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Abstract
AIM: To investigate if and how the proinflammatory cyto-
kine interferon γ (IFNγ) affects ghrelin expression in mice. 

METHODS: The plasma concentration of ghrelin, and 

gastric ghrelin and somatostatin expression, were ex-
amined in wild-type mice and mice infected with Helico-
bacter pylori  (H. pylori ). Furthermore, ghrelin expression 
was examined in two achlorhydric mouse models with 
varying degrees of gastritis due to bacterial overgrowth. 
To study the effect of IFNγ alone, mice were given a 
subcutaneous infusion of IFNγ for 7 d. Finally, the influ-
ence of IFNγ and somatostatin on the ghrelin promoter 
was characterized.

RESULTS: H. pylori  infection was associated with a 
50% reduction in ghrelin expression and plasma con-
centration. Suppression of ghrelin expression was in-
versely correlated with gastric inflammation in achlorh-
dyric mouse models. Subcutaneous infusion of IFNγ 
suppressed fundic ghrelin mRNA expression and plasma 
ghrelin concentrations. Finally, we showed that the 
ghrelin promoter operates under the control of soma-
tostatin but not under that of IFNγ.

CONCLUSION: Gastric infection and inflammation is 
associated with increased IFNγ expression and reduced 
ghrelin expression. IFNγ does not directly control ghre-
lin expression but inhibits it indirectly via  somatostatin.
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INTRODUCTION
The gastric peptide hormone ghrelin is, in adults, predomi-
nantly produced in P/D1 endocrine cells in humans or in 
A-like endocrine cells in rats and mice, which are located 
in the oxyntic glands of  the gastric corpus[1-5]. Within the 
oxyntic glands, ghrelin-containing cells are found from the 
neck to base in both rats and humans[2,6-8]. Ghrelin-produc-
ing cells are also found in the antrum of  the stomach and 
proximal small intestine as well as in other organs[2,9-14], but 
these sites are of  lesser importance as the plasma ghrelin 
concentrations are reduced by 65% after gastrectomy[13]. 
Plasma ghrelin consists of  two forms; the active acylated 
ghrelin, which is the ligand for the GH secretagogue (GHS) 
receptor, and the non-acylated ghrelin, which constitutes 
greater amounts in the blood than the acylated form[11]. 
Ghrelin is involved in energy homeostasis and ghrelin plas-
ma concentrations are decreased in obesity and increased 
in states of  negative energy balance such as fasting, an-
orexia or cachexia[11] as well as being inversely correlated to 
body mass index (BMI) and insulin secretion[11,13]. Ghrelin 
plasma concentrations increase before meals and decrease 
after eating[15,16]. However, to what degree ghrelin is impor-
tant as a meal initiator or cause of  increased caloric inges-
tion in obesity has not yet been determined[17].

Recently, several studies have found that infection 
with the gram-negative bacteria Helicobacter pylori (H. pylori) 
reduces ghrelin concentrations in both humans[7,18,19] and 
rodents[20]. With regard to various upper gastrointestinal 
diseases, plasma concentrations of  ghrelin were lowest in 
chronic gastritis and gastric ulcer and highest in acute gas-
tritis[21]. Furthermore, children infected with H. pylori have 
faltering growth[22,23], which suggests that H. pylori could 
alter signals from the stomach related to the control of  
growth and body weight[24].

The inflammation that occurs in the H. pylori-infected 
host is a Th1-dominated immune reaction which is regu-
lated by, among others, the lymphocyte-derived cytokine 
interferon-γ (IFNγ)[25]. In the gastrin knockout (KO) 
mouse, which is another model for chronic gastritis due 
to bacterial overgrowth, we and others have also found 
increased gastric production of  IFNγ and expression of  
IFNγ regulated transcripts[26,27]. Furthermore, IFNγ is one 
of  the major cytokines behind the inflammatory response 
to H. pylori as no inflammation occurs during H. pylori in-
fection without the presence of  IFNγ[25]. Finally, infusion 
of  IFNγ triggers inflammation in vivo without H. pylori[26]. 
Since approximately 50% of  the world population is in-
fected with this bacteria[28], knowledge of  the factors mod-
ulating body weight during H. pylori infection could have 
great impact on health in general. Since little is known 
about the factors that regulate ghrelin expression during H. 
pylori infection and gastric inflammation[29], we examined 
the effect of  IFNγ on ghrelin expression in mice.

