaling from
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leptin™. Cachexia is a condition characterized by wasting,
emaciation, feebleness and inanition. It was recently reported
that the levels of both ghrelin peptide and ghrelin mRNA
in the stomach wete up-regulated in a mouse model of
cancer cachexial"¥. In cachectic mice with increased plasma
levels of IL.-1P, the plasma concentrations of ghrelin also
increased with the progression of cachexia!”. This result
suggests that a close relationship might exist between the
ghrelin dynamics and the cachectic process mediated by
IL-1. IL-1B is an anorexigenic substance, just like CCK,
leptin, gastrin-related protein and bombesin, and antagonizes
the actions of ghrelin. Asakawa e# a/, reported that parenterally
administered I1-1f decreased NPY mRNA expression in
the hypothalamus and preproghrelin mRNA expression in
the stomach, and that intraperitoneally administered ghrelin
inhibited the severity of IL-1B-induced anorexia.

Helicobacter pylori (H pylori) infection is known to be a
major pathogenetic factor in the development of gastritis,
peptic ulcet disease and gastric malignancy!'*'. Attachment
of H pylori to the gastric mucosa induces inflammation,
which is associated with the release of various cytokines,
including 1L-1B!"9. Although the importance of the
anorexigenic effect of IL-1 in cases with H pylori infection
has not yet been clarified, it has been observed clinically
that H pylori eradication is often followed by improvement
of some nutritional parameters, such as the body weight
and the serum levels of total cholesterol, total protein and
albumin™. We recently reported that H py/ori infection could
modify the plasma and gastric ghrelin dynamics in
Mongolian gerbils®. In humans, however, H py/ori infection
has been reported not to be associated with any changes of
the plasma ghrelin levels™*, although eradication of H pylori
has been shown by some to be associated with increases of
the plasma ghrelin levels™. Therefore, regulation of the
ghrelin dynamics and its influence on the body weight control
in cases with H pylori infection still remains to be clarified.

We designed the present study to investigate the role of
the gastric IL-1 signal in the regulation of the ghrelin
dynamics and its influence on the body weight control under
in cases with H pylori infection.

MATERIALS AND METHODS

Animal procedures

All experiments and procedures carried out on the animals
were approved by the Keio University Animal Research
Committee (No. 023009). Twelve-week-old, specific-
pathogen-free female interleukin-1 (IL-1)-receptor type
1-homozygous-knockout mice (IL-1R17") on a C57BL/6
background (The Jackson Lab., Bar Harbor, ME, USA)
and their wild-type cohotts as controls (WT) were used for
the study. The Sydney Strain of H pylori (SS1) was grown
from frozen stocks at 37 “C under microaerobic conditions
for 24-36 h in lysed horse-blood agar supplemented with
antibiotics, harvested in Brucella broth, and administered
to the mice immediately after being harvested. Six IL-1R17-
mice and five WT mice were orally inoculated with H pylori
(1.5x10* CFU/mL,, 0.5 mL), while another six IL-1R17
mice and five WT mice were orally inoculated with the
culture medium alone as control. A week later, each animal

was inoculated again with the aforementioned bacterial
strain. Thirteen weeks after the first inoculation, all the
mice were examined under ether anesthesia. The mice were
then deprived of food for 17 h before being killed. The
body weight of each mouse was measured just before the
examination.

Confirmation of Infection

H pylori infection was diagnosed by determining the number
of CFUs in a microaerobic bacterial culture. Briefly, the
diluted homogenates of the stomachs were plated on to
Brucella agar plates containing 10% horse blood, 2.5 pug/mL
amphoteticin B, 9 ug/ml. vancomycin, 0.32 pg/mL polymyxin
B, 5 ug/mL trimethoprim, and 50 ng/mL 2, 3, 5-triphenyl-
tetrazolium chloride. The plates were then incubated at
37 ‘C in a microaerobic atmosphere for 7 d*. All of the
H pylori inoculated animals were confirmed as H pylori
positive by this procedure in the present study.

Measurement of plasma ghrelin levels

Whole-blood samples were obtained from the right ventricle
in tubes containing EDTA-2Na (1 mg/mL blood) and
aprotinin (500 kIU/mL blood). The tubes were centrifuged
and the plasma samples were stored at -80 C.

