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H pylori receptor MHC class II contributes to the dynamic
gastric epithelial apoptotic response
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Abstract

AIM: To investigate the role of MHC class 1 in the
modulation of gastric epithelial cell apoptosis induced by
H pylori infection.

METHODS: After stimulating a human gastric epithelial
cell line with bacteria or agonist antibodies specific for
MHC class T and CD95, the quantitation of apoptotic
and anti-apoptotic events, including caspase activation,
BCL-2 activation, and FADD recruitment, was performed
with a fluorometric assay, a cytometric bead array, and
confocal microscopy, respectively.

RESULTS: Pretreatment of N87 cells with the anti-MHC
class 1 IgM antibody RFD1 resulted in a reduction in
global caspase activation at 24 h of H pylori infection.
When caspase 3 activation was specifically measured,
crosslinking of MHC class 1 resulted in markedly reduced
caspase activation, while simple ligation of MHC class
II did not. Crosslinking of MHC class II also resulted in
an increased activation of the anti-apoptosis molecule
BCL-2 compared to simple ligation. Confocal microscope
analysis demonstrated that the pretreatment of gastric
epithelial cells with a crosslinking anti-MHC class T IgM
blocked the recruitment of FADD to the cell surface.

CONCLUSION: The ability of MHC class 11 to modulate
gastric epithelial apoptosis is at least partially dependent
on its crosslinking. The crosslinking of this molecule has
anti-apoptotic effects during the earlier time points of
H pylori infection. This effect is possibly mediated by the
ability of MHC class I to modulate the activation of the
pro-apoptotic receptor Fas by blocking the recruitment of

the accessory molecule FADD, and this delay in apoptosis
induction could allow for prolonged cytokine secretion by
H pylori-infected gastric epithelial cells.
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INTRODUCTION

H pylori infects over half of the people in the world.
Seropositivity may reach 80%-100% in underdeveloped
nations. This gram negative bacterium is a major
contributor to chronic gastritis and peptic ulcer
formation, and is strongly associated with gastric
carcinoma and lymphomall’z]. Gastric carcinoma remains
the second most deadly form of cancer”. While much
is known about the clinical manifestations of H pylori
infection, how this pathogen manipulates gastric epithelial
cells in the host to its advantage are unknown. Previous
reports by our group have demonstrated that MHC class
I expressed on the surface of gastric epithelial cells serve
as a receptor for H pylori*™. A potential consequence
of bacterial interaction with MHC class II proteins is
the subsequent crosslinking of these molecules. This
may impact cellular responses key to the initiation and
propagation of H pylori pathogenesis that results in tissue
damage of the gastro-duodenal mucosa.

One such clinically significant cellular response to H pylori
infection is apoptosis. The induction of apoptosis in MHC
class " host cells able to direct the immune response
would represent a mechanism by which the bacteria could
impair local antigen presentation to T' cells. Furthermore,
induction of apoptosis would cause “leakiness” of the
epithelium, leading to inflammation that could upregulate
the expression of H pylori receptors on surrounding cells.
For example, IFNy, an inflammatory cytokine produced
by CD4" T cells within the infected gastric mucosa,
upregulates class I MHC expression in gastric epithelial
cells. However, uncontrolled epithelial apoptosis would
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quickly lead to the destruction of H pylorss niche within
the gastric mucosa. Thus, mechanisms by which these
bacteria could moderate the host apoptotic response must
also be considered.

Previous reports show that CD95 (Fas) plays an
important role in H pylori-mediated apoptosis of the
gastric epithelium'®”. Once Fas is activated on the cell
surface, the FADD (Fas associated death domain) protein
is recruited to the cytoplasmic domains of the trimerized
Fas on the plasma membrane. FADD is then responsible
for the activation of caspase 8. However, the interaction
between H pylori receptors and pro-apoptotic death
receptors such as Fas has not been well investigated.
Combined with our previous data demonstrating the
role of MHC classllin H pylori binding to gastric
epithelial cells (GEC), it might be suggested that the
complex dynamics regulating apoptosis during infection
might be due to either complementary or antagonistic
interactions between multiple signaling receptors on the
cell surface. Furthermore, the possibility that MHC class
I crosslinking modulates pro-death accessory molecules
within the cytoplasm must also be investigated.