MATERIALS AND METHODS
Mice
Groups of  wild-type (wt) C57BL/6J mice (aged 12-16 wk), 

KO mice which are gastrin deficient (aged 12-16 wk or 
48-56 wk)[30], histidine decarboxylase (HDC) KO mice 
(aged 48-56 wk)[31] and matching control mice were used. 
All mice were male mice that had been backcrossed to 
the C57BL/6J mouse strain. The mice were kept under 
specific pathogen-free conditions and monitored accord-
ing to the Federation of  European Laboratory Animal 
Science Associations recommendations[32] with 12 h light, 
12 h dark cycles. The study was approved by the Danish 
Animal Welfare Committee.

H. pylori infection
C57BL6/J mice (n = 10) were inoculated with a non-
mouse-adapted clone of  H. pylori strain 67:21, originally 
isolated from an antral biopsy obtained from a Swed-
ish female with gastric ulcer. The strain is VacA+ and 
contains the entire Cag pathogenicity island (PAI) with 
genetic stability in the Cag PAI[33]. The mice were inocu-
lated every second day (three times) during a 5-d period. 
After the mice had been sacrificed, DNA was extracted 
and analyzed for the presence of  Helicobacter species us-
ing a semi-nested polymerase chain reaction-denaturing 
gradient gel electrophoresis assay, specific for the genus 
Helicobacter, as described previously[34]. A matched group 
of  uninfected C57BL6/J mice were used as controls. All 
animal experiments were approved by the Danish Ani-
mal Welfare Committee (2005/562-40) and the Danish 
Forest and Nature Agency (20010077355/6).

IFNγ infusion
Wild-type mice were given a continuous subcutaneous 
IFNγ infusion (8 µg/kg per hour or 24 µg/kg per hour 
for 7 d) for each group (n = 6) using osmotic minipumps 
(Alzet no.2001; Alza Corp., Cupertino, CA). Control 
mice received a saline infusion instead. The lower dose 
of  IFNγ equals the dose of  IFNγ used by Kang et al[26].

Tissue and plasma collection
The mice were anesthetized with intraperitoneal 2,2,2 
tribromoethanol (Sigma-Aldrich Corp., St. Louis, MO), 
blood was collected in EDTA-tubes and the stomachs 
removed. The stomachs of  all mice were dissected into 
fundus and antrum and immediately placed in liquid 
nitrogen. Plasma and tissue was subsequently stored at 
-80℃ until further analysis.

Measurement of plasma ghrelin
Plasma ghrelin was measured in EDTA plasma without 
extraction using RIA no. RK-031-31 (Phoenix Peptides, 
Belmont, CA). This assay measures the sum of  Ser3-
octanoyl and Ser3-des-octanoyl ghrelin peptides. The 
assay has a detection limit of  20 pmol/L, an interassay 
variation of  13%, and an intra-assay variation of  5%[4].

