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Abstract

Crosstalk between the gastric epithelium, which is closely in contact with stromal fibroblasts
in the gastric mucosa has a pivotal impact in proliferation, differentiation and transformation
of the gastric epithelium. The human pathogen Helicobacter pylori colonises the gastric
epithelium and represents a risk factor for gastric pathophysiology. Infection of H. pylori
induces the activation of the transcription factor nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB), which is involved in the pro-inflammatory response but also in cell
survival. We found in co-culture of human gastric fibroblasts (HGF) that apoptotic cell death
is suppressed in polarised human gastric cancer cell line NCI-N87 or gastric mucosoids during
H. pylori infection. Interestingly, suppression of apoptotic cell death in NCI-N87 cells involved
an enhanced A20 expression, which was regulated by NF-kB activity in response to H. pylori
infection. Moreover, A20 acts as an important negative regulator of caspase-8 activity, which
was suppressed in NCI-N87 cells during co-culture with gastric fibroblasts. Our results provide
evidence for a NF-kB-dependent regulation of apoptotic cell death in cellular crosstalk and
underscore the protective role of gastric fibroblasts on gastric epithelial cell death during H.

pylori infection.

Keywords; caspase-8, gastric cancer, gastric mucosoids, gastric organoids, NF-xB

1. Introduction

The epithelium of the gastric mucosa contains different cell types with distinct functions,
including mucus-producing cells, acid-secreting parietal cells and pepsinogen-secreting chief
cells [1]. The lamina propria, a loose connective tissue under the gastric epithelium, contains
various surrounding stromal cells, including fibroblasts, vascular endothelial, smooth muscle
cells, and immune cells [2]. Remarkably, emerging evidence suggests critical functions of
fibroblasts that go beyond their fundamental role as structural scaffolds, including the control
of cell survival, differentiation, and migration [3]. However, the effect of fibroblasts on epithelial
cell survival remains a controversy. It has been suggested that different types of fibroblasts
may release diverse factors that influence proliferation, apoptosis, and drug response of
epithelial cells [4,5]. Thus, fibroblasts may function as either positive or negative regulators of
epithelial cell growth depending on the type of fibroblast. Interestingly, the co-culture of murine
glandular stomach cells and gastric mesenchymal fibroblasts revealed that the gastric
fibroblasts contribute to the long-term maintenance of stem cell activity and increase the

differentiation and proliferation of the gastric epithelium [6]. This finding suggests the
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importance of gastric fibroblasts for maintaining the functional integrity of the gastric epithelium
in the gastric mucosa.

The gastric epithelium represents a barrier protecting the stomach from external
agents, including pathogens. However, a colonising of H. pylori bacterium exists in nearly half
of the world’s population [7]. H. pylori is also a risk factor for stomach diseases such as peptic
ulcers, chronic gastritis, and gastric cancer [8]. Furthermore, infection with H. pylori is
associated with significant gastric epithelial cell damage, including apoptotic cell death
pathway [9-17]. Herein, the H. pylori-induced NF-xB pathways and their target genes encoding
cell survival factors (clAP1, clAP, A20) play a crucial role [18].

Although the presence of fibroblasts underneath the human stomach epithelium is widely
known, its crosstalk with the overlaying epithelium has still not been well characterised. In
particular, it is unclear if the fibroblasts affect survival of gastric epithelial cells during H. pylori
infection. Here, we examined the effect of gastric fibroblasts on the survival of polarised gastric
epithelial cancer cells and primary gastric mucosoids. We identified a protective role of the
fibroblasts on the epithelial cell death during H. pylori infection, and suggest that NF-kB-

regulated A20 contributes this process.

2. Materials and methods

2.1. Cell culture and H. pylori infection

The human NCI-N87 gastric carcinoma cell line (CRL-5822, ATCC) was cultured as polarised
cell monolayer. 2 x 105 cells were seeded on a porous membrane (pore size 1 uM) of 12-well
ThinCert™ inserts (Greiner Bio-One). The cells were further cultivated for 4 days in RPMI
1640 medium (Gibco®/ Life Technologies) supplemented with 10% fetal calf serum (FCS;
Biochrom) at 37 °C in a humidified 5% CO. atmosphere to obtain a confluent polarised cell
monolayer. Human gastric fibroblasts (HGF; #2830, ScienceCell™ Research Laboratory)
were seeded at 2 x 10° cells per well in 12-well plate and cultured in RPMI 1640 medium
supplemented with 10% FCS at 37 °C in a humidified 5% CO, atmosphere for 4 days. The
culture medium was replaced with fresh RPMI 1640 medium supplemented with 10% FCS
overnight before starting the co-culture experiment and infection.

