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Expression of B7-H1 on Gastric Epithelial Cells: Its Potential
Role in Regulating T Cells during Helicobacter pylori Infection’

Soumita Das,* Giovanni Suarez,* Ellen J. Beswick,* Johanna C. Sierra,* David Y. Graham,*
and Victor E. Reyes*"

Helicobacter pylori infection is associated with gastritis, ulcers, and gastric cancer. The infection becomes chronic as the host
response is unable to clear it. Gastric epithelial cells (GEC) play an important role during the host response, and their expression
of class I MHC and costimulatory molecules such as CD80 and CD86 suggests their role in local Ag presentation. Although T cells
are recruited to the infected gastric mucosa, they have been reported to be hyporesponsive. In this study, we detected the
expression of B7-H1 (programmed death-1 ligand 1), a member of B7 family of proteins associated with T cell inhibition on GEC.
Quantitative real-time RT-PCR revealed that B7-H1 expression increased significantly on GEC after H. pylori infection. Western
blot analysis showed that B7-H1 expression was induced by various H. pylori strains and was independent of H. pylori virulence
factors such as Cag, VacA, and Urease. The functional role of B7-H1 in the cross talk between GEC and T cells was assessed by
coculturing GEC or H. pylori-infected GEC with CD4* T cells isolated from peripheral blood. Using blocking Abs to B7-H1
revealed that B7-H1 was involved in the suppression of T cell proliferation and IL-2 synthesis, and thus suggested a role for B7-H1
on the epithelium as a contributor in the chronicity of H. pylori infection. The Journal of Immunology, 2006, 176: 3000-3009.

elicobacter pylori infects the gastric mucosa of approx-
H imately half of the world’s population. This Gram-neg-

ative bacterium is the major cause of acute and chronic
gastroduodenal diseases, including duodenal and gastric ulcers,
gastric cancer, and B cell lymphoma of mucosa-associated lym-
phoid tissue (1). Because of its carcinogenic potential, H. pylori is
the first bacterial agent to be classified as a class I carcinogen by
the World Health Organization (2). Colonization of the mucosa by
H. pylori leads to local infiltration of neutrophils, macrophages (3),
as well as T and B cells, some of which are specific for H. pylori
Ags (4-6). In addition, circulating H. pylori-specific T cells (7, 8)
and B cells (9) are also induced by the infection in most individ-
uals. However, despite these immune responses, the host is unable
to clear the bacterium from the mucosa. The infection normally
persists for life, which has led to the suggestion that H. pylori may
alter the normal host immune response.

Early reports have suggested that T cells exposed to H. pylori,
both in vivo and in vitro, have impaired ability to proliferate (10,
11). Although the effect of H. pylori on epithelial cells has been
investigated widely, there are limited studies describing a mecha-
nism by which T cell responses are impaired. Impairment in the
host’s normal immune defenses may contribute to the chronicity of
infection. Although the mechanisms influencing this impaired T
cell response are not clear, various studies have addressed effects
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that H. pylori has on T cells. H. pylori can induce apoptosis in
Fas-bearing T cells through the induction of Fas ligand expression
(12). The VacA toxin was shown previously to impair class II
MHC-dependent Ag presentation, and thus it was suggested that
VacA interferes with protective immunity (13). In a recent report,
H. pylori VacA was shown to efficiently block proliferation of T
cells by inducing a G,-S cell cycle arrest (14). Immunization in-
hibited the development of H. pylori-associated gastritis and in-
duced T cell hyporesponsiveness, which might be mediated by the
early induction of CTLA-4 following challenge (15, 16).

During H. pylori infection, gastric epithelial cells (GEC)® are
thought to play a major role in the host response due to their
strategic location between luminal Ag and resident intraepithelial
and lamina propria T cells. In addition to their well-characterized
contribution to the host response via the secretion of multiple cy-
tokines, GEC may function as APCs due to their constitutive ex-
pression of class II MHC molecules, and this expression is in-
creased during H. pylori infection (17). In support of this
possibility, previous studies demonstrated CD80 (B7-1) and CD86
(B7-2) in gastric epithelium and up-regulation of CD86 expression
following H. pylori infection (17). For efficient T cell activation, T
cells require not only the TCR-mediated Ag-specific signal, but
also costimulatory signals provided by APCs (18, 19). The B7
family of molecules provides signals that are critical for both stim-
ulating and inhibiting T cell activation (20, 21). Engagement of
CD28 by CD80 (B7-1) and CD86 (B7-2) stimulates and sustains T
cell responses (22, 23), whereas engagement of CTLA-4 by the
same ligands inhibits T cell responses (24). Recently, several new
members of the B7 family have been identified. B7-H2 (also
known as GL50, B7h, B7RP-1, and LICOS) has been identified as
a ligand for the CD28 family member ICOS (25). Two additional
B7 family members, programmed death-1 ligand 1 (B7-H1) (26)
and PD-L2 (B7-DC) (27), bind to the receptor programmed
death-1 (PD-1) (28), and their interaction down-regulates T cell

3 Abbreviations used in this paper: GEC, gastric epithelial cell; MFI, mean fluores-
cence intensity; PD-1, programmed death-1 receptor.
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activation. The receptor for B7-H1 and B7-DC is PD-1, a type |
transmembrane receptor expressed on activated T and B cells. Like
CTLA-4, PD-1 contains an ITIM in its cytoplasmic region and acts
as a negative regulator of lymphocyte function. The literature sug-
gests that there is another unidentified receptor for B7-H1 and
B7-DC whose function is yet to be determined. Two other recep-
tors of the B7 family are B7-H3 (29, 30) and B7-H4 (also known
as B7S1 and B7x) (31); however, their receptors and functions are
unclear. It is reported that mouse B7-H3 has a negative regulatory
function in T cell-mediated immune responses both in vitro and in
vivo (30).

Because the epithelium is ideally situated to interact with both
H. pylori and mucosal T cells, and given that H. pylori induces
multiple responses in the epithelium that include altered receptor
expression and cytokine secretion, the objective of these studies
was to determine whether H. pylori induces the expression of
novel members of the B7 family that may have an inhibitory func-
tion on T cells. The expression of these coinhibitory molecules on
the epithelium could, in turn, down-regulate T cell activation,
which in turn could explain the noted T cell hyporesponsiveness in
H. pylori-infected individuals. We observed that among B7-HI,
B7-DC, and B7-H3, B7-HI1 expression was significantly induced
following H. pylori infection. B7-H1 is constitutively expressed on
freshly isolated splenic T cells, B cells, macrophages, and dendritic
cells, and is up-regulated on T cells, macrophages, and dendritic
cells after activation (32). B7-HI mRNA has been detected in non-
lymphoid organs such as heart, placenta, lung, and pancreas in
both human and mouse tissues (32) and nonlymphoid cells such as
epithelial cells (33), endothelial cells (34), trophoblasts (32), and
tumor cells (35), but its role in disease processes is poorly
characterized.

The results presented in this study show that GEC express basal
levels of B7-H1. However, the expression of B7-H1 by GEC was
significantly increased when they were exposed to H. pylori, as
determined by independent approaches that included real-time
quantitative RT-PCR, Western blot analysis, and flow cytometry.
More importantly, B7-H1 expressed by GEC inhibited T cell pro-
liferation induced via the Ag receptor signaling apparatus (CD3),
and this inhibition was reversed by blocking B7-H1 with specific
Abs. To our knowledge, this is the first report in which H. pylori
is shown to induce B7-H1 in infected GEC, and this expression
inhibits T cell proliferation and IL-2 synthesis. These observations
may offer an explanation for the low T cell responses in infected
individuals and could also help explain the chronicity of this
infection.

Materials and Methods
Cell lines

The N87, Kato III, MKN45, and AGS GEC, of human gastric adenocar-
cinoma origin, were obtained from the American Type Culture Collection.
HS738-nontransformed gastric epithelial fetal cells were also obtained
from American Type Culture Collection. All cells were cultured in RPMI
1640 medium supplemented with 10% FCS, 1 mM glutamine, penicillin (1
U/ml), and streptomycin (100 pg/ml) in a humidified 37°C, 5% CO,
incubator.