mRNA extraction and analysis
The stomachs were dissected into fundus and antrum 
and immediately placed in liquid nitrogen. RNA was ex-
tracted using the method described by Chomcynski and 
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Sacchi[35], and quantitative changes in the specific mRNA 
were determined by real-time PCR using the Lightcycler 
(Roche, Mannheim, Germany) as described by Chen et al[36]. 
Quantitations were performed using one of  the following 
primer sets for each analysis: Ghrelin forward primer (FP) 
5'-TCTGCAGTTTGCTGCTACTCA-3' and ghrelin re-
verse primer (RP) 5'-CCTCTTTGACCTCTTCCCAGA-3’; 
IFNγ FP 5'-CCTTTGGACCCTCTGACTTG-3' and IFNγ 
RP 5'-CATCCTTTTGCCAGTTCCTC-3'; gastrin FP 
5'-CACTTCATAGCAGACCTGTCCA-3' and gastrin RP 
5'-CTGGCCTCTGGAAGAGTGTT-3'; somatostatin FP 
5'-CCCAGACTCCGTCAGTTTCT-3' and somatostatin 
RP 5'-TCAGAGGTCTGGCTAGGACAA-3'; iNOS FP 
5'-ACCCCTGTGTTCCACCAGGAGATGTTGAA-3' 
and iNOS RP 5'-TGAAGCCATGACCTTTCGCATTAG-
CATGG-3' and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) FP 5'-GGTGCTGAGTATGTCGTGGA-3' 
and GAPDH RP 5'-GTGGTTCACACCCATCACAA-3'. 
Each run consisted of  one negative control, one sample 
in which the Moloney murine leukemia virus reverse tran-
scriptase had been omitted in the reverse transcription (RT) 
step, a standard curve generated by 3-fold serial dilution of  
RT reactions, and seven to nine RT reactions from each 
of  the three strains. Expression of  a given transcript was 
normalized to a GAPDH quantification performed on the 
same RT reaction as previously described[36]. 

Immunohistochemical analysis
Stomachs were rinsed in ice-cold PBS, fixed in 4% para-
formaldehyde in PBS for 4-6 h and embedded in paraffin. 
Five-micrometer sections were cut and stained with hema-
toxylin and eosin. Immunohistochemistry was performed 
using the rabbit ghrelin antibody H-031-31 diluted 1:1 000 
(Phoenix Peptides) detected with Envision-DAB+ (Dako, 
Glostrup, Denmark) as previously described[37]. The speci-
ficity of  the immunostaining was tested by absorbing the 
primary antibodies with antigen before applying them to 
the slides or omitting the primary antibody when purified 
antigen was not available. The morphometrical analysis 
was performed by cell counting in transversely cut sec-
tions as described[38].

Cell lines
NCI-H727 cells were grown in RPMI 1640 media (Invit-
rogen, Carlsbad, CA), 10% FBS (Biowest, Nuaillé, France), 
penicillin (100 U/mL) and streptomycin (100 µg/mL) (Invit-
rogen) and cultured at 37℃ in 5% CO2. 

Plasmids and transient transfections
A 2.5 Kb fragment containing the mouse ghrelin promoter 
and exon one was amplified from C57BL6/J genomic 
DNA using the Expand kit (Roche, Mannheim, Ger-
many) using mGhrMluI primer 5'-ATATACGCGTG-
TAGAACACTCACCCTAAATCTG-3' and mGhrXhoI 
primer 5'-ATATCTCGACTGCCTGGGGATGTGGT-
GCCTG-3'. The fragment was ligated into the pGL3 Bacic 
reporter vector (Promega, Madison, WI). The promoter 
sequence was confirmed by sequencing. One day before 

transfection, 500 000 NCI-H727 cells were seeded in 6-well 
dishes coated with 0.01% poly-L-lysine. The NCI-H727 
cells were transfected using 6 µL TurboFectTM in vitro Trans-
fection Reagent (Fermentas, Burlington, Canada); 2 µg 
ghrelin promoter plasmid and 1 µg pRL-0 (Promega, Madi-
son, WI) were mixed with 200 µL GIBCOTM Opti-MEM 
I (Invitrogen, Carlsbad, CA) and incubated for 20 min  
before application to the cells. Twenty-four hours later, 
the cells were FBS starved in RPMI1640 media containing 
0.5% FBS (Biowest, Nuaillé, France) for 24 h before treat-
ment with forskolin (10 mg, Sigma-Aldrich, St. Louis, MO), 
IBMX (≥ 99.9%, Sigma-Aldrich, St. Louis, MO), octreotide 
(200 µg/mL, Mayne Pharma, Melbourne, Australia), or 
IFNγ (0.2 mg/mL, Immukine, Boehringer Ingelheim, Ingel-
heim, Germany), for 24 h alone or in combination. All treat-
ments were performed in triplicate. IBMX and forskolin 
were dissolved in 99.9% DMSO (Merck, Darmstadt, Ger-
many). Cells were then harvested and assayed for luciferase 
activity using the Dual-Luciferase Reporter Assay System 
according to the instructions by the manufacturer (Promega, 
Madison, WI) and normalized to Renilla luciferase activity.

