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Abstract

Helicobacter pylori (H. pylori) is a gram negative bacterium that infects more than 50% of
humanity and is associated with gastritis, peptic ulcer and gastric cancer. Although CD4* T cells
are recruited to the gastric mucosa, the host is unable to clear the bacteria. Previously, we
demonstrated that H. py/oriinfection upregulates the expression of the T cell co-inhibitory
molecule B7-H1 while simultaneously downregulating the expression of T cell co-stimulatory
molecule B7-H2 on gastric epithelial cells (GEC), which together affect the Treg and Th17 cell
balance and foster bacterial persistence. Because B7-H3, another member of the B7 family of co-
inhibitory receptors, has been found to have important immunoregulatory roles and in cancer, in
this study we examined the expression of B7-H3 molecules on GEC and how the expression is
regulated by H. pylori during infection. Our study showed that both human and murine GEC
constitutively express B7-H3 molecules, but their expression levels increased during H. pylori
infection. We further demonstrated that H. py/ori uses its type 4 secretion system (T4SS)
components CagA and cell wall peptidoglycan (PG) fragment to upregulate B7-H3. Th17 cells and
Treg cells which are increased during H. pyloriinfection also had an effect on B7-H3 induction.
The underlying cell signaling pathway involves modulation of p38MAPK pathway. Since B7-H3
were shown to up-regulate Th2 responses, the phenotype of T cell subpopulations in mice infected
with H. pyloriPMSS1 or SS1 strains were characterized. A mixed Th1/Th2 response in H. pylori
infected mice was observed. Consistent with previous findings, increased Treg cells and decreased
Th17 cells in MLN of PMSS1 infected mice compared to SS1 infected mice was observed. Human
biopsy samples collected from gastritis biopsies and gastric tumors showed a strong association
between increased B7-H3 and Th2 responses in H. pylori strains associated with gastritis. T cell:
GEC co-cultures and anti-B7-H3 blocking Ab confirmed that the induction of Th2 is mediated by
B7-H3 and associated exclusively with an H. py/ori gastritis strain not cancer or ulcer strains. In
conclusion, these studies revealed a novel regulatory mechanism employed by H. pylorito
influence the type of T cell response that develops within the infected gastric mucosa.

INTRODUCTION

Helicobacter pylori (H. pylori) colonizes the human gastric mucosa and may induce gastritis,
peptic ulcer and two forms of neoplasia: gastric adenocarcinoma and mucosa-associated
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lymphoid tissue (MALT) lymphoma [1]. Epidemiological data suggest that 60-90% of
gastric cancer cases are caused by H. pylori[2, 3]. Patients infected with CagA (cytotoxin
associated gene A)-positive H. pylori strains have an elevated risk of developing peptic ulcer
and gastric cancer [4, 5]. CagA is the only known effector protein produced by the H. pylori
cag PAI (cag pathogenicity island), which is a 40 KDa chromosomal region that contains the
genes that code for structural components of the type 4 secretion system (T4SS). T4SS is a
molecular syringe-like structure. Upon attachment of H. py/forito gastric epithelial cells
(GEC), CagA is injected via the T4SS and consequently becomes phosphorylated in the
tyrosine residue of their EPI'YA motifs by host Src kinases and c-Abl [6-10]. Both
phosphorylated and unphosphorylated forms of CagA can interact with a range of host cell
signaling proteins and activates them, which results in several physiological changes in
GECs [11-13]. CagA alone has been shown to act as a oncoprotein since transgenic mice
expressing H. pylori CagA develop multiple types of neoplasms [62]. In addition to CagA,
H. pylori also translocates via the T4SS its cell wall peptidoglycan (PG) fragments, which
are recognized by intracellular pattern recognition receptor NOD1 and activates MAPKs and
NFkB pathways [14-16].

