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In this study, cytokine patterns produced by CD41 T cells isolated from antrum or corpus gastral biopsy
specimens of 10 patients with Helicobacter pylori-positive gastritis were compared. To this end, expression of
intracellular cytokines (interleukin-4 [IL-4] and gamma interferon) and of CD4 was assessed by flow cytom-
etry. Ten to 60% of the isolated CD41 T cells produced gamma interferon upon stimulation. With the exception
of one patient, IL-4-positive CD41 cells were not detected. Therefore, CD41 cells infiltrating antrum and
corpus stomach mucosa during H. pylori infection show a Th1 phenotype. This polarized Th1-type response
may contribute to the inability of the immune system to eradicate H. pylori infection.

Originally described in 1983 (26), Helicobacter pylori is now
considered an important human pathogen causing gastritis and
duodenal ulceration (16, 21). In addition, infection with H.
pylori has been associated with gastric lymphoma (20, 27) and
seems to be a risk factor for adenocarcinoma of the stomach
(11). Several pathogenic factors of H. pylori, including the
cytotoxin VacA and the protein CagA, may contribute to the
pathogenesis of disease (3, 4). In addition, host factors may
also play a pathogenic role, because autoantibodies appear
during H. pylori infection in certain patients (1, 8, 18). Once a
person is infected, H. pylori can persist in the stomach for
decades despite a systemic immune response (23). The reasons
for the failure of the immune system to control infection are
not yet completely understood. It is therefore of importance to
analyze systemic and local T- and B-cell responses in patients
chronically infected with H. pylori. Respective immunological
studies have shown that the numbers of CD41 and CD81 T
cells are increased in the gastric mucosa of patients with H.
pylori gastritis (10, 19) and that T cells isolated from the an-
trum region are able to produce gamma interferon (IFN-g)
(12, 13). However, these studies did not differentiate between
CD41, CD81, and NK cells. Very recently, the technique of
intracellular staining of cytokines was used to demonstrate that
CD41 and CD81 cells from the antrum region of patients with
H. pylori gastritis produce IFN-g but nearly no interleukin-4
(IL-4) (2). Far less characterized are immune responses in the
corpus region of the stomach. Because corpus-predominant H.
pylori gastritis is associated with the appearance of autoanti-
bodies and atrophic changes (8, 18), the T-cell response in the
corpus region may be different.

For this reason, in this study the cytokine profiles of gastric
T cells derived from the corpus and antrum regions of the
stomach were compared. To this end, cytokines (IFN-g and
IL-4) were stained intracellularly in CD41 and CD81 cells
prepared from gastric mucosa either of patients with H. pylori-
positive gastritis or of patients without gastritis. The patients

enrolled in this study underwent upper gastrointestinal endos-
copy for diagnostic reasons. At least four biopsy specimens
each were obtained from the gastric antrum and corpus regions
of each patient. Two biopsy specimens from each location were
processed for histological examination, and the remaining two
specimens were processed for cytokine analysis of infiltrating
lymphocytes. For the latter purpose, the biopsy specimens
were mechanically disrupted with a mesh (Costar Netwell, 74
mm) and single-cell suspensions were prepared. Thereafter,
the cells were washed once in balanced salt solution and sus-
pended in Click’s medium, supplemented as described previ-
ously (24) and containing brefeldin A at 10 mg/ml. For activa-
tion of the cells, phorbol-12-myristate-13-acetate (50 ng/ml)
and ionomycin (750 ng/ml) were added. After 4 h of incubation
at 37°C, the cells were washed in phosphate-buffered saline
(PBS), fixed with 2% formaldehyde solution for 20 min, and
split into two aliquots. The cells were then incubated for 20
min in saponin buffer (PBS containing 0.5% saponin and 3%
fetal calf serum) containing either fluorescein isothiocyanate
(FITC)-conjugated mouse immunoglobulin G1 (IgG1) isotype
control antibody (Ab) (2.5 mg/ml) and phycoerythrin (PE)-
conjugated rat IgG1 isotype control Ab (5 mg/ml [aliquot 1]) or
FITC-conjugated anti-IFN-g Ab (2.5 mg/ml), PE-conjugated
anti-IL-4 Ab (5 mg/ml), and CyChrome-conjugated anti-CD4
Ab (aliquot 2). Instead of an isotype control Ab, for two pa-
tients aliquot 1 contained FITC-conjugated anti-IFN-g Ab,
PE-conjugated anti-IL-4 Ab, and CyChrome-conjugated anti-
CD8 Ab (1:100) in order to simultaneously analyze cytokine
production by CD41 and CD81 cells. After this step, cells were
washed twice in saponin buffer and once in PBS and then
analyzed by fluorescence-activated cell sorting (FACS) in a
FACScan (Becton Dickinson) with Lysys II software. For
FACS analysis, a forward/side scatter-based gate, which did
not contain larger cells (for example, macrophages), was cho-
sen.

