
Original Paper: Endocrine Stomach

Digestion 2002;65:87–102

Tumor Necrosis Factor-Alpha Effects on
Rat Gastric Enterochromaffin-Like Cells

Christian Huber Robert Zanner Agnes Pohlinger Sabine Mahr Bruno Neu
Christian Prinz

Department of Medicine II, Technical University of Munich, Germany

Received: July 16, 2001
Accepted: November 21, 2001

PD Dr. Christian K. Prinz
II. Medizinische Klinik, Technische Universität München
Ismaningerstrasse 22
D–81675 Munich (Germany)
Tel. +49 89 4140 4073, Fax +49 89 4140 7366, E-Mail christian.prinz@lrz.tum.de

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 2002 S. Karger AG, Basel
0012–2823/02/0652–0087$18.50/0

Accessible online at:
www.karger.com/journals/dig

Key Words
Apoptosis W Electrophoretic mobility shift assay W

Interferon-Á W Nuclear factor ÎB W Inducible nitric oxide
synthase W NG-Monomethyl-L-arginine acetate

Abstract
Gastric enterochromaffin-like (ECL) cells are histamine-
producing cells in the gastric epithelium which are re-
sponsible for the peripheral regulation of acid secretion.
The gastric mucosa is frequently infected with Helico-
bacter pylori, leading to increased levels of the pro-
inflammatory cytokine tumor necrosis factor-· (TNF-·).
The aim of our current study was to identify the effect of
TNF-· on programmed cell death. ECL cells were iso-
lated from the rat corpus mucosa to a purity 190%. TNF
receptor and adapter protein presence were determined
using RT-PCR, Western blot and immunocytochemistry.
Apoptosis was measured by Tdt-mediated dUTP nick
end labeling reaction and by DNA fragmentation based
ELISA. Isolated ECL cells were found to express the TNF
receptor p55 and IFN-Á receptor, but not the TNF receptor
p75 or CD95. TNF-· (25 ng/ml) increased apoptosis in
ECL cells approximately 4-fold, IFN-Á had no effect. West-
ern blot analysis revealed that TNF-· caused degradation
of IÎB· within 10 min. EMSA demonstrated that TNF-·
led to increased DNA-binding activity of NFÎB and that
proteasome inhibitors counteracted NFÎB activation.
Proteasome inhibitors, specific antisense oligodeoxynu-

cleotides against the p65 subunit of the NFÎB complex
and the NO synthase inhibitor NG-monomethyl-L-argi-
nine completely prevented TNF-·-induced apoptosis.
Our data suggest that TNF-· induces apoptosis of iso-
lated gastric ECL cells via activation of NFÎB and the gen-
eration of NO.

Copyright © 2002 S. Karger AG, Basel

Introduction

Enterochromaffin-like (ECL) cells are histamine-con-
taining neuroendocrine cells in the gastric oxyntic muco-
sa. This cell type plays an important role for the regulation
of acid secretion by releasing histamine as a paracrine
stimulant. The importance of ECL cells during patho-
physiological changes is poorly understood. The stomach,
however, is frequently infected with the bacterium Heli-
cobacter pylori, leading to increased mucosal levels of pro-
inflammatory cytokines such as tumor necrosis factor
(TNF)-· or interleukin (IL)-1ß. These cytokines are re-
leased in the gastric mucosa from human monocytes and
macrophages and may also influence the secretory and
proliferative response of ECL cells [1].

Previous studies using isolated gastric ECL cells have
determined that histamine release and synthesis are in-
hibited by the pro-inflammatory cytokine IL-1ß [2].
These studies underlined that IL-1ß induces programmed
cell death of ECL cells via expression of inducible nitric
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oxide (NO) synthase (iNOS) and bax protein [1]. IL-1ß-
induced apoptosis of ECL cells may explain the clinical
observation that Helicobacter pylori-positive patients
have significantly lower gastric histamine concentrations
and histidine decarboxylase (HDC) activity than H. pylo-
ri-negative subjects [3–5]. Further mechanisms behind
IL-1ß inhibition of acid secretion might involve direct
inhibition of parietal cells (PC) [6–8], and also stimula-
tion of prostaglandin synthesis [9–11] which in turn
inhibits acid secretion. A direct IL-1ß effect on ECL cells
may be responsible for the hypochlorhydria observed in
patients with polymorphisms of the IL-1ß promoter. Pa-
tients with mutations in the IL-1ß promoter sequence are
associated with heightened cytokine levels and decreased
gastric acidity, but a significantly increased risk for gastric
adenocarcinoma [12]. These observations suggest that
ECL cells are an important target for pro-inflammatory
cytokines present during chronic gastric inflammation
which may be of clinical relevance for gastric carcino-
genesis.

It is therefore of special interest to investigate the effect
of these cytokines on ECL cell function. The prototype of
a pro-inflammatory cytokine is TNF-·, which is signifi-
cantly increased during chronic infection with H. pylori.
The degree of mucosal TNF-· levels correlates with co-
lonization density as well as with histological alterations
in the mucosa [13]. However, little is known about the
effect of TNF-· on gastric acid secretion, and especially
on ECL cells. TNF-· is a key mediator during chronic
inflammation of the human body, i.e. in Crohn’s disease
or rheumatoid arthritis. Treatment with chimeric TNF-·
antibodies as well as soluble TNF receptors significantly
improves the course of these diseases, underlining the
pathophysiological importance of this cytokine [14–16].

TNF-· is a pleiotropic cytokine which exerts various
effects among different tissues. These differences can be
explained by the presence of different receptor subtypes,
varying signal transduction pathways or different effects
of the transcription factors induced by this cytokine. Pre-
vious studies have revealed that TNF-· leads to the acti-
vation of nuclear factor (NF)ÎB, yielding in programmed
cell death in endocrine cells. In other cell types, however,
NFÎB activation may have an anti-apoptotic effect and
thereby be cytoprotective [17, 18]. It is therefore impor-
tant to investigate not only receptor presence, but also sig-
nal transduction coupled to this protein, since the effect
may vary not only among different cell types, but may
also be influenced by other growth factors present at the
time of stimulation.

The current study was designed to investigate the
TNF-· effect on ECL cell apoptosis and the cellular mech-
anisms promoting this effect. Using isolated ECL cells as
an in vitro model, our results clearly show that TNF-· has
a direct effect on gastric ECL cells, leading to the activa-
tion of NFÎB and induction of programmed cell death.