Statistical analysis
Student’s unpaired t-test statistics were used and differ-
ences with a P ≤ 0.05 were considered significant. Un-
less otherwise stated, results are given as mean ± SD.

RESULTS
H. pylori infection is associated with an IFNγ inflammatory 
response and with suppression of ghrelin expression
The mice were sacrificed 2 mo after inoculation, as earlier 
studies had shown that a cag-dependent inflammation of  
the corpus mucosa develops at this time and results in a 
severe active and chronic gastritis[39,40]. At 2 mo, seven out 
of  ten mice tested positive for H. pylori using semi-nested 
PCR with primers for H. pylori CagA and urease genes. 
The non-infected mice were subsequently excluded. All 
control mice tested negative.

The infection of  the mouse stomach by H. pylori caused 
a 2- to 3-fold increase in the fundic expression of  IFNγ 
and of  inducible nitric oxide synthase (iNOS) (Table 1). 
Furthermore, during the 2 mo infection, the H. pylori-
infected mice did not gain weight in contrast to wild-type 
mice (Figure 1A). Ghrelin mRNA expression was reduced 
to 55% in the H. pylori-infected mice (Figure 1B). This was 
associated with a 49% decrease in the plasma ghrelin con-
centration (Figure 1C). The reduced ghrelin mRNA expres-
sion presumably reflects a reduced expression in each cell 
as opposed to cell atrophy, as the density of  fundic ghrelin 
cells was unaffected (Table 1). In the infected mice the ex-
pression of  antral somatostatin was suppressed, whereas 
the fundic somatostatin expression was increased (Table 1). 

Ghrelin expression was reduced in old gastrin knockout 
mice, but not in young gastrin and old histidine 
decarboxylase knockout mice
To test whether the altered ghrelin expression could also be 
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found in other mouse models with gastric inflammation, we 
examined the expression of  IFNγ and ghrelin in two other 
mouse models; the achlorhydric gastrin KO mice and the hy-
pochlorhydric histidine decarboxylase (HDC) KO mice[41,42]. 

IFNγ expression was not induced in the old HDC 
KO mice (Figure 2A), and the ghrelin expression was 
unchanged in these mice (Figure 2B). Young gastrin KO 
mice only had moderate inflammation, while the old mice 
had more inflammation when evaluated by higher IFNγ 
expression (Figure 2C). Ghrelin expression was unaffected 
in young gastrin KO mice but reduced in old gastrin KO 
mice (Figure 2D). 

IFNγ suppresses fundic ghrelin mRNA expression and 
plasma ghrelin concentrations
Since both the H. pylori infection and the bacterial over-
growth in the gastrin KO mice were associated with 
increased expression of  IFNγ and reduced ghrelin expres-
sion, we examined the effect of  IFNγ on ghrelin expres-
sion. The fundic ghrelin expression was approximately 30 
times higher than the antral (Figure 3A and B). The fundic 
expression of  ghrelin mRNA was halved at both infusion 
rates of  IFNγ (8 µg/kg per hour and 24 µg/kg per hour) 
examined compared to expression levels in wt mice (Figure 
3A and B). In contrast, antral ghrelin expression did not 
alter significantly under IFNγ infusion at either dose. The 
reduction in ghrelin expression presumably reflects a re-
duced expression in each cell as opposed to cell atrophy, 

as infusion of  IFNγ did not change the density of  fundic 
ghrelin cells (Figure 3D). The reduced ghrelin expression 
was correlated with a 40% reduction in plasma ghrelin 
concentrations at 7 d of  IFNγ infusion (Figure 3C). Fur-
thermore, IFNγ infusion induced the expression of  fundic 
somatostatin, whereas the antral somatostatin expression 
did not change under the influence of  IFNγ (Table 2). 

