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Abstract

AIM: To determine the concentrations of leptin in plasma
and gastric fundic mucosa in humans, with reference to
Helicobacter pylori (H pylori) infection, and their association
with gastric mucosal levels of interleukin (IL)-1, IL-6 and IL-8.

METHODS: Plasma leptin concentrations were determined
in 135 outpatients with non-ulcer dyspepsia, consisting of
95 H pylori-infected and 40 uninfected subjects, and 13 patients
before and after cure of the infection with anti-H pylori
regimen. Using biopsy samples that were endoscopically
obtained from the middle corpus along the greater curvature,
gastric leptin contents were measured by radioimmunoassay
and the mucosal concentrations of IL-1, IL-6 and IL-8 were
measured by enzyme linked immunosorbent assay. We
also analysed the expression of leptin in the fundic mucosa
by reverse transcriptase-polymerase chain reaction (RT-PCR)
and immunohistochemistry.

RESULTS: The mucosal levels of leptin in the fundic mucosa
of H pylori-infected patients were significantly higher than
those of uninfected patients. The amount of gastric leptin
correlated positively with the mucosal levels of IL-1 and
IL-6, but not IL-8. Circulating leptin correlated with body
mass index, but not with H pylori status, and there was no
change in plasma leptin levels following cure of the infection.
Leptin immunoreactive cells were noted in the lower half
of the fundic glands, and its expression of messenger ribonucleic
acid in the oxyntic mucosa was detected by RT-PCR.

CONCLUSION: Leptin production is enhanced in H pylori-
infected gastric mucosa. Gastric leptin may be involved in
immune and inflammatory response during H pylori infection,
through interaction with proinflammatory cytokines.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Leptin is a 16-kDa protein synthesized mainly by the adipose tissue
and plays a crucial role in homeostasis of body weight by reducing
appetite and increasing energy expenditure[1,2]. Originally thought
to be a satiety factor, leptin is a pleiotropic bioactive molecule[3,4].
Recent evidence demonstrates that leptin regulates immune functions
and inhibits gastric acid secretion[3-7]. Contrary to initial reports,
leptin production is not restricted to adipocytes. It is also detected
in human placenta, muscles and gastric chief cells[3,4,8-10].
       Helicobacter pylori (H pylori) is the major cause of chronic
gastritis and peptic ulcer diseases[11,12]. Chronic infection leads
to atrophic gastritis, which increases the risk of gastric
adenocarcinoma[12]. It is well documented that H pylori-
associated gastritis, which is characterized by intense infiltration
of polynuclear and mononuclear cells, affects various cell types
in gastric wall including chief cells[13-15]. Studies from our
laboratories and those of other investigators have documented
the presence of high concentrations of various proinflammatory
cytokines and chemokines in gastric mucosa infected with
H pylori[16-20]. Ghrelin, a novel endogenous ligand for growth
hormone secretagogue receptor, not only exerts potent growth
hormone releasing activity but also influences appetite, energy
balance, gastric motility and acid secretion[21]. This hormone is
primarily produced by X/A-like neuroendocrine cells in the oxyntic
gland[21]. To date, conflicting results have been reported regarding
the influence of H pylori status on ghrelin dynamics[22-24]. In
terms of the relationship between H pylori infection and leptin,
recent studies have shown that gastric leptin contents are higher
in H pylori-infected than in uninfected subjects, whereas the serum
levels are not always different between the two groups[9,13].
      The present study was designed to determine the influence
of H pylori status on plasma and gastric levels of leptin. We
detected the presence of leptin messenger ribonucleic acid
(mRNA) and protein in the gastric mucosa by reverse
transcriptase-polymerase chain reaction (RT-PCR) and
immunohistochemistry, respectively. In addition, we assessed
the relationship between gastric leptin contents and levels of
representative proinflammatory cytokines and chemokines
including interleukin (IL)-1, IL-6 and IL-8.