Materials and Methods

Cell Isolation and Primary Cell Culture
Highly enriched ECL cells were prepared as previously described

[2, 19]. A total of 80 preparations were used (5 rats per preparation).
All sacrifices were performed in accordance with the ethical guide-
lines of the Technical University of Munich. Local laws, made in
1986, require the announcement of animal killing experiments to the
Department of Health of the Government of Oberbayern, Munich,
Germany. The experiments comply with all relevant local and insti-
tutional regulations. Briefly, the stomachs were treated with pronase
E (1.3 mg/ml; Roche, Mannheim, Germany) for enzymatic digestion,
the dispersed cells where then subjected to counterflow elutriation
(JE-6 elutriation rotor, Beckman Instruments, Palo Alto, Calif.) and
density gradient centrifugation (Accudenz, Accurate Chemicals,
Westbury, N.J.). Enriched ECL cells were placed on 6-well plates pre-
coated with Matrigel (Becton Dickinson, Heidelberg, Germany; 1:5
dilution). For immunocytochemistry (ICC) and TUNEL assay, 4–
5 ! 104 cells were grown on sterile glass coverslips coated with Cell-
Tak (Becton Dickinson; dilution 1:1 with 0.5 M NaHCO3). Cells
were cultured in DMEM-Ham’s F-12 (DMEM/F12), supplemented
with 5% FBS, 2% BSA, 10 mg/l gentamycin, 100 nM hydrocortisone,
and 1 pM gastrin. For stimulation experiments, ECL cells were incu-
bated in a Krebs-Ringer solution. ECL cell purity in this cell culture
system was greater than 90%, as measured by acridine orange uptake
and specific antibody staining using an antibody (Euro Diagnostica,
Malmö, Sweden; dilution 1:1,000) against the marker enzyme HDC
[19, 20].

Infrequently observed contaminating cells (1–2%) were G, D
cells, PC and pepsinogen cells. We therefore actually measured gas-
trin and somatostatin release in the preparation of highly enriched
ECL cells, but we did not obtain measurable concentrations in our
preparation at 106 cells/ml. The gastrin and somatostatin release was
therefore below threshold levels and, therefore, it can be excluded
that these hormones interfere with this response. Similarly, the effect
of pepsinogen released in minimal, hardly detectable concentrations
is unlikely to affect the current results. HCl release from PC is buff-
ered in the culture media as well as incubation media.

Cytokines and substances used for cell stimulation were: recom-
binant human TNF-· and recombinant rat interferon (IFN)-Á (R&D
Systems, Wiesbaden, Germany); the proteasome inhibitors MG132
(Z-Leu-Leu-L-leucinal; Bachem AG, Heidelberg, Germany) and pro-
teasome inhibitor I (PSI; N-CBZ-Ile-Glu(o-t-butyl)-Ala-leucinal; Sig-
ma), and the NO synthase (NOS)-inhibitor NG-monomethyl-L-argi-
nine acetate (L-NMMA; Sigma).

Immunocytochemistry
For ICC, stainings with an antibody specific for the target protein

were performed on glass slides. The culture medium was removed
and fixation was carried out in methanol/acetone (1:1) at –20°C for
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10 min. After 5 min of lysis in 0.1% Triton X-100, nonspecific bind-
ing sites were blocked for 1 h in 10% normal serum matching the
species of the secondary antibody. Slides were then incubated with
the primary antibody at 4°C overnight, the secondary antibody was
added for 1 h at room temperature. All antibody dilutions were made
in 2% normal serum. Slides processed without adding the primary
antibody served as negative controls. In parallel experiments, slides
were stained for the presence of HDC as described previously [21] to
visualize ECL cell purity.

Antibodies used were: rabbit anti-TNF receptor type 1 (1:25; San-
ta Cruz Biotechnology, Santa Cruz, Calif.); mouse anti-CD95 (1:100;
Transduction Laboratories, Hamburg, Germany); rabbit anti-IFN-Á
receptor (IFN-Á-R) ·-chain (1:20; Research Diagnostics; Flanders,
N.J.); rabbit anti-IFN-Á-R ß-chain (1:20; Research Diagnostics), and
FITC-labeled secondary antibodies donkey anti-goat, donkey anti-
rabbit and donkey anti-mouse, all at a dilution of 1:50 (Dianova).

Western Blotting
Enriched ECL cells were washed in FBS-supplemented medium,

stimulated with vehicle or 25 ng/ml TNF-· over 5 or 10 min, respec-
tively, then washed in PBS. Cells were centrifuged over 10 min at
4°C/14,000 rpm and resuspended in 40 Ìl of L-CAM buffer (1 ml
stock solution, 100 Ìl Triton X-100, 100 Ìl PMSF [0.5 mM] and
8.8 ml H2O; content of the stock solution: 5 M NaCl, 1 M KCl,

Table 1. Conditions used for Western blotting

Protein SDS gel Blotting Primary
antibody

Secondary
antibody

TNF-R1 10% 1.5 h at 200 mA 1:800 1:1,500
TRAF2 12% 0.75 h at 200 mA 1:1,000 1:1,500
IÎB· 12% 1 h at 200 mA 1:500 1:2,000

1 M MgSO4, 1 M CaCl2, and 1 M HEPES in H2O [pH 7.4]). The lysed
cells were kept on ice for 1 h and sonicated; extracts were stored at
–20°C until use. Protein concentrations were measured using the
Coomassie-blue method developed by Bradford [22] (microassay
from Bio-Rad Laboratories, Munich, Germany); a preparation of 106

cells yielded approximately 200 Ìg protein. The conditions used for
Western blotting of the TNF receptor (TNF-R) are summarized in
table 1. 20–40 Ìg protein were separated by SDS-PAGE and blotted
on PVDF membranes, blocked for 2 h in 10% low fat milk powder in
Tris-buffered saline with 0.5% (vol/vol) Tween 20 (TBST) and then
incubated with antibodies specific for the inhibitor of NFÎB (i.e.
IÎB·, 1:500, 4°C; New England Biolabs, Beverly, Mass.), TNF-R1 or
TNF-associated factor (TRAF)-2 (both from Santa Cruz Biotechnol-
ogy) overnight. A secondary horseradish peroxidase conjugated anti-
body (Amersham Pharmacia Biotech, Piscataway, N.J.) was added
for 1 h at room temperature and the signals were detected using the
ECL system (Amersham Pharmacia Biotech).