B7-H3 (CD276) is a newer member of the B7 family that shares 20-27% identical amino
acids with other members of this family of receptors [17]. Human B7-H3 protein is not
constitutively expressed but can be induced in activated dendritic cells, B cells, T cells, NK
cells and in some tumor cell lines [17-20]. B7-H3 has been shown to be strongly expressed
in unstimulated tracheal, bronchial, and alveolar epithelial cells, and the expression was
induced by respiratory syncytial virus (RSV) infection [21]. B7-H3 was initially identified
as a co-stimulatory molecule that was shown to promote T-cell proliferation and IFN-y
production [17]. However, recent studies have presented contradictory roles for B7-H3, since
they suggest that B7-H3 has both immunological stimulatory and inhibitory functions [17—
20, 22-25]. For instance, in conjunction with anti-CD3, B7-H3-Ig fusion protein co-
stimulates CD4* and CD8" T cells and induces IFN-y production. Other independent
studies demonstrated that acute and chronic cardiac allograft rejection is reduced in B7-H3
knockout mice, which further support a stimulatory role for B7-H3 on T cells [25]. In
contrast, B7-H3 has been reported to impair T-helper (Th)1 cell responses and inhibit
cytokine production [22]. An in vivo study also showed an inhibitory role of B7-H3 [19, 22,
24]. B7-H3 not only affects T cell activation /inactivation but a recent study in an asthma
model showed that B7-H3 also plays a role in the induction of Th2 cells [26]. Moreover,
other than its role in regulating T cell activity and subset development, it may also serve as a
biomarker for tumor progression and development of cancer. Higher expression of B7-H3
has been shown in different types of cancer [27-31]. An increased expression of B7-H3 was
reported to lead to an increased risk of recurrence of some cancers, while increased B7-H3
expression is sometimes linked with prospective survival in other cancers [27-31]. Recently
increased B7-H3 expression was shown in circulating tumor cells in gastric cancer patients
compared to healthy volunteers. Moreover, patients with increased B7-H3 levels showed
lower survival rates [32]. However, a separate study reported that increased B7-H3 during
gastric cancer was associated with increased survival rate [31]. Together, these observations
suggested that B7-H3 might be also involved in cancer immunity and B7-H3 may also
influence cancer progression beyond its immunoregulatory roles.
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H. pylori usually causes chronic infection. Though the host mounts an increased CD4* T
cell response but those T cells are hyporesponsive. During H. pylori infection, patients have
a mixed Th1/Th2 response, with increased Treg and Th17 cells in their circulation [33-39].
Though there are reports showing the type of T cell responses elicited by H. pyloriinfection,
there is a gap in our knowledge regarding the mechanism that H. py/ori uses to induce
different phenotypic subsets of T cells. Previously our group has shown that H. pylori
modulates B7 molecule expression in GECs, which not only help restrain T cells responses,
but also induce T regulatory (Treg) cells to assist in H. pylorisurvival [40-42]. Our data also
showed that H. py/loriuses its TASS to downregulate B7-H2 expression in GEC, which helps
to keep Th17 cells in suboptimal levels, since Th17 are important in the control of
extracellular bacterial infections, this downregulation of B7-H2 helps H. pylorito persist
[41]. We also demonstrated that H. py/lori-mediated up-regulation of B7-H1 expression in
GEC causes induction of Treg cells, which contributes to the establishment of a chronic
infection [42]. In this study, we investigated another important B7 molecule, B7-H3 and
showed that H. py/lori upregulates the expression of this molecule on GEC. The upregulation
of B7-H3 is regulated not only by the T4SS but also by the cytokines produced by Th17 and
Treg cells. We further evaluated the underlying cell signaling pathway and demostrate that
H. pylori uses the p38 MAPK pathway for B7-H3 upregulation.

H. pyloriis one of the most genetically diverse bacterial species. H. pylori strains differ in
the rate with which they have cag PAI in their genome. The EPIYA motifs in cagA gene also
differ between Asian and western countries. Moreover, H. pyloriinfection may result in
gastritis, ulcer and gastric cancer development. We examined how H. pylori strains isolated
from these three type of gastric diseases modulate B7-H3 expression on epithelial cells. In
this study we were interested to determine whether the increase of B7-H3 is consistent with
all strains or not. Using different H. pyloristrains and patient samples from gastritis and
tumors we have shown that only H. py/ori strains associated with gastritis causes increased
B7-H3 expression and induction of the GATA3* Th2 cell response. This finding was further
confirmed by co-culturing GECs infected with different . py/ori strains with naive CD4* T
cells. This is a novel finding which shows how H. py/ori manipulates GECs to differentially
express the B7-H3 molecules and thus regulates T cell responses involved in the H. pylori
associated immune-pathogenesis to promote bacterial persistence. Future studies will
examine how these findings may be applied in vaccine efforts against H. py/oriand possibly
in prevention or treatment of gastric cancer.

Material and Methods

. Human tissue

Gastric antrum biopsy specimens were obtained from consenting patients undergoing gastro-
esophageal-duodenoscopy in accordance with an approved Institutional Review Board
protocol. GECs were isolated from the biopsy specimens as described previously [41].
Patients were considered infected if H. pyloriwas detected by rapid urease testing,
histopathology, and by culture of H. py/orifrom biopsies.

