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Helicobacter pylori infection is associated with an inflammatory response in the gastric mucosa, leading to
chronic gastritis, peptic ulcers, and gastric cancer. There is increased T-cell infiltration at the site of infection
with H. pylori. CCR6, a specific �-chemokine receptor for CCL20 (MIP-3�/LARC/exodus), has recently been
reported to mediate lymphocyte homeostasis and immune responses in mucosal tissue, and it may play a role
in chemokine-mediated lymphocyte trafficking during gastric inflammation. In this study, we investigated the
role of CCR6 and its ligand, CCL20, in inducing an inflammatory response in the gastric mucosa during H.
pylori infection. Gastric infiltrating T lymphocytes were isolated from endoscopic biopsy specimens of H. pylori
gastritis patients and analyzed for the expression of the CCR6 chemokine receptor. Our results demonstrated
that there was significantly increased CCR6 expression in CD3� T cells infiltrating the gastric mucosa, and the
CCR6 ligand, the CCL20 chemokine, was selectively expressed in inflamed gastric tissues. The production of
CCL20 was upregulated in response to H. pylori in gastric epithelial cells when there was stimulation by the
proinflammatory cytokines interleukin-1� and tumor necrosis factor alpha. Furthermore, recombinant CCL20
induced lymphocyte chemotaxis migration in fresh gastric T cells ex vivo, indicating that the gastric T cells
could migrate toward inflammatory sites via CCR6/CCL20 interaction. Our results suggest that the interaction
between CCL20 and CCR6 may play a role in chemokine-mediated lymphocyte trafficking during gastric
inflammation in Helicobacter infection.

Helicobacter pylori, a common human pathogen which in-
fects about 50% of the world’s population, is associated with
duodenal and peptic ulcer diseases. The clinical consequences
range from asymptomatic gastritis to peptic ulceration and
gastric malignancy (28, 29). The outcome of the infection is
determined by interactions among H. pylori virulence factors,
host gastric mucosal factors, and the environment. However,
the mechanisms by which host factors cause disease remain
unclear. H. pylori colonization induces systemic and mucosal
immune responses. There is increased T-cell infiltration at the
site of infection with H. pylori (5). Recent studies have sug-
gested that the number of T helper type 1 (Th1) cells is selec-
tively increased during infection (5, 11, 22, 33). Th1 cytokines,
such as gamma interferon and tumor necrosis factor alpha
(TNF-�), can increase the release of proinflammatory cyto-
kines, augmenting apoptosis induced by H. pylori (35). In ad-
dition, H. pylori infection may induce gastric mucosal damage
by increasing gastric epithelial cell apoptosis through Fas/FasL
or TRAIL/TRAIL-R interactions with infiltrating T cells (19,
36, 38). Recent studies have indicated that T lymphocytes play

an important role in the pathogenesis of Helicobacter gastritis
(5, 24). The mechanism by which effector T lymphocytes are
recruited into the gastric mucosa during the inflammatory re-
sponse in Helicobacter gastritis is not well understood, and
chemokines may play an important role in this process (4, 7, 8,
14, 40).