Plasma total ghrelin was measured using the Desacyl-
Ghrelin ELISA Kit (Mitsubishi Kagaku Medical, Inc.,
Ibaraki, Japan), and plasma active ghrelin was measured
using the Active Ghrelin ELISA Kit (Mitsubishi Kagaku
Medical, Inc., Ibaraki, Japan). Total ghrelin, i.e., active plus
inactive ghrelin, was measured using an antibody directed
against the C-terminal end (residues 1 to 11) of ghrelin,
while an antibody directed against the N-terminal end of
ghrelin (residues 13 to 28) was used for the measurement
of active ghrelin. The plasma samples were placed in testing
wells coated with the ghrelin antibodies. Then, the plate
with the wells was incubated for 2 h at room temperature.
After incubation, the samples were washed and diluted HRP
was added to the wells. The plate was then incubated again
for 1 h at room temperature. The samples were washed
and substrate solution was added to the wells. The plate
was incubated for a further 30 min at room temperature
under shade conditions. After the reaction, a reagent was
added to stop the reaction, and the absorbance of each
well was measured at 450 nm.

Measurement of myeloperoxidase activity
Immediately after the mice were sacrificed, the stomachs
of the animals were removed and opened along the greater
curvature. Tissue samples of the gastric mucosa were
collected in tubes containing PBS and protease inhibitors
(100 pmol/L phenylmethylsulfonyl fluoride, 10 pg/mL
aprotinin) and sonicated over ice in 30 consecutive 0.5 s
bursts at 0.5 s intervals, at a power setting of 150 W (VCX
50; Sonics and Materials, Inc., Newton, CT, USA). The
total protein content in the homogenates was measured by
modified Lowry’s method™), as described by Smith ez 2/
Myeloperoxidase (MPO) activity, as an index of tissue-
associated neutrophil accumulation, was determined by a
modification of Grisham e# a/’s method?”. Aliquots
containing 100 pL. of the mucosal homogenates were
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centrifuged at 8 000 r/min for 15 min at 4 C to separate
the pellets of insoluble cellular debris. The pellets were
rehomogenized in an equal volume of 0.05 mol/L potassium
phosphate buffer (pH 5.4) containing 0.5%-hexadecyltrime-
thylammonium bromide. The samples were then centrifuged
at 8 000 r/min for 15 min at 4 “C and the supernatants were
reserved. The MPO activity in the supernatants was assessed
by measuring the H,O,-dependent oxidation of 3, 3’, 5,
5’-tetramethylbenzidine. One unit of enzyme activity was
defined as the amount of MPO that caused a change in the
absorbance of 1.0/min at 655 nm, at 25 C.

Measurement of the gastric ghrelin levels

Fresh whole-anterior-wall specimens of the glandular
stomach were frozen immediately after collection in liquid
nitrogen and stored at -80 “C. Each sample was boiled for
five min in a 10-fold volume of water to inactivate the
intrinsic proteases. The solution was adjusted to 1N acetic
acid by addition of 180 microliter acetic acid after cooling,
and the tissue was homogenized. The supernatant was
lyophilized and subjected to RIA to measure the ghrelin
level. The extraction efficiency of tissue ghrelin was more
than 95%.

Two RIA techniques were used for measuring ghrelin,
as described previously®. Briefly, ghrelin levels were
measured using two polyclonal rabbit antibodies raised
against an N terminal (1-11) (Glyl-Lys11) or C terminal
(13-28) (Gln13-Arg28) fragment of rat ghrelin. Two tracer
ligands were synthesized: [Tyr29]-rat ghrelin for antirat
ghrelin (1-11) antiserum and [Tyr12]-rat ghrelin [13-28] for
antirat ghrelin [13-28] antiserum. The RIA incubation
mixtures containing 100 pL of either standard ghrelin or
unknown samples containing 200 uL. of antiserum diluted
in RIA buffer containing 0.5% normal rabbit serum, were
initially incubated for 12 h. Then, the mixture was incubated
for 36 h after the addition of 100 pl. of "I labeled tracer
(15 000 cpm). Antirabbit IgG goat serum (100 pL) was
added followed by incubation for an additional 24 h. Free
and bound tracers were then separated by centrifugation
at 3 000 r/min for 30 min. Following aspiration of the
supernatant, the radioactivity in the pellet was quantified
using a gamma counter (ARC-600; Aloka, Tokyo, Japan).
All assays were petrformed at 4 ‘C. The antirat ghrelin
(1-11) antiseurm specifically recognized the n-octanoylated
form of rat ghrelin, but not the des-acyl form. The antirat
ghrelin (13-28) antiserum recognized both the acylated and
des-acyl forms of rat ghrelin equally efficiently. Both antisera
were equally cross-reactive with human and gerbil ghrelin,
and did not recognize the other enteric peptides. The
respective intra- and interassay coefficients of variation for
the N terminal RIA were 3% and 6%, and for the C terminal
RIA were 6% and 9%.