Clin Oncol Res. Author manuscript; available in PMC 2020 January 29.
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II. Celllines, bacterial cultures and small peptides

Human GECs N87 and AGS were obtained from the American Type Culture Collection
(ATCC) and HGC-27 was obtained from RIKEN, The Institute of Physical and Chemical
Research, Japan. All cell lines were maintained in RPMI 1640 with 10% fetal bovine serum
(FBS) and 2 mM L-glutamine. As representative murine GEC, Immortomouse stomach
epithelium (ImSt) cells were maintained in media described by Whitehead et al. [43]. H.
pyloristrains 51B and 26695 as well as their corresponding isogenic cagA and cag PAI
mutants were described previously [41, 44]. H. pyloriLC-11 and CA8 were originally
isolated from the antral mucosa of a patient with duodenal ulcer and gastric cancer,
respectively, as previously described [45, 46], Tryptic soy agar (TSA) plates supplemented
with 5% sheep’s blood (Becton Dickinson, San Jose, CA) were used to grow H. pylori
strains. Blood agar plates with 2.5 pg/ml of chloramphenicol (Technova, Hollister, CA) were
used to maintain cagA- [41] and cag PAI" strains at 37°C under microaerophilic conditions
[41]. For the infection of mice H. pylori Sydney strain 1 (§S1) and PM-SS1 (pre-mouse
SS1) were used, which were provided by Drs. J. Pappo (Astra) and Richard Peek (Vanderbilt
Univ.), respectively [47]. iEDAP (InvivoGen, San Diego, USA), a PG-like molecule that is a
NODL1 receptor, was used to investigate the role of PG in B7-H3 expression.

I1l.  Animals

Female six-to-eight week old C57BL/6 mice (Jackson Laboratory, Bar Harbor, ME) were
used in the model of gastric H. pyloriinfection. Animals were tested negative for the
intestinal Helicobacter spp. prior to their use in the experiments.

IV. Flow Cytometry

APC-conjugated anti-human B7-H3 (clone 185504) and isotype controls were purchased
from R&D Systems. T cells from co-culture assays, described below, were stained for
CD25, FoxP3, RORY, Thet and GATA3 for analysis by flow cytometry using a protocol
described previously [42]. Mouse anti-human CD25-PECy7, FoxP3-Alexafluor 488, Thet-
PerCPCy5.5, Gata3-eFluor 660 were used for staining. The viability dye eFluor 780
(eBioscience, San Diego, CA, USA) was included in the experiments to gate on viable cells.
Cells were analyzed by flow cytometry on a LSRII instrument. The data were analyzed with
BD FACSDiva software (BD Biosciences, San Jose, CA) and FlowJo (Tree Star, Inc,
Ashland, OR).

V. Cell signaling inhibitors

NF«xB inhibitor, CAY10512 (10 uM; Cayman Chemical, MI); JAK/STAT3 inhibitor AG-490
(100 ng/mL; Enzo Life Sciences, Farmingdale, NY), PI3K inhibitor, Wortmannin (100 nM;
Calbiochem, Billerica, MA); and p38 MAPK inhibitor, PD169316 (10 pM/mL; Cayman
Chemical, MI) were used to inhibit intracellular signaling.

VI. Real-Time RT-PCR

Real-time RT-PCR analysis was performed as previously described [41].

Clin Oncol Res. Author manuscript; available in PMC 2020 January 29.
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VII. Murine infection and detection of B7-H3, FoxP3, RORyt, Thet and, GATA3 expression

C57BL/6 mice were orogastrically inoculated with 108 CFU (in 100 pL of PBS/inoculation)
of H. pylori SS1 or PMSSL strains, three times over a week. Four weeks later mice were
euthanized, mesenteric lymph node (MLN) were removed, homogenized, mRNA was
isolated and expression of FoxP3, RORyt, Tbet, GATAS3, IL-10, IFN-y, IL-4 and IL-17A
were determined using RT-PCR.

VIIl. T cell isolation and co-culture with GEC

Naive CD4" T cells were isolated from human peripheral blood as previously described

[48]. GEC-T cell co-cultures were established as described earlier [41]. Briefly, GECs were
preinfected with H. pylori CA8 (cancer strain), H. pylori51B (gastritis strain) and H. pylori
LLC-11 (ulcer strain). After 8 h of infection GECs were washed and co-cultured with 1x106 T
cells to obtain 3:1 T cell:GEC ratio and incubated for 5 days at 37° C with 5% CO,. For
blocking, anti-B7-H3 blocking antibody or isotype (rat IgG2a «) control (1 pug/mL,
functional grade from eBioscience) were added to GECs 1 h before co-culture.