Chemokines are small, 6- to �14-kDa heparin binding pro-
teins which play a role in a variety of biological processes, most
notably leukocyte chemotaxis (3, 23). Chemokines are involved
in acute and chronic inflammatory processes by attracting neu-
trophils, monocytes, and T cells to the site of inflammation via
their corresponding chemokine receptors (3, 23). Recent re-
ports have shown that there are specific chemokines that me-
diate the homing of lymphocytes in the intestines (14, 27, 32),
suggesting that some chemokines may be involved in lympho-
cyte trafficking in the gut. It has been demonstrated that dis-
tinct sets of chemokines and their receptors are responsible for
directing lymphocytes to inflammatory sites (1, 7–9, 27). The
following set of proinflammatory chemokines has been shown
to be involved in H. pylori gastritis: CXCL1 (Gro-�,), CXCL8
(interleukin-8 [IL-8]), CCL5 (RANTES), CXCL10 (IP-10),
CXCL11 (MIG), and CCL20 (MIP-3�/LARC/exodus) (15, 37,
39). Although the activity of chemokines as chemotactic fac-
tors for lymphocytes has been recognized for some time, there
is now increased interest in this area with the continuing iden-
tification of novel lymphocyte-active chemokines and their re-
ceptors.
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CCR6, a specific �-chemokine receptor for CCL20, is selec-
tively expressed on dendritic cells and some memory T cells (2, 17,
21, 30) and may play a role in chemokine-mediated lymphocyte
trafficking during gastric inflammation. Recently, it was reported
that CCR6 mediates dendritic cell localization, lymphocyte ho-
meostasis, and immune responses in mucosal tissue (10). CCL20
has also been shown to preferentially attract memory T cells (12,
21), and it may play a role in gastric inflammation. In this study,
we investigated the role of CCR6 and its ligand, CCL20, in in-
ducing an inflammatory response in gastric mucosa during H.
pylori infection. Our results demonstrated that the expression of
the chemokine CCL20 is upregulated in inflamed gastritis tissues
and that its receptor, CCR6, is selectively expressed on CD3� T
cells infiltrating the gastric mucosa. This implies that the interac-
tion between CCL20 and CCR6 may play a role in chemokine-
mediated lymphocyte trafficking during gastric inflammation in
Helicobacter infection.

MATERIALS AND METHODS

Subjects and patients. Biopsy specimens of the gastric antrum were obtained
from patients undergoing gastric endoscopy at National Taiwan University Hos-
pital for dyspepsia; informed consent was obtained from all patients. The study
was approved by the Medical Ethics Committee of National Taiwan University
Medical Center (Taipei, Taiwan). There were 36 H. pylori-infected and 14 un-
infected subjects enrolled in this study. The presence of H. pylori infection was
determined by visualization through histology (including Giemsa staining) and/or
by a positive rapid urease test performed on at least one additional biopsy
sample. The degree of inflammation present in the histological specimens was
classified according to the updated Sydney system (13). A grade from absent to
marked was assigned for four histological variables: chronic inflammation
(mononuclear cell infiltration), activity (polymorphonuclear neutrophil infiltra-
tion), glandular atrophy, and intestinal metaplasia.

Isolation of gastric infiltrating lymphocytes. Gastric infiltrating lymphocytes
were isolated using a modification of a previously described technique (16).
Briefly, biopsy specimens were collected into sterile collection medium (calcium-
and magnesium-free Hanks’ balanced salt solution [HBSS] with 5% fetal calf
serum and penicillin plus streptomycin). The collected tissues were immediately
placed in ice-cold RPMI 1640 complete medium (GIBCO BRL, Gaithersburg,
MD) which contained 10% fetal calf serum supplemented with penicillin (50
IU/ml), streptomycin (50 �g/ml), L-glutamine (2 mM), and sodium pyruvate (1
mM). The tissues were washed, diced into 1-mm3 pieces (through a 380-�m
tissue sieve), and treated with collagenase (type I; 5 �g/ml; Sigma Chemical, St.
Louis, MO) and heparin (5 U/ml) in RPMI 1640 complete medium at 37°C for
60 min. The resulting cell suspensions were washed, and the viability of the
mononuclear cells was determined by trypan blue exclusion.

Flow cytometric analysis of surface antigen expression. Isolated gastric mono-
nuclear cells were labeled with antibodies to CD3, CD4, and CD8 (Becton
Dickinson, San Jose, CA) and were immediately postfixed with 1% paraformal-
dehyde in phosphate-buffered saline using standard techniques. Based on the
forward and side scatter, cells were gated on the area corresponding to lympho-
cytes and analyzed with a FACScan (Becton Dickinson). The gastric infiltrating
lymphocytes were stained with fluorescein isothiocyanate-labeled monoclonal
antibodies (MAbs) which were used to detect the expression of CD45RO,
CD45RA, and chemokine receptors. Cells were incubated with primary antibod-
ies (anti-CCR6; R&D Systems, Minneapolis, MN), anti-CD45RO,CD45RA
(BioLegend, San Diego, CA), or appropriate immunoglobulin G isotype controls
(Sigma) for 30 min and washed with staining buffer for 5 min. Normal isotype-
matched irrelevant anti-mouse antibodies were used as the control antibodies.
Chemokine receptor expression on lymphocytes was determined by first gating
cells using their side scatter properties. Receptor expression on CD3� cells was
determined by a second histogram of the gated CD3� lymphocytes (phyco-
erythrin-Cy5) versus chemokine receptor (fluorescein isothiocyanate) fluores-
cence.

