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Abstract
Background—Leptin is an important
regulator of food intake and energy ex-
penditure. Initially it was thought to be
expressed exclusively in and secreted by
adipocytes. Recently, leptin expression
was also noted in other tissues, including
rat gastric mucosa. Information on leptin
and leptin receptor expression in the
human stomach is lacking.
Aim—To investigate expression of leptin
and its corresponding receptors in human
gastric epithelial cells.
Methods—Fundic and antral gastric mu-
cosal biopsies, primary cultures of human
gastric epithelial cells, and the human
gastric cancer cell line AGS were screened
for expression of leptin and diVerent
leptin receptor isoform mRNA by reverse
transcriptase-polymerase chain reaction.
Immunohistochemistry was performed
for localisation of leptin and leptin recep-
tor proteins in gastric mucosa.
Results—mRNA of leptin and its four
receptor isoforms (huOB-R, long receptor
isoform; huB219.1–3, short receptor iso-
forms) was detected in gastric mucosal
biopsies, cultured human gastric epithe-
lial cells,and gastric cancer cells.Immuno-
histochemistry demonstrated that chief as
well as parietal cells were reactive to leptin
and leptin receptors.
Conclusions—Leptin and leptin receptors
are expressed in human gastric mucosa.
These findings suggest a paracrine and/or
autocrine eVect of leptin on gastric epi-
thelial cell function.
(Gut 2000;47:481–486)
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Leptin, the product of the obese gene, was iden-
tified by Zhang et al in 1994.1 The 167 amino
acid cytokine-like peptide is known to regulate
food intake and energy expenditure via interac-
tion with specific receptors in the hypothala-
mus. Identification of its corresponding recep-
tor was achieved through an expression cloning
strategy by Tartaglia et al in 1995.2 Initially
thought to be exclusively expressed in and
secreted by adipocytes, leptin expression has
recently been detected in a number of addi-
tional tissues, including placenta, mammary
epithelial cells, and hepatic stellate cells while
transdiVerentiation studies3–5 revealed that lep-
tin may have further roles (that is, in the stimu-
lation of proliferation and diVerentiation in

haematopoiesis, in the control of reproductive
status, and as a promoter of angiogenesis).6–14

In 1998, Bado et al found leptin expression in
the rat gastric epithelium15 and postulated that
the leptin system may be involved in the regu-
lation of cholecystokinin mediated control of
food intake.

Sequencing analysis of the leptin receptor
revealed a single membrane spanning receptor
of the class I cytokine receptor family, with the
closest relatives in the gp130 receptor, the
G-CSF receptor, and the leukaemia inhibitory
factor receptor.16–18 Further screening and
analysis of cDNA libraries exposed four human
receptor isoforms, including a long form with
an intracellular domain of 303 amino acids,
containing sequence motifs of signal transduc-
ing capabilities, and three short forms, arising
from alternative RNA splicing at the C
terminal coding exon. Furthermore, a tran-
script missing the transmembrane domain
suggests the existence of a soluble form of the
receptor.19

Analysis of tissue distribution of leptin
receptor mRNA in rodents demonstrated high
levels in the choroid plexus, lung, and kidney,
in addition to somewhat lower levels in nearly
all tissues.2 Further mRNA investigations
showed that the short receptor isoforms were
much more abundant than the long isoform.
No published data are available on leptin and
leptin receptor expression in the human stom-
ach and hence we sought to determine if leptin
and its corresponding receptors are expressed
in the human stomach.

Materials and methods
BIOPSY OF HUMAN GASTRIC MUCOSA

Samples of fundic and antral mucosa were
obtained from subjects with histologically veri-
fied normal gastric mucosa who had
undergone gastroscopy for evaluation of
gastrointestinal symptoms. All patients gave
informed consent. Biopsied samples were snap
frozen in liquid nitrogen for RNA extraction
and preparation of cryostat sections using
Tissue-Tek embedding, or fixed in 4% formal-
dehyde solution for paraYn wax embedding.