IX. Bio-Plex

The levels of IL-4 from T cell-GEC co-culture were measured using Luminex array
(Millipore, Billerica, MA, USA) according the manufacturefs instruction. Samples were
analyzed using Bio-Plex Manager software (Bio-Rad).

X. Statistical analysis

The results were expressed as the mean + SE of data obtained from at least three
independent experiments done with triplicate sets per experiment unless otherwise indicated.
Differences between means were evaluated by analysis of variance (ANOVA) using student ¢
test for multiple comparisons and considered significant if pwas <0.05.

Results

I. Expression of B7-H3 on gastric biopsies

To determine the expression of B7-H3 in relation to H. py/oriinfection we isolated GECs
from biopsy samples, which were collected from H. py/oriinfected or from healthy
individuals. B7-H3 expression was measured by real time RT-PCR after mRNA was
extracted from the samples. Our RT-PCR data showed a strong upregulation of B7-H3
expression in the H. pyloriinfected biopsies compared to uninfected samples (Figure 1A).

II. H.pylori T4SS regulate B7-H3 expression on GEC during infection

To evaluate whether B7-H3 upregulation is a direct effect of H. py/oriinfection and not an
indirect result of inflammatory changes in the host, we used GEC lines and infected them
with H. pylori. Since H. pylori T4SS has the capacity to modulate GEC homeostasis and
because we have seen their effect in the modulation of B7-H1 and B7-H2 molecules [41,
49], we used H. pylori51B wild type (WT) and H. pylori51B cag PAl mutant strain to
infect GEC (N87 cells). B7-H3 expression was measured after 24-hr infection using flow
cytometry. A significant upregulation of B7-H3 expression in GEC infected with H. pylori
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WT but not with H. pylori cag PAl mutant strains was observed, suggesting that H. pylori
T4SS plays role in B7-H3 induction (Figure 1B). To further dissect the role of the effector
protein CagA H. pylori51B cagA mutant was used to infect GEC along with the H. pylori
51B WT strain. Both flow cytometry and RT-PCR data showed that CagA influences B7-H3
upregulation, since in the absence of CagA B7-H3 expression by GECs remained at basal
levels (Figure 1 C, D). These results were also confirmed in different cell lines (AGS,
HGC-27) and by using H. py/lori 26695 WT and the corresponding isogenic mutant strains
(not shown). Furthermore, a murine cell line was used to confirm these findings and to
evaluate whether murine GEC express B7-H3 and whether this expression is regulated by H.
pylori TASS or not, before using a murine model. To this end, the murine GEC line (ImSt)
were infected with H. pyloriPMSS1, which contains a functional T4SS and with H. pylori
SS1 strain in which the T4SS is defective and cannot deliver CagA into GEC. Flow
cytometry data showed a significant upregulation of B7-H3 expression in murine GEC
infected with H. pyloriPMSS1 strain but not with the SS1 strain (Figure 1E). Overall, these
data demonstrated a strong correlation between the presence of T4SS, more specifically of
the CagA oncoprotein, and induction of B7-H3 expression on GEC.

Role of PG in B7-H3 upregulation

Along with CagA, H. pylori TASS also translocates PG fragments into GECs, which are
recognized by NOD1 and cause activation of cell signaling pathways that result in
inflammatory mediator release [14-16, 50]. Further, in H. pyloriinfection, NOD1 is up-
regulated and associated with higher inflammation in GC [63]. To determine the
involvement of PG in B7-H3 upregulation GECs were treated with iEDAP, which is a PG
analogue recognized by NOD1 ligand. B7-H3 expression was significantly upregulated in
mRNA level (Figure 2A) after iIEDAP stimulation. Flow cytometry was used as an
independent approach to measure the upregulated surface expression of B7-H3 (Figure 2B).
Kinetics data showed a progressive upregulation of B7-H3 as early as 18-hr of stimulation
which peaked at 24-hr (Figure 2C), and is mediated by H. py/ori T4SS component CagA and
PG (Figure 2D).

IV. H. pylori uses p38MAPK pathway for B7-H3 upregulation

Further analysis was done to determine the cell signaling pathway used by H. py/ori for B7-
H3 up-regulation. To that end, the cells were treated with different pharmacological
inhibitors of NFxB, MAPK, STAT3, PI3K and mTOR pathways. Our data indicated that
upregulation of B7-H3 by the H. pylori strain was blocked in the presence of PD169316,
which is a p38 MAPK specific inhibitor (Fig. 3). In contrast, inhibition of PI3K, mTOR,
STAT3 and NF«xB pathways did not affect H. py/ori mediated upregulation of B7-H3
expression (Data not shown). These results suggest that p38 MAPK pathway is a key
signaling pathway in H. pylori-mediated upregulation of B7-H3 on GECs.