The ghrelin promoter operates under the control of 
somatostatin but not under that of IFNγ
We next examined the effect of  IFNγ and somatostatin 
on the transcriptional regulation of  ghrelin using a 2 kb 
ghrelin promoter construct. The experiments were car-
ried out in NCI-H727 cells since these are carcinoid cells 
expressing both somatostatin receptor 2 (SSTR2) and 
SSTR5. This indicates that they could be a good model 
for A-like cells in the stomach (Døssing, unpublished 
data). Treatment with IFNγ did not affect the activity of  
the ghrelin promoter construct. In contrast, forskolin and 
IBMX both independently and together activated the 2 kb 
promoter (Figure 4). Moreover, treatment with octreotide 
(somatostatin analog) reduced the basal ghrelin promoter 
activity (Figure 4) as well as forskolin/IBMX-induced 
ghrelin promoter activation in a dose-dependent manner.

DISCUSSION
Our results show that the gastric expression of  ghrelin 
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Table 1  Fundic somatostatin mRNA increases after 2 mo of Helicobacter pylori  infection in wild-type mice (mean ± SE)

Fundus Antrum

Control H. pylori P Control H. pylori P

IFNγ mRNA 1.0 ± 0.2 1.8 ± 0.3 < 0.05 1.0 ± 0.1 4.1 ± 0.9 < 0.05
iNOS mRNA 1.0 ± 0.1 1.5 ± 0.1 < 0.05 1.0 ± 0.2 2.2 ± 0.5 < 0.05
Somatostatin mRNA 1.0 ± 0.2 1.4 ± 0.2 < 0.05 1.0 ± 0.2 0.4 ± 0.1 < 0.05
Ghrelin cells (#/mm mucosa) 25 ± 3 27 ± 5 NS 8 ± 2 7 ± 3 NS

The expression of interferon γ  (IFNγ), iNOS and somatostatin mRNA in arbitrary units in H. pylori-infected mice (n = 7) 2 mo after inoculation or in uninfected 
control mice (n = 7). Ghrelin cell density was unchanged. H. pylori: Helicobacter pylori; NS: Non-significant.
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Figure 1  Mice infected with Helicobacter pylori have reduced ghrelin expression and do not gain weight. C57BL6/J mice were infected with Helicobacter pylori (H. 
pylori) strain 67:21 [this strain is VacA+ and contains a complete genetically stable Cag pathogenicity island (PAI)]. While the control mice gained weight the infected mice 
did not (A). Mice infected with H. pylori had reduced ghrelin expression in the stomach (B) and reduced ghrelin plasma concentrations (C). aP < 0.05 vs control.
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mRNA and the plasma concentration of  ghrelin are reduced 
during gastric infection, either due to bacterial overgrowth 
in general or to H. pylori infection specifically. Both types 
of  infection are associated with an IFNγ inflammatory re-
sponse. Furthermore, infusion of  IFNγ alone could mimic 
the changes in ghrelin expression and plasma concentration 
seen during H. pylori infection and bacterial overgrowth.

The observation of  reduced ghrelin expression in H. 
pylori-infected mice is in agreement with several studies 
that found reduced ghrelin concentrations in both hu-
mans[7,18,19] and rodents[20] infected with H. pylori. How-

ever, others have reported ghrelin plasma concentration 
to be unaffected[43,44] or even to increase during H. pylori 
infection[45]. These discrepancies could be due to differ-
ences in the severity of  the infection. We found gastric 
ghrelin expression unaffected in young gastrin KO mice 
and HDC KO mice, both with only mild inflammation as 
evaluated by the IFNγ response. However, as the gastrin 
KO mice got older and developed a more severe gastric 
inflammation, the ghrelin expression decreased. Similar 
observations have also been observed in humans, where a 
correlation between increasing degree of  chronic inflam-
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Table 2  Fundic expression of somatostatin mRNA increases during subcutaneous interferon γ infusion (mean ± SE)