Culture of primary human gastric epithelial cells. For culture of human
gastric epithelial cells, a previously described method was used (38). In brief,
gastric biopsy specimens were collected in Leibowitz’s L-15 medium (Life Tech-
nologies, Grand Island, NY). Gastric cells were isolated enzymatically after the
tissue was mechanically minced into �1-mm pieces. The tissue was then pelleted

by centrifugation at 1,500 rpm for 5 min at 4°C, the collagenase/dispase was
discarded, and then the tissue was washed once in 10 ml of phosphate-buffered
saline and pelleted again by centrifugation. Cells were resuspended in the cell
culture medium. Gastric epithelial cells obtained as described above were sus-
pended in 2 ml of Ham’s F-12 cell culture medium (Life Technologies) with 10%
fetal bovine serum and placed into a six-well tissue culture plate.

Chemokine production analysis by real-time RT-PCR and ELISA. The pro-
duction of the chemokine CCL20 in gastric tissue was analyzed by real-time
quantitative reverse transcription-PCR (RT-PCR) and an enzyme-linked immu-
nosorbent assay (ELISA). For detection of chemokine production by real-time
RT-PCR, total RNA was purified using the Trizol reagent (Invitrogen Life
Technologies) by following the instructions in the manufacturer’s manual. Total
RNA (5 �g) was reverse transcribed with Superscript II RNase H reverse trans-
criptase (Invitrogen Life Technologies) and an oligo(dT) primer. Synthesized
cDNA was stored at �20°C until it was used. Two microliters of cDNA was
subjected to real-time quantitative RT-PCR using the Opticon system with
SYBR green I (Molecular Probes, Eugene, OR) as a fluorescent reporter. Che-
mokine and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNAs were
amplified in separate reactions. The primers used for CCL20 were 5�-GCGCA
AATCCAAAACAG-3� (sense) and 5�-GTCCAGTGAGGCACAA-3� (anti-
sense). The threshold cycle number of duplicate reactions was determined using
the Opticon software, and levels of chemokine mRNA expression were normal-
ized to GAPDH levels using the formula 2(Rt � Et), where Rt is the mean
threshold cycle for the reference gene (GAPDH) and Et is the mean threshold
cycle for the experimental gene. Data were expressed in arbitrary units. Chemo-
kines produced by gastric epithelial cells were also measured by ELISA, using
sandwich ELISA kits (Quantikine; R&D Systems). They were detected by incu-
bation with 125 ng/ml streptavidin-horseradish peroxidase (ICN Biochemical,
Aurora, OH) for 20 min, followed by peroxidase substrate (TMB Microwell;
KPL, Gaithersburg, MD).

Effects of live H. pylori on chemokine production in primary human gastric
epithelial cells. Confluent monolayers of primary human gastric epithelial cells
(1 � 106 cells/ml) were stimulated with TNF-� or IL-1� (50 ng/ml each) alone or
with both TNF-� and IL-1� for 12 h. Supernatants were harvested, centrifuged,
and collected for chemokine measurement by ELISA. For bacterial infection, the
confluent primary gastric epithelial monolayers were stimulated with IL-1� or
TNF-� (50 ng/ml each) alone or with both TNF-� and IL-1� for 12 h and then
infected with H. pylori strain ATCC 43504 (1 � 108 cells/ml) at a multiplicity of
infection of 100. After 12 h of incubation, supernatants were harvested, centri-
fuged, and collected for chemokine production analysis.