MATERIALS AND METHODS

Cell and Bacterial Culture

The human gastric epithelial cell line N87 was obtained
from ATCC and cultured in RPMI containing 100 mL/L
fetal calf serum and supplemented with glutamine. H pylori
cag+ clinical isolate L.C-11" was grown on blood agar base
(Becton Dickinson) at 37°C under microaerobic conditions
and harvested into Brucella broth containing 100 mL/L
fetal bovine serum. Bacteria in broth were rocked gently
overnight at 37°C under microaerobic conditions prior
to centrifugation. H pylori was resuspended in PBS and
concentration was determined by absorbance at 530 nm
using a spectrophotometer (1 A = 2 x 10° cfu/mL) (DU-65
Becton Dickinson Instruments, Fullerton, CA).

Antibodies

Monoclonal anti-human MHC class II IgM (clone RFD1)
was obtained from Serotec, Raleigh, NC. Monoclonal IgM
antibody against CD-95 (clone IPO-4) used to induce
apoptosis was obtained from Kamiya Biomedial Co.,
Seattle, WA. The hybridomas secreting anti-human MHC
class II IVA-12 and L1243 (mIgG) were obtained from
ATCC and were used to produce ascites fluid in mice and
the antibodies were purified with a protein G column.
Anti-human CD95-PE was obtained from Becton
Dickinson/Pharmingen, San Jose, CA. Alexa-conjugated
secondary antibodies were obtained from Molecular
Probes Inc., Eugene, OR.

Global Caspase Activation Assay

The global (non-specific) activation of caspases in our
cell line was quantified using the Homogeneous Caspase
Activation kit from Roche Applied Science, Indianapolis,
IN. Cells were grown in serum containing media in 96-well
plates at a seeding density of 10" cells/well for 18 h prior
to treatment. After treatment, the media was aspirated and
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a substrate-containing lysis solution was applied to the
cells. After a 2 h incubation at 37°C, the cleaved substrate
product resulting from the action of activated caspases
was quantitated using a fluoremeter (A = 521 nm).

Caspase 3 and BCL-2 activation

Caspase 3 activation and BCL-2 expression were
quantitated using the Human Apoptosis Cytometric
Bead Array kit from Becton Dickinson, Franklin Lakes,
NJ. The experiments were conducted according to the
kit instructions. Briefly, bead populations with distinct
fluorescent intensities were coated with antibodies specific
for activated caspase 3 and BCL-2. The capture beads,
sample lysates, and PE-conjugated detection reagent were
incubated together to form sandwich complexes. After
washing, the beads were run through a flow cytometer
to generate MFI data, which was then analyzed with
Becton Dickinson CBA Analysis Software. Sample data
was normalized with specific protein standards to provide
quantification of the proteins of interest.

Confocal microscopy

Cells were grown on Collagen I-coated tissue culture
inserts (BD Biosciences) to 50%-75% confluency. After
cell permeabilization and intracellular staining, the inserts
were mounted on glass slides with coverslips. Images
were obtained on a Zeiss LSM510 META advanced laser
scanning confocal microscope (LSCM). Approximately
50 separate images were obtained at 0.5-0.6 micron
increments for X-Z axis reconstruction.

Statistical analysis
Data is presented as the mean * SE and analyzed using
Student’s 7 test. Significance is defined as P < 0.05.

RESULTS

Global Caspase Activation Assay

To determine the effect of MHC class II crosslinking at
the cell surface on the activation of caspases, we cultured
the gastric epithelial cell line N87 in the presence of 100
kU/L IFNy for 48 h to induce the upregulation of surface
MHC class II. Cells were then rested in serum containing
medium alone for 2 d prior to bacterial and antibody
treatment. Cells pretreated with antibody were exposed
to RFD1 (10 mg/L) for 30 min prior to the addition of
H pylori. Camptothecin (10 pmd/L) was used as a positive
control for caspase activation and an isotype antibody,
which had no effect on the cells, was another control.
After 24 h of infection, crosslinking MHC class I prior
to the addition of H pylori significantly (P < 0.05) reduced
global caspase activation compared to H pylori infected
samples with no pretreatment (Figure 1).