Biopsy specimens from a total of 43 patients were analyzed
in this study. After exclusion of patients with other gastric
disorders (e.g., H. pylori-negative gastritis, gastritis induced by
nonsteroidal anti-inflammatory drugs, malignancies), 30 pa-
tients (12 females and 18 males; age range, 22 to 82 years)
remained for evaluation in this study. Twelve of the 30 patients
were positive for H. pylori, based on histological detection, and
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had active chronic gastritis. The 18 uninfected patients had
normal gastric mucosa. Based on endoscopic examination, 11
of the 12 H. pylori-positive patients had uncomplicated chronic
gastritis; only 1 patient had duodenal ulcers. CD41 cells from
10 of the 12 H. pylori-positive patients were analyzed by FACS.
Yields of viable mononuclear cells derived from the biopsy
specimens of H. pylori-infected patients or noninfected control
patients ranged from 102 to 105; however, cell numbers in H.
pylori-infected patients usually were three to four times higher
(data not shown).

Accordingly, as depicted in Fig. 1, the average relative num-
ber of CD41 cells present in biopsy specimens, as assessed by
FACS analysis, was about seven times higher in H. pylori-
positive patients than in control patients. Therefore, the ma-
jority of analyzed CD41 lymphocytes derived from the gastric
mucosa of H. pylori-infected patients are related to the infec-
tion.

After stimulation of the cells, between 10 and 60% of the
CD41 T cells derived from H. pylori-positive patients stained

positively for IFN-g (Table 1). A representative FACS analysis
of antrum and corpus CD41 cells is shown in Fig. 2. In con-
trast, IL-4-positive CD41 cells were not detected, with the
exception of one H. pylori-positive patient whose CD41 cells
contained a low percentage of IL-4-positive cells (3% of the
CD41 cells [data not shown]). No major differences in the
cytokine profiles of T cells isolated from the antrum and cor-
pus regions were observed. The few CD41 cells isolated from
uninfected control patients also showed a clear Th1 phenotype
(data not shown). The validity and sensitivity of the IL-4 anti-
body were confirmed by showing that this antibody was able to
stain up to 10% of stimulated human peripheral T cells that
had been cultured for 2 weeks in the presence of IL-2 and IL-4
(Fig. 3). In contrast, the antibody did not stain freshly isolated,
activated peripheral blood CD41 cells (data not shown). Spe-
cific binding of the anticytokine antibodies was further proven
by using isotype-matched PE- or FITC-coupled control anti-
bodies, which did not stain more than 0.3% of the CD41 or
CD81 T cells (Fig. 2A and B). Due to the limiting numbers of
T cells present in the specimens, in four patients T cells from
only one location (corpus or antrum) could be analyzed. In all
cases, CD4-negative cells also contained a high proportion of
IFN-g-positive cells. In biopsy specimens from two patients, it
was demonstrated that this IFN-g is mainly produced by CD81

cells (data not shown). IL-4-positive CD81 cells were not de-
tected.

These data show that CD41 as well as CD81 lymphocytes
infiltrating the gastric mucosa during chronic H. pylori gastritis
have a Th1 phenotype and that Th0 and Th2 are not present.
Of note, all analyzed T cells displayed this Th1 pattern regard-
less of whether they were isolated from the antrum or corpus
region, demonstrating that the T-cell responses against H. py-
lori do not differ between the antral and corpus regions.

FIG. 1. Relative numbers of CD41 T cells present in gastral biopsy speci-
mens of H. pylori-infected patients and uninfected control patients. T cells were
isolated from gastral biopsy specimens as described in the text and processed for
intracellular staining of cytokines and CD4. Thereafter, the cells were resus-
pended in PBS and analyzed by FACS. The figure shows mean numbers of
antrum and corpus CD41 T cells present in 100 ml of PBS, as measured by
FACS. H.p., H. pylori.