Bacterial cultures

LC-11 (Cag A™") H. pylori strain was originally isolated from the antral
mucosa of a patient with duodenal ulcer, as previously described (36). The
VacA™ strain is a gift from T. Vanderbilt (Nashville, TN). UreB™~ mutant
strain is from H. Mobley (University of Maryland School of Medicine,
Baltimore, MD). The Cag™ mutant strain was obtained from Y. Yamaoka
(Baylor College of Medicine, Houston, TX). All H. pylori strains were
grown on blood-agar plates (BD Biosciences) at 37°C under microaero-
philic conditions. After 48 h in blood agar plate, H. pylori strains were
grown in Brucella broth for 24 h. The bacteria were washed with normal
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saline, and their concentration was measured by OD at the absorbance of
530 nm using a DU-65 spectrophotometer (Beckman Instruments). The
bacteria were then adjusted to a concentration taking 1 OD equivalent to
2 X 10® bacteria/ml.

Abs and recombinant proteins

PE-conjugated anti-human B7-H1 and PE-conjugated anti-human PD-1
were purchased from eBioscience to stain B7-H1 and PD-1, respectively.
The isotype control was PE-conjugated mouse IgG1 (BD Biosciences). For
Western blot analysis, monoclonal anti-human B7-H1, B7-DC, and B7-H3
were purchased from R&D Systems. For functional studies, purified mouse
anti-human monoclonal CD3 was purchased from BD Biosciences. Block-
ing Abs for B7-H1 in functional studies included the purified functional
grade anti-human B7-H1 from eBioscience. The isotype control Ab used
for functional studies was functional grade mouse IgG1 from eBioscience.
Anti-human CD4-CyChrome-conjugated and anti-human CD69-FITC-
conjugated Abs were purchased from BD Biosciences. Ab for FITC-con-
jugated epithelial cell Ag (BER EP4) was purchased from DakoCytoma-
tion. LPS from Salmonella was purchased from Sigma-Aldrich. Human
rIL-4 and rTNF-«a were purchased from R&D Systems. Human rIFN-vy
(Roche) was used in 100 U/ml or as otherwise specified in dose responses.
For treatment of GEC, the concentration of effectors is as follows: LPS (1
ng/ml), IL-4 (25 ng/ml), and TNF-« (40 ng/ml).

Infection of GEC with H. pylori

In some cases, GEC were treated with IFN-y (100 U/ml) for 48 h, then
washed to remove IFN-y and incubated an additional day in regular me-
dium without IFN-vy. Before infecting the GEC with H. pylori, GEC were
washed and medium was replaced with antibiotic-free medium. The bac-
teria were resuspended in RPMI 1640 medium and used with a cell:bacteria
ratio of 1:100.

Surface staining for flow cytometry

Before performing the surface staining for flow cytometry, the cells (~10°)
were preincubated with human serum and horse serum in PBS for 30 min
in ice. After washing, cells were stained with the respective conjugated Ab
(1 ng) and also with the proper isotype control Ab (1 ug) for 45 min in ice.
Cells were washed twice with PBS and fixed in 0.2 ml of paraformaldehyde
(1% in PBS). Cells were analyzed by flow cytometry on a FACScan (BD
Biosciences) instrument. The data were analyzed with the CellQuest pro-
gram (BD Biosciences) and WinMDI software.

RNA isolation and RT-PCR

For each of the specified conditions, total RNA was isolated from GEC
using Qiagen RNeasy mini kit. The RNA concentration was measured
taking OD at 260 nm. For RT-PCR, SuperScript III First Strand Synthesis
System (Invitrogen Life Technologies) was used in which first strand
cDNA was synthesized from 5 ug of total RNA using oligo(dT),, as prim-
ers. Briefly, RNA, primer, and dNTPs were denatured at 65°C for 5 min
and annealed on ice for 1 min. cDNA synthesis was done at 50°C for 50
min with 2 ul of 10X reverse transcriptase buffer, 4 ul of 25 mM MgCl,,
2 ulof 0.1 M DTT, 1 ul of RNase OUT, and 1 ul of SuperScript III RT
in a total 20-ul volume. Reaction was terminated at 85°C for 5 min. RNA
was removed by adding 1 ul of RNaseH at 37°C for 20 min. A total of 2
wul of specific cDNA was used for PCR amplification using initial dena-
turation at 95°C for 1 min and then by using cycles in which denaturation
was for 15 s at 95°C, annealing at 55°C for 15 s, and extension at 72°C for
30 s. Lastly, an extra 7-min extension was used. Only for B7-H3 annealing
was performed at 60°C. Primer sequence for B7-H1 is left primer, 5'-
GATACAAACTCAAAGAAGCAAAG-3" and right primer, 5'-
CAAAATAAATAGGAAAAACTCAT-3'. Primer sequence for B7-DC,
left primer, 5'-GGCCTCGTTCCACATACCTCAAG-3" and right primer,
5'-ATGAAAATGTGAAGCAGCCAAGT-3'; for B7-H3, left primer, 5'-
GGCACAGCTCAACCTCATCT-3" and right primer, 5-TGATCTT
TCTCCAGCACACG-3'. After PCR amplification, the PCR product was
observed in a 1.5% agarose gel.

Real-time quantitative RT-PCR

This was done with the help of University of Texas Medical Branch Real
Time PCR Core facilities directed by T. Ko. Briefly, 20X assay mix of
primers and TagMan MGB probes (FAM dye labeled) for the target genes
and predeveloped 18S rRNA as endogenous control (VIC dye-labeled
probe) TagMan assay reagent (P/N 4319413E) from Applied Biosystems
were used. The probe sequence for B7-HI1 (accession NM_014143) is 5'-
AGTCAATGCCCCATACAACAAAATC-3'. These assays are designed
to span exon-exon junctions so as not to detect genomic DNA.
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Relative quantification of gene expression

In separate tubes (singleplex), one-step RT-PCR was performed with 40 ng
of RNA for both target genes and endogenous control. The reagent we used
was TagMan one-step RT-PCR master mix reagent kit (P/N 4309169; Ap-
plied Biosystems). The cycling parameters for one-step RT-PCR were as
follows: reverse transcription 48°C for 30 min, AmpliTaq activation 95°C
for 10 min, denaturation 95°C for 15 s, and annealing/extension 60°C for
1 min (repeat 40 times) on an ABI7000 real time cycler. Duplicate C.
values were analyzed in Microsoft Excel using the comparative C (AACy)
method, as described by the manufacturer (Applied Biosystems). The
amount of target (2722T) was obtained by normalizing an endogenous
reference (18S) and relative to a (untreated cells) control.

Collection of gastric biopsy tissue and staining with B7-HI Ab

Biopsy specimens of the gastric antrum were obtained from consenting
patients undergoing gastro-esophageal-duodenoscopy for various clinical
indications in accordance with Institutional Review Board approved human
subject protocols. Patients were considered infected if H. pylori was de-
tected by rapid urease testing and by histopathology on biopsies. The bi-
opsy tissue was placed in calcium- and magnesium-free HBSS, supple-
mented with 5% FCS, and transported immediately to the laboratory. The
biopsy tissue was placed in dispase II solution (2.4 U/ml; Roche Applied
Science) and agitated at 37°C for 45 min. The cells were pelleted by cen-
trifugation, washed, and double stained with FITC-conjugated epithelial
cell Ag and PE-conjugated B7-H1 Ab. Mean fluorescence intensity (MFI)
value of B7-H1 was detected after gating positive cells with epithelial cell
Ag. The graph was plotted taking four biopsies positive with H. pylori and
four biopsies that were negative with H. pylori.

Western blot analysis

Proteins were separated by 10% SDS-PAGE, transferred to a nitrocellulose
membrane (Bio-Rad), and blocked in TBST (20 mM Tris-HC1/500 mM
NaCl (pH 7.5) with 0.05% Tween 20) containing 5% dry milk. The mem-
branes were subsequently probed with respective primary Ab in TBST
containing 5% dry milk. The binding of primary Abs was detected with
HRP-conjugated secondary Ab (Amersham Biosciences). Subsequently,
membranes were washed and incubated in ECL reagent (Amersham
Biosciences).