Apoptosis Cytometric Bead Array

Caspase 3 is an effector caspase whose activation is central
in the apoptosis pathway triggered by Fas trimerization.
To specifically examine the activation of caspase 3 as a
result of MHC class II ligation versus crosslinking, we
used a cytometric bead array that incorporates antibodies
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Figure 1 Total caspase activation detected using a colorometric assay. (means of
the treatments / control (untreated) samples.
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Figure 3 The effects of ligating vs crosslinking N87 cell surface MHC class |l
molecules on BCL-2 expression. Using the apoptosis cytometric bead array kit,
beads exposed to the samples were run through a flow cytometer to obtain MFI
data. These results were normalized to BCL-2 standards to give values expressed
as ng/L of BCL-2.

to the activated form of caspase 3. At 4 and 8 h treatment
of IFNy-treated N87 cells, crosslinking MHC class 1
with biotinylated anti-MHC class II IgG antibodies 1.243
and IVA12 resulted in a reduced activation of caspase
3 activation compared to ligating MHC class I with
unbiotinylated cocktail. After 4 h of treatment, ligation
of MHC class II resulted in a 103% increase in caspase 3
activation compared to a 33% increase after crosslinking,
At 8 h of treatment, crosslinking MHC class I resulted in
a negligible increase in caspase 3 activation compared with
control, while ligation with the antibody cocktail increased
caspase 3 activation by 33% over control (untreated)
samples (Figure 2).

The expression of the anti-apoptotic BCL-2 molecule
was measured simultaneously with caspase 3 activation. As
crosslinking of MHC class II resulted in reduced activation
of the pro-apoptotic caspase 3 compared to MHC class
I ligation, MHC class II crosslinking but not ligation
produced an increase in the expression of BCL-2. MHC
class I crosslinked samples showed a 169% increase over
control in BCL-2 expression at 4 h treatment. After 8 h
treatment, the MHC class II crosslinked samples contained
over 30 ng/L of BCL-2 while the untreated and MHC
class II ligated samples had no detectible BCL-2 (Figure 3).
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Figure 2 The effects of ligating vs crosslinking N87 cell surface MHC class ||
molecules on caspase 3 activation. Using the apoptosis cytometric bead array kit,
beads exposed to the samples were run through a flow cytometer to obtain MFI
data. These results were normalized to activated caspase 3 standards to give
values expressed as pg/mL of activated caspase 3.

Confocal microscopy analysis of FADD recruitment

Fas aggregation induces the recruitment of the adapter
protein Fas-associated death domain (FADD) to the
cytoplasmic tail of Fas. To determine whether MHC class
I crosslinking atfects FADD recruitment, we did confocal
microscopy in gastric epithelial cells treated with anti-
Fas with and without pretreatment with anti-MHC class
II. N87 cells were treated with 100 kU/L IFNy for 48 h
to increase the surface expression of MHC class II and
Fas. Cells were then seeded onto filter inserts with media
alone for 24 h before treatment. Prior to permeabilization,
fixation, and staining, samples were A: left untreated
(control), B: treated for 1 h with the anti-Fas IgM clone
IPO-4 or C: pretreated with the anti-MHC class II IgM
clone RFD1 for 30 min prior to adding IPO-4. After
washing, the cells were then permeabilized and fixed to
allow staining of intracellular FADD. The filter inserts
were then mounted onto slides and immediately visualized
with a confocal microscope. The large square panel
represents an X-Y axis “top-down” perspective on the
adherent N87 cells. The top and side rectangular panels
in each figure represent X-Z axis reconstructions, which
provide an elevation view of the apical and basolateral
sides of the cell section (Figure 4).