TABLE 1. IFN-g-positive and IL-4-positive CD41 T cells in biopsy
specimens of patients with H. pylori gastritisa

Patient

% IFN-g-positive CD41

cells
% IL-4-positive CD41

cells

Antrum Corpus Antrum Corpus

1 34 12 0 0
2 40 41 0 0
3 31 34 0 3
4 22 39 0 0
5 ND 50 ND 0
6 37 ND 0 ND
7 ND 37 ND 0
8 25 38 0 0
9 30 16 0 0
10 60 ND 0 ND

a T cells were isolated from stomach biopsy specimens of the antrum and
corpus regions of H. pylori-positive patients. Intracellular staining of CD4, IFN-g,
and IL-4 was performed as described in the text. Data are for all H. pylori-
positive patients included in this study. ND, not determined.

FIG. 2. IFN-g production by T cells isolated from the stomach of a patient
with H. pylori-positive gastritis. T cells were isolated from the antrum (A and C)
and corpus (B and D) regions. The T cells were stimulated, and intracellular
staining of CD4, IFN-g, and IL-4 was performed as described in the text. (A and
B) Staining with control Abs, which were isotype matched to the anticytokine
Abs: y axes, FITC-conjugated mouse IgG1 isotype control Ab; x axes, PE-
conjugated rat IgG1-PE isotype control Ab. (C and D) Staining with CyChrome-
conjugated anti-CD4 Ab (x axes) and FITC-conjugated anti-IFN-g Ab (y axes).
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Regarding antral T cells, our results confirm data very re-
cently obtained by Bamford et al. (2) by a similar technique.
However, in their study, CD4 was measured only on the sur-
face of the cells. Since phorbol-12-myristate-13-acetate stimu-
lation leads to downregulation of CD4 from the T-cell surface,
only those T cells whose CD4 expression is not lost after
stimulation were analyzed in that study. These T-cell popula-
tions, however, may not represent all CD41 T cells in the
stomach. For this reason, CD4 was measured intracellularly in
the present study, which allowed clear discrimination between
CD41 and CD4-negative cells even after stimulation.

Analysis of CD41 T-cell responses in human H. pylori gas-
tritis has also been addressed by analysis of H. pylori-specific
T-cell clones, which were cloned from the antral gastric mu-
cosa of H. pylori-infected patients (5–7). In an apparent con-
tradiction of our results, in one of these studies most of the
T-cell clones from patients with uncomplicated chronic gastri-
tis (without ulcer) displayed a Th0 phenotype (5). A possible
explanation for this apparent discrepancy is that the H. pylori-
specific Th0 cell clones were generated by multiple antigenic
restimulation of gastric T cells in vitro. Alternatively, the fre-
quency of H. pylori-specific Th0 cells within CD41 cells in
biopsy specimens is so low that they cannot be detected by the
method applied herein. On the other hand, the observation
that mRNA for IFN-g and IL-12 is expressed in the gastric
mucosa of infected patients (6, 14) would be in accordance
with our results. Since IL-12 is known to shift the immune
response towards Th1 (22, 25), expression of IL-12 at the local
site of H. pylori infection could favor the in situ development of
a Th1 response against H. pylori.

What could be the relevance of a polarized Th1-response in
H. pylori gastritis? In a mouse infection model using Helico-
bacter felis, it was demonstrated that Th1 cells contributed to
disease whereas Th2 cells were protective because they re-
duced the bacterial load in the stomach of mice (17). The
protective effect of a Th2-type response may result from the
induction of local IgA production (15). If this concept also
applies for H. pylori and humans, H. pylori might have gained
the ability to evoke the “wrong” (Th1) immune response dur-
ing its evolutionary adaptation to the stomach mucosa. The
Th1 response may block the development of a protective (Th2)
immune response and induce chronic inflammation by produc-
tion of IFN-g. A possible mechanism for the detrimental effect

of IFN-g produced by Th1 cells during H. pylori gastritis, as
previously suggested, is induction of major histocompatibility
complex class II molecules, which may lead to enhanced ad-
herence of H. pylori to epithelial cells and consequent apopto-
sis (9). Further investigations will have to investigate the mech-
anisms which influence the balance of the Th1/Th2 response
during H. pylori infection.
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