Measurement of the preproghrelin mRNA expression level in
the stomach

Total RNA was extracted from the stomach of the mice
using the RNeasy Mini Kit (Qiagen). A TagMan quantitative
real-time RT-PCR was performed to detect preproghrelin
mRNA and GAPDH mRNA using the ABI PRISM 7700
sequence detection system (PE Applied Biosystems)®.

The following primers were used to amplify preproghrelin
mRNA: forward-ghrelin (5>-GGA ATC CAA GAA GCC
ACC AGC-3), reverse-ghrelin (5-GCT CCT GAC AGC
TTG ATG CCA-3’), and Tagman-ghrelin (5-FAM-AAC
TGC AGC CAC GAG CTC TGG AAG GC-TAMRA-3’).
The following primers were used to amplify GAPDH
mRNA as the internal control: forward primer (5-TTC
AAC GGC ACA GTC AAG GC-3), reverse primer (5-
GCC TTC TCC ATG GTG GTG AAG-3’), and Tagman
probe (5-FAM-CCC ATC ACC ATC TTC CAG GAG
CGA GA-TAMRA-3).

The preproghrelin mRNA expression levels were
normalized using the GAPDH mRNA expression levels.

Statistical analysis

All the data were expressed as the mean®SE. The data were
analyzed using one-way analysis of variance, followed by
Scheffe’s multiple comparison tests. A value of P<0.05 was
considered to denote statistical significance.

RESULTS

Among the WT mice, the H pylori-infected mice showed a
significantly reduced body weight as compared to the
uninfected and control mice (P<0.001). Although the basic
body weight of the I1.-1R1”" mice was lower than that of
the WT mice, no further reduction of the body weight of
these mice was observed after H pylori infection (Table 1).

H pylori infection increased the MPO activity in the gastric
mucosa in both the WT (P<0.01) and IL-1R17- (P<0.01)
mice, although in the IL-1R17 mice, the increase was
significantly less marked (P<0.05) (Figure 1).

Table 1 Body weight of the mice at the time of the examination

Wild type mice (g) 1L-1R17*mice (g)

Not-infected Infected Not-infected Infected

26.0+0.71 22.1+0.54° 23.4+0.51 23.1+0.34

Among the wild-type mice, the body weight of H pylori-infected mice (n = 4)
was lower than that of the uninfected mice (n =5); on the other hand, among the
IL-1R1”-mice, no significant difference in the body weight was noted between
the infected (n = 6) and uninfected (n = 6) mice. °P<0.001 vs the uninfected mice.

1.6 - b ] Control

1.4 B H pylori
1.2 - ad

1.0
0.8 T
0.6
0.4
0.2 +
0.0

mU/mg protein

Wild type IL-1R17

Figure 1 Myeloperoxidase (MPO) activity in the stomach. Both wild-type
(filled column: n = 4) and IL-1R1 * (spotted filled column: n = 6) mice with H pylori
infection showed increased MPO activity as compared with the uninfected
wild-type (clear column: n = 5) and IL-1R1" (spotted clear column: n = 5).
3p<0.05 vs the wild-type mice, °P<0.001, 9P<0.01 vs the uninfected mice.
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Among the WT mice, the H pylori-infected animals
showed no significant increase of the plasma total ghrelin
levels as compared to the uninfected and control mice. In
the case of the I.-1R17"mice, although simple lack of the
IL-1 signal did not affect the plasma total ghrelin dynamics,
H pylori infection of these mice was associated with a marked
increase of the plasma total ghrelin levels (P<0.05; compared
with the uninfected mice, P<0.001; compared with the
wild-type mice) (Figure 2).