Reverse Transcriptase-Polymerase Chain Reaction
PCR was performed using a cDNA library prepared from 2 ! 107

ECL cells (harvested from 20 preparations) or using freshly isolated
RNA, as previously described [20]. The TRIZOL-method (TRIZOL
reagent; Gibco BRL, Grand Island, N.Y.) was used to acquire RNA
from cultured cells or rat tissues, which was then reverse transcribed
(SuperscriptTM; Gibco BRL) to gain cDNA. Primer pairs for PCR
yielding TNF-R1, TNF-R2 [23], CD95 [24], IFN-Á-R · chain [25],
GAPDH and iNOS [21] were synthesized by MWG Biotech (Ebers-
berg, Germany). All primers were designed in a way that the ampli-
fied sequence spanned at least two different exons to avoid amplifica-
tion of genomic DNA. The housekeeping gene GAPDH was chosen
to determine integrity of the synthesized cDNA.

PCR amplification was performed on an Eppendorf Mastercycler
5330 using Taq MasterMix Kit (Qiagen, Hilden, Germany). Specific
primer sequences, annealing temperatures and expected product
sizes are shown in table 2. The positions for each of the primers
refer to the corresponding NCBI GenBank sequences (TNF-R1,
NM-013091; TNF-R2, U55849; CD95, D26112; IFN-Á-R · chain,

Table 2. Parameters for RT-PCR
Product Primer sequences (sense/antisense) Position Temp.

°C
Size
bp

TNF-R1 5)–aac ccc ggc ttc aac ccc act ctg–3) 1,069–1,092 63 467
5)–caa agc acg cgg ccc act acg–3) 1,535–1,515

TNF-R2 5)–gat gag aaa tcc cag gat gca gta gg–3) 1–26 60 256
5)–tgc tac aga cgt tca cga tgc agg–3) 256–234

CD95 5)–caa ggg act gat agc atc ttt gag g–3) 119–143 63 141
5)–gtc ctt aac ttt tcg ttc acc agg–3) 259–236

IFN-Á-R 5)–ggt tgg aca aaa aga atc tga cta tgc–3) 434–460 60 570
·-chain 5)–gca ctt ttt acc aca gag agc aag gac–3) 1,003–977

GAPDH 5)–tga agg tcg gtg tca acg gat ttg gc–3) 35–60 56 983
5)–cat gta ggc cat gag gtc cac cac–3) 1,017–994

iNOS 5)–gaa aga act cgg gca tac ct–3) 1,848–1,867 56 555
5)–ggc gaa gaa caa tcc aca ac–3) 2,383–2,402
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NM-010511; GAPDH, NM-017008; iNOS, NM-012611). Reactions
were performed by adding 0.5 Ìl of each primer (20 ÌM ) and 2.5 Ìl of
cDNA. For CD95-PCR, 0.5 Ìl 50 mM MgCl2 were added to a final
volume of 25 Ìl. The reaction consisted of a first cycle of 5 min at
94°C, 1 min at x°C (where x corresponds to the specific annealing
temperature) and 1 min at 72°C, 30 amplification cycles (at 94°C,
x°C and 72°C, 1 min each) and a last cycle to complete product
extension (1 min 94°C, 1 min x°C and 7 min 72 °C). PCR amplifica-
tion for iNOS was performed over 27 cycles. Products were separated
by electrophoresis on 2% agarose gels and ethidium bromide staining
was visualized using a transilluminator and video documentation
system (MWG-Biotech).

Electrophoretic Mobility Shift Assay
Freshly prepared cells, at least 7 ! 105 per stimulation, were

preincubated at 37°C for 1 h, followed by another hour of stimula-
tion. For preincubation, the cells were incubated in Krebs-Ringer
solution and treated with vehicle, the PSI solvent methanol at a final
dilution of 1:100, or the specific NFÎB inhibitor PSI (6 mM ). Stimu-
lation was carried out with vehicle or 25 ng/ml of hTNF-·, respec-
tively. After stimulation, all further steps were carried out at 4°C.
The cells were centrifuged at 14,000 rpm for 10 min and resuspended
in 50 Ìl of binding buffer (250 mM HEPES, 5 mM EDTA, 20 mM
DTT, 40% (vol/vol) glycine and 1 M NaCl in 10 ! binding buffer).
After sonication, whole cell lysates were frozen in liquid nitrogen and
stored at –70°C. An aliquot of 5 Ìl was kept for protein measure-
ment which was performed as described above.

For electrophoretic mobility shift assay (EMSA), 10 Ìg of whole
cell protein in H2O (ad 20 Ìl) and 1! binding buffer were incubated
with 4 Ìg of poly[dI:dC] for 5 min at room temperature; a probe
containing no protein served as negative control. Then, 25 ng of cold
oligos containing the CREB-consensus sequence or the HIV-NFÎB-
consensus sequence (Gelshift assay kit; Stratagene, Cambridge, UK),
respectively, were incubated 20 min with the lysates of unstimulated
cells for competition assay. Finally, 2 Ìl of 32P-labeled oligos (approx-
imately 100,000 cpm; labeled with T4 polynucleotide kinase, Roche)
containing the NFÎB-consensus site mentioned above were added to
each probe for another 20 min. The extracts were kept on ice, mixed
with 2.2 Ìl of loading buffer (20% Ficoll 400 and 0.25% bromphenol
blue in 10! loading buffer) and loaded on a running gel containing
7% of acrylamide in 0.25% TBE running buffer. Electrophoresis was
carried out at room temperature for 5–7 h. After the run was com-
pleted, the gel was washed, dried, and exposed to either an X-ray film
at –70 °C for 2–5 days or to a Phosphor Screen (Molecular Dynam-
ics; Sunnyvale, Calif.) for approximately 1 day.

Transfection with Antisense-Phosphorothioate
Oligodeoxynucleotides
Transfection of ECL cells was performed as described before [26].

Antisense (AS) oligonucleotides (ODN) spanning the translation ini-
tiation codon were constructed for NFÎB subunit p65 (5)-ggg gaa cag
ttc gtc cat ggc-3)). Missense (MS) ODN (5)-ggg gcg atg agg cct act atc
-3)) had an identical nucleotide content in random order and served
as negative control. ODN were synthesized in a phosphorothioate-
modified form by MWG Biotech. For the use in internalization stud-
ies, ODN were 5)-labeled with 6-FAM (6-carboxyfluorescein). Fresh-
ly prepared ECL cells were grown on Cell-Tak-coated slides at a den-
sity of 1 ! 105 cells per slide in culture media over 24 h to allow
recovery. Subsequently, culture medium was renewed and cells were
incubated at 37°C over 5 h with 10 ÌM FAM-labeled, AS- or MS-

ODN. Transfection efficacy was examined with FAM-labeled ODN
by fluorescence microscopy. More than 88% of the cells showed
green fluorescent staining in the nuclear region.