Lymphocyte chemotaxis assay. Lymphocyte chemotaxis experiments were per-
formed using 6.5-mm polycarbonate transwell tissue culture inserts with a 5-�m
pore size (Corning, Corning, NY). The lower compartment was filled with 600 �l
of epithelial conditioned medium or HBSS containing the recombinant chemo-
kine CCL20 (0.1 to �100 ng/ml). Gastric infiltrating lymphocytes (5 � 105 cells)
in 100 �l of HBSS were placed on the filters and incubated for 4 h at 37°C.
Lymphocytes that migrated through the filter into the lower compartment were
counted. Triplicate wells were prepared for each condition. The results are
expressed as percentages of input cells corrected for the percentage of cells
migrating in the absence of chemokines.

Statistical analyses. The results for expression of chemokine receptors and
production of chemokines for gastric infiltrating lymphocytes and peripheral
blood T cells were evaluated by the nonparametric Mann-Whitney rank sum test.
A P value of 	0.05 was regarded as indicating statistical significance.

RESULTS

Most of the gastric infiltrating T lymphocytes are activated
memory T cells and express Th1-type chemokine receptors
CXCR3, CCR5, and CXCR6. Gastric T cells were isolated from
biopsy specimens obtained from H. pylori-infected and unin-
fected subjects. The yields of viable lymphocytes ranged from
0.5 � 106 to 5 � 106 cells for the gastric mucosa of infected
subjects. The yields for uninfected subjects, however, were less
than one-fifth of these yields. Flow cytometric analysis of iso-
lated lymphocytes revealed that most of the gastric infiltrating
lymphocytes expressed CD45RO, a memory T-cell marker, but
not CD45RA, a marker of naı̈ve T cells. In addition, over 90%
of gastric T cells were CD69�, indicating that most of the
gastric infiltrating T cells were activated memory T cells
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(Fig. 1). There was an increased CD4/CD8 T cell ratio in H.
pylori-infected subjects (Fig. 1). The number of CD4� T cells
in H. pylori-infected subjects was 18.2 � 104 
 2.4 � 104 cells
per sample, and the number of CD8� T cells was 6.6 � 104 

0.68 � 104 cells per sample. In contrast, the number of CD4�

T cells in uninfected subjects was 0.94 � 104 
 0.12 � 104 cells
per sample, and the number of CD8� T cells was 2.96 � 104 

0.32 � 104 cells per sample. These results indicate that the
number of CD8� T cell appears not to be reduced, and the
increase in the CD4�/CD8� T cell ratio in H. pylori-infected
subjects seems to reflect the accumulation of CD3� CD4�

memory lymphocytes.
To characterize the expression of chemokine receptors in

gastric infiltrating lymphocytes from H. pylori-associated
chronic gastritis tissues, freshly isolated gastric T cells from
gastric specimens were stained for the expression of T-cell
surface antigens and chemokine receptors by flow cytometry.
The results in Fig. 2 demonstrate that the gastric infiltrating
lymphocytes expressed much higher levels of Th1-type chemo-
kine receptor CCR5, CXCR3, and CXCR6 receptors than
peripheral blood T cells expressed, which is compatible with a
Th1-type response pattern. In contrast, the Th2-type chemo-
kine receptor CCR3 was rarely detected in gastric T cells (Fig.
2), indicating that in human H. pylori gastritis, a Th1 response
predominates. This finding is compatible with previous reports
(5) indicating that the Th1 response is induced during infection
with H. pylori.

Gastric infiltrating T lymphocytes express the CCR6 che-
mokine receptor. CCR6, a specific �-chemokine receptor for
CCL20, is selectively expressed on some memory T cells and
may play a role in chemokine-mediated lymphocyte trafficking
during gastric inflammation. To determine the roles of CCR6
and CCL20 in H. pylori gastritis, we examined the expression of
the CCR6 chemokine receptors in gastric infiltrating lympho-
cytes from gastric biopsy specimens. The results in Fig. 3 show
that the percentage of CD3� lymphocytes expressing CCR6
was significantly elevated in gastric infiltrating lymphocytes
compared with that in peripheral blood from the same patients
(P 	 0.001). Both CD4� and CD8� gastric T cells expressed
similar levels of CCR6 on the cell surface. These results indi-
cate that the CCR6 chemokine receptor is selectively ex-
pressed in gastric infiltrating T lymphocytes during gastric
inflammation.