T cell proliferation

CD4" T cells were isolated from peripheral blood by negative selection
(Miltenyi Biotec) with magnetic beads using a mixture of Abs against CD8,
CD14, CD16, CD19, CD36, CD56, CD123, TCR-v8, and glycophorin A.
CD4" T cells were stimulated with a predetermined optimal concentration
of anti-CD3 mAb (100 ng/ml)-coated Dynabeads (beads:T cell ratio 2:1).
To determine the role of B7-HI in GEC for T cell proliferation, GEC were
treated with either IFN-vy, H. pylori, or both, when indicated. After the
required treatment, GEC were irradiated at 14,000 rad, and 10* cells/well
were cocultured with 103 CD4" T cells in 96-well flat-bottom plates. For
blocking B7-H1, anti-B7-H1-blocking Ab (5 wg/ml; functional grade from
eBioscience) was used for 1 h. As an isotype control, mouse IgG1 Ab (5
ng/ml; functional grade from eBioscience) was used. T cell proliferation
was determined after 72 h by the addition of 1 uCi of [*H]thymidine during
the final 16 h of culture. The incorporation of [*H]thymidine was deter-
mined in a Microbeta TriLux liquid scintillation counter (Wallac).

Cytokine assay

Culture supernatant from the coculture of GEC and T cells was collected
at 48 and 72 h for IL-2 determination using an ELISA (R&D Systems),
according to the manufacturer’s instructions.

Statistical analysis

Results were expressed as the mean = SD. Data were compared by Stu-
dent’s 7 test and considered significant if p = 0.05.

Results
Expression of B7-HI and its effect on H. pylori infection

To determine whether GEC express coinhibitory members of the
B7 family, we performed RT-PCR of a panel of GEC (KATO III,
N87, AGS, and HS738) to detect mRNA corresponding to B7-H1
and B7-DC are ligands for the inhibitory TCR PD-1, and B7-H3 is
a related member with a different receptor. The specificity of the
PCR products was confirmed by restriction digestion (data not

EXPRESSION OF B7-H1 ON GEC

shown). Among the GEC examined, the basal level expression of
B7 molecules was higher in AGS cells than the other GEC. To
determine the effect of conditions present during infection on the
expression of the three different B7 molecules by GEC, the cells
were treated with IFN-v, infected with H. pylori, or both. IFN-y
was shown previously to increase both the expression of class II
MHC and the binding of H. pylori to GEC (37). Cells were treated
with IFN-y (100 U/ml) or culture medium for 48 h before they
were exposed to H. pylori LC11 strain for 24 h. Interestingly, H.
pylori alone increased B7-H1 mRNA expression in AGS (Fig. 14),
whereas B7-DC and B7-H3 expression remain unchanged (Fig.
1B). To determine whether B7-H1 is expressed in vivo, gastric
biopsies from H. pylori-infected individuals were also examined
for mRNA expression (Fig. 1A), and the B7-H1 mRNA detected
while in uninfected individuals’ B7-H1 mRNA was very low.

Expression of B7-H1 on gastric biopsies

To further confirm the expression of B7-H1 on gastric biopsies and
its relation with H. pylori infection, cells isolated from biopsy
samples were dual stained with epithelial Ag-specific Ab BerEP4
and B7-H1. From surface staining of B7-H1, after gating only the
cells positive for epithelial Ag, a panel of four H. pylori-positive
samples showed 3-fold more B7-H1 expression compared with a
panel of four H. pylori-negative samples (Fig. 2).

Real-time RT-PCR to quantitate the expression level of B7-H1
following H. pylori infection

Because RT-PCR analysis suggested that B7-H1 mRNA expres-
sion in AGS cells increases after H. pylori infection, we wanted to
confirm those observations by quantitative real-time RT-PCR anal-
ysis in various GEC lines. The expression of B7-H1 mRNA in

A

B7-H1

GAPDH

B7-H3
B7-DC

GAPDH

FIGURE 1. B7-HI, B7-DC, and B7-H3 expression by RT-PCR. A,
B7-H1 expression on GEC and gastric biopsies. M, Molecular mass mark-
er; lane 1, AGS untreated; lane 2, AGS H. pylori infected for 24 h; lane 3,
AGS IFN-vy treated for 48 h; lane 4, IFN-vy-treated AGS infected with H.
pylori for 24 h; lanes 5 and 6, gastric biopsy samples from patient negative
to H. pylori infection; and lanes 7 and 8, gastric biopsy samples from H.
pylori-infected patient. Upper panel, B7-H1 transcript (516 bp); lower
panel, GAPDH used as an internal control. B, B7-DC (429 bp) and B7-H3
(644 bp) expression by RT-PCR in upper panel, and GAPDH as an internal
control in lower panel. M, Molecular mass marker; lane 1, AGS untreated;
lane 2, AGS H. pylori infected for 24 h; lane 3, AGS IFN-vy treated for
48 h; lane 4, TIFN-vy-treated AGS infected with H. pylori for 24 h.
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FIGURE 2. B7-HI expression in gastric biopsies by surface staining
increased in H. pylori-positive samples. After gating the positive cells with
epithelial cell Ag, MFI value of B7-H1 was determined between H. pylori-
positive and H. pylori-negative samples. Graph was plotted with average

MFI value, taking four positive and four negative samples with p < 0.05.

AGS cells was rapidly induced to 9.5-fold after 24-h H. pylori
treatment (Fig. 3A), whereas in N87 cells there was a 4-fold in-
duction of B7-H1 mRNA following H. pylori treatment (Fig. 3B).
To verify the real-time quantitative RT-PCR analysis of B7-H1 in
a nontransformed cell line, we used HS738 GEC. In HS738 cells,
the expression of B7-H1 was increased 3-fold compared with their
untreated counterparts (Fig. 3C). When IFN-vy-treated cells were
infected with H. pylori, B7-H1 expression was increased five times
in AGS cells compared with IFN-+y-treated AGS cells that were not
exposed to H. pylori (Fig. 3A). The corresponding induction of
B7-HI in IFN-+y-treated N87 cells that were exposed to H. pylori
was three times higher than their counterparts not exposed to the
bacteria (Fig. 3B). The same comparison between IFN-+y-treated
and H. pylori-infected HS738 cells showed 8 times more B7-H1
expression compared with HS738 cells treated only with IFN-y
(Fig. 3C). There were also some differences in the B7-H1 expres-
sion between IFN-vy-treated N87 and AGS. Although AGS have a
larger increase in the expression of B7-H1 mRNA in response to
H. pylori when compared with uninfected AGS, the N87 and
HS738 GEC cell lines had the highest increase when they were
pretreated with IFN-vy before they were exposed to H. pylori. In the
case of AGS cells, the cells pretreated with IFN-y and infected
with H. pylori appeared to have a lower level of B7-H1 mRNA
than AGS cells treated with H. pylori alone, but the overall ex-
pression of B7-HI mRNA is still higher than in noninfected cells.

Time kinetics of B7-HI expression in GEC following H. pylori
infection

Real-time quantitative RT-PCR results confirmed that B7-H1 ex-
pression was induced following H. pylori infection, but it was
important to determine the kinetics of B7-H1 in response to H.
pylori infection before performing functional assays. We per-
formed quantitative real-time RT-PCR analysis for B7-H1 at dif-
ferent time points following H. pylori infection (Fig. 3D). We ob-
served that HS738 cells infected with H. pylori had increased
B7-H1 mRNA expression by 24 h postinfection. In IFN-+y-treated
HS738 cells, the expression of B7-H1 mRNA increased almost
4-fold after 12 h of infection and showed an 8-fold increase after
24 h of H. pylori infection. Similar results were obtained with
other cells with a considerable expression of B7-H1 by 24 h
postinfection (data not shown).