Determination of ECL Cell Apoptosis
To determine ECL cell apoptosis, two different techniques were

applied. First, we used the in situ cell death detection kit (POD;
Roche), which is based on the TUNEL reaction. For this experiment,
cells were first grown on glass slides for 24 h as described, then the
medium was supplemented with vehicle or cytokines of interest and
cells were grown for another 24, 48 or 72 h. In experiments with the
specific NFÎB inhibitors PSI (6 mM ) or MG132 (5 mM ), the cells
were pretreated with medium, methanol (1:100) or inhibitor for 1 h,
then the cytokines of interest were added for 1 additional hour. After
appropriate time, the stimulation was ended by fixation in Bouin’s
solution over 15 min. Cells were lysed and processed as recom-
mended to block nonspecific binding sites and destroy endogenous
peroxidase activity. Incubation with biotinylated deoxynucleotides
allowed terminal transferase-mediated labeling of ECL cell DNA
strand breaks caused by apoptosis. A peroxidase reaction (Vector
Laboratories, Burlingame, Calif.) was used to stain the labeled cell
nuclei for light microscopy. Cells were counted in visual fields con-
taining more than 100 cells; the percentage of apoptotic cells was
obtained by dividing the number of cells with positive staining by the
total number of cells.

Second, an ELISA kit for the detection of histone-associated
DNA fragmentation (cell death detection ELISA; Roche) was used
for in vitro detection of ECL cell apoptosis. Cells were grown on
Matrigel-coated 6-well plates, then stimulation was carried out simi-
lar to the TUNEL assay; ECL cells were trypsinated, washed in PBS,
then lysed. The degree of antibody binding was visualized by peroxi-
dase reaction and then measured with an ELISA reader at 405 nm.
All determinations were carried out in double. Values were calcu-
lated as the percent decrease/increase respective to the basal probe,
which was set to 100%.

Statistical Analysis
Results are shown as the mean B SE. Data were analyzed using

ANOVA followed by Student-Newman-Keuls test, where p ! 0.05
was considered significant. Levene’s homogeneity-of-variance test
was used to assure that the groups for ANOVA came from popula-
tions with equal variances.

Results

ECL Cell Enrichment and Presence of
Apoptosis-Related Receptors on ECL Cells
Figure 1A and B give an overview of the actual enrich-

ment process. In figure 1A, light microcopy of enriched
ECL cells is shown with a total of 18 cells. In figure 1B,
ECL cells were stained with a polyclonal antibody against
the marker enzyme HDC. 17 of these cells show positive
staining for HDC. In a total of more than 450 cells
counted, the average enrichment ranged above 94 B 2%.
The few contaminating cells were PC (1–2%), chief cells
(1–2%), and endocrine cells such as gastrin and somato-
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Fig. 1A–E. Immunocytochemistry demonstrating the presence of HDC (A, B), TNF-R1 (C), IFN-Á-R · chain (D) and
IFN-Á-R ß chain (E) in ECL cells. Immunocytochemistry of ECL cells performed with antibodies specific for HDC
(A light microscopy; B antibody staining; !100), TNF-R subtype 1 (C !100), IFN-Á-R · chain (D !37), and IFN-
Á-R ß chain (E !37). FITC-labeled secondary antibodies were used to visualize the binding of the primary antibodies.
The cells have the typical morphological features of ECL cells and are about 10 Ìm in size. A total of 3 different
experiments was performed yielding identical results. Size bar 10 Ìm.

statin cells (1–2%). Thus, the total amount of these cells
was extremely low. These results are in accordance with
previous studies established by our own group [19, 21].
No staining was observed in cells treated without primary
antibody (negative controls).

The presence of TNF-R1 as well as of the IFN-Á recep-
tor chain · and ß was determined in ECL cells using ICC.
ECL cells showed positive staining with antibodies spe-
cific for the TNF-R1 (fig. 1C). However, no staining was
observed with an antibody specific for the TNF-R2, indi-
cating that this subtype is not present (not shown). Fur-
thermore, the presence of the CD95 receptor (Fas death
receptor) was investigated by ICC. No staining could be
detected in three repetitive experiments (not shown). In
contrast, ECL cells were found to express the · and ß
chain of the IFN-Á receptor (fig. 1D and E, respectively).
ICC was performed on highly purified ECL cells, and
demonstrated that the staining for TNF-R1 was homoge-
nous. More than 90% of all cells showed positive staining
for all receptor subtypes. A total of 218 cells were counted,

yielding more than 200 TNF-R-positive cells. Simulta-
neous staining for the HDC and TNF-R or IFN-Á-R could
not be performed. Nevertheless, all cells that were found
to be positive for the TNF and IFN-Á receptors had the
typical morphology of ECL cells with a size of 10 Ìm, a
large nucleus and numerous secretory vesicles.

Presence of TNF-R1 and TRAF2 in ECL Cells
PCR was performed with a cDNA library and freshly

prepared RNA from ECL cells (fig. 2A–C). In accordance
with the results obtained with ICC, PCR gave single prod-
ucts at the expected sizes for the TNF-R1 (fig. 2A) and
IFN-Á-R · chain (fig. 2B), but not for the TNF receptor
subtype 2 (fig. 2C) or CD95 (not shown). PCR was
repeated twice which yielded identical results. The results
are shown for the amplification with the cDNA library.
These results were identical to the amplifications using
RNA from highly enriched ECL cells (purity 194%).

In order to show the presence of TNF-R1 and TRAF2
(an important adapter protein for the NFÎB pathway) at
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Fig. 2. Detection of TNF-R, IFN-R and TRAF-2 in ECL cells. RT-PCR for TNF-R1(A), IFN-Á-R ·-chain (B) and
TNF-R2 (C). Rat ECL cell cDNA (ECL) and rat spleen cDNA (spleen) were used as template. Ø = Negative control
without cDNA; Std. = molecular weight standard, lanes represent steps of 100 bp where the bright lane equals 500 bp.
GAPDH presence was used as a control. Western blot detection of TNF-R1(D) and Western blot detection of TRAF2
protein (E). Protein extracts used were from ECL cells (ECL), Jurkat cells (Jurkat), rat gastric parietal cells (PC) and
Swiss/3T3 cells (NIH/3T3). Ø = Negative control.

the protein level, Western blotting with specific anti-
bodies was performed using protein extracts from en-
riched ECL cells. Figure 2D shows a Western blot for
TNF-R1. A strong signal was detected at 55 kD with
lysates from PC that served as positive control. Jurkat cell
protein used as a second positive control gave a weaker
signal. The TNF-R1-specific band was also detected in an
ECL cell protein probe. No signal was obtained using PC
protein incubated without primary antibody (negative
control).