DISCUSSION

Apoptosis accounts for most of the cell loss in the
gastrointestinal tract”. Because cellular turnover rate in the
gut epithelium is so high, disturbances in the homeostasis
of cell proliferation and cell death can potentially
lead to disease states. If apoptosis were induced at a
higher rate than new cell generation, tissue atrophy and
ulceration might occur. Conversely, downregulation or
blocking of apoptotic pathways might result in neoplasia.
Furthermore, it is possible that hyperplasia is a response
to pro-apoptotic stimuli or that increased apoptosis results
from an induced hyperproliferative stimulus'”. These
potential scenarios, and the molecular dynamics responsible
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Figure 4 A: Viewing the X-Z panels, the FADD (stained red, with higher densities staining yellow) in untreated (control) cells distributed equally throughout the cytoplasm.
“L” represents the apical (lumenal) surface and “BL” represents the basolateral surface of the N87 monolayer; B: Labeled FADD in cells treated with the Fas trimerizing
antibody is recruited to the apical surface, leaving much of the cytoplasm with reduced FADD staining; C: When the anti-MHC class Il IgM RFD1 is applied to the cell
monolayer 30 min prior to treatment with the Fas agonist IPO4 IgM, the recruitment of FADD to the cell surface is markedly reduced.

for them, become particularly important when considering
the divergent clinical manifestations of H pylori infection.
Two clinical observations support the concept of mutually
exclusive disease states resulting from a disturbance in the
delicate balance between apoptosis and proliferation of the
mucosal epithelium. The first stems from multiple studies
that demonstrated patients exhibiting duodenal ulcers
have a lower risk of developing gastric cancer!"'?. The
second suggests an inverse association between H pylori
infection and esophageal adenocarcinoma' ", Although
these correlations continue to be scrutinized, cleatly, any
factor affecting the apoptotic levels within or causing the
formation of ulcerative or neoplastic epithelial tissue is
critical in influencing the ultimate disease state. Therefore,
the divergent and somewhat mutually exclusive nature
of H pylori disease pathology provides a strong incentive
to elucidate the epithelial receptors for H pylori during
infection, and to investigate results of receptor ligation
and crosslinking on host cell apoptosis.

The apoptosis-inducing effect of H pylori on gastric
epithelial cells has been thoroughly demonstrated™ ™™,
Furthermore, our group’s findings demonstrated that
MHC class 1II not only binds H pylori, but also can initiate
signals affecting apoptotic pathways. It suggests an
important role for this molecule in influencing H pylori
pathogenesis. The literature offers conflicting reports on
the apoptotic »s anti-apoptotic effects of MHC class I
binding, More specifically, there are opposing reports on the
effect of MHC class I ligation on the Fas death pathway
in mouse and human B cells"”*". Previous studies from our
group have revealed that signals induced by the long term
(72 h) crosslinking of MHC class II are pro—apoptotic[4’5].
However, the results we have reported here indicate that
crosslinking of MHC class II can induce anti-apoptotic
effects at time points less than 24 h. Furthermore, we have
demonstrated the ability of MHC class II crosslinking to
inhibit a key component of the Fas death pathway. Our
findings that MHC class II crosslinking inhibits H pylori-
induced caspase activation, that ligation »s crosslinking
of MHC class II has differential effects on apoptotis-
associated molecules, and that MHC class II crosslinking
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inhibits FADD recruitment are intriguing because of
their potential role in the divergent pathophysiologic host
response to this human pathogen. By acting as a bacterial
receptor, as well as modulating the important apoptotic
processes during infection, MHC class II becomes a
critically important molecule in the context of H pylori
pathogenesis. Nonetheless, it is important to continue to
study all GEC surface molecules that have the potential
to influence the signal events initiated by H pylori binding;
There is significant evidence that other surface molecules
in addition to MHC class II are capable of binding H
pylori; there have been numerous studies demonstrating
the role of Lewis b (Le") blood group antigen in H pylori
adherence to the epithelium[zz’zal. More recently, it has been
suggested that the dimeric form of the trefoil protein
TFE1 avidly binds H pylor/™. The implications of each of
these findings in the physical interaction between bacterium
and host is important because of the need to understand
the molecules responsible for bacterial adhesion. They are
also important because of the possibility that a particular
bacterial receptor influences the downstream signal
transduction events initiated when H pylori binds to a
secondary receptor, or activates a death receptor.

Deciphering the complexity of H pylori pathogenesis in
order to reduce its contribution to human gastric disease
will require continued investigation into the interactions
between bacterial receptors and their effects on the host
epithelial cell homeostasis.
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