B7-HI protein expression on GEC is strain independent

Because H. pylori acts as an inducer of B7-H1 mRNA expression,
we needed to confirm that the protein was also induced and that the
induction was not strain specific. We thus performed Western blot
analysis for B7-H1 protein on AGS cells that were treated with
different strains of H. pylori to determine whether B7-H1 expres-
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FIGURE 3. B7-HI expression on GEC after H. pylori infection. Quan-
titative real-time RT-PCR was done in AGS (A), N87 (B), and HS738 (C).
RNA was isolated from untreated GEC, 24-h H. pylori-infected GEC (Hp),
48-h IFN-vy (100 U/ml)-treated GEC (IFN), and 24-h H. pylori-infected and
IFN-+y-pretreated GEC (IFN Hp). D, Time kinetics of B7-HI expression
was detected in HS738 cells by quantitative real-time RT-PCR. In each
case, HS738 were infected with H. pylori for the specified time. IFN-y
pretreatment was done for 48 h. A—D, TagMan one-step RT-PCR was done.
SD was determined from triplicate set of samples in each day of experi-
ment after repeating three different days (n = 9). Those datasets were
selected in which p < 0.05.

sion is strain specific or it is a consistent response to H. pylori. We
exposed AGS cells to LC11, 26695, 60190, and 43504 strains and
assessed B7-H1 protein expression by Western blot analysis. All
strains examined induced B7-H1 expression (Fig. 4A). The West-
ern blot showed the molecular mass of B7-H1 was ~65 kDa in
SDS-PAGE under reducing conditions, but the predicted molecu-
lar mass of the core polypeptide expected from the amino acid
sequence of B7-HI1 is 33,275 Da. Studies of murine B7-HI1 re-
ported a molecular mass of 43 kDa after immunoprecipitation of
B7-HI-transfected murine cells (38) and suggested probable gly-
cosylation of B7-H1. The molecular mass that we observed could
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FIGURE 4. Effect of different H. pylori strains and virulence factors on
B7-H1 expression from GEC. A, Western blot of B7-H1 expression from
AGS cells using mouse anti-human B7-HI mAb. Lane I, AGS untreated;
lane 2, AGS infected with H. pylori LC11 strain (CagA™) for 24 h; lane 3,
AGS with LC11 separated by filter insert (0.2 uM) for 24 h; lane 4, AGS
infected with H. pylori 26695 wild-type (wt) strain (Cag™) for 24 h; lane
5, AGS infected with Cag™ strain of 26695 for 24 h; lane 6, AGS infected
with wt strain 60190 for 24 h; lane 7, AGS infected with Vac™ strain of
60190 for 24 h; lane 8, AGS infected with wt strain 43504 for 24 h; and
lane 9, AGS infected with UreaseB ™ strain of 43504 for 24 h. For equal
loading, total protein concentration in cell lysate was measured, checked in
another gel, and maintained as 50 ug/lane. o-Tubulin was used as an in-
ternal control. B, Densitometric scan was done using Bio-Rad’s Quantity
One software. Percentage of adjacent volume was determined for each
band of B7-H1 and a-tubulin. Ratio of percentage of adjacent volume was
plotted. C, Western blot of B7-DC (72-kDa) and B7-H3 (75-kDa) expres-
sion from AGS cells. Lane 1, AGS untreated; lane 2, AGS H. pylori in-
fected for 24 h; lane 3, AGS IFN-vy treated for 48 h; and lane 4, IFN-vy-
treated AGS infected with H. pylori for 24 h.

be attributed to posttranslational modifications such as glycosyla-
tion. Also, GEC appear to glycosylate proteins in a different man-
ner than hemopoietic cells, as previously reported for class Il MHC
molecules (39). The possibility of dimerization was excluded as
we observed the protein in SDS-PAGE under reducing conditions.
Densitometric scan using a-tubulin as an internal standard showed
that B7-H1 protein expression increased ~2.5-fold in cells ex-
posed to the LC11 strain and near 2-fold with all other strains (Fig.
4B). B7-H1 expression by GEC was also increased when H. pylori
were separated from the GEC by inserts (pore size = 0.2 um) to
avoid direct contact, which suggested that secreted products from
H. pylori can induce the B7-H1 expression. Because the Cag
pathogenicity island has been implicated in gastric epithelial re-
sponses (40), such as cytokine secretion, we examined a Cag ™
isogenic mutant of 26695 strain on B7-H1 expression. There were
no significant differences in the induction of B7-H1 expression by
AGS cells exposed to the isogenic Cag™ mutant of the parental
26695 strain (Fig. 4A), which suggests that the eftect of H. pylori
on epithelial expression of B7-H1 is cag independent. Because
VacA (vacuolating cytotoxin) is an important secretory toxin (41)
from H. pylori that has a direct role in pathogenesis, we examined
its potential role in B7-H1 induction. We used a wild-type and a
VacA™ of 60190 strains for B7-H1 expression, but no marked
difference was observed between the wild-type and the VacA™
strain of H. pylori (Fig. 4A). The same result was also obtained
with urease B~ strain of H. pylori (Fig. 4A). Urease is another
virulence factor of H. pylori that has been shown to stimulate

EXPRESSION OF B7-H1 ON GEC

apoptosis of epithelial cells (42), NO release (43), and cytokine
secretion in monocytes (44), and its role in B7-H1 induction was
assessed using UreB™ mutant. The absence of urease did not affect
B7-H1 induction by H. pylori. Western blot analysis of B7-DC and
B7-H3 confirmed that their expression was unaffected by H. pylori
(Fig. 4C), which confirmed the results obtained by RT-PCR
analysis.

Soluble mediators of T cell origin induce B7-HI expression on
GEC

Cytokines regulate the expression of numerous immunoregulatory
molecules, both temporally and quantitatively, thus allowing for
fine tuning of the immune response. IFN-vy is an important cyto-
kine in the gastric mucosa of H. pylori-infected patients (45). In
RT-PCR analysis (Figs. 1A and 3), we observed that IFN-vy acts as
an inducer of B7-H1 expression on GEC. We observed the ex-
pression of B7-H1 protein in response to IFN-y was increased on
N87 cells in a dose-dependent manner (1-1000 U/ml for 48 h)
(Fig. 5A). The presence of this surface ligand was examined by
surface staining a set of GEC (N87, Kato III, AGS, and MKN45
cells) that were untreated and after IFN-vy treatment. Expression
was noticeably increased in N87 and Kato III cells after 48 h of
IFEN-y (100 U/ml) treatment. The increase was more readily ob-
served than other cell lines whose basal level of expression of
B7-H1 was much higher, as is the case for AGS and MKN45 cells
(Fig. 5B). B7-H1 was highly expressed in the nontransformed pri-
mary HS738 cell without any treatment (Fig. 5B).
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FIGURE 5. Effect of IFN-y on B7-HI expression from GEC. A, Dose-
response effect of IFN-y-induced B7-HI expression on N87 cells after
48 h. Filled curve represents staining by the isotype control. The other
curves represent the various doses of IFN-v, as indicated by the arrows. B,
B7-H1 expression by surface staining in flow cytometry for untreated and
48-h IFN-vy-treated GEC. IFN-vy concentration was used at 100 U/ml.
Filled curve represents staining by the isotype control.
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Because products of Thl cells as well as microbial products can
enhance B7-H1 expression on different macrophage populations
and B7-H1 and B7-DC are differentially regulated by Th1 and Th2
cells (46), the effect that some of these mediators might have on
B7-H1 expression by GEC was examined. Salmonella LPS (1 g/
ml) was used as a stimulus for different time points, and cells were
harvested and stained for B7-H1 expression. The concentration of
LPS is in the higher range, as a lower concentration did not affect
B7-HI1 expression. IL-4 (25 ng/ml) was also used to examine the
role of this Th2 cytokine in B7-H1 expression. Because TNF is a
predominant cytokine produced in the gastric mucosa of patients
with H. pylori infection (47), the role of TNF-a (40 ng/ml) on
B7-H1 induction was determined in AGS cells. LPS and IL-4 had
little effect on B7-H1 expression by AGS cells, but TNF-« had a
marked effect on the expression of B7-HI in a time-dependent
manner (Fig. 6A). Similar results were obtained with N87 cells
(data not shown). Other cytokines produced during inflammatory
responses, such as GM-CSF, IL-1a (200 U/ml), and IL-8 (10—
1000 pg/ml), were also examined as potential inducer of B7-H1,
but none of these cytokines had an effect after 48 h of treatment
(data not shown). The dose used for IL-1a and LPS was in the
highest range, as we wanted to determine whether they could have
an effect on B7-H1 expression.