Fundus Antrum

Saline + IFNγ P Saline + IFNγ P

Low Dose IFNγ
Somatostatin mRNA 1.0 ± 0.2 1.9 ± 0.2 < 0.05 1.0 ± 0.2 0.9 ± 0.1 NS
IFNγ mRNA 1.0 ± 0.1 1.1 ± 0.2 NS 1.0 ± 0.1 1.2 ± 0.2 NS
High Dose IFNγ
Somatostatin mRNA 1.0 ± 0.1 1.6 ± 0.1 < 0.05 1.0 ± 0.1 1.1 ± 0.1 NS
IFNγ mRNA 1.0 ± 0.2 1.3 ± 0.1 NS 1.0 ± 0.1 1.2 ± 0.1 NS

The fundic and antral expression of somatostatin mRNA and endogenous interferon γ (IFNγ) mRNA in arbitrary units in mice infused with either IFNγ or 
saline (n = 6 in each group). Low dose IFNγ = 8 µg/kg per hour for 7 d and high dose IFNγ = 24 µg/kg per hour for 7 d.  NS: Non-significant.
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mation, severity of  glandular atrophy and metaplasia and 
decreasing ghrelin expression was found[8,19]. 

Reduced gastric ghrelin expression could either be due 
to a reduced number of  ghrelin cells or reduced expres-
sion within each cell. Ghrelin-producing cells are primarily 
found in the oxyntic glands in the stomach[2,3]. The expres-
sion of  ghrelin mRNA was more than 30 times higher in 
the fundus than antrum in control mice. Reduced num-
bers of  ghrelin cells in fundic mucosa has indeed been 
seen in H. pylori-infected humans[7] and this correlates with 
a reduction in plasma ghrelin concentrations. 

In our study, the density of  ghrelin cells did not change 
indicating that our observations are due to reduced ex-
pression within the cells. The mechanism leading to re-
duced ghrelin expression during H. pylori infection is poor-
ly understood. We found that IFNγ had no direct effect 
on the ghrelin promoter, suggesting that the IFNγ inhibi-
tion of  ghrelin expression is mediated via other transmit-
ters. In our study, fundic somatostatin was increased both 
during gastric inflammation and during infusion of  IFNγ. 
Somatostatin is the universal inhibitor of  secretion from 
endocrine cells[46] and also inhibits ghrelin secretion[47]. 
We show that octreotide (a somatostatin analog) inhibits 
the activity of  the ghrelin promoter. Increased corpus 
somatostatin has also been found during H. pylori infec-
tion[48]. However, reduced fundic somatostatin expression 
has been found in other studies[49,50]. One explanation for 
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Figure 3  Interferon γ suppresses ghrelin expression in the gastric fundus and ghrelin concentrations in plasma independently of loss of ghrelin-producing 
cells. Mice infused with interferon γ (IFNγ) as compared to saline infused mice (n = 6 in each group). IFNγ was infused at low dose (LD) = 8 µg/kg per hour for 7 d or high 
dose (HD) = 24 µg/kg per hour for 7 d. Low (A) and high (B) dose IFNγ infusion decreases the expression of ghrelin mRNA to a similar degree. HD IFNγ represses ghrelin 
concentrations in plasma gradually over time (C). The density of fundic ghrelin cells is not altered by IFNγ infusion (D). aP < 0.05.
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Figure 4  The somatostatin receptor agonist octreotide inhibits activation of 
the ghrelin promoter. Pulmonary carcinoid NCI-H727 cells were transfected with 
a 2 kb mouse ghrelin promoter construct and treated for 24 h with forskolin, IBMX, 
octreotide, and interferon γ (IFNγ) alone or in combination, after which the ghrelin 
promoter response was measured by the dual-luciferase reporter assay system. 
Octreotide inhibited both basal and IBMX and/or forskolin-induced ghrelin expres-
sion. Forskolin and IBMX were dissolved in dimethyl sulfoxide (DMSO). aP < 0.05.
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these differences is the degree of  fundic atrophy, which 
affects both ghrelin and somatostatin expression[7].