ISOLATION OF HUMAN GASTRIC EPITHELIAL CELLS

Human gastric epithelial cells were isolated
from gastric tissue specimens obtained during
gastric surgery as described previously.20 21

Abbreviations used in this paper: FITC, fluorescein
isothiocyanate; huOB-R, human long leptin receptor
isoform; huB219.1-huB219.3, human short leptin
receptor isoforms; RT-PCR, reverse
transcriptase-polymerase chain reaction; BSA, bovine
serum albumin.
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Informed consent was obtained from each
patient, according to the revised version of the
Declaration of Helsinki. In addition, the study
was approved by the local ethics committee of
the Medizinische Hochschule Hannover. Sur-
gical specimens (3–10 g mucosa wet mass)
were taken immediately after surgical removal
from a macroscopically unaVected part of the
stomach and placed in 25 ml of medium I,
containing 70 mmol/l NaCl, 20 mmol/l
NaHCO3, 1.5 mmol/l Na2HPO4, 5 mmol/l
KCl, 1.5 mmol/l MgCl2, 1 mmol/l CaCl2,
11 mmol/l glucose, and 50 mmol/l HEPES.
Gastric mucosa was scraped oV, cut into small
pieces, and suspended in medium I. The
mucosal material was centrifuged (200 g, five
minutes) and resuspended in 40 ml of medium
I supplemented with 40 mg of collagenase
(from Clostridium histolyticum; Boehringer
Mannheim, Mannheim, Germany). The sus-
pension was preincubated for seven minutes at
37°C while stirring. The suspension was then
sedimented (200 g, eight minutes) and incu-
bated in 40 ml of medium I supplemented with
24 mg of pronase (from Streptomyces griseus;
Boehringer Mannheim), 40 mg of collagenase,
20 mg of hyaluronidase (Sigma Chemical Co.,
St Louis, Missouri, USA), and 0.2% bovine
serum albumin (BSA). Enzyme digestion was
stopped after 20 minutes, cells were filtered
through a nylon cloth (60 µm), and washed
three times in medium I supplemented with
0.2% BSA. Isolated cells were resuspended in
RPMI 1640 medium (Gibco Karlsruhe, Ger-

many). The number and viability of cells were
determined by trypan blue exclusion (0.04%
trypan blue; Gibco).

CELL CULTURE

Human gastric epithelial cells were incubated
in rat tail collagen coated 250 ml plastic flasks
(Greiner, Nürtingen, Germany). Approxi-
mately 10×106 cells were used per 250 ml flask
containing RPMI 1640 supplemented with
10% heat inactivated fetal calf serum, gen-
tamicin (100 µg/ml), penicillin (100 IU/ml),
and amphotericin B (2.5 µg/ml). The flasks
were incubated at 37°C in air enriched with 5%
CO2 at 100% humidity. In addition to gastric
epithelial cell primary cultures, similar studies
were performed using the human gastric
cancer cell line AGS (ATCC). Cell culture
conditions were the same as described for cul-
ture of primary gastric epithelial cells, except
for the use of amphotericin B.

RNA ISOLATION

Total RNA was extracted from (i) 2–4 day old
gastric epithelial cell primary cultures incubated
in 250 ml plastic flasks, (ii) a confluent
monolayer of AGS cells, and (iii) biopsy samples
of human gastric mucosa using a commercial
RNA isolation kit (Qiagen RNeasy, Hilden,
Germany). In addition, RNA was extracted
from human adipose tissue obtained from the
omentum majus during gastric surgery as well as
from human placenta, obtained immediately
post partum. RNA from adipose tissue and pla-
centa was used as a positive control for leptin
and leptin receptor expression.

REVERSE TRANSCRIPTASE-POLYMERASE CHAIN

REACTION (RT-PCR)
Up to 5 µg of total RNA were transcribed to
cDNA using 200 U of Superscript RTase (Life
Technologies, Karlsruhe, Germany), 5 nmol of
dNTP (dATP, dTTP, dCTP, dGTP), 10 pmol
of oligo(dT)12–18 (Pharmacia, Freiburg, Ger-
many), 0.2 µmol of dithiothreitol, 2 µl 10× reac-
tion buVer (Life Technologies), 20 U of RNasin
(Promega, Mannheim, Germany), and distilled,
deionised water in a 20 µl reaction volume. The
reaction mixture was incubated at 37°C for 60
minutes and terminated by heating at 90°C for
five minutes. A total of 500 ng of cDNA were
used per PCR reaction. The PCR reaction mix-
tures (50 µl final volume) contained: 20 mmol/l
Tris HCl (pH 8.0), 50 mmol/l KCl, 1.5 mmol/l
MgCl2, 0.2 mmol/l of each of the four dNTPs,
0.25 µmol/l of each primer, and 2.5 U of Taq
Polymerase (Life Technologies). The reaction
mixtures were incubated in a thermal cycler
(Robocycler Gradient 96; Stratagene, La Jolla,
California, USA) for 35 cycles under the follow-
ing conditions (denaturation, annealing, exten-
sion): 94°C for 30 seconds, 60°C for 30 seconds,
and 72°C for one minute, followed by 10
minutes at 72°C.