MATERIALS AND METHODS

Patients
The study subjects were 135 outpatients, who were referred for



upper gastrointestinal endoscopy and diagnosed as having
non-ulcer dyspepsia, between April 2000 and March 2003. The
study was approved by Nagasaki University Human Ethics
Committee. All samples were obtained with written informed
consent of the patients prior to their inclusion, in accordance
with the Helsinki Declaration. The exclusion criteria were: age
<18 or >80 years, pregnancy, body mass index (BMI) > 30 kg/m2,
diabetes mellitus, systemic infection, thyroid and liver diseases,
renal impairment, use of medications effective against H pylori
during the preceding 3 mo, alcohol abuse, drug addiction, and
long-term corticosteroid or nonsteroidal anti-inflammatory drug
use. None had undergone gastrointestinal surgery.
      During endoscopy, one biopsy specimen was obtained from
the middle portion of the corpus along the greater curvature for
the measurement of gastric leptin contents and cytokines, snap-
frozen in an ethanol-dry ice mixture and then stored at -80 ℃
until use. Two additional biopsies were endoscopically taken
from the antrum within 2 cm of the pyloric ring and the corpus
along the greater curvature; one was for the rapid urease test
(Helicocheck, Otsuka Pharmaceutical Co., Tokushima, Japan)
and another for histolopathological examination. In some cases,
additional biopsy samples were obtained from the fundic gland
mucosa for RT-PCR and immunohistochemical analysis.
      We treated 13 H pylori-positive patients with 7-d triple therapy
consisting of rabeprazole, amoxicillin and clarithromycin[21].
Four weeks after cessation of the treatment, fasting plasma
samples were also collected.

Plasma leptin concentrations
On the day of endoscopy, blood samples were taken between
9 and 11 a.m. after an overnight fast, transferred into chilled
tubes containing ethylenediaminetetraacetic acid-2Na and
aprotinin, stored on ice during collection, centrifuged, plasma
separated, and stored at -80 ℃ until assay. Plasma leptin
concentrations were measured in duplicate by a commercial
radioimmunoassay (RIA) kit (Linco Research Co., St. Charles,
USA), based on the protocol provided by the manufacturer.

Measurement of gastric mucosal levels of leptin and cytokines
As described previously[16,17,26], biopsy samples were homogenized
in phosphate-buffered saline (PBS) and aliquots of homogenate
supernatants obtained by centrifugation (10 000 g for 10 min),
were assayed for total protein by a modified Lowry method.
The supernatants diluted to 0.50 mg/mL total protein
concentration in PBS, were frozen at -80 ℃ until assay. Gastric
leptin contents were measured by RIA (Linco Research).
Mucosal levels of IL-1, IL-6 and IL -8 were measured using
commercially available assay kits (Research and Diagnostics
Co., Minneapolis, MN, USA), which employ the quantitative
immunometric sandwich enzyme immunoassay technique.
These assays were performed in duplicate according to the
instructions provided by each manufacturer. The concentrations
of leptin and cytokines were expressed in ng/mg protein and
pg/mg protein, respectively.

Detection of H pylori infection
H pylori status was assessed by anti-H pylori immunoglobulin
G antibody (HEL-p TEST, an enzyme linked immunosorbent
assay kit, AMRAD Co., Melbourne, Australia) using the stored
plasma, 13C-urea breath test (UBiT, Otsuka Pharmaceutical Co.)
and rapid urease test using endoscopic biopsy samples.
Patients were considered to be positive for H pylori infection
when two of these examinations yielded positive results. On
the other hand, patients were defined as H pylori-negative if all
test results were negative[27]. Eradication of H pylori was considered
successful when 13C-urea breath test became negative[25].

Histopathlogical examination
The sections were stained with hematoxylin and eosin. The
grades of histological gastritis including activity (neutrophils)
and chronic inflammation (mononuclear cells), was scored into
0, 1, 2 or 3 corresponding to none, mild, moderate or severe in
accordance with the Sydney system[16].

Immunohistochemistry
Immunohistochemical staining was performed with the
streptavidin-biotin-peroxidase-complex method (Histofine
SAB-PO® kit, Nichirei Co., Tokyo, Japan) as described
previously[16,17,26]. The following steps were performed at room
temperature unless otherwise specified. Paraffin-embedded
biopsy specimens were sectioned at 4-m thickness, deparaffinized
and rehydrated. After inhibition of endogenous peroxidase
activity for 30 min with methanol containing 0.3% H2O2, the
sections were reacted for 20 min with 10% normal goat serum to
prevent non-specific binding. They were then incubated
overnight with the rabbit polyclonal anti-leptin antibody
(diluted 1:100, Santa Cruz Biotechnologies Inc., Santa Cruz,
CA, USA) at 4 ℃. On the next day, the sections were washed in
0.01 M PBS and incubated for 20 min with 10 mg/mL biotinylated
goat anti-rabbit immunoglobulins (Nichirei Co.). After washed
in PBS, the sections were re-incubated for 20 min with 100 g/mL
horseradish peroxidase (HRP)-conjugated streptavidin (Nichirei
Co.) and stained with 0.02% 3,3’-diaminobenzidine
tetrahydrochloride (Dojindo Co., Kumamoto, Japan) in 0.05 mol/L
Tris-HCl buffer containing 0.03% H2O2. The sections were finally
washed in PBS and counterstained with hematoxylin. Control
studies were performed with normal rabbit serum or anti-leptin
antiserum (Santa Cruz Biotechnologies Inc.).
      We calculated the leptin-labelling index, which was the
numbers of immunoreactive cells for leptin per total numbers of
cells within the fundic gland area (percentage). The calculation
was performed by two investigators without knowledge of the
experimental results.