Upregulation of the CCL20 chemokine in inflamed Helico-
bacter gastritis tissues. We then examined the expression of
CCL20/MIP-3�, the chemokine which interacts with CCR6,
which may attract effector and memory T cells in H. pylori-
associated inflamed gastric tissues. The expression of CCL20 in
gastric tissues was analyzed by a real-time quantitative RT-
PCR. To determine whether the expression of CCL20 is re-
lated to the degree of chronic inflammation in H. pylori-in-
fected gastric samples, we divided the H. pylori-positive gastric
biopsy samples into three groups based on their histology

FIG. 1. Characterization of gastric infiltrating lymphocytes iso-
lated from gastric biopsy specimens from H. pylori-infected subjects.
(A) Suspensions of mononuclear cells were isolated from gastric bi-
opsy specimens as described in Materials and Methods. Immediately
after isolation, cells were stained for CD3, CD4, CD8, CD69, CD45
RA, and CD45RO and analyzed by flow cytometry. The numbers
indicate the percentages of cells detected in each quadrant in the flow
cytometric scatter plots. The data are representative of the phenotype
observed in gastric infiltrating lymphocytes isolated from 36 infected
subjects. (B) Percentages of CD4, CD8, CD45RO, CD45RA, and
CD69 expression in CD3� gastric T cells from the 36 H. pylori-infected
subjects mentioned above and 14 uninfected subjects. The data are the

means and standard errors of the means. Statistical analysis by the
Mann-Whitney rank sum test revealed significant differences in the
expression of CD4 and CD8 in gastric T cells between infected and
uninfected samples (asterisk, P 	 0.01).
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scores for chronic inflammation (marked, moderate, or mild)
using the criteria described in Materials and Methods. The
results in Fig. 4 demonstrate that expression of CCL20 was
upregulated in inflamed gastric tissues and was correlated with

the degree of gastric inflammation. Compared to the H. pylori-
infected group, the gastric biopsy specimens from uninfected
subjects had much lower histology scores for the degree of
inflammation, and they also had significantly lower levels of
expression of CCL20 compared to the H. pylori-infected gastric
tissues. The results indicate that CCL20 may play a role in
inducing gastric inflammation in H. pylori infection.

Production of CCL20 is upregulated in response to H. pylori
when there is stimulation by the proinflammatory cytokines
IL-1� and TNF-�. Because recent studies have shown that
proinflammatory cytokines or bacterial infection alters chemo-
kine production in the intestinal epithelia, we further investi-
gated whether gastric epithelial cells respond to H. pylori or
proinflammatory cytokines to induce CCL20 production. Pri-
mary human gastric epithelial cells were isolated from gastric
biopsy specimens and cultured in the presence or absence of H.

FIG. 2. Gastric infiltrating T cells express Th1-type chemokine re-
ceptors CXCR3, CCR5, and CXCR6 but not Th2-type chemokine
receptor CCR3. (A) Gastric infiltrating T cells (Gastric T cells) and
peripheral blood T cells (PB T cells) isolated from H. pylori-infected
subjects were incubated with the anti-CXCR3, anti-CCR5, anti-
CXCR6, and anti-CCR3 MAbs and analyzed by flow cytometry
(shaded histograms, isotype control). The data represent the results of
16 independent experiments performed with different donors. (B) Per-
centages of CD3� lymphocytes expressing CXCR3,CCR5, CXCR6,
and CCR3 in gastric infiltrating lymphocytes and peripheral blood T
cells isolated from the subjects described above. The data are the
means and standard deviations. Statistical analysis by the Mann-Whit-
ney rank sum test revealed significant differences between gastric T-
cell and peripheral blood T-cell samples in expression of Th1-type
chemokine receptors CXCR3, CCR5, and CXCR6 (one asterisk, P 	
0.05; two asterisks, P 	 0.005).

