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Interleukin-4 (IL-4) and IL-4�2 mRNA gastric expression was evaluated in healthy subjects and patients
who did not have ulcers but were infected with Helicobacter pylori with or without the cag pathogenicity island
(cag PAI). IL-4 mRNA was physiologically expressed by gastric epithelium and negatively influenced by
H. pylori. Also, nonepithelial cells in the lamina propria of H. pylori-infected patients expressed IL-4 mRNA,
whereas IL-4�2 mRNA was found only in cag PAI-negative patients. Thus, gastric IL-4 takes part in the local
immune response to H. pylori.

Interleukin-4 (IL-4), a pleiotropic cytokine mainly produced
by activated T lymphocytes (13), mast cells, and basophils,
regulates a wide spectrum of functions in B cells, T cells,
macrophages, and other cell types (21). IL-4 promotes T-cell
proliferation and differentiation into IL-4-producing Th2 or
Th0 T helper cells, while suppressing the development of
gamma interferon (IFN-�)-producing Th1 cells (22). In non-
ulcer chronic gastritis induced by Helicobacter pylori, infection
usually raises a local T-cell response with a predominant Th0
profile and production of both IFN-� and IL-4 (5, 8, 16, 18, 19,
24), whereas it results in a polarized Th1 response in patients
with peptic ulcers (9), suggesting that the type of host T-cell
response, together with bacterial virulence factors encoded by
genes of the cag pathogenicity island (cag PAI), may contribute
to the clinical outcome of H. pylori infection (7, 14, 15, 20).

An alternative splicing of IL-4 mRNA lacking exon 2, the
IL-4�2 mRNA isoform (2, 3), was found in human lymphoid
tissue (2, 17), in nasal and endobronchial biopsy specimens
(12), and bronchoalveolar lavage cells (3). In this study, we
used in situ hybridization (ISH) (11, 20) and nested reverse
transcriptase PCR (RT-PCR) (23) to evaluate the expression
of IL-4 mRNA and its IL-4�2 isoform in human gastric mucosa
in relation to H. pylori infection with cag PAI-positive or -neg-
ative strains.

Thirty H. pylori-infected patients (15 males and 15 females;
mean age, 42.2 years) with nonulcer dyspepsia, undergoing
endoscopy for upper gastrointestinal tract symptoms gave their
informed consent to this study, which was approved by the
local ethics committee. Exclusion criteria were the following:
peptic ulcer disease; history of gastric surgery; active gastro-
intestinal bleeding; malignancy; or treatment with steroids or
nonsteroidal anti-inflammatory drugs, recent antibiotics, or

omeprazole. Ten healthy age-matched volunteers were re-
cruited as controls. H. pylori infection was established by per-
forming a rapid urease test, histology, [13C]urea breath test,
and PCR for urease (ureA) gene. During endoscopy, biopsy
specimens were collected from the gastric antrum. Paraffin-
embedded sections were stained with modified Giemsa stain
(S. F. Gray, J. I. Wyatt, and B. J. Rathbone, Letter, J. Clin.
Pathol. 39:1279, 1986) to detect H. pylori and with hematoxylin
and eosin stain to evaluate gastritis (10). Gastritis was graded
on a scale of 0 to 3 for inflammation. Additional antrum spec-
imens were immediately frozen in liquid nitrogen until the
following tests: (i) PCR for ureA and H. pylori genotype (20)
according to the cag PAI designation (6) and (ii) ISH and
nested RT-PCR for IL-4 and IL-4�2 mRNA isoforms, as re-
ported elsewhere in detail (11, 20, 23).

Briefly, serial cryostat sections of antrum specimens and
cytospin preparations of clonal T cells producing IL-4 (positive
control for the probe) were used for IL-4 mRNA ISH. A 27-bp
fragment (spanning exons 1 to 3) of the IL-4 cDNA (25)
(American Type Culture Collection, Manassas, Va.) was sub-
cloned to obtain the RNA probe labeled with 35S-uridine-5�-
(thio)-triphosphate (New England Nuclear, Boston, Mass.).
The signal for IL-4 mRNAs was acquired by a charge-coupled
device video camera connected to the microscope and ana-
lyzed by a computerized video image system Leica QWin Q550
(Leica Microsystems, Cambridge, United Kingdom).

Total RNA was isolated from frozen specimens and the
IL-4-producing T-cell clone by TRIzol reagent (Gibco BRL,
Gaithersburg, Md.) according to the manufacturer’s instruc-
tions. First-strand cDNA was synthesized by oligo(dT)12-18

primer (Gibco BRL), and all cDNA samples were amplified
for �-actin gene (housekeeping gene) (Gibco BRL). First-
round and second-round PCR runs were performed to detect
IL-4 and IL-4�2 mRNA isoforms. IL-4 transcripts were mea-
sured by densitometry of ethidium bromide-stained gels with a
scanner and Kodak 1D 3.5 Network software (Eastman Kodak
Company, New Haven, Conn.).
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Chi-square analysis was used to compare mean score values
of inflammation of patients with cag PAI-positive and cag PAI-
negative H. pylori infections. Student’s t test was used to com-
pare the ISH and PCR results for patients and controls. The
interobserver variability for the computer image analysis was
also determined using the paired t test (three observations).