B7-H1 expression changes in a biphasic manner with TNF-«, as
noted following surface staining and analysis by flow cytometry.
Therefore, changes in B7-H1 expression in response to TNF-«
induction were confirmed by real-time quantitative RT-PCR (Fig.
6B) and Western blot (Fig. 6C). AGS cells treated with TNF-« for
2 and 4 h showed increased expression of B7-H1 compared with
untreated cells. B7-H1 expression started to decrease after 8 h and
again increased by 48 h, as determined by Western blot (Fig. 6D)
and real-time RT-PCR.

Functional analysis of B7-HI on GEC

Induction of B7-H1 expression in H. pylori-infected GEC may be
of importance in the inhibition of T cell responses during H. pylori
infection. Thus, it was important to assess the functional role of
B7-H1 in GEC and its correlation with H. pylori infection. Before
addressing the function of B7-H1 on GEC, the binding of ligand
with the soluble form of the receptor PD-1-Fc was confirmed by
staining the GEC with biotinylated PD-1-Fc, followed by strepta-
vidin-PE (data not shown). The importance of this was to ensure
that any differential glycosylation of B7-H1 on GEC would not
result in impaired interactions with its receptor on T cells.

For determining the functional role of B7-H1 on GEC in cor-
relation to H. pylori infection, we performed functional assays
with H. pylori-infected GEC. We chose the conditions of GEC in
which real-time quantitative RT-PCR showed maximum expres-
sion of B7-H1 from GEC. For that reason, we selected AGS and H.
pylori-infected AGS, but in case of HS738, we compared IFN-y-
pretreated H. pylori-infected HS738 with only IFN-+y-treated cells.
For functional studies, we isolated CD4" T cells from peripheral
blood by negative selections. To correlate the effect of B7-HI1 ex-
pression on H. pylori-infected GEC, and its possible effect on T
cells, cocultures of CD4™" T cells with H. pylori-infected GEC
were established. CD4™ T cells were activated for all the time
periods of culture examined with suboptimal concentrations of anti-
CD3 (100 ng/ml), after selecting that concentration as a best con-
dition in our system after testing amounts between 30 and 500
ng/ml. The literature suggests that PD-1 expression on activated T
cells is highest when there is a weak TCR signal, so that weakly
activated T cells are most readily down-regulated by PD-L en-
gagement (33). In addition, B7-H1:PD-1 interactions can counter-
balance CD3-mediated activation when CD28-mediated costimu-
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FIGURE 6. Effect of different inducers on B7-H1 expression from
GEC. A, Time course of B7-HI1 expression on AGS cells using different
inducers. AGS cells were treated either with rIL-4 (25 ng/ml), TNF-« (40
ng/ml), or LPS (1 wg/ml) for the indicated time period. B7-H1 expression
was assessed by flow cytometry, and the corresponding increase in MFI
was compared with respective isotype control and was plotted at each time
point. SD was determined between triplicate sets of samples, and each
experiment was done three times. B, Real-time quantitative RT-PCR for
AGS cells for B7-HI expression after TNF-a treatment. SD was deter-
mined from triplicate set of samples in each day of experiment after re-
peating 3 different days (n = 9). C, Western blot of B7-H1 expression with
TNF-« in a time-dependent manner in AGS cells using mouse anti-human
B7-H1 mAb. For equal loading, total protein concentration in cell lysate
was measured, checked in another gel, and maintained as 50 pg/lane.
a-Tubulin was used as an internal control. D, Densitometric scan was done
using Bio-Rad’s Quantity One software. Percentage of adjacent volume
was determined for each band of B7-H1 and a-tubulin. Ratio of percentage
of adjacent volume was plotted for different time points of TNF-«
treatment.
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lation is suboptimal (33). For the specified anti-CD3 concentration
(100 ng/ml), PD-1 receptor expression on CD4" T cells was
checked by FACS analysis (data not shown).
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After irradiating the GEC, they were blocked with B7-H1-
blocking Ab at an optimal concentration (5 wg/ml). As an isotype
control, mouse IgGl Ab was used in the same concentration.
CD4™ T cells were activated with a suboptimal concentration of
anti-CD3 Ab (100 ng/ml). CD4 " T cell proliferation was measured
after coculture with H. pylori-infected GEC in the presence of
either anti-B7-H1-blocking Ab or isotype control Ab. CD4™ T cell
proliferation decreased after coculturing with IFN-vy-treated
HS738 cells and HS738 cells that were IFN-vy pretreated and in-
fected with H. pylori, and the level of proliferation increased after
blocking the B7-H1 ligand using blocking Ab (Fig. 7A). Similar
results were obtained with AGS cells. The fold change of T cell
proliferation was determined after blocking B7-H1 in different cell
types compared with the isotype control for each cell type (Fig.
7B). Addition of anti-B7-H1 Ab enhanced the T cell proliferative
response. CD4 ™" T cells cultured with either AGS or IFN-v-treated
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FIGURE 7. Proliferative response of CD4" T cell after B7-H1 blocking
on GEC in coculture. Allogenic T cells (1 X 10%) were cocultured with
GEC (104) cells after irradiation at 14,000 rad. To activate CD4™ T cells,
anti-CD3 Ab was used in a suboptimal concentration of 100 ng/ml in total
time period of coculture. Anti-B7-H1 and isotype mouse IgG were used at
a final concentration of 5 ug/ml from eBioscience. A, T cell proliferation
of HS738 cell was shown after 72 h of coculture. [?’H]Thymidine was
added for the final 16 h of coculture, and the incorporated radioactivity was
measured. Only one representative experiment from three independent ex-
periments and four different donors was chosen in A. Datasets were se-
lected with p < 0.05. Star indicates p < 0.01. The symbol denotes: HSIFN,
HS738 treated with IFN-y (100 U/ml) for 48 h; HSIFNHp, HS738 pre-
treated with IFN-y (100 U/ml) for 48 h and infected with H. pylori LC11
strain for 24 h; aB7-H1, HS738 cells were blocked with anti B7-H1-block-
ing Ab for 1 h; isotype, HS738 incubated with mouse IgG isotype for 1 h
as a control. Forty-eight-hour IFN-vy-treated HS738 (HSIFN:T) and 24-h H.
pylori-infected 48-h IFN-y-pretreated HS738 (HSIFNHp:T) were shown in
figure. B, Fold change of T cell proliferation was shown in cocultures of T cells
with AGS (AGS:T), AGS 24-h H. pylori-infected (AGSHp:T), 48-h IFN-y-
treated HS738 (HSIFN:T), and 24-h H. pylori-infected 48-h IFN-y-pretreated
HS738 (HSIFNHp:T). In all four sets, p < 0.01. Fold induction of proliferation
was determined when the response of isotype control in each specified con-
dition was determined and taken as 100%.

EXPRESSION OF B7-H1 ON GEC

HS738 had higher (20-50%) proliferation rates after blocking
B7-H1 on GEC (Fig. 7B). Similar results were obtained when
CD4™ T cells were cocultured with IFN-vy-treated N87 cells in
which B7-H1 was blocked (data not shown). Interestingly, when
H. pylori-infected GEC were used, the T cell response was in-
creased 170-220% (p < 0.01) when B7-H1 was blocked (Fig.
7B). Although the levels of proliferative responses were individ-
ually variable and the exact value of cpm for T cell proliferation
varies from donor to donor, the effect of blocking B7-H1 on GEC
consistently increased T cell responses. In addition to anti-CD3,
we used superantigen (Staphylococcus enterotoxin A) to preacti-
vate CD4™ T cells, and the results were consistent with those using
anti-CD3, in which proliferation of T cells cocultured with GEC
was higher when B7-H1 was blocked (data not shown).