FIG. 3. Gastric infiltrating T lymphocytes express the CCR6 che-
mokine receptor. (A) Gastric infiltrating lymphocytes (GIL) and pe-
ripheral blood lymphocytes (PBL) isolated from H. pylori-infected
subjects were incubated with the anti-CCR6 MAb and analyzed by flow
cytometry. The data represent the results of 16 independent experi-
ments performed with different donors. (B) Percentages of CD3�

lymphocytes expressing CCR6 in gastric infiltrating lymphocytes (Gas-
tric T cells) and peripheral blood lymphocytes (PB T cells) isolated
from the subjects described above. The percentage of CD3� lympho-
cytes expressing CCR6 was significantly elevated in gastric infiltrating
lymphocytes. The symbols are results for individual samples, and the
horizontal lines indicate the means. The P value was determined by the
Mann-Whitney rank sum test. (C) Expression of CCR6 in CD4� and
CD8� gastric T cells isolated from H. pylori-infected subjects.
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pylori. The results in Fig. 5 demonstrate that the proinflamma-
tory cytokines IL-1� and TNF-� induced human primary gas-
tric epithelial cells to produce CCL20, and the production of
CCL20 was upregulated in response to H. pylori when there
was stimulation by IL-1� and TNF-� (Fig. 5).

Gastric infiltrating T lymphocytes express CCR6 and mi-
grate toward recombinant CCL20 in the chemotaxis assay. To
specifically investigate whether the epithelial chemoattractant
CCL20 contributes to the recruitment of gastric infiltrating T
cells in humans with H. pylori gastritis, we next measured lym-
phocyte chemotaxis in response to recombinant CCL20 using a
chemotaxis chamber system. Gastric infiltrating T cells were
purified from biopsy specimens and assayed for chemotaxis in
response to CCL20 in vitro. As shown in Fig. 6, the isolated

gastric infiltrating T cells migrated toward recombinant CCL20
in a dose-dependent manner in the chemotaxis assay. Further-
more, the chemotactic migration of gastric T cells was com-
pletely inhibited by the addition of anti-CCR6 MAb, indicating
that the gastric infiltrating T cells could migrate toward inflam-
matory sites via the CCR6/CCL20 interaction. This implies
that CCR6 has a role in gastric infiltrating T cells in response
to gastric inflammation mediated via CCL20 during H. pylori
infection.

DISCUSSION

In this study, we investigated the role of the CCR6 chemo-
kine receptor and its ligand, CCL20, in inducing an inflamma-
tory response in gastric mucosa during H. pylori infection. We
demonstrated that the expression of the CCL20 chemokine is
upregulated in inflamed gastritis tissues and that its receptor,
CCR6, is expressed on CD3� T cells infiltrating the gastric
mucosa. This implies that the interaction between CCL20 and
CCR6 may play a role in chemokine-mediated lymphocyte
trafficking during gastric inflammation in Helicobacter gastritis.

Most of the gastric infiltrating T cells were CD45RO�

CD69�, indicating that there was accumulation of activated
memory CD4� T cells during Helicobacter infection (Fig. 1).
Recent reports have indicated that the Th1 response is induced
during infection with H. pylori (5, 11, 20, 22). It has been
demonstrated that gamma interferon and TNF-�, whose levels
are increased in the gastric mucosa during H. pylori infection,
augment the apoptosis induced by H. pylori (31, 35, 38), and
these results suggest a role for immune-mediated apoptosis of
gastric epithelial cells by infiltrating T cells during Helicobacter
infection. Therefore, in addition to bacterial virulence factors,
the degree of gastric mucosa damage is also determined by the
inflammation response induced during H. pylori infection.

FIG. 4. Upregulation of the chemokine CCL20 in inflamed Helico-
bacter gastritis tissues. Gastric biopsy specimens from chronic gastritis
tissues in H. pylori-infected (HP�) (A) and uninfected (HP�) (B) sub-
jects were collected, and the RNAs were isolated. The production of
CCL20 in gastric tissues was analyzed by real-time quantitative RT-
PCR. The degree of inflammation present in the histological speci-
mens was classified according to the updated Sydney system (13). The
CCL20 mRNA expression was calculated by determining the ratio of
the concentrations of CCL20 and GAPDH expressed in gastric tissues.
Expression of CCL20 is related to the degree of chronic inflammation
in gastric samples (one asterisk, P 	 0.05; two asterisks, P 	 0.001;
determined by the Mann-Whitney rank sum test).