V. B7-H3 expression is regulated by Th17 and Treg cells

Cytokines regulate the expression of immunoregulatory molecules, which allows for fine
tuning of the immune response. During H. py/oriinfection there is induction of Th17 cells
[37-39]. Since patients have increased circulating levels of IL-17 we sought to investigate
the effect of this cytokine on B7-H3 expression. In RT-PCR analysis (Figure 4A) significant
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induction of B7-H3 after IL-17 (10 ng/ml) stimulation was observed. Further, the
experiments showed that the expression of B7-H3 on the GECs in response to IL-17
stimulation was increased in a dose-dependent manner (1-100 ng/ml) (Figure 4B). The
surface expression of this ligand was also analyzed at different time points (18-hr, 24-hr and
48-hr) after IL-17 treatment. Expression was significantly increased in GECs after 18-hr of
incubation with IL-17, which remains constant after 24 h but decreases after 48 h incubation
(Figure 4C).

Treg cells, which are frequently found in H. pylori-infected patients, produce I1L-10 and
TGF-B [34, 35]. Since there is bidirectional regulation of Treg cells and B7-H1 [51], we
investigated whether the hallmark cytokines produced by these cells affect B7-H3
expression. To that end we stimulated GEC with either IL-10 or TGF-p alone or in
combination. Both IL-10 and TGF-p induced B7-H3 expression on GECs (Figure 5A and
5B). Flow cytometry data also showed a cumulative effect of IL-10 and TGF-f in B7-H3
expression (Figure 5C). Taken together, these data suggested that cytokines produced by
Th17 and Treg cells play an important role in B7-H3 expression in GEC. Thus H. pylori
regulates B7-H3 expression both directly by using CagA cytotoxin and also indirectly by
inducing these T cell subtypes.

VI. Different T cell subset development during H. pylori infection

During H. pyloriinfection there is an increased frequency of Th1/Th17 and Ty cells in the
gastric mucosa. Previously we have shown that H. pyloriinfection upregulates B7-H1
molecule expression by GECs, which in turn helps to induce further Treg cell development
[49]. On the other hand, we also showed that H. py/ori T4SS mediated downregulation of
B7-H2 in GEC, which impairs Th17 cell development [41]. Besides the reported effects of
B7-H3 on T cell activation and inactivation, recent studies by Nagashima O et al., showed
that B7-H3 can upregulate Th2 responses [26]. Since our data showed H. py/ori upregulates
B7-H3 expression we sought to investigate whether the modulation of B7-H3 expression
affects local T cell responses. To that end, we collected MLN from mice infected with
PMSSL1 and SS1 strains and analyzed the T cell subsets present by measuring mRNA
expression of the different T cell transcription factors considered “master regulators” for
each CD4* T cell subset, such as GATA3, Tbet, RORy and FoxP3 for Th2, Thl, Th17 and
Treg cells, respectively. Mice infected with SS1 strain showed increased induction GATAS3,
Thet and RORy compared to the PMSSL1 strain. However, the MLN cells from PMSS1
infected mice showed increased FoxP3 expression compared to those from SS1 infected
mice (Figure 6A). The mRNA expression of the corresponding cytokines produced by Th2,
Thl, Th17 and Treg cells, e.g. IL-4, IFN-y, IL-17A and IL-10, in MLN was further
measured. The cytokine data correlate with the transcription factors found in mice infected
with the different strains (Figure 6B).

VII. Increased B7-H3 and GATA3 expression in gastritis patients

A previous report showed the presence of Th2 cells during H. pyloriinfection [31].
Consistent with that report, herein, the mouse model also showed induction of GATA3* Th2
cell in MLN after H. pyloriinfection. Since B7-H3 has been shown to influence Th2 cell
development, we sought to determine the influence of B7-H3 induction by GECs during H.
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pyloriinfection in Th2 cells response and whether it depends on the infecting strain. To this
end, specimens from patients with gastritis and gastric tumors were evaluated. Biopsy
samples from gastritis and samples from gastric tumors were evaluated for the relative
expression of B7-H3 and GATAS. Interestingly, samples collected from gastritis patients
showed increased B7-H3 and GATAS3 expression compared to those from healthy
individuals. However, in the case of patients with gastric tumors the expression of both B7-
H3 and GATA3 was decreased, which suggested B7-H3 and Th2 induction during H. pylori
infection might be a characteristic of gastritis strains (Figure 7).