For gastric mucosoid cultures, 4 x 10° cells derived from gastric organoids [19] were seeded
onto a collagen-coated (15 yg/cm?, A10644-01, Gibco®) membrane of a 12-well ThinCert™
insert. The cells were cultivated in a mucosoid culture medium (advance DMEM/F12 ++
(12634-010, Thermo Fisher Scientific) and 25% (v/v) R-Spondin conditioned medium
supplemented with 25ng/ml Wnt Surrogate-Fc Fusion Protein (NOO1, U-Protein Express B.V.),
2% (viv) B-27™ Supplement (50X) (17504-044, Thermo Fisher Scientific), 10 mM
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Nicotinamide (N0636-100G, Sigma Aldrich), 1% (v/v) Penicillin-Streptomycin (100X) (15140-
122, Thermo Fisher Scientific), 1% (v/v) N-2 Supplement (100X) (17502-048, Thermo Fisher
Scientific), 20 ng/ml Human EGF (PHGO0311, Thermo Fisher Scientific), 1 uM TGF-B Rl Kinase
Inhibitor IV (Alk-1) (616454, Calbiochem), 150 ng/ml Human FGF-10 (100-26, PeproTech),
150 ng/ml Human Noggin (120-10C, PeproTech), 10 nM Human [Leu']-Gastrin | (G9145,
Sigma Aldrich) and 7.5 yM ROCK inhibitor (Y-27632) (Y0503, Sigma Aldrich)) at 37 °C in a
humidified 5% CO, atmosphere.

The medium overlaying the cells was removed on day 4 after seeding to generate an air-liquid
interface (ALI) culture. The medium at the basolateral side was then replaced with a mucosoid
culture medium supplemented with 1.5 uyM ROCK inhibitor twice a week. Under ALI culture
conditions, the mucosoids produce and accumulate mucous on the apical side, which was
removed twice a week. The gastric mucosoids were cultivated for 18 days to form a monolayer
with complete barrier integrity [19]. The mucous was removed and the mucosoids were
washed twice with PBS containing calcium and magnesium before starting the co-culture
experiment and infection.

For the co-culture experiment, the ThinCert™ inserts containing confluent polarised NCI-N87
cells or gastric mucosoids were hung in the 12-well plate on top of the HGF cells.

For collecting the conditioned media, the NCI-N87 and HGF cells were seeded on a
membrane of ThinCert™ inserts and in a 12-well plate, respectively. The cells were cultured
in three different conditions as follows: (1) HGF mono-culture, (2) HGF in co-culture with
polarised NCI-N87 cells and (3) HGF in co-culture with H. pylori-infected polarised NCI-N87
cells. After 18 h, the culture medium of HGF in the basolateral compartment (conditioned
medium) was collected, centrifuged at 600g for 10 minutes, and filtered through 0.2-micron
filters.

H. pylori strain P1 [20] was grown on GC agar plates supplemented with 10% horse serum
(Gibco®/Life Technologies), 5 ug/ml trimethoprim (Sigma-Aldrich), 1 ug/ml nystatin (Sigma-
Aldrich), 10 ug/ml vancomycin (Sigma-Aldrich) under microaerophilic conditions at 37 °C for

48 h prior infection. Cells were infected with H. pylori at MOI 100.

2.2. Assessment of cell monolayer integrity

2.2.1. TEER measurement

Measurement of transepithelial electrical resistance (TEER) was performed using a Millicell
electrical resistance system (Millipore) according to the manufacturer’s instruction. TEER
values were calculated as kOhm (kQ2) x cm?. The cell monolayers reaching TEER values
above 0.5 kQ x cm? were considered to have an appropriate barrier function and used for
further study.
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2.2.2. FITC dextran measurement

The paracellular permeability of the cell monolayer was evaluated by measuring the diffusion
of fluorescein isothiocyanate (FITC)-labelled dextran (molecular mass 4 kDa, Sigma) from the
apical to the basolateral medium compartment. The apical culture medium was replaced by a
medium containing FITC-dextran (1mg/ml), whereas the basolateral medium was changed to
a fresh medium without FITC-dextran. After incubation at 37 °C for 4 h, aliquots were collected
from apical and basolateral compartments. The fluorescence intensity of the collected media
was measured using a multi-mode plate reader (SpectraMax M5, Molecular Devices) with an
excitation wavelength of 492 nm and an emission wavelength of 520 nm. The cell monolayer's
permeability was presented as a percentage of FITC-dextran transported across the gastric
monolayer compared to control (blank membrane).

TEER and FITC-dextran measurements of polarised NCI-N87 cells in co-culture conditions
were performed after H. pylori infection for 24 h. The results were presented as a percentage

of TEER or FITC-dextran transport compared to control (uninfected polarised NCI-N87 cells).

2.3. siRNA transfection

Cells were seeded at 2 x 10° cells on the porous membrane of the 12-well ThinCert™ inserts
one day before transfection. Transfection of siRNA was performed using siLentFect™ (Bio-
Rad, #1703362). Briefly, the cell culture media in both apical and basolateral compartments
were changed to Opti-MEM (Gibco®/ Life Technologies) before transfection. siRNA against
A20 (S105018601, Qiagen) and scrambled siRNA (#D-001810-10, Dharmacon) were prepared
at a final concentration of 50 nM and added onto the apical side. At 6 h after transfection, the
medium was changed to a fresh RPMI 1640 medium containing 10% FCS. The cells were

cultured for an additional 42 h before starting the co-culture experiment and infection.