To correlate the data obtained by CD4™ T cell proliferation with
IL-2 synthesis, supernatants of cocultures were collected from 48
and 72 h for IL-2 determination by ELISA (Fig. 84). The same
samples showed increased IL-2 levels after blocking B7-H1 on
GEC. CD4™ T cells that were cocultured with AGS (H. pylori
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FIGURE 8. IL-2 production of CD4" T cell after B7-HI blocking on
GEC in coculture. A total of 100 ul of supernatant was used in each
experiment collected from GEC:T cell coculture (10*:10%). A, IL-2 level
was determined by ELISA in triplicate set of each experiment. One rep-
resentative experiment was shown from 48-h collected supernatant of
CD4™" T cells with AGS cells infected with H. pylori LC11 strain for 24 h
(AGSHp). Only those datasets were selected in which p < 0.05. aB7-H1:
B7-Hl-blocking Ab 5 ug/ml from eBioscience for 1 h. Isotype: isotype
control mouse IgG1 5 pg/ml from eBioscience. B, Fold induction of IL-2
synthesis after blocking B7-H1 (aB7-H1) on GEC. Supernatant was col-
lected from 48 and 72 h of coculture of GEC with CD4* T cells. Twenty-
four-hour H. pylori LC11 strain-infected AGS (AGSHp:T) and 48-h IFN-y
(100 U/ml)-pretreated and H. pylori LC11 strain-infected HS738 (HSIFN-
Hp:T) were cocultured with CD4* T cells. To determine the fold induction,
isotype control Ab at each specified condition was taken as 1. Actual value

of IL-2 is in the range of 40-500 pg/ml. IL-2 in HSIFNHp:T set after
blocking B7-H1 has p value <0.01, and in AGSHp:T the p value <0.001.
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infected) produced ~3.5-fold more IL-2 at 48 and 72 h after block-
ing B7-H1, whereas CD4™ T cells cocultured with IFN-vy-pre-
treated and H. pylori-infected HS738 produced 8.5-fold more IL-2
at 48 h and ~12-fold more IL-2 after 72 h compared with similar
cocultures treated with isotype control (Fig. 8B). Similar results
were obtained when H. pylori-infected N87 cells were used as
feeder cells (data not shown).

As a third independent method to examine T cell activation in
the presence of GEC and to establish the functional role of B7-H1
on GEC, the expression of the activation marker CD69 was also
determined in CD4™" T cells cocultured with GEC. CD69 expres-
sion by CD4 " T cells was measured at 16 and 48 h, and maximum
expression was noted at 48 h. To determine CD69 expression, T
cells were stained with anti-CD4 CyChrome and anti-CD69 FITC
to gate only CD4" T cells. CD69 expression by CD4™ T cells
increased after blocking B7-H1 on GEC in the cocultures of CD4*
T cells with either H. pylori-infected AGS or IFN-y-pretreated, H.
pylori-infected HS738. The MFI of CD69 in CD4* T cells in
AGSHp:T was increased to 87.7 = 12.8 after blocking B7-H1
compared with the MFI of their counterparts in the isotype control
(70.9 *+ 10.05), and in HSIFNHp:T the MFI of the CD4™" T cells
increased to 103.4 = 7.78 after blocking B7-H1 compared with
isotype control-treated cells in which MFI was 84.3 * 5.94. The
AGSHp:T condition means 24-h H. pylori LC11 strain-infected
AGS cells cocultured with CD4™ T cells, whereas the HSIFNHp: T
condition reflects 48-h IFN-y (100 U/ml)-pretreated and 24-h H.
pylori LC11 strain-infected HS738 cells, cocultured with CD4* T
cells. These data suggest that B7-H1 signaling by GEC affects the
level of T cell cytokine expression and surface expression of the
activation marker CD69.

Discussion

H. pylori infection is one of the most common infections of hu-
mans because >50% of the global population carries this bacte-
rium in the stomach, and in some individuals infection leads to
serious diseases. Despite the inflammatory and immune responses
that are elicited by H. pylori infection, it remains chronic. Various
studies have suggested that T cell functions are affected during
infection with H. pylori. Early studies to assess T cell function in
response to H. pylori suggested that T cells in infected individuals
were hyporesponsive compared with noninfected persons. Gastric
T cells from infected individuals were suppressed in their prolif-
eration and IFN-vy production (7). The mechanisms responsible for
the low response were not clear.

Various independent studies have presented evidence to suggest
that H. pylori has the ability to evade or hijack host immune de-
fense mechanisms. One of the earlier mechanisms reported was the
ability of the vacuolatin toxin, VacA, to disrupt endosomal func-
tions and thus alter Ag processing and presentation (13, 48). More
recent studies have shown that VacA also has the ability to directly
interfere with T cell activation by two different mechanisms, both
of which result in altered intracellular signaling processes (49).
One of the pathogenic aspects of H. pylori is its ability to induce
apoptosis of host cells. The epithelium has been shown to be the
target of this type of damage induced by the bacteria (37, 50-53).
Interestingly, one of the mechanisms responsible for this patho-
genic process is the engagement of molecules that are central in the
process of Ag presentation to CD4™ T cells (37, 42). H. pylori
cross-links class I MHC molecules on the host epithelium via
urease and elicits epithelial cell apoptosis (37, 42). Induction of
apoptosis of immune cells is undoubtedly an important evasion
mechanism used by some pathogens to be able to persist in the
host. Recent studies have shown that H. pylori also elicits apopto-
sis of macrophages (54, 55). Not only does H. pylori induce apo-
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ptosis of APCs, but other studies have shown that it can also neg-
atively select against T cells via the induction of Fas ligand and
Fas receptor expression on T cells, which upon their interaction
results in apoptosis (12).

As our objective was to explore the underlying mechanism of
chronicity of infection while addressing potential mechanisms to
explain T cell hyporesponsiveness during H. pylori infection, the
presence of the immunoinhibitory molecule B7-H1 was studied on
GEC following H. pylori infection. In a comparative analysis of
B7-H1, B7-DC, and B7-H3 expression, B7-H1 was the most prom-
inent coinhibitory molecule of B7 group whose expression was
induced following H. pylori infection. Most interestingly, epithe-
lial cells in gastric biopsies infected with H. pylori showed higher
B7-H1 expression compared with uninfected samples. The results
presented in this study show a novel mechanism of immune avoid-
ance used by H. pylori, which involves the induction of coinhibi-
tory molecule expression on GEC by the bacterium. Our studies
showed that the expression of B7-H1 increases in the gastric mu-
cosa during infection with H. pylori as determined by real-time
quantitative RT-PCR using RNA from GEC either H. pylori in-
fected or uninfected. GEC lines were examined by multiple inde-
pendent methods, to determine the expression of B7-HI1 at the
mRNA as well as the protein levels. GEC were found to consti-
tutively express B7-H1, and the level of expression increased sig-
nificantly during infection. T cells cocultured with these GEC had
a lower proliferation index, IL-2 secretion, and CD69 expression
in response to activation via CD3. However, blockage of B7-H1
with specific anti-B7-H1 Ab restored the responses to levels close
to those of T cells not cocultured with GEC. Although an addi-
tional member of these novel coinhibitory receptors, B7-DC (PD-
L2), shares the same receptor, PD-1, on T cells and consequently
has the same effects, its expression on GEC was not affected by H.
pylori, and blocking studies with PD-1-Fc did not increase T cell
responses more than blocking with anti-B7-H1 Abs alone. A direct
measure of the role of B7-DC in the observed T cell inhibition in
cocultures with GEC is not currently possible because the corre-
sponding blocking Abs are not available.

IFN-v is produced within the infected gastric mucosa, and
IFN-vy alone induced B7-H1 expression in GEC, as has been re-
ported for conventional APCs (33). In two of the GEC lines, N87
and HS738, IFN-y and H. pylori appeared to synergize in the in-
duction of B7-H1 expression, while one cell line, AGS, only re-
sponded to the bacteria. This may reflect a defect in the respon-
siveness of this cell line to IFN-vy, because the expression of other
markers (i.e., class II MHC) is not induced in this cell line by
IFN-vy. The observed synergy in the response to IFN-y and H.
pylori may be a result of the increased expression of a receptor
used by H. pylori that in turn leads to enhanced intracellular sig-
naling that results in increased B7-H1 expression.

The expression by APCs of this and other recently described
coinhibitory receptors may be to limit or regulate continuous T cell
activation and limit potential immunopathology. H. pylori seem to
incorporate this regulatory mechanism in the armamentarium used
to evade clearance by the host immune response. An interesting
possibility is that this mechanism could also down-regulate im-
mune surveillance mechanisms needed to clear transformed cells
that arise within the site of infection. Interestingly, the apoptotic
effect of B7-H1 was suggested to be mediated receptors other than
PD-1. Although the H. pylori virulence factor responsible for the
induction of B7-H1 expression is not characterized, this may rep-
resent an important target in vaccine development efforts against
this prevalent and significant human pathogen. Manipulation of
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B7-H1 expression in the gastric mucosa may provide unique op-
portunities for designing new therapies in diseases associated with
H. pylori infection.