The same tendency was shown for the plasma active
ghrelin dynamics. Among the W'T mice, the H pylor-infected
mice showed a tendency towards increase in the plasma
active ghrelin levels as compared to the uninfected and
control mice, but the increase was not statistically significant.
On the other hand, in the IL-1R17 mice, while a simple
lack of the IL-1 signal did not affect the plasma active
ghrelin dynamics, H pylori infection of these animals was
associated with a marked increase of the plasma active
ghrelin levels (P<0.01; compared with the uninfected mice,
P<0.05; compared with the wild-type mice) (Figure 3).

3 500 — [] Control
3000 - - a,b
W H pylori
2 500
2000
1 500
1 000
500

fmol/mL

Wild type IL-1R17

Figure 2 The total ghrelin leveThe levels in the plasma. Although neither
simple lack of the IL-1 signal (spotted clear column: n = 4) nor H pylori infection
alone (filled column: n = 4) was associated with any changes in the total plasma
ghrelin levels as compared with the levels in the uninfected wild-type mice
(clear column: n = 5), H pylori infection induced a marked increase of the total
plasma ghrelin levels in the IL-1R1" mice (spotted filled column: n = 6). 3P<0.05
vs the uninfected mice. ®°P<0.001 vs the wild-type mice.

500 — [J Control

400 W H pylori

300

fmol/mL

200 —

100 —

Wild type IL-1R17

Figure 3 The active ghrelin levels in the plasma. Neither simple lack of the IL-1
signal (spotted clear column: n = 6) nor H pylori infection alone (filled column:
n = 3) was associated with any changes in the total plasma ghrelin levels as
compared with the levels in the uninfected wild-type mice (clear column: n = 5).
H pylori infection induced a marked increase of the plasma active ghrelin levels
in the IL-1R1" mice (spotted filled column: n = 6). @P<0.05 vs the wild-type mice;
®P<0.01 vs the uninfected mice.

In contrast to the effects of H pylori on the plasma ghrelin
dynamics, the ghrelin levels in the stomach, both total and
active, were significantly decreased in the H pylori-infected
IL-1R17"mice (P<0.05) (Figure 4A and B), indicating that
ghrelin is secreted into the blood from its stores in the stomach.

Preproghrelin mRINA expression, evaluated in comparison
with the expression of GAPDH mRNA, was not modified
by either H pylori infection or lack of the IL-1 signal, or
both (Figutre 5). These results suggest that the stomach
ghrelin stores were not replenished after ghrelin secretion
into the blood.
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Wild type IL-1R17
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Figure 4 The gastric (A: total, B: active) ghrelin levels. Although neither a
simple lack of the IL-1 signal (spotted clear column: (A) n =5, (B) n = 5) nor H pylori
infection alone (filled column: (A) n = 5, (B) n = 5) was associated with any
changes in the gastric ghrelin levels as compared with the levels in the uninfected
wild-type mice (clear column: (A) n =5, (B) n = 5), H pylori infection induced a
marked decrease of the a) total and b) active gastric ghrelin levels in the IL-1R1*
mice (spotted filled column: (A) n = 6, (B) n = 5). 3P<0.05 vs the uninfected mice;
P<0.05 vs the wild-type mice.

(] Control
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Preproghrelin mRNA/
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Figure 5 Preproghrelin mRNA levels in the gastric mucosa. No significant
differences were observed among the uninfected wild-type mice (clear column:
n = 5), uninfected IL-1R1" mice (spotted clear column: n = 6), H pylori-infected
wild-type mice (filled column: n = 5) and H pylori-infected IL-1R1" mice (spotted
filled column: n = 6).
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DISCUSSION

It is widely known that H pyleri infection is associated with
loss of body weight. In the present study, although H pylori-
infected wild-type (WT) mice showed body weight loss, no
such weight loss was observed in IL-1R17"mice with H pylori
infection (Table 1). On the other hand, although an increase
in the level of gastric mucosal neutrophil accumulation was
noted in both WT and IL-1R17 mice with H pylori infection,
the neutrophil accumulation was significantly less marked
in H pylori-infected 1L.-1R1 7~ mice than in H pylori-infected
WT mice (Figure 1), indicating that the lack of the IL-1
signal could affect the regulatory mechanisms of both body
weight and gastric mucosal inflammation.