RT-PCR
Total RNA from each biopsy sample was extracted using a
commercial kit according to the instructions provided by the
supplier (ISOGEN, Nippon Gene Co., Toyama, Japan). Equivalent
amounts of RNA were monitored by absorption at 260 nm and
by monitoring the density of 28S and 18S RNA detected after
electrophoresis. One g of total RNA was reverse transcribed
into complementary deoxyribonucleic acid (cDNA) in a volume
of 25 L with MuLV reverse transcriptase and random hexamers
(both from PE Applied Biosystems, Warrington, UK). According
to a previous report[10] with a slight modification, the target
sequence for leptin mRNA was amplified in 40 cycles, each
consisting of 1 min at 94 ℃ for denaturation, 1 min at 62 ℃ for
annealing and 1 min at 72 ℃ for extension, followed by a final
extension for 10 min at 72 ℃ using a RT-PCR kit (Takara Shuzo
Co., Otsu, Japan). Two primers, 5’-CCTGACCTTATCCAAGATG
G-3’, (forward) and 5’-GAGTAGCCTGAAGCTTCCAG
(reverse), were used for amplification of a 224 bp product[16]. A
10 L aliquot of each PCR product was analysed by
electrophoresis on 2% agarose gel containing ethidium bromide,
and the bands were examined under ultraviolet light for the
presence of amplified DNA. Glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) gene transcript was routinely amplified
as described previously[24] and used as an internal control of
the processed RNA for each preparation.

Statistical analysis
Statistical analyses were performed using Fisher’s exact, 2,
Student’s t, Mann-Whitney U, Kruskal-Wallis, Spearman rank
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and Wilcoxon signed ranks tests, as appropriate. A P value less
than 0.05 was accepted as statistically significant. Data were
expressed as mean±SD.

RESULTS

Patient demographics
The study population consisted of 69 men and 66 women, with
a mean age of 54 years (range, 19-80). They consisted of 95
H pylori-infected and 40 uninfected subjects. There were no
significant differences in age, sex, alcohol intake, smoking habit,
BMI in terms of H pylori status.

Plasma concentrations of leptin and H pylori status
There was no significant difference in plasma leptin
concentrations between H pylori-positive than -negative
subjects (5.0±3.5 and 4.8±2.8 ng/mL, respectively). Successful
eradication of the organism was confirmed in all of the 13 patients
treated with anti-H pylori regimen. There was no significant
difference in the leptin levels before and after cure of the infection
(4.8±3.3 and 4.7±2.5 ng/mL, respectively).

Gastric mucosal levels of leptin, IL-1, IL-6 and IL–8 in relation
to H pylori status
Gastric leptin contents in patients with H pylori infection were
significantly higher than those in uninfected subjects (P<0.05,
Table 1).  In addition, there were significant differences in the
mucosal levels of IL-6 and IL-8 between H pylori-positive and
-negative groups (P<0.0001 and P<0.0005, respectively, Table 1).
The mucosal IL-1 concentrations in H pylori-infected patients
tended to be higher than those in uninfected subjects, though
the difference was insignificant (Table 1). There were no
relationships between these cytokines and circulating leptin
concentrations.

Table 1  Gastric mucosal levels of leptin, interleukin 1 ,
interleukin 6 and interleukin 8 in terms to H pylori status
(mean±SD)

                          H pylori-infected        Uninfected                P
                                 (n = 95)                  (n = 40)

Leptin(ng/mg

protein)         0.18±0.13   0.14±0.15     <0.05

Interleukin 1

(pg/mg protein)       43.38±33.03 33.27±24.61        NS

Interleukin 6

(pg/mg protein)         1.26±0.57   0.75±0.57    <0.0001

Interleukin 8

(pg/mg protein)       70.42±66.12   1.3±0.13    <0.0005

Correlation between gastric mucosal levels of leptin and cytokines
Gastric leptin contents correlated positively with the mucosal
levels of IL-1 (correlation coefficient, r = 0.600, P<0.0001) and
IL-6 (r = 0.475, P<0.0005), but not the mucosal levels of IL-8
(r = 0.168).

Correlation between gastric mucosal levels of leptin and activity
and chronic inflammation
Gastric leptin contents correlated positively with grading scores
of chronic inflammation of gastritis (correlation coefficient,
r = 0.258, P<0.05), but not the scores of activity (r = 0.111).