Acknowledgments

We are thankful to Drs. Gary Klimpel and Rolf Konig for critically eval-
uating this manuscript. We also thank Huiping Guo for technical assistance
in the quantitative real-time RT-PCR data and Mark Griffin for acquiring
flow cytometric data.

Disclosures
The authors have no financial conflict of interest.

References

1.
2.

11.

12.

14.

15.

17.

18.

19.

. Mattsson,

Marshall, B. J. 1994. Helicobacter pylori. Am. J. Gastroenterol. 89: S116-S128.

International Agency for Research on Cancer. Summaries & Evaluations, Vol.
61, Lyon, France, 1994.

. Ermnst, P. B, and B. D. Gold. 2000. The disease spectrum of Helicobacter pylori:

the immunopathogenesis of gastroduodenal ulcer and gastric cancer. Annu. Rev.
Microbiol. 54: 615-640.

. D’Elios, M. M., M. Manghetti, F. Almerigogna, A. Amedei, F. Costa, D. Burroni,

C. T. Baldari, S. Romagnani, J. L. Telford, and G. Del Prete. 1997. Different
cytokine profile and antigen-specificity repertoire in Helicobacter pylori-specific
T cell clones from the antrum of chronic gastritis patients with or without peptic
ulcer. Eur. J. Immunol. 27: 1751-1755.

. Di Tommaso, A., Z. Xiang, M. Bugnoli, P. Pileri, N. Figura, P. F. Bayeli,

R. Rappuoli, S. Abrignani, and M. T. De Magistris. 1995. Helicobacter pylori-
specific CD4™ T-cell clones from peripheral blood and gastric biopsies. Infect.
Immun. 63: 1102-1106.

. Mattsson, A., M. Quiding-Jarbrink, H. Lonroth, A. Hamlet, I. Ahlstedt, and

A. Svennerholm. 1998. Antibody-secreting cells in the stomachs of symptomatic
and asymptomatic Helicobacter pylori-infected subjects. Infect. Immun. 66:
2705-2712.

. Fan, X. J., A. Chua, C. N. Shahi, J. McDevitt, P. W. Keeling, and D. Kelleher.

1994. Gastric T lymphocyte responses to Helicobacter pylori in patients with H.
pylori colonization. Gut 35: 1379-1384.

. Quiding-Jarbrink, M., B. S. Lundin, H. Lonroth, and A. M. Svennerholm. 2001.

CD4" and CD8" T cell responses in Helicobacter pylori-infected individuals.
Clin. Exp. Immunol. 123: 81-87.
A., A. Tinnert, A. Hamlet, H. Lonroth, I. Bolin, and
A. M. Svennerholm. 1998. Specific antibodies in sera and gastric aspirates of
symptomatic and asymptomatic Helicobacter pylori-infected subjects. Clin. Di-
agn. Lab. Immunol. 5: 288-293.

. Knipp, U., S. Birkholz, W. Kaup, K. Mahnke, and W. Opferkuch. 1994. Sup-

pression of human mononuclear cell response by Helicobacter pylori: effects on
isolated monocytes and lymphocytes. FEMS Immunol. Med. Microbiol. 8:
157-166.

Paziak-Domanska, B., M. Chmiela, A. Jarosinska, and W. Rudnicka. 2000. Po-
tential role of CagA in the inhibition of T cell reactivity in Helicobacter pylori
infections. Cell. Immunol. 202: 136-139.

Wang, J., X. Fan, C. Lindholm, M. Bennett, J. O’Connoll, F. Shanahan,
E. G. Brooks, V. E. Reyes, and P. B. Ernst. 2000. Helicobacter pylori modulates
lymphoepithelial cell interactions leading to epithelial cell damage through Fas/
Fas ligand interactions. Infect. Immun. 68: 4303—4311.

. Molinari, M., M. Salio, C. Galli, N. Norais, R. Rappuoli, A. Lanzavecchia, and

C. Montecucco. 1998. Selective inhibition of li-dependent antigen presentation
by Helicobacter pylori toxin VacA. J. Exp. Med. 187: 135-140.

Gebert, B., W. Fischer, E. Weiss, R. Hoffmann, and R. Haas. 2003. Helicobacter
pylori vacuolating cytotoxin inhibits T lymphocyte activation. Science 301:
1099-1102.

Stromberg, E., A. Lundgren, A. Edebo, S. Lundin, A. M. Svennerholm, and
C. Lindholm. 2003. Increased frequency of activated T-cells in the Helicobacter
pylori-infected antrum and duodenum. FEMS Immunol. Med. Microbiol. 36:
159-168.

. Watanabe, K., K. Murakami, K. Maeda, T. Fujioka, M. Nasu, and A. Nishizono.

2002. Intraperitoneal immunization led to T cell hyporesponsiveness to Helico-
bacter pylori infection in mice. Microbiol. Immunol. 46: 441-447.

Ye, G., C. Barrera, X. Fan, W. K. Gourley, S. E. Crowe, P. B. Ernst, and
V. E. Reyes. 1997. Expression of B7-1 and B7-2 costimulatory molecules by
human gastric epithelial cells: potential role in CD4" T cell activation during
Helicobacter pylori infection. J. Clin. Invest. 99: 1628—-1636.

Bretscher, P., and M. Cohn. 1970. A theory of self-nonself discrimination. Sci-
ence 169: 1042-1049.

Lenschow, D. J., T. L. Walunas, and J. A. Bluestone. 1996. CD28/B7 system of
T cell costimulation. Annu. Rev. Immunol. 14: 233-258.

20.

21.

22.

24.

25.

26.

217.

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

EXPRESSION OF B7-H1 ON GEC

McAdam, A. J., A. N. Schweitzer, and A. H. Sharpe. 1998. The role of B7
co-stimulation in activation and differentiation of CD4™ and CD8* T cells. Im-
munol. Rev. 165: 231-247.

Coyle, A. J., and J. C. Gutierrez-Ramos. 2001. The expanding B7 superfamily:
increasing complexity in costimulatory signals regulating T cell function. Nat.
Immunol. 2: 203-2009.

Linsley, P. S., E. A. Clark, and J. A. Ledbetter. 1990. T-cell antigen CD28
mediates adhesion with B cells by interacting with activation antigen B7/BB-1.
Proc. Natl. Acad. Sci. USA 87: 5031-5035.

. Azuma, M., D. Ito, H. Yagita, K. Okumura, J. H. Phillips, L. L. Lanier, and

C. Somoza. 1993. B70 antigen is a second ligand for CTLA-4 and CD28. Nature
366: 76-79.

Thompson, C. B., and J. P. Allison. 1997. The emerging role of CTLA-4 as an
immune attenuator. Immunity 7: 445—450.

Sporici, R. A., R. L. Beswick, C. von Allmen, C. A. Rumbley,
M. Hayden-Ledbetter, J. A. Ledbetter, and P. J. Perrin. 2001. ICOS ligand co-
stimulation is required for T-cell encephalitogenicity. Clin. Immunol. 100:
277-288.

Dong, H., G. Zhu, K. Tamada, and L. Chen. 1999. B7-H1, a third member of the
B7 family, co-stimulates T-cell proliferation and interleukin-10 secretion. Nat.
Med. 5: 1365-1369.

Tseng, S. Y., M. Otsuji, K. Gorski, X. Huang, J. E. Slansky, S. I. Pai, A. Shalabi,
T. Shin, D. M. Pardoll, and H. Tsuchiya. 2001. B7-DC, a new dendritic cell
molecule with potent costimulatory properties for T cells. J. Exp. Med. 193:
839-846.

Nishimura, H., and T. Honjo. 2001. PD-1: an inhibitory immunoreceptor in-
volved in peripheral tolerance. Trends Immunol. 22: 265-268.

Chapoval, A. L., J. Ni, J. S. Lau, R. A. Wilcox, D. B. Flies, D. Liu, H. Dong,
G. L. Sica, G. Zhu, K. Tamada, and L. Chen. 2001. B7-H3: a costimulatory
molecule for T cell activation and IFN-vy production. Nat. Immunol. 2: 269-274.
Suh, W. K., B. U. Gajewska, H. Okada, M. A. Gronski, E. M. Bertram,
W. Dawicki, G. S. Duncan, J. Bukczynski, S. Plyte, A. Elia, et al. 2003. The B7
family member B7-H3 preferentially down-regulates T helper type 1-mediated
immune responses. Nat. Immunol. 4: 899-906.