All 30 H. pylori-infected patients were positive for ureA, 18
of them also showing amplification for cagA, cagE, cagI, cagT,
and virB11 homologue genes (cag PAI-positive patients). No
amplification for these genes was obtained in cag PAI-negative
patients. All H. pylori-infected patients had chronic active gas-
tritis, with higher inflammation scores in cag PAI-positive pa-

tients than in cag PAI-negative patients (2.69 � 0.27 versus
2.28 � 0.22 [P � 0.005]), whereas healthy controls had no
abnormalities. In both controls and H. pylori-infected patients,
ISH consistently showed IL-4 mRNA expression in gastric cells
of the surface epithelium and pits (Fig. 1). Though ISH may be
prone to low resolution and background artifacts, image anal-
ysis suggested that mean IL-4 mRNA expression was higher in
gastric epithelial cells of uninfected controls (114.40 � 12.51
pixel units) than in the epithelium of cag PAI-negative pa-
tients (105.55 � 7.72 pixel units) or cag PAI-positive patients
(100.49 � 7.8 pixel units). These findings indicate that IL-4
mRNA expression is a physiological function of gastric epithe-

FIG. 1. ISH for IL-4 mRNA in gastric antrum biopsy sections. Bright-field photomicrographs with 35S-labeled antisense IL-4 RNA probe of
the surface epithelium and pits from a control subject (A and B), a cag PAI-negative patient (C and D), a cag PAI-positive patient (E and F) and
from a cytospin sample of clonal T cells producing IL-4 (G). Original magnifications, �20 (left) and �40 (right).
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lial cells, which is negatively influenced by H. pylori, particu-
larly by cag PAI-positive strains.

ISH also allowed us to observe that nonepithelial cells in the
lamina propria of gastric biopsy specimens from all H. pylori-
infected patients expressed IL-4 mRNA with a stronger signal
in cag PAI-negative patients (Fig. 1C and D) than in cag
PAI-positive patients (184.63 � 46.38 versus 73.01 � 10.45
pixel units [P � 0.005]) (Fig. 1E and F), whereas only a back-
ground level was detected in the few nonepithelial cells of
control biopsy specimens (Fig. 1A and B).

The results of nested RT-PCR confirmed that IL-4 mRNA
was present in the gastric tissue from either H. pylori-infected
patients or controls (Fig. 2), though densitometric analysis of
the intensity of IL-4 transcripts failed to show a significant
difference between patients and controls (data not shown).
These results are apparently in conflict with ISH data. How-
ever, since RT-PCR does not allow assessment of the relative
contributions of gastric epithelial cells to IL-4 transcripts
(higher in normal mucosa and lower in H. pylori-infected mu-
cosa) versus that of nonepithelial inflammatory cells (virtually
absent in controls, but variably high in infected samples), it is
possible that the cumulative levels of IL-4 transcripts tend to
equalize in the different samples. A major point of this study is
the observation that IL-4�2 mRNA expression was restricted
to cag PAI-negative patients (Fig. 2B), whereas it was not
detected in either cag PAI-positive patients (Fig. 2A) or unin-
fected controls (Fig. 2C). The reason for this difference is
unclear. However, one may suspect that IL-4�2 mRNA is not

expressed by gastric epithelial cells and that it represents a
peculiar product of some nonepithelial cells recruited in the
gastric inflammatory setting by H. pylori infection. Although we
did not characterize the nonepithelial IL-4 and IL-4�2 mRNAs
producing cells in the lamina propria, these cells were likely to
be CD4� T cells, as suggested by several studies (5, 8, 9, 19,
24). Thus, a possible explanation for the lack of IL-4�2 mRNA
expression in the inflamed mucosa of cag PAI-positive patients
and its consistent detection in cag PAI-negative patients is that
T cells that infiltrate the gastric mucosa in the two groups of
infected patients express different cytokine profiles, predomi-
nantly Th1 in the former and preferentially Th0 in the latter (8,
9).

Previous studies reported that recombinant IL-4�2 antago-
nizes the effects of IL-4 on T cells, B cells, and macrophages by
competing for receptor binding (1, 3), suggesting that the bal-
ance between IL-4 and IL-4�2 may be important in the regu-
lation of IL-4 effects (3, 4). Although the specific role of IL-4�2
in gastric tissue is still unclear, we hypothesize that its presence
in patients with cag PAI-negative, but not in cag PAI-positive,
H. pylori infection may influence the host response to H. pylori
and contribute to quenching of inflammation.
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and Associazione Italiana per la Ricerca sul Cancro (AIRC).
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