A Western blot specific for TRAF2 is shown in fig-
ure 2E. TRAF2-presence could be detected in ECL cells as

well as Jurkat and Swiss/3T3 cells (positive controls) as a
single band at 50 kD. Again, no signal could be detected
with the negative control (no primary antibody). All West-
ern blots were repeated at least twice and gave identical
results.

Apoptosis of ECL Cells in the Presence of TNF-·
Programmed cell death in ECL cells was determined

under basal conditions and after stimulation with varying
concentrations of TNF-·. The methods used for apoptosis
quantification were the TUNEL reaction (fig. 3A) and a
DNA fragmentation ELISA (fig. 3B). All experiments
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Fig. 3. Percentage of ECL cells undergoing apoptosis after incu-
bation with TNF-·. Apoptosis following incubation with TNF-·
(0–50 ng/ml for 24 h) as seen with TUNEL (A) and ELISA (B). Val-
ues represent the percentage of apoptotic cells measured by TUNEL
or relative extinction at 405 nm in percent measured by ELISA. *Sig-
nificant differences relative to the apoptotic rate under basal condi-
tions.

Fig. 4. IFN-Á effects on ECL cells. Apoptosis of ECL cells following
simultaneous incubation with TNF-· (25 ng/ml) and/or IFN-Á
(10–100 ng/ml) over 24 h as determined by TUNEL (A) or ELISA
technique (B). *Significant differences relative to the apoptotic rate
under basal conditions. n.s. = Difference was not significant.

were carried out at least three times. Initially, cells were
incubated with increasing concentrations of TNF-·
(fig. 3A) during a 24-hour incubation period. After 24 h of
culture, the basal apoptotic rate of ECL cells ranged
between 4 and 6%. 50 ng/ml TNF-· increased the apo-
ptotic rate to 22–24%. All of the indicated concentrations
had a highly significant effect (n = 4, p ! 0.005). A similar
effect of TNF-· on ECL cell apoptosis was observed using
the objective ELISA technique. As shown in figure 3B,
TNF-· significantly induced apoptosis at 1, 10, 25 and
50 ng/ml. The highest percentage of programmed cell
death was achieved at 25 ng/ml (mean of 400%) and

50 ng/ml (mean of 390%). Therefore, all subsequent
experiments were performed with a concentration of 25
ng/ml.

TNF-· effects on ECL cell death during different incu-
bation periods were also determined by TUNEL reaction
(not shown). The basal rate of apoptosis did not increase
significantly after 48 or 72 h. TNF-· induced apoptosis in
a concentration-dependent manner during all time peri-
ods tested. However, comparing the overall values, no sig-
nificant differences between the varying periods were
observed. Therefore, a 24-hour interval was chosen in
subsequent experiments.
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Fig. 5. Time-dependent decrease in the level
of IÎB· after TNF-· stimulus (Western blot).
ECL cells or HeLa cells as control were incu-
bated with TNF-· and protein lysates were
incubated with an antibody specific for
IÎB·. A total of three experiments was per-
formed, the top panel shows the mean opti-
cal densities of the specific bands obtained
under different conditions. Basal intensity
was set to 100%. Lanes 2–4 and the corre-
sponding bars indicate the presence of IÎB·
at 0 (100%), 5 and 10 min after the addition
of TNF-·. Lane 5 contained a prestained
standard. HeLa protein extracts without
(lane 1, 100%) and after addition of TNF-·
(25 ng/ml, lane 6) served as controls. **Sig-
nificance relative to the corresponding basal
signal density. The lower panel shows the
actual blot results from one single but repre-
sentative experiment.

Interferon-Á Effects on ECL Cells
Figure 4 shows the effect of IFN-Á on ECL cells as

determined by the TUNEL or ELISA method, respective-
ly. The cells were allowed a 24-hour period of recovery,
then vehicle, 10 and 100 ng/ml of IFN-Á were added for
24 h. The basal apoptosis rate ranged from 5 to 6%. IFN-Á
did not produce a significant increase of programmed cell
death (fig. 4). ECL cells were also subjected to a combined
treatment with TNF-· (25 ng/ml) and IFN-Á (10 and
100 ng/ml) for 24 h. TNF-· alone caused 16–18% of
apoptosis, but the IFN-Á effects corresponded to the basal
level at both concentrations used. Figure 4 shows that the
addition of IFN-Á at 10 or 100 ng/ml did not significantly
alter the TNF-· effect. Especially, no potentiation of
TNF-· effects by the addition of IFN-Á could be observed
(total of 3 experiments). Similar results were obtained
using the TUNEL and the ELISA technique. A total of 20
experiments was performed.

Degradation of IÎB· following TNF-· Stimulation
Following TNF-· stimulation, cytoplasmic IÎB· is

phosphorylated and degraded within few minutes [27,
28]. To determine this process in our current system, ECL
cells were incubated with TNF-·, protein lysates were pre-
pared, and Western blots were performed. The lower
panel in figure 5 illustrates the results from representative
experiments, yielding a single band at 40 kD. Band inten-

sity was integrated over each individual band. Densito-
metric analysis was performed based on a total of three
experiments. The top panel shows the average densito-
metric results of three experiments in which the basal
amount was set to 100%. TNF reduced intensity signifi-
cantly (p ! 0.01, ANOVA test). Lane 1 contains protein
from unstimulated HeLa cells with unphosphorylated
IÎB·. Lane 6 contains protein from TNF-·-treated HeLa
cells. These stimulated cells have a smaller amount of
IÎB·, leading to a weaker signal and serving as a positive
control during this experiment. ECL cells were treated
with TNF-· for 0, 5 and 10 min and protein lysates were
loaded in lanes 2, 3 and 4, respectively. Similar to unstim-
ulated HeLa cells, a very strong band of IÎB· was detected
in ECL cells at 0 min (lane 2). After 5 min of incubation
with TNF-·, the signal already decreased, and at 10 min,
no IÎB· signal could be detected. Therefore, TNF-·
caused rapid phosphorylation, followed by rapid ubiquiti-
nation and degradation of IÎB· within the first 10 min.