Sica, G. L., I. H. Choi, G. Zhu, K. Tamada, S. D. Wang, H. Tamura,
A. L. Chapoval, D. B. Flies, J. Bajorath, and L. Chen. 2003. B7-H4, a mol-
ecule of the B7 family, negatively regulates T cell immunity. /mmunity 18:
849-861.

Liang, S. C., Y. E. Latchman, J. E. Buhlmann, M. F. Tomczak, B. H. Horwitz,
G. J. Freeman, and A. H. Sharpe. 2003. Regulation of PD-1, PD-L1, and PD-L2
expression during normal and autoimmune responses. Eur. J. Immunol. 33:
2706-2716.

. Freeman, G. J., A. J. Long, Y. Iwai, K. Bourque, T. Chernova, H. Nishimura,

L. J. Fitz, N. Malenkovich, T. Okazaki, M. C. Byrne, et al. 2000. Engagement of
the PD-1 immunoinhibitory receptor by a novel B7 family member leads to
negative regulation of lymphocyte activation. J. Exp. Med. 192: 1027-1034.
Iwai, Y., S. Terawaki, M. Ikegawa, T. Okazaki, and T. Honjo. 2003. PD-1 in-
hibits antiviral immunity at the effector phase in the liver. J. Exp. Med. 198:
39-50.

Dong, H., S. E. Strome, D. R. Salomao, H. Tamura, F. Hirano, D. B. Flies,
P. C. Roche, J. Lu, G. Zhu, K. Tamada, et al. 2002. Tumor-associated B7-H1
promotes T-cell apoptosis: a potential mechanism of immune evasion. Nat. Med.
8: 793-800.

Crowe, S. E., L. Alvarez, M. Dytoc, R. H. Hunt, M. Muller, P. Sherman, J. Patel,
Y. Jin, and P. B. Ernst. 1995. Expression of interleukin 8 and CD54 by human
gastric epithelium after Helicobacter pylori infection in vitro. Gastroenterology
108: 65-74.

Fan, X., S. E. Crowe, S. Behar, H. Gunasena, G. Ye, H. Haeberle, N. Van Houten,
W. K. Gourley, P. B. Ernst, and V. E. Reyes. 1998. The effect of class II major
histocompatibility complex expression on adherence of Helicobacter pylori and
induction of apoptosis in gastric epithelial cells: a mechanism for T helper cell
type 1-mediated damage. J. Exp. Med. 187: 1659-1669.

Yamazaki, T., H. Akiba, H. Iwai, H. Matsuda, M. Aoki, Y. Tanno, T. Shin,
H. Tsuchiya, D. M. Pardoll, K. Okumura, et al. 2002. Expression of programmed
death 1 ligands by murine T cells and APC. J. Immunol. 169: 5538 -5545.
Barrera, C., R. Espejo, and V. E. Reyes. 2002. Differential glycosylation of MHC
class II molecules on gastric epithelial cells: implications in local immune re-
sponses. Hum. Immunol. 63: 384-393.

Guillemin, K., N. R. Salama, L. S. Tompkins, and S. Falkow. 2002. Cag patho-
genicity island-specific responses of gastric epithelial cells to Helicobacter pylori
infection. Proc. Natl. Acad. Sci. USA 99: 15136-15141.

Fischer, W., B. Gebert, and R. Haas. 2004. Novel activities of the Helicobacter
pylori vacuolating cytotoxin: from epithelial cells towards the immune system.
Int. J. Med. Microbiol. 293: 539-547.

Fan, X., H. Gunasena, Z. Cheng, R. Espejo, S. E. Crowe, P. B. Ernst, and
V. E. Reyes. 2000. Helicobacter pylori urease binds to class II MHC on gastric
epithelial cells and induces their apoptosis. J. Immunol. 165: 1918-1924.
Gobert, A. P., B. D. Mersey, Y. Cheng, D. R. Blumberg, J. C. Newton, and
K. T. Wilson. 2002. Cutting edge: urease release by Helicobacter pylori stim-
ulates macrophage inducible nitric oxide synthase. J. Immunol. 168:
6002-6006.

Harris, P. R., H. L Mobley, G. I. Perez-Perez, M. J. Blaser, and P. D. Smith. 1996.
Helicobacter pylori urease is a potent stimulus of mononuclear phagocyte acti-
vation and inflammatory cytokine production. Gastroenterology 111: 419-425.
Lindholm, C., M. Quiding-Jarbrink, H. Lonroth, A. Hamlet, and
A. M. Svennerholm. 1998. Local cytokine response in Helicobacter pylori-in-
fected subjects. Infect. Immun. 66: 5964-5971.

/702 ‘T2 Jequuedas uo 1sanb Aq /Hio’ jounwiwi:mmmy/:dny wioly papeojumoq


http://www.jimmunol.org/

The Journal of Immunology

46.

47.

48.

49.

50.

51.

Loke, P., and J. P. Allison. 2003. PD-L1 and PD-L2 are differentially regulated
by Thl and Th2 cells. Proc. Natl. Acad. Sci. USA 100: 5336-5341.

Shibata, J., H. Goto, T. Arisawa, Y. Niwa, T. Hayakawa, A. Nakayama, and
N. Mori. 1999. Regulation of tumor necrosis factor (TNF) induced apoptosis by
soluble TNF receptors in Helicobacter pylori infection. Gut 45: 24-31.
Molinari, M., C. Galli, N. Norais, J. L. Telford, R. Rappuoli, J. P. Luzio, and
C. Montecucco. 1997. Vacuoles induced by Helicobacter pylori toxin contain
both late endosomal and lysosomal markers. J. Biol. Chem. 272:
25339-25344.

Boncristiano, M., S. R. Paccani, S. Barone, C. Ulivieri, L. Patrussi, D. Ilver,
A. Amedei, M. M. D’Elios, J. L. Telford, and C. T. Baldari. 2003. The Helico-
bacter pylori vacuolating toxin inhibits T cell activation by two independent
mechanisms. J. Exp. Med. 198: 1887-1897.

Moss, S. F., J. Calam, B. Agarwal, S. Wang, and P. R. Holt. 1996. Induction of
gastric epithelial apoptosis by Helicobacter pylori. Gut 38: 498 -494.

Mannick, E. E., L. E. Bravo, G. Zarama, J. L. Realpe, X. J. Zhang, B. Ruiz,
E. T. Fontham, R. Mera, M. J. Miller, and P. Correa. 1996. Inducible nitric oxide

52.

53.

54.

3009

synthase, nitrotyrosine, and apoptosis in Helicobacter pylori gastritis: effect of
antibiotics and antioxidants. Cancer Res. 56: 3238-3243.

Ishihara, S., R. Fukuda, K. Kawashima, N. Moriyama, H. Suetsugu, N. Ishimura,
H. Kazumori, T. Kaji, H. Sato, T. Okuyama, et al. 2001. T cell-mediated cyto-
toxicity via Fas/Fas ligand signaling in Helicobacter pylori-infected gastric cor-
pus. Helicobacter 6: 283-293.

Jones, N. L., H. Yeger, E. Cutz, and P. M. Sherman. 1996. Helicobacter pylori
induces apoptosis of gastric antral epithelial cells in vivo. Gastroenterology
110: A933.

Menaker, R. J., P. J. Ceponis, and N. L. Jones. 2004. Helicobacter pylori induces
apoptosis of macrophages in association with alterations in the mitochondrial
pathway. Infect. Immun. 72: 2889-2898.

. Gobert, A. P., Y. Cheng, J. Y. Wang, J. L. Boucher, R. K. Iyer, S. D. Cederbaum,

R. A. Casero, Jr., J. C. Newton, and K. T. Wilson. 2002. Helicobacter pylori
induces macrophage apoptosis by activation of arginase II. J. Immunol. 168:
4692-4700.

/702 ‘T2 Jequuedas uo 1sanb Aq /Hio’ jounwiwi:mmmy/:dny wioly papeojumoq


http://www.jimmunol.org/