Oligonucleotide primer pairs used in this
study are listed in table 1. The leptin specific
primer pair was designed using the software
Primer3 (http://www-genome.wi.mit.edu/cgi-
bin/primer/primer3). Oligonucleotides specific
for leptin receptor isoforms described

Table 1 Primers used to detect house keeping gene GAPDH, leptin, and diVerent splice
variants of the leptin receptor gene

Primer name Sequence 5'—3' Length Product size

GAPDH forward ggTcCggcagTcCaacCggcaTTcTggcTCg 24
GAPDH reverse CCTcCCgcaCgcCCTcgCTcTCacCCacC 22 782
Leptin forward CCacagacTggcaCCcagacCaCcTg 20
Leptin reverse gCCcaCCcaCCcTCTcgTgcgagcTa 20 220
Leptin receptor forward TTgcTgCcCagcTaacTTacTTTcCCTcCTT 24
Reverse primer: universal aTacgCTcTTTcTCacTTCcTTTcggTcgTg 24 78
Reverse primer: huB219.1 CTgcTggcCCTcTCCcgCacgTg 18 227
Reverse primer: huB219.2 aCCcTCCcaCCcCagcTagcTTCcCTT 21 176
Reverse primer: huB219.3 agTcTggcCaCcaTTcgggcTTCcaT 20 200
Reverse primer: huOB-R CTgcaTCcagCcgTgcgCgcTaTcTT 20 439

Figure 1 Detection of leptin mRNA by reverse transcriptase-polymerase chain reaction
(RT-PCR). Lanes 1+2, adipose tissue; lanes 3+4, human gastric mucosal biopsy; lanes
5+6, primary cultured human gastric epithelial cells; lanes 7+8, human cancer cell line
AGS. The PCR products of leptin specific mRNA are demonstrated in lanes 2, 4, 6, and 8.
Lanes 1, 3, 5, and 7 show the house keeping gene GAPDH. M, size marker 100 bp DNA
ladder.
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previously22 identified the long receptor iso-
form huOb-R and three short receptor iso-
forms huB219.1–huB219.3. The primer pair
universal can detect all isoforms. PCR prod-
ucts were separated by electrophoresis on a
1.8% agarose gel stained with ethidium bro-
mide. The specificity of the amplified PCR
products was confirmed by restriction enzyme
analysis.

IMMUNOHISTOCHEMISTRY

ParaYn wax embedded material was used for
peroxidase staining of leptin and leptin recep-
tors, while cryostat sections were used for
immunohistochemical double staining. Cryo-
stat sections (7 µm) were fixed in acetone for 10
minutes and processed as described for para-
Yn sections. Sections of paraYn wax embed-
ded gastric mucosal biopsies (4 µm) were
deparaYnised in xylene and rehydrated before
analysis. Endogenous peroxidase was
quenched with 3% hydrogen peroxide in water
for 10 minutes. The slides were then blocked

for 30 minutes with phosphate buVered saline
supplemented with 1% BSA. Blocking was fol-
lowed by overnight incubation at 4°C with pri-
mary antibodies diluted 1:75 for detection of
leptin (Ob-A20 sc-842, Santa Cruz Biotech-
nology, Santa Cruz, California, USA), 1:100
dilution for leptin receptors (Ob-R H-300
sc-8325, Ob-R M-18 sc-1834, and Ob-R B-3
sc-8391, Santa Cruz Biotechnology), and
1:125 dilution for detection of pepsinogen
(polyclonal antibody, raised in rabbits, pro-
vided by Professor Foltmann, University of
Copenhagen, Copenhagen, Denmark). Locali-
sation of primary antibody binding was de-
tected using biotinylated secondary antibody,
streptavidin conjugated horseradish peroxi-
dase, and 3-amino-9-ethylcarbazol substrate,
contained within the Histostain-Plus kit
(Zymed Laboratories, Inc., San Francisco,
California, USA). In the case of goat anti-
human leptin receptor antibody, a donkey anti-
goat biotinylated secondary antibody (Dianova,
Hamburg, Germany) was used diluted 1:200 to
detect primary antibody localisation. The block-
ing peptides for leptin and leptin receptor
antibodies (Santa Cruz Biotechnology) were
added as 10 µg/ml during primary antibody
incubation as a direct competitive control for
antibody specificity. Omission of the primary
antibodies exhibited no immunostaining.