Immunoregulation of  somatostatin has also been 
demonstrated in in vitro studies[51]. These showed that 
TNFα and IL-1β stimulated somatostatin secretion. IL-4 
also stimulated somatostatin secretion and together these 
changes could explain the hypochlorhydria seen in mice 
infected with H. felis[52]. However, in that study, infusion 
of  IFNγ resulted in a reduction of  fundic somatostatin. 
We have no explanation for the difference in response to 
IFNγ. The proinflammatory cytokine IL-1β also influ-
ences ghrelin levels and seems to suppress excess ghrelin 
secretion in H. pylori-infected mice[53]. Thus, not only IFNγ 
but other cytokines as well are associated with reduced 
ghrelin expression. 

We have shown that gastric infections either due to H. 
pylori or bacterial overgrowth are associated with reduced 
fundic ghrelin expression and increased IFNγ production. 
Infusion of  IFNγ in mice alone mimics the changes seen 
in the mice with gastric infections. Stimulation with IFNγ 
does not directly inhibit the ghrelin promoter; instead the 
inhibition is mediated through somatostatin.
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COMMENTS
Background
Ghrelin is involved in energy homeostasis and ghrelin plasma concentrations 
are decreased in obesity and increased during fasting, anorexia or cachexia. 
Recently, several studies have found that infection with Helicobacter pylori (H. 
pylori) reduces ghrelin concentrations in both humans and rodents. Further-
more, children infected with H. pylori have faltering growth, suggesting that H. 
pylori may alter signals from the stomach related to the control of growth and 
body weight. The mechanism(s) through which inflammation modulates ghrelin 
expression are, however, poorly understood.
Research frontiers
Chronic gastritis induced by H. pylori is a Th1-dominated immune reaction which 
is regulated by, among others, the lymphocyte-derived cytokine interferon-γ (IFNγ). 
In the gastrin knockout (KO) mouse which is a model for chronic gastritis due to 
bacterial overgrowth, increased gastric production of IFNγ has been found. Since 
little is known about the factors that regulate ghrelin expression during H. pylori 
infections and gastric inflammation, the authors examined if, and through which 
mechanisms, IFNγ modulates ghrelin expression in mice.
Innovations and breakthroughs
H. pylori-infected mice and old gastrin KO mice with inflammation due to bacte-
rial overgrowth of the stomach display an increased expression of IFNγ and 
a decreased expression of ghrelin. The changes in ghrelin and somatostatin 
expression can be duplicated by infusion of IFNγ alone. IFNγ does not directly 
suppress ghrelin expression but inhibits it indirectly by increasing somatostatin 
secretion. 
Applications 
A better understanding of the mechanisms that control ghrelin expression during 
inflammation by either H. pylori alone or by gastric bacterial infections in general 
aids in the understanding of factors modulating growth and body weight during 
infection. This could have great impact on general health in the population.
Terminology
IFNγ is a cytokine that is important for innate and adaptive immunity against bac-
terial infections and for tumor control. The most important functions of IFNγ come 
from its immunostimulatory and immunomodulatory effects. Ghrelin is a hormone 
produced in the oxyntic glands of the gastric corpus. It is a growth hormone pro-

moting intestinal cell proliferation, and is involved in energy homeostasis. Ghrelin 
expression was, in this study, found to be inhibited by octreotide, which is an 
analog of somatostatin. Somatostatin acts as a general inhibitor of secretion from, 
and growth of, endocrine cells. Somatostatin is widely distributed throughout the 
body including several locations in the digestive system such as the stomach, 
intestine and delta cells of the pancreas.
Peer review
This is the first experimental study on the effect of IFNγ on ghrelin expression. 
It is a very well designed study, using a careful combination of several animal 
models and different techniques, and the discussion is well structured. The 
study is valuable in the context of providing evidence on the indirect regulation 
of ghrelin expression and secretion by IFNγ mediated through somatostatin.
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