B7-H3 expressed by GEC after H. pylori infection induces development of Th2 cells

To further confirm whether the induction of B7-H3 and Th2 is only associated with H. pylori
gastritis strains, N87 cell lines were treated with either medium alone or with different H.
pyloristrains: CA8 (from a gastric cancer case), 51B (from a gastritis case) and LC-11 (from
an ulcer case [44, 45, 61]). After 8 h of infection, the cells were washed extensively and
incubated with isolated CD4* naive T cells for 5 days. T cells were harvested and stained for
CD25, Thet, GATA3, RORYyt and FoxP3 monoclonal antibodies and analyzed by flow
cytometry. The data showed increased GATA3™ cells in T cells co-cultured with GECs pre-
infected with the gastritis strain (H. py/ori 51B), but not with the other strains (Figure 8A).
A significant increase in GATA3* Thet* double-positive cells was also observed in T cells
co-cultured with GECs pre-infected with the gastritis strain, suggesting conversion of Thl
cells to Th2 cell type (data not shown). Interestingly, incubation of the T cells with GECs
pretreated with blocking B7-H3 antibody reduced Th2 cell frequency. This data suggested
that induction of Th2 is influenced by B7-H3 (Figure 8B).

Discussion

B7-H3 has previously been considered a co-stimulatory molecule which promotes T cell
proliferation [17]. But later studies have shown that B7-H3 can also function as a co-
inhibitory molecule [17-20, 22-25]. B7-H3 is expressed by an array of cell types. A
previous study showed that RSV causes induction of B7-H3 in tracheal, bronchial, and
alveolar epithelial cells [21]. We have shown previously that B7-H3 is expressed by GEC
[40]. In this study we demonstrate that H. py/oriincreases the expression of B7-H3 on GEC
upon infection. Increased expression of B7-H3 was demonstrated on the GECs isolated from
biopsies of H. pyloriinfected patients. This observation was confirmed /n vitro by increased
B7-H3 mRNA level and surface expression in a panel of GEC lines (N87, AGS and
HGC-27) after infecting with H. py/ori51B and 26695 strains. Although our lab previously
showed that GEC express B7-H3, the expression was unchanged after infection with H.
pylori LC-11 strain [40]. That observation together with our recent observations suggest that
this cellular response to infection might depend on the infecting H. py/ori strain since both
51B and 26695 were isolated from patients with gastritis, while LC-11 originated from a
patient with peptic ulcer. These observations were further confirmed in this study by using
gastric tissue samples from patients with different gastric diseases associated with H. py/lori
infection.

Clin Oncol Res. Author manuscript; available in PMC 2020 January 29.
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H. pylori TASS is an important virulence factor that influences GEC homeostasis [52, 53].
The recent findings by our group regarding the involvement of T4SS by H. pylorito
modulate B7 molecule expression [41], led us to consider H. pylori TASS as a virulence
factor responsible for the up-regulation of B7-H3 by GECs. By using H. pyloriWT and cag
PAI isogenic mutants, we showed here that B7-H3 induction depends on H. py/lori TASS.
This expression pattern was reproduced both in human GECs and murine GEC (ImSt)
infected with H. pylori. Besides using a mutant which lacks the whole cag PAI we also used
an H. pylori mutant only devoid in the cagA gene to determine the role of this effector
protein translocated by the T4SS in B7-H3 induction. Our study showed that induction of
B7-H3 depends on the presence of CagA. PG, the other component translocated to GEC by
T4SS may act as an inflammatory molecule and induces IL-8 production by GEC [14-16].
As these data showed complete dependence of H. pylori cag PAI but partial involvement of
CagA on B7-H3 induction, we hypothesized PG, which is also translocated by T4SS, might
also influence B7-H3 induction. The addition of PG fragment iEDAP which is recognized
by NOD1 showed induction of B7-H3 both at the mRNA and protein levels. Kinetics data
showed that B7-H3 is increased within 18-hrs of stimulation by PG fragments. This study
also highlighted the involvement of p38 MAPK pathway in B7-H3 induction, which is
known to be activated by both PG and CagA [14, 54]. Previously it was shown that PG can
be modified to resist lysozyme and this mechanism helps H. py/ori survival [55]. However,
this is the first study showing role of PG in GEC modification and T cell regulation.