FIG. 5. Production of the cytokine CCL20 was upregulated in re-
sponse to H. pylori when there was stimulation by the proinflammatory
cytokines IL-1� and TNF-� in primary human gastric epithelial cells.
Primary human gastric epithelial cells were isolated from gastric biopsy
specimens as described in Materials and Methods and cultured in the
presence or absence of H. pylori (HP). Primary human gastric epithe-
lial cells were incubated with IL-1� (50 ng/ml) and/or TNF-� (50
ng/ml) in the presence or absence of H. pylori, and the production of
CCL20 was assayed by ELISA. The data are the means and standard
deviations. One asterisk, P 	 0.05; two asterisks, P 	 0.01.
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It has been demonstrated that the gastrointestinal epithe-
lium senses the invading microorganisms and produces cyto-
kines, i.e., chemokines that attract lymphocytes and dendritic
cells to the site of inflammation (14, 27, 32). Nishi et al. (26)
reported that H. pylori infection significantly induces the pro-
duction of CCL20, the thymus- and activation-regulated che-
mokine, and the B-lymphocyte chemoattractant. Wen et al.
also reported that CCL20 is significantly induced in inflamma-
tory gene profiles in gastric mucosa during H. pylori infection in
humans (37). Recent studies have also shown that CCL20 is
abundantly expressed in mouse and human inflammatory en-
teric mucosa (18, 34). Here, we demonstrated that CCL20 is
expressed in inflamed gastric tissues in Helicobacter infection
and that the production of CCL20 is upregulated in response
to H. pylori when there is stimulation by the proinflammatory

cytokines IL-1� and TNF-� (Fig. 4). Importantly, these studies
indicate that in the presence of proinflammatory cytokines, H.
pylori can induce an amount of CCL20 sufficient to induce the
inflammatory response via attracting lymphocytes infiltrating
into gastric mucosa. Thus, induction of CCL20 expression by
gastric epithelial cells upon interaction with H. pylori might be
mediated through induction of the proinflammatory cytokines
IL-1� and TNF-� from H. pylori-activated macrophages or
other cells. Our results suggest that synergy between the innate
immune response induced by H. pylori and gastric epithelial
cells induces a sufficient amount of CCL20 production, result-
ing in recruitment of infiltrating lymphocytes and gastric in-
flammation during Helicobacter infection. Taken together,
these results suggest a role for CCL20 in induction of the
inflammatory response in H. pylori gastritis.

Recent results have demonstrated that CCR6 is selectively
expressed on subsets of memory T cells, including �4�7-ex-
pressing gut homing cells and cutaneous lymphocyte-associ-
ated antigen (CLA)-expressing cells, and on B cells (21). It is
of interest that almost all �4�7

� memory cells and many CLA�

cells express CCR6. These data suggest that CCR6 and CCL20
may play roles in recruiting these highly differentiated, resting
memory cells and dendritic cells to sites of inflammation in
both the skin and intestinal mucosa (6, 25). Cook et al. (10)
demonstrated that mice lacking CCR6 have impaired immu-
nity with defective lymphocyte homeostasis in the small intes-
tine mucosa, suggesting that CCR6 is a mucosa-specific regu-
lator of humoral immunity and lymphocyte homeostasis in the
intestinal mucosa. However, the role of CCR6 in recruiting
gastric inflammatory cells is still not clear.

In this study, we demonstrated that the expression of CCL20
is upregulated in inflamed gastritis tissues and that the CCL20
receptor, CCR6, is selectively expressed on CD45RO� T cells
in the gastric mucosa. Moreover, the CCR6-expressing gastric
T cells migrated in response to CCL20 in the ex vivo lympho-
cyte migration assay. These results imply that the interaction
between CCL20 and CCR6 may play a role in recruiting
CD45RO� memory T cells to the sites of inflammation in the
gastric mucosa during Helicobacter infection. This improves
our understanding of the immune pathogenesis of the disease
and should help us develop more effective therapies.
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