Correlation between plasma and gastric leptin levels and baseline
parameters
Concentrations of leptin in plasma, but not in gastric mucosa,
correlated positively with BMI (r = 0.548, P<0.0001). Other
baseline characteristics including age, sex, alcohol intake and
smoking habit did not correlate with circulating and gastric
leptin concentrations.

Expression of leptin mRNA and protein in gastric mucosa
Using RT-PCR, leptin mRNA was identified in the fundic gland
mucosa, albeit the band intensities of the gastric mucosa from
patients with and without H pylori infection were much weaker
compared to that of omental fatty tissue (Figure 1).
       In gastric biopsy specimens, leptin immunoreactive cells were
detected in the lower half of the fundic glands (Figure 1). The
leptin-labelling indices of H pylori-infected patients tended to
be higher than those of uninfected subjects (22.4±14.3 and
18.1±13.9, respectively, P<0.10).

Figure 2  Reverse transcriptase-polymerase chain reaction. M;
size marker. Lane 1: H pylori-uninfected gastric biopsy sample;
lane 2: omental adipose tissue sample; lane 3: H pylori-infected
gastric biopsy sample; lane 4: non-template negative control.

DISCUSSION

Bado and co-workers [29] were the first group to report the presence
of leptin mRNA and protein in the fundic glands of rat stomachs,
and that the chief cells were mainly immunoreactive for leptin[8].

Figure 1  Leptin immunoreactive cells localized in the lower half of oxyntic glands (arrow head, magonification ×650). A: Patients
with H pylori infection; B: Uninfected subjects; C: Patients who had successful eradication.

A B C
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Earlier studies failed to identify leptin mRNA in human gastric
mucosa whereas the fundic epithelium exhibited the presence
of immunoreactive leptin. Thus, it is suggested that leptin itself
detected in gastric mucosa originates from the uptake of
circulating one rather than representing local biosynthesis. However,
we demonstrated here the expression of both leptin mRNA and
its protein, providing further support for the recent results that
leptin was a stomach-derived hormone in humans[9,10].
      In our study, gastric leptin contents in H pylori-infected
patients were significantly higher than those in uninfected
patients. Using quantitative RT-PCR, Azuma et al[9] demonstrated
that H pylori infection significantly increased the expression
of leptin mRNA expression, and that cure of the infection
significantly reduced it. Considered together, H pylori infection
seems to enhance local biosynthesis of leptin as well as its
release into gastric juice in response to cholecystokinin or meal[7].
The finding that leptin was localized in the oxyntic gland area[8-10],
which is rarely colonized by the organism[13], suggests that
H pylori itself may not affect gastric leptin levels.
      Our results demonstrated significantly positive correlations
between gastric leptin contents and the mucosal concentrations
of IL-1 and IL–6. In fact, there is evidence for the expression
of functional leptin receptor (Ob-R) in mononuclear cells[3,4,10,29,30].
Ob-R is homologous to members of class I cytokine receptor
(gp130) superfamily including IL-6[3,4,31]. Several lines of
evidence demonstrate that leptin could stimulate monocytes
to produce IL-1, IL-6 and tumour necrosis factor  (TNF-)[5,6].
In turn, these cytokines could increase systemic leptin levels
in vivo[32]. It has been reported that IL-1 and IL-6 are elevated
in gastric mucosa infected with H pylori[18-20], in line with this
study. Thus, leptin released locally may be implicated in the
immune and inflammatory responses to H pylori infection,
through interaction with proinflammatory cytokines. Moreover,
it not only modulates the activation and proliferation of T
lymphocytes but also skews cytokine responses towards a Th
1 phenotype by enhancing production of IL-2 and interferon [33,34].
It has been well accepted that mucosal cytokine profiles during
H pylori infection can imply Th1 predominance in human adults[13].
Considered together, these findings highlight the possible role
of leptin as an immunomodulator in H pylori-associated
gastritis.
      In our study, circulating leptin concentrations were not
associated with H pylori status and there was no significant
alteration in their levels following cure of the infection,
consistent with previous reports[19,35]. Gastric leptin may have
a local rather than a systemic action, exerting paracrine effects
within the gastric mucosa. On the other hand, plasma leptin
concentrations significantly correlated with BMI, as the primary
contributor of circulating leptin is exclusively the adipose tissue[1,2].
    In conclusion, we showed a significantly enhanced
production of leptin in H pylori-infected than uninfected gastric
mucosa. The amount of gastric leptin correlated positively with
the mucosal concentrations of IL-1 and IL-6, suggesting that
local overproduction of leptin is likely to be involved in immune
and inflammatory response during H pylori infection.
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