Cytokines play an important role in influencing the expression of different immune
regulatory molecules. Since IL-17, IL-10 and TGF- produced by Th17 and Treg cells have
been shown to be present in increased amounts in H. pyloriinfected patient [34, 35, 37-39],
we hypothesized that these cytokines may act in paracrine fashion to affect the induction of
B7-H3 on GEC. Our data showed that stimulation of GECs by both Th17 cytokine (IL-17)
and Treg cell cytokines (IL-10 and TGF-) causes increased expression of B7-H3 molecules
on GECs. Regulation of other B7 molecules by IL-10 and TGF-f have been shown
previously. For instance, 1L-10 was shown to inhibit B7 molecule expression in
macrophages and B7-2 expression in DCs [56, 57]. Also, TGF-p has been found to inhibit
B7-1 expression in APCs [57]. Another study showed IL-10 down-regulated B7-1 and B7—
2 expression on Mycobacterium tuberculosis-infected monocytes to a greater extent than did
TGF-p [59]. However, IL-10 and TGF-p did not show any additive or synergistic inhibition
in their study, whereas, in this study, we found TGF-p is a better inducer of B7-H3 than is
IL-10, and they have synergistic effects in B7-H3 induction.

To explore the contribution of B7-H3 to the development of T cell subsets in H. pylori
infection, we initially determined what kind of T cell response ensues in mice infected with
H. pylori strain in the presence or absence of a functional T4SS. To that end we measured
different T cell associated transcription factors considered as master regulators for different
CD4* T cell subsets and cytokines produced by these cells in MLN harvested from H. pylori
infected mice. Consistent with previous published data, we noted mixed populations of Thl
and Th2 cells in H. pyloriinfected mice [33]. Compared to SS1, PMSS1-infected mice had a
lower induction of the Th1 and Th2 cell subsets. Additionally, Th17 and Treg cell data
correlated with our previous findings, since H. pyloriPMSS1 infection causes increased
Treg cells and a lesser Th17 cell response when compared with findings in SS1 infected
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mice [41, 49]. Our lab has previously shown that H. pylori-mediated modulation of Th17
and Treg cell responses depends on altered expression of B7-H2 and B7-H1 molecules on
GECs [41, 49]. Besides being a positive stimulator for T cell activation, B7-H3 has also been
shown to play a role in Th2 development and to contribute to pathogenic Th2 cell
development during asthma in a mouse model [26]. However, several studies also showed
negative regulatory effects of B7-H3 in Th1 and Th2 immune responses [60]. A major
question regarding the Th2 cell response observed in H. pylori-infected mice is whether or
not this induction of Th2 is influenced by a B7-H3 molecule expression. To answer this
question and investigate whether this response depends on the H. pylori strain, samples from
H. pyloriinfected patients with either gastritis or tumor were collected and B7-H3 and
GATA3 expression on those samples were compared with samples collected from healthy
individuals. Interestingly, the samples collected from gastritis patients, and not from the
gastric tumor patients, had increased B7-H3 and GATA3* cells. Though this study showed a
strong association between B7-H3 induction and Th2 development during H. pylori
infection, further studies are required to determine the link between disease condition and
B7-H3 expression. To further evaluate this finding, a GEC: T cell co-cultures were used, in
which the GECs were pre-exposed to H. py/oristrains which originated from gastritis,
gastric cancer or peptic ulcer in the presence of anti-B7-H3-blocking antibody or control
antibody. The flow cytometry data indicated the induction of Th2 cells and Th1/Th2 double-
positive cells in the T cells co-cultured with H. py/ori51B (from a gastritis case) pre-treated
cells, suggesting a shift of Thl towards Th2 cells. Moreover, by using anti-B7-H3 blocking
antibody, we showed that induction of Th2 depends on B7-H3.

In conclusion, this study revealed a novel mechanism that H. py/ori uses to foster host
chronic inflammation in the form of gastritis. This is an important finding which helps to
better understand the interaction of H. pyloriwith GECs and how H. py/ori manipulates the
host T cell response. The relationship of H. pylori-mediated B7-H3 induction and disease
conditions must be further defined.
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Figure 1.

H. pylori TASS up-regulates B7-H3 expression on GECs. (A) Gastric biopsy samples were
collected from H. pylori-positive patients and healthy individuals, GECs were collected and
analyzed for B7-H3 mRNA expression by real-time RT-PCR. N87 cells were infected with
(B) H. pylori51B WT and cag PAI" or with (C) H. pylori51B WT and cagA" for 24 h. The
surface expression of B7-H3 was determined by using immunostaining followed by flow
cytometry. (D) N87 cells were infected with H. pylori51B WT and cagA- for 2 h, and B7-
H3 mRNA expression was analyzed by using RT-PCR. mRNA levels for B7-H3 were
normalized to 18S and compared to the level of B7-H3 mRNA of untreated N87 cells. (E)
Murine GECs (ImSt) were infected for 24 h with H. pyloriPMSS1, which has a functional
CagA delivery system, or with H. pylori SS1, lacking a CagA delivery system. Surface
expression of B7-H3 was determined by flow cytometry. The data were expressed as a
percentage of positive cells. The means + SD are shown as the results of duplication of one
of four representative experiments, n=8, *£< 0.05.
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Figure2.
H. pylori TASS translocated PG causes induction of B7-H3 expression by GECs. (A) B7-H3