NFÎB-Binding Is Enhanced after Incubation with
TNF-·
Figure 6A shows an EMSA assay for NFÎB performed

using whole ECL cell protein extracts. ECL cell lysates
were incubated with radioactively labeled ODN contain-
ing the NFÎB consensus sequence. Lane 1 contains no
protein and serves as negative control, lane 2 contains
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Fig. 6. EMSA of basal or TNF-stimulated ECL
whole cell protein lysates. A Stimulation of
NFÎB activation in ECL cells by TNF-·. Lane
1 = Negative control without protein extract
(Ø); lanes 2–4 contain protein lysates from un-
stimulated cells (basal) incubated in the pres-
ence of cold CREB consensus sequence (basal +
CREB) or cold NFÎB consensus sequence (bas-
al + NFÎB, competition assay); lane 5 = protein
from TNF-·-stimulated cells (25 ng/ml, 1 h).
B Supershift assay by addition of specific
NFÎB antibodies. Lanes are marked as in fig-
ure 7A. In lanes 6–11, antibodies specific for
the subunits p50 (+ Ab p50), p52 (+ Ab p52) or
p65 (+ Ab p65) were added. A typical supershift
could be detected for p50 and p65, the p52 sub-
unit was not detected. C TNF-·-induced NFÎB
activation is inhibited by PSI. Lanes are
marked as in figure 7A. Cells for lanes 5–8 were
treated as follows: MeOH = addition of metha-
nol (1:100, 2 h); PSI = addition of PSI (diluted
in methanol 1:100, 2 h); TNF-· = pretreatment
with methanol (1:100, 1 h), followed by TNF-·
(25 ng/ml, 1 h); TNF-· + PSI = pretreatment
with PSI (diluted in methanol 1:100 over 1 h),
followed by TNF-· (25 ng/ml, 1 h). D Semi-
quantitative measurement of PSI-induced
NFÎB activation (EMSA). Bars represent the
mean intensity B SEM of the NFÎB-specific
signal as measured in three independent as-
says. *1Significant differences relative to the
signal in unstimulated and in TNF-stimulated
cells. *2Difference in TNF-treated cells which
were cells treated with TNF and PSI. n.s. = Dif-
ferences were not significant relative to the bas-
al signal. A one-way ANOVA with subsequent
Student-Newman-Keuls test was used to com-
pare the differences.
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Fig. 7. Effect of PSI and MG132 on ECL cell apoptosis. Measure-
ment of ECL cell apoptosis after incubation with vehicle, vehicle +
TNF-· (25 ng/ml, 1 h each), methanol 1% (MeOH, 2 h), the NFÎB
inhibitors PSI and MG132 (disolved in methanol at a final concen-
tration of 1%, 2 h) and after preincubation with PSI/MG132 (1 h)
followed by TNF-· (1 h). Effects were shown using the TUNEL
method (PSI, MG132; A) and ELISA (MG132; B). *1Significant dif-
ferences relative to the apoptotic rate under basal conditions. *2Sig-
nificant differences relative to TNF-·-caused apoptosis.

extracts from unstimulated ECL cells. Cell lysates and
radioactively labeled NFÎB consensus sequence were
added together with competing cold CREB consensus
sequence (lane 3) or cold NFÎB consensus sequence (lane
4). The signal in lane 3 (nonspecific competition) was
equal to lane 2, while the signal of lane 4 was strongly
reduced (specific competition), proving the specificity of
the NFÎB-nucleotide interaction in our assay. Lane 5 con-
tains protein from TNF-·-stimulated ECL cells, yielding a
much stronger signal compared to basal conditions (lane

2), indicating the TNF-·-induced binding of NFÎB to the
corresponding consensus sequence in ECL cells.

Subsequently, an EMSA supershift assay was per-
formed (fig. 6B). Samples for lanes 6, 8 and 10 were pre-
pared from basal cell extracts and the ones for lanes 7, 9
and 11 from stimulated cells (three repetitive but inde-
pendent experiments). In addition, lanes 6 and 7 contain
an antibody specific for the p50 subunit of NFÎB, lanes 8
and 9 one that recognizes the p52 subunit, and the anti-
body in lanes 10 and 11 is specific for the p65 subunit.
Only in lanes 6 and 7 and 10 and 11 can a band shift be
detected. The signal intensity of the shifted bands shows
that the activated NFÎB mainly consists of the p50 and
p65 subunits.

In figure 6C, the effect of the proteasome inhibitor PSI
on NFÎB activation is shown. The negative control was
loaded on lane 1, lane 2 contained basal cell extracts, lane
7 extracts from stimulated cells. In lanes 3 and 4, a compe-
tition assay similar to the one in figure 6A was performed.
Lanes 5–8 contained extracts from cells treated with
methanol, PSI, TNF-· alone and PSI + TNF-·, respec-
tively. Methanol and PSI did not cause activation of
NFÎB. PSI significantly reduced the TNF-· effect (lane
8), and the resulting band was even weaker than the basal
signal.

A total of three independent experiments were per-
formed and results were compared by analyzing the opti-
cal densities of the different bands in each experiment
(fig. 6D). Addition of methanol or PSI slightly decreased
basal NFÎB activity (lane 5 vs. lane 2). However, this
effect was not statistically significant in 3 experiments
using one-way ANOVA.

Effect of Proteasome Inhibitors on TNF-·-Induced
Apoptosis
To determine whether NFÎB-activation is of function-

al importance for ECL cell apoptosis in response to
TNF-·, we performed a TUNEL assay using two protea-
some inhibitors preventing NFÎB activation. The PSI is a
cell-permeable inhibitor of a multicatalytic proteinase
complex that prevents the activation of NFÎB in response
to TNF-· or IL-1ß through inhibition of IÎB· degrada-
tion, thereby interfering with the induction of iNOS [29].
Similarly, the proteasome inhibitor MG132 has also been
shown to prevent proteasomal degradation [30]. The
effects of these inhibitors on TNF-·-induced apoptosis
are illustrated in figure 7A (TUNEL) and figure 7B
(ELISA). 1% methanol was used as solvent for both inhib-
itors, but had no effect on apoptosis. Cells were incubated
with vehicle, TNF-·, the inhibitors, or TNF-· in combi-
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nation with PSI or MG132. The basal rate of apoptosis
ranged at 7%, and TNF-· caused an increase to 16–18%.
PSI or MG132 alone caused no significant change in pro-
grammed cell death. However, both inhibitors were able
to reduce the percentage of apoptotic cells to 5–8% (as
determined by TUNEL; fig. 7A) and thus to completely
inhibit TNF-·-induced apoptosis (n = 3, p ! 0.01). Simi-
lar results were obtained using the objective ELISA quan-
tification. As shown in figure 7B, TNF-· increased pro-
grammed cell death in ECL cells, and MG132 was able to
inhibit these effects completely.