2.4. Apoptotic cell death analysis

The cells were harvested using trypsin and stained with an Annexin V-FITC/PI Kit (MabTag
GmbH), according to the manufacturer's instructions. Annexin V/P| stained cells were
determined by flow cytometry using the CyFlow space (Sysmex). Ten thousand gated single
cells were acquired and the data were processed and analysed using Flowing Software 2.5.1.
The Annexin V-positive cells (early apoptotic cells) and Annexin V/PI double-positive cells

(late apoptotic cells) were summed up to give the percentage of total apoptotic cells.

2.5. Preparation of cell lysates and immunoblotting

The cells on porous membrane were washed with ice-cold PBS, followed by lysis in RIPA lysis
buffer (50 mM Tris (pH 7.5), 150 mM NaCl, 2 mM EDTA, 10 mM K;HPO., 10% glycerol, 1%
Triton X-100, 0.05% SDS) supplemented with 1 mM NazVO4, 1 mM Na;MoO4, 20 mM NaF,

5
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10 mM NasP207, 1 mM AEBSF, 20 mM Glycerol-2-phosphate, and 1x EDTA-free protease
inhibitor mix (Pl) (cOmplete™, Mini, Roche). Lysates were obtained after centrifugation
(13,000 g, 4 °C, 10 min). The lysate samples were mixed with Laemmli buffer, heated at 95°C
for 10 min, separated in SDS containing Tris-Glycine gels, and transferred onto PVDF
membranes (Millipore). The membranes were blocked with 5% skim milk in TBS containing
0.1% Tween 20 (TBS-T) at room temperature (RT) for 1 h. The membranes were incubated
with primary antibodies in either 5% BSA or 5% skim milk in TBS-T at 4 °C overnight and
subsequently with appropriate HRP-conjugated secondary antibody in 5% skim milk in TBS-
T at RT for 1 h. The immunoblot was then developed using a chemiluminescent substrate
(#WBKLSO0500, Millipore) and visualised using the ChemoCam Imager (Intas).

The following primary antibodies were used: A20 (sc-166692) was purchased from Santa Cruz
Biotechnology; Caspase 3 (#9662), Caspase 8 (#9746), Cleaved Caspase 3 (#9661), Cleaved
caspase 8 (#9496) and phospho-lkBa (#9246) were purchased from Cell Signaling
Technology, and GAPDH (#MAB374) was purchased from Millipore.

2.6. Caspase-3/7 assay

The apical culture medium was replaced by a medium containing H. pylori (MOI 100) and
Incucyte® Caspase-3/7 Green Dye (dilution 1:1000, Sartorius). At 24 h after H. pylori infection,
the hanging arms of ThinCert™ insert were cut off and the insert was placed into a 12-well
plate well. The plate was then placed into the Incucyte® S3 Live-Cell Analysis System
(Sartorius) for measuring the fluorescence signal using the phase contrast and green
fluorescence channel at a magnification of 20x (36 images per membrane). A set of nine
images from the central region of the membrane were analysed by Image J software (National

Institutes of Health) and presented as fluorescence intensity (A.U.).

2.7. Immunofluorescence

The mucosoid cultures on the porous membrane of the ThinCert™ inserts were fixed with 4%
paraformaldehyde for 15 min, followed by three washes with PBS. The specimens were then
blocked and permeabilised in PBS containing 1 %BSA (w/v), 2 % FCS (v/v) and 0.25 % (v/v)
Triton-X-100 for 30 minutes at RT. The inserts were washed thrice with PBS, incubated with
a primary antibody against E-cadherin (ab1416, Abcam) or occludin (611090, BD Biosciences)
in 10x diluted blocking buffer at RT for 30 minutes. Afterwards washed thrice with PBS and
incubated with the secondary antibody (AlexaFluor 488 or AlexaFluor 555, ThermoFisher
Scientific) in 10x diluted blocking buffer at RT for 30 minutes, followed by three washes with
PBS containing 0.1% (v/v) Tween-20. DAPI (100pg/ml, Sigma-Aldrich) diluted 1:60 in MilliQ

water was added to stain the nuclei. In order to perform histology (H&E staining) and
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immunofluorescence on filter sections the filters were fixed overnight in 4% paraformaldehyde
at 4 °C, washed with PBS twice and embedded in Histogel (HG-4000-144) inside a cryomold
(Tissue-Tek®). Further, the sample were processed overnight, paraffin embedded and 5 ym
sections were cut with a rotation microtome (Leica) and mounted onto frosted slides.
Deparaffinization, rehydration and H&E staining was performed according to standard
protocols. Antigen was retrieved after rehydration by boiling the slides in citrate buffer pH 6.0
for 25 min. The immunofluorescence protocol was used as above. Images were acquired on
an AxioObserver 7 equipped with the Colibri 5 RGB-UV, a camera Axiocam 305 color and a
40