mRNA expression was analyzed by using real-time quantitative RT-PCR in N87 cells. RNA
was isolated from untreated and 2 h iEDAP (dipeptide present in peptidoglycan) treated (10
pg/mL) cells. mRNA levels for B7-H3 were normalized to 18S and compared to the levels of
B7-H3 mRNA in untreated N87 cells. N=9, *P < 0.05. (B) Flow cytometric analysis of GEC
(N87) cells stained for B7-H3 after exposure to 10 pg/mL iEDAP for 24 h (in a
representative histogram for AGS cells where the solid peak is the isotype control) or (C) for
different times (18, 24 and 48 h) showed increased expression. (D) N87 cells were infected
with H. pyloriWT, H. pylori cag PAl-, and H. pylori cagA™ and stimulated with iEDAP for
24 h and B7-H3 expression was measured by flow cytometry. The means are shown as the
results of duplicates in four experiments, n=8,*P< 0.05.
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B7H3 (% positive cells)

Figure 3.
B7-H3 up-regulation by H. pylori depends on p38 MAPK pathway. B7-H3 expression on

GEC was measured by flow cytometry after treating the cells with p38 MAPK inhibitor
(PD169316 10 uM/ml) for 1 h and infected with H. pylorifor 24 h. The means + SD are
shown as the results of duplicates in four experiments, n=8, * £< 0.05, ** < 0.01 and ***
P<0.001.
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Figure 4.
B7-H3 expression is regulated by IL-17. (A) GEC (N87) cells were treated with IL-17 (10

ng/ml) for 2 h and B7-H3 expression was measured by RT-PCR. mRNA levels for B7-H3
was normalized to 18S and compared to the levels of B7-H3 mRNA of untreated N87 cells.
Kinetics and dose response of IL-17-mediated B7-H3 up-regulation was determined by
treating GEC (N87) cells with (B) different concentrations (1, 10 and 100 ng/ml) of IL-17
for 24 h or (C) exposing the GEC (N87) cells to IL-17 (10 ng/ml) for different time points
(18, 24 and 48 h) and measuring the B7-H3 expression by flow cytometry. The data were
expressed as mean fluorescence intensity (MFI). The means + SD are shown as the result of
duplicates of one of four representative experiments: n=8, * £<0.05, ** < 0.01 and *** P
< 0.001.
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Figure5.

B7-H3 expression is regulated by Treg cell cytokines. (A) Flow cytometry analysis of GEC
cells stained for B7-H3 after exposure to 5 ng/mL IL-10 for 24 h showed increased
expression in a representative histogram where the solid peak is the isotype control (B) Flow
cytometry was done to measure B7-H3 expression on GECs after treating the cells with
TGF-p (3 ng/ml) for 24 h. (C) Flow cytometry was done to measure B7-H3 expression on
GECs treated with either IL-10 (5 ng/mL) or TGF-B (3 ng/ml) or both I1L-10 and TGF-B.
The data were expressed as the percentage of positive cells. The means + SD are shown as
the results of duplicates of one of four representative experiments: n=8, * £<0.05, ** P<
0.01 and *** P< 0.001.
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Figure 6.

FoxP3 mRNA

Different T cell subsets developed during H. pylori infection. C57BL/6 mice were
challenged with H. pyloristrain PMSS1 or with H. pylori SS1. Mice were sacrificed after 4
weeks of infection, MLN were collected, and expression measured of (A) GATAS, Thet,
ROR+yt, FoxP3 and (B) IL-4, IFN-y, IL-17A, IL-10 mRNA by RT-PCR. Five mice per group

were used in this experiment.
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Figure7.
B7-H3 and Th2 induction is associated with gastritis. B7-H3 and GATAS3 expression in

biopsy and tumor samples isolated from gastritis or gastric tumor patients with a history of
H. pyloriinfection.
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Figure8.
Increased B7-H3 expression and Th2 induction by H. pylori gastritis strain. (A) GECs were

infected with either H. pylori CA8/51B/LC-11 strains for 8 h, washed and co-cultured with
T cells. Cells were stained and GATA3 expression analyzed by flow cytometry. (B) A
representative histogram showing GATA3 expression by GEC co-cultured with activated T
cells in the presence or absence of ant-B7-H3 blocking Ab.
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