Inhibition of TNF-· Induced Apoptosis by p65
AS-ODN and L-NMMA
To determine the pro-apoptotic effect of NFÎB in

detail and to investigate the subsequent steps of signal
transduction, ECL cells were incubated in the presence of
p65 AS-/MS-ODN and L-NMMA. The AS ODN were
specific against the p65 subunit of NFÎB. Untreated ECL
cells as well as ECL cells transfected with AS-/MS-ODN
were incubated with vehicle or TNF-· over 24 h and pro-
grammed cell death was measured by TUNEL (fig. 8A).
AS- and MS-ODN alone did not have a significant effect

Fig. 8. Effects of p65 AS-ODN and of L-NMMA on ECL cell apopto-
sis. A Effect of NFÎB AS-ODN on TNF-· induced ECL cell apopto-
sis (TUNEL). Cells were treated with vehicle, TNF-·, AS- or MS-
ODN, or TNF-· in combination with AS- or MS-ODN at the indi-
cated concentrations. Subsequently, apoptosis was determined using
a TUNEL assay and positive cells were counted in percent of all cells
seen. Significant results are indicated: *1TNF vs. basal; *2TNF versus
TNF+AS-ODN. B L-NMMA effect on TNF-·-induced ECL cell

apoptosis (TUNEL). Cells were incubated with vehicle, TNF-·
(25 ng/ml, 24 h) or TNF-· together with L-NMMA (10–4 M, 24 h).
*1Significant differences relative to the apoptotic rate under basal con-
ditions. *2Significant differences relative to TNF-·-caused apoptosis.
C RT-PCR for iNOS and GAPDH. RNA from cells incubated with
vehicle (lane 2) or with TNF-· (25 ng/ml) for 3 h (lane 3) or 6 h (lane
4) was used. Std. = Molecular weight standard; Ø = negative control
for iNOS/GAPDH. Amplification was performed over 27 cycles.
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compared to the basal rate of apoptosis. In contrast, trans-
fection with AS-ODN was able to inhibit TNF-·-induced
apoptosis completely (n = 3, p ! 0.005). This effect could
not be reproduced by preincubation with MS-ODN show-
ing that the decrease in apoptosis was a direct effect of
NFÎB inhibition.

To determine if this NFÎB effect may be dependent on
NO generation, TUNEL assays (fig. 8B) were performed
with ECL cells incubated with vehicle, TNF-· (25 ng/ml,
24 h) or TNF-· and the specific NOS inhibitor L-NMMA
(10–4 M, 24 h). This substance is known to inhibit NO
production by all NOS isoforms. Simultaneous incuba-
tion with L-NMMA and TNF-· was found to inhibit
TNF-·-induced cell death completely (n = 3, p ! 0.001).
Similar to previous results [1], L-NMMA alone did not
have an effect on ECL cell apoptosis (not shown).

To further underline the importance of these findings,
iNOS induction by TNF-· stimulation was examined by
RT-PCR (fig. 8C). The experiment was performed with
RNA extracted from unstimulated cells as well as from
cells stimulated with TNF-· (25 ng/ml) for 3 and 6 h.
Amplification of the housekeeping gene GAPDH yielded
identical bands for all three extracts after 27 cycles of
amplification, showing that an equal amount of RNA was
used for cDNA synthesis. Under basal conditions, no
iNOS signal could be detected. After 3 h of TNF-· stimu-
lation, an iNOS signal at 555 bp could be amplified. In
RNA from cells incubated with TNF-· for 6 h, the iNOS-
specific band disappeared again. This shows a rapid
induction of iNOS transcription within the first 3 h of
TNF-· stimulation. The results could be reproduced in 2
subsequent experiments.

Discussion

Infection of the gastric mucosa with H. pylori leads to
chronic inflammation, thereby modulating the secretory
and proliferative responses of epithelial as well as endo-
crine cells [31]. This cytokine is usually absent in the
healthy human gastric mucosa. Following infection with
H. pylori, the expression of TNF-· significantly increases
and correlates closely with the degree of H. pylori coloni-
zation and histological alterations [13]. Simultaneously,
chronic H. pylori infection is associated with a decrease in
acid secretion, which may be due to the effect of the pro-
inflammatory cytokines released. Previous studies were
unable to show a direct effect of TNF-· on PC [32]. There-
fore, TNF-· might also impair histamine secretion from
ECL cells, finally leading to decreased gastric histamine

secretion, decreased acid secretion and mucosal atrophy.
TNF-· has been shown to inhibit function and induce
programmed cell death in other neuroendocrine cells,
such as thyroid cells [33] or pancreatic ß cells [34], and
this mechanism may also be of special importance in the
gastric mucosa.

Our current data yield clear evidence that ECL cells
express the TNF-R1, whereas the TNF-R2 could not be
detected. In contrast, we were able to exclude the presence
of the CD95 (Fas) receptor in ECL cells using RT-PCR
and ICC. The absence of a functional Fas-dependent
pathway in ECL cells further underlines the importance of
TNF-· and the TNF-R1 during chronic H. pylori infec-
tion. TNF-R1 is a transmembrane receptor lacking a
kinase domain, but containing a so-called death-domain
mediating cellular effects. Adapter proteins bearing the
death domain bind to the activated receptor and induce
several distinct signaling pathways [35–37]. An adapter
protein that is associated with the pro-apoptotic action of
TNF-R1 is TRAF2. This protein is of special relevance
for the TNF-·-mediated activation of NFÎB [38–40]. In
the current study, we identified TRAF2 in ECL cells by
Western blot, underlining the importance of the signaling
cascade coupling the stimulation of TNF-R1 to the activa-
tion of NFÎB.

Incubation of isolated ECL cells with TNF-· led to
programmed cell death of ECL cells within 24 h of incuba-
tion. TNF-· had a concentration- and time-dependent
pro-apoptotic effect, with a 2- to 3-fold increase in apopto-
sis at a concentration of 25 ng/ml. TUNEL as well as the
objective ELISA yielded identical results. The time period
observed here and the concentrations used are in accor-
dance with previous studies investigating TNF-·-induced
apoptosis in pancreatic tumor cells [41] and gastric epi-
thelial cells [42, 43]. Although only a subgroup of ECL
cells (25%) underwent apoptosis in response to TNF-·,
this effect may still reflect physiological conditions. First,
our data can only detect the status during a short incuba-
tion period in vitro, and may become even more evident
during life-long infection with the bacteria. ECL cells in
vitro and in vivo may be susceptible only at a certain time
point during their life cycle (approximately 60 days). Sec-
ond, TNF-· induction of ECL cell death was significantly
higher than the apoptotic rate seen after incubation with
the cytokine IL-1ß (100 pg/ml, 24 h) in our previous stud-
ies [1]. With regard to IL-1ß, the physiological importance
of this cytokine has already been documented by showing
that IL-1ß impairs histamine release completely [2]. Fur-
thermore, patients with polymorphisms of the IL-1ß pro-
moter have an increased risk of gastric adenocarcinoma
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[12]. Since TNF-· and IL-1ß are released during chronic
inflammation, it appears likely that both cytokines play
an important role in the induction of hypochlorhydric
conditions.