For identification of gastric epithelial cell
types which express leptin and leptin receptors,
immunofluorescence double labelling was per-
formed using antibodies against pepsinogen
(1:125), parietal cells (human serum of an
antiparietal cell positive patient (1:80)), gastric
mucin (rabbit polyclonal antibody h-MG
(1:2000), kindly provided by Jan Dekker, Rot-
terdam, the Netherlands), or chromogranin A
(1:125, Dako, Hamburg, Germany) and the
pertinent antibodies for leptin and leptin
receptors. Localisation of primary antibody
binding was detected by species specific
fluorescein isothiocyanate (FITC) conjugated
secondary antibodies (1:200) and rhodamine
conjugated secondary antibodies (1:200)
which were species diVerent. For identification
of leptin in parietal cells, a combination of per-
oxidase and FITC staining was used. Analysis
of cells was undertaken using a fluorescence
microscope (Olympus BX 60). Numbers of
leptin and leptin receptor immunoreactive cells
were determined in fundic and antral speci-
mens of the same subject and expressed as a
percentage of total epithelial cell numbers of
the gastric glands. A minimum of 400 cells
were counted in randomly selected fields. Data
are mean (SD) from three diVerent subjects.

Results
mRNA EXPRESSION OF LEPTIN IN THE HUMAN
GASTRIC MUCOSA

Expression of the obese gene (leptin) in the
human stomach was analysed by RT-PCR
using a specific primer pair (table 1) deduced
from the cloned human obese gene23 yielding a
220 bp PCR product (fig 1). Leptin mRNA
expression was detected in gastric mucosal
biopsies, primary cultured gastric epithelial
cells, and the human gastric cancer cell line

Figure 2 Detection of diVerent leptin receptor mRNA
splice variants by reverse transcriptase-polymerase chain
reaction (RT-PCR). (A) Human gastric mucosal biopsy.
(B) Primary cultured human gastric epithelial cells. (C)
Human cancer cell line AGS. huOB-R, human long leptin
receptor isoform; huB219.1–huB219.3, human short leptin
receptor isoforms, huOB-Runi, primers chosen to detect all
receptor isoforms.
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AGS. To confirm specificity of the amplified
PCR product, restriction enzyme analysis was
performed using BsaI which exhibited the
expected fragments of 164 bp and 56 bp (data
not shown).

mRNA EXPRESSION OF LEPTIN RECEPTOR
ISOFORMS IN THE HUMAN GASTRIC MUCOSA

Gastric mucosa and cultured gastric epithelial
cells were screened for expression of already
identified leptin receptor isoforms. All gastric
specimens demonstrated the three short recep-
tor isoforms huB219.1–huB219.3 as well as the
long receptor isoform huOB-R (fig 2). Al-
though PCR is not a quantitative measurement
of gene expression, the PCR product of the
short leptin receptor isoform huB219.2 exhib-
ited a weaker signal compared with the other
isoforms, especially in primary cultured epithe-
lial cells.

LEPTIN PROTEIN EXPRESSION IN THE HUMAN

GASTRIC MUCOSA

Using aYnity purified rabbit polyclonal anti-
bodies raised against an epitope mapping at the

carboxy terminus of the obese gene product
(leptin), strong immunostaining was seen in
the lower half of gastric glands (fig 3A). Since
this site is similar to that of the pepsinogen
secreting chief cells, immunostaining of chief
cells was performed in serial adjacent sections
(fig 3B). These studies confirmed that pepsino-
gen immunoreactive cells also possessed leptin
immunoreactivity (fig 3C, D). However, leptin
immunoreactivity was also found in pepsino-
gen negative epithelial cells but to a lesser
extent. The site and morphology of these cells
were reminiscent of parietal cells, therefore
immunofluorescence double labelling with
FITC conjugated antiparietal cell antibodies
was performed which disclosed coexpression of
leptin and parietal cell antigens in the same
cells (fig 4). Surface mucous cells did not show
immunostaining of leptin. Fundic and antral
mucosa showed a similar glandular distribution
of leptin immunoreactivity but the percentage
of leptin positive cells was higher in the fundic
region (31 (6)%) than in the antrum (10
(1)%).