It has previously been reported that the administration
of lipopolysaccharide (LPS) is associated with a reduction
in the plasma levels of ghrelin®”*and increase in the plasma
levels of IL-1BP". According to the study by Burgess e# a2,
while intracerebroventricular administration of LPS greatly
reduced the food intake in WT mice, no such effect was
observed in mice deficient in the I1.-1 B-converting enzyme.
In addition, as mentioned above, it has been reported that
injection of IL-1 was followed by a decrease in the gastric
preproghrelin mRNA expression”. These results suggest
that the anorexigenic effect of LPS may be mediated by
IL-1B and ghrelin, a downstream molecule in the cascade.
The production of IL.-13 might be enhanced by LPS and
the release of ghrelin might be suppressed by I1.-1 .

We recently reported from a study in Mongolian gerbils,
that the plasma levels of ghrelin are enhanced for a restricted
petiod after H pylori inoculation™. In the present study,
while the plasma levels of ghrelin showed no significant
increase in the WT mice with H pylori infection, the levels
were significantly elevated in IL-1R17 mice with H pylori
infection (Figure 2, 3), indicating that IL-1 may suppress
ghrelin secretion, as mentioned above. As in Mongolian
gerbils, H pylori infection also stimulates ghrelin secretion in
mice, but the secretion is suppressed by IL-1 3, a mediator
whose production is also enhanced by H pylori infection.
Therefore, in I1L-1-signal-deficient mice with H pylori
infection, ghrelin production and release into the blood occurs
unopposed by the inhibitory action of IL-1 on these
processes.

Contrary to the observations on the ghrelin dynamics,
the gastric expression of leptin mRNA, one of the important
anorexigenic peptides produced by adipocytes, is significantly
increased by H pylori infection™; expression of this mRNA
is also significantly enhanced by IL-1 administration!"”. The
central pathway of appetite control by ghrelin is reported
to be mediated by neuropeptide Y (NPY)-expressing
neurons in the hypothalamus. Ghrelin increases the activity
of NPY-expressing neurons, and hence food intake™'. The
same NPY-expressing neurons in the hypothalamus have
also been reported to be involved in the suppression of
appetite by leptin. Leptin decreases the mRNA expression
of NPY in the neurons of the hypothalamus!'Y, thereby
suppressing food intake and causing loss of body weight™'!.
The effects of ghrelin and leptin are considered to be
competitively regulated by the hypothalamic NPY-expressing
neurons.

Thus, in the WT mice, H pylori infection stimulates both

ghrelin secretion and I1.-1 release, but excessive ghrelin
sectetion is suppressed by I1.-1B, whereas leptin secretion,
also stimulated by H pylori, is promoted by IL-1B. The
competitive actions of ghrelin and leptin in the hypothalamic
NPY-expressing neurons result in a decrease of the appetite
and body weight of WT mice with H pylori infection. On
the other hand, in the H pylori-infected I1-1R17 mice, the
inhibitory effect of the IL-1 signal on ghrelin secretion is
absent, and the enhanced ghrelin secretion combined with
the enhanced leptin secretion might result in a dominant
effect of ghrelin on the appetite control, and body weight
loss does not become manifest in these animals.

While the secretion of stored gastric ghrelin is affected
by H pylori, the gastric preproghrelin mRNA expression was
not significantly enhanced by H pylori infection in the present
study (Figure 5). While in Mongolian gerbils, H pylor:
infection was associated with increased plasma ghrelin
levels and decreased gastric ghrelin and preproghrelin
mRNA expression™, the infection in mice had no significant
effect on any of the above three parameters. According to
Asakawa et al”', 1L-1 administration reduced gastric
preproghrelin mRNA expression; this may be the reason
why the IL-1-receptor-knockout mice in the present study
did not show any changes of the gastric preproghrelin
mRNA expression. Thus, there may be species differences
in the hormone dynamics and their reactivity to stimulation,
such as in the event of H pylori infection.

In conclusion, ghrelin secretion triggered by H pylori
infection might be suppressed by IL-1P, resulting in body
weight loss of the infected mice.
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