In addition, we investigated the effects of IFN-Á on
ECL cell function. IFN-Á has been shown to potentiate
TNF-·-induced apoptosis [41, 44, 45]. We therefore incu-
bated ECL cells with IFN-Á at varying physiological con-
centrations or with a combination of both TNF-· and
IFN-Á. Although we detected the presence of both sub-
units of the IFN-Á-R, the corresponding ligand did not
cause apoptosis alone or together with TNF-·. This could
be due to a nonfunctional IFN-Á-R present on ECL cells.
Alternatively, the signal transduction pathway activated
by IFN-Á may not interfere with that activated by TNF-·.
Hence, we investigated the cellular steps mediating the
TNF-· effect in our cell system.

TNF-· has been shown to induce various signal trans-
duction pathways, including activation of effector cas-
pases, ceramide production or disruption of the Bcl2/Bax
equilibrium [46–48]. TNF-· can also lead to the activa-
tion of NFÎB. This transcription factor is known to be
involved in the regulation of inflammatory as well as sur-
vival genes. Thus, we investigated the signal transduction
and NFÎB induction in detail. Indeed, stimulation with
TNF-· led to the activation of NFÎB in ECL cells. Follow-
ing the binding of TRAF2 to TNF-R1, a kinase cascade is
activated that results in the phosphorylation of IÎB, fol-
lowed by its ubiquitination and degradation. In our West-
ern blotting experiments, a rapid decrease in IÎB· was
documented within the first 10 min after stimulation,
showing degradation of IÎB· as well as activation of
NFÎB. This finding is consistent with previous studies
demonstrating phosphorylation of IÎB at Ser32 and Ser36
and subsequent translocation of NFÎB to the nucleus fol-
lowing degradation of IÎB· [27, 49]. Uncoupling of NFÎB
from the IÎB/NFÎB complex was also shown directly
using the EMSA method. Because of the small sample vol-
ume, we used whole cell extracts instead of nuclear
extracts similar to other studies [50, 51]. A strong activa-
tion of NFÎB within the first hour after stimulation was
observed. NFÎB in extracts of stimulated as well as
unstimulated cells mainly consisted of the subunits p50
and p65. It may be possible that other subunits such as the
p52 contribute, at least in part, to the formation of the
NFÎB complex in ECL cells. Due to the lack of an ade-
quate control for p52, this possibility may not be ruled
out, but appears unlikely since a high signal intensity was
observed for p50 and p65 in supershift assays.

Subsequently, we investigated the effect of specific
proteasome inhibitors that interfered with NFÎB activa-
tion during ECL cell apoptosis. MG132 and PSI are both
specific inhibitors of the chymotrypsin-like activity of the
20S proteasome and are often used to show the functional
role of NFÎB [30, 52]. They abolish the degradation of
phosphorylated IÎB·, so that NFÎB cannot translocate to
the nucleus. Using these inhibitors, TNF-·-caused apo-
ptosis could be totally blocked; furthermore, PSI de-
creased NFÎB binding as shown in EMSA assays. More-
over, transfection experiments demonstrated that specific
antisense ODN against the p65 subunit of the NFÎB com-
plex completely prevented TNF-·-induced apoptosis, as
shown by TUNEL assay. Since the p65 subunit is con-
tained in a high percentage in NFÎB heterodimers [17],
this subunit appears to be of special importance. Taken
together, these experiments suggest a pro-apoptotic role of
NFÎB during TNF-·-induced apoptosis of ECL cells.

NFÎB has been shown to exert different functions,
depending on cell type and experimental conditions.
NFÎB is both able to promote programmed cell death in
some tissues or to rescue other cells from apoptosis
depending on the varying gene expression [53]. Even in a
single cell type, NFÎB can exert diverging functions,
depending on the experimental conditions [18]. NFÎB
has been found to inhibit cytokine-induced apoptosis in
several cell types [17, 38, 48, 54, 55]. However, a pro-
apoptotic effect of NFÎB has been documented in a wide
range of cell types [56–60]. Decoy ODN containing
NFÎB-binding sites inhibited virus-induced apoptosis of
human hepatoma cells [61] and of a prostate carcinoma
cell line [62].

Several previous works have specifically investigated a
pro-apoptotic effect of NFÎB in response to TNF-· stimu-
lation. TNF-·-induced apoptosis was associated with
NFÎB activation in myeloid cell lines [63] and in osteo-
blastic MC3T3-E1 cells [47]. In the work of Kitajima et al
[47], activation of NFÎB was detected in the perinuclear
region after 5 min of TNF-· treatment and translocation
into the nucleus was observed within 15 min. Claudio et
al. [64] demonstrated a functional association of NFÎB
with TNF-·-dependent apoptosis. This group observed
that WEHI 164 cells treated with TNF-· for up to 6 h can
be rescued as long as NFÎB relocalizes to the cytoplasm in
its inactive form, whereas 15 min of TNF-· stimulation
were sufficient to induce apoptosis. These works under-
line a pro-apoptotic function of this transcription factor in
response to TNF-· stimulation, according to our current
data. This appears to be a unique feature in gastric ECL
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cells, thereby paralleling results observed in pancreatic
beta cells.

One pathway activated by NFÎB leading to apoptosis
may be the generation of NO. In ECL cells, L-NMMA
prevented TNF-·-induced apoptosis completely, suggest-
ing the importance of NO generation in this process, simi-
lar to observations made pancreatic ß-cells following IL-
1ß stimulation [65]. TNF-· has been shown to induce
iNOS expression in gastric mucosa [66], but the cellular
targets have remained unclear. In ß cells, NFÎB activation
is linked to apoptosis, and this effect appeared to be
mediated by induction of iNOS and generation of NO
[67]. The promoter region of the rat iNOS gene (GenBank
accession number D84101) contains the NFÎB consensus
sequence (5)-GGRNNYYCC-3)) four times at positions
71–79, 134–142, 888–896 and 930–938, underlining the
functional interaction between NFÎB activation and
iNOS transcription. Our data further support the idea
that iNOS is expressed in ECL cells 3 h after TNF-· stim-
ulation, and is thus a key enzyme mediating cytokine-

induced ECL cell death, leading to the generation of NO
and subsequent apoptosis in ECL cells.

In summary, our data yield evidence that TNF-· has a
direct effect on gastric ECL cells, leading to programmed
cell death. Activation of NFÎB and generation of NO
appear to be of special importance for the mediation of
ECL cell death. These findings underline that ECL cells
are a target for pro-inflammatory cytokines and thereby
play a key role in the development of decreased gastric
acidity, which may predispose to atrophic gastritis and
the development of gastric cancer.
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