LEPTIN RECEPTOR PROTEIN EXPRESSION IN THE

HUMAN GASTRIC MUCOSA

Leptin receptor immunoreactivity was pre-
dominantly detected in the midregion and
lower part of the gastric glands using a polyclo-
nal antibody with binding specificity to an
amino acid sequence mapping at the conserved
intracellular region (amino acids 879–896,
Ob-R M-18). This staining pattern resembled
that of leptin immunoreactivity. Immunofluor-
escence double staining identified the chief and
parietal cells as leptin receptor immunoreactive
(fig 5). An antibody with binding specificity to
an amino acid sequence mapping at the amino
terminus (H-300, extracellular region) showed

Figure 3 Immunohistochemical detection of leptin (A, C) and pepsinogen (B, D) in serial
sections of human fundic mucosal biopsies. (A, B) Overview (original magnification
×100). (C, D) Detailed view (original magnification ×400). Arrows denote corresponding
cells of adjacent sections which are leptin positive and pepsinogen negative. ParaYn
embedded, formalin fixed tissue sections were analysed using a streptavidin-peroxidase
technique as described under materials and methods.

Figure 4 Double immunostaining for leptin (A) and
parietal cell antigen (B) in human fundic gastric mucosa
(original magnification ×1000). ParaYn embedded,
formalin fixed tissue sections were analysed using a
streptavidin-peroxidase technique (A) and FITC labelled
immunofluorescence (B) as described in materials and
methods.
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similar staining patterns to the M-18 antibody.
Leptin receptor immunoreactivity varied in
diVerent cells of the same population and was
higher in the fundic region (28 (3)%) com-
pared with the antrum (9 (1)%).

Discussion
In this study we demonstrated that leptin and
its corresponding receptor isoforms are ex-
pressed in the human stomach. Furthermore,
we found that leptin and its receptors were
localised within the gastric epithelial glands.
Interestingly, both leptin and the leptin recep-
tors are located in chief and parietal cells.
Although it was not the aim of the present
study to provide quantitative analysis on cellu-
lar leptin content, our immunohistochemical
data suggest that chief cells are the primary
source of leptin.

Using the RT-PCR procedure, we detected
all four splice variants of the human leptin

receptor which have been identified so far,
including three short receptor isoforms
(huB219.1–huB219.3) as well as the long
receptor isoform (huOb-R).8 22 The homology
of leptin receptors to class I cytokine receptors
may provide important clues on signal trans-
duction pathways. The JAK/STAT cascade has
been identified as a signalling pathway for the
long form of the leptin receptor.24 25 In contrast,
the short leptin receptor isoforms were found
to be inactive in the STAT assays and thus may
not have signal transducing capabilities. How-
ever, recent studies revealed that a short leptin
receptor can also induce signal transduction.26

Moreover, all human and murine short recep-
tor isoforms contain a box 1 sequence with the
conserved P×P that is critical for JAK2 binding
and intracellular signalling.8 Thus expression
of diVerent leptin receptor isoforms in the
human stomach may indicate diverse physi-
ological and pathophysiological roles of leptin
in this tissue.

Although the postulated physiological ac-
tions of leptin are as yet unknown, recent find-
ings in murine macrophages have shown
stimulation of proinflammatory immune re-
sponses by leptin27 which suggests that leptin
could play a role in gastric mucosal inflamma-
tion. In fact, our preliminary data in patients
with Helicobacter pylori gastritis indicate that
leptin expression is upregulated in H pylori
infection (unpublished data). Leptin may have
further roles in epithelial cell physiology,
including eVects on regulation of pepsinogen
and/or gastric acid secretion. This hypothesis is
supported by coexpression of leptin and leptin
receptors in gastric chief cells and parietal cells.
However, gastric leptin have may not only local
paracrine eVects but also endocrine actions
through portal vein drainage and central nerv-
ous system eVects via stimulation of vagal
aVerents.28–30

In conclusion, we have demonstrated leptin
and leptin receptor expression in chief and
parietal cells of the human stomach. Coexpres-
sion of leptin and the corresponding leptin
receptor suggests that gastric leptin may have a
paracrine and/or autocrine function in the
human stomach. The hitherto unknown physi-
ological role of the leptin system in the human
stomach needs to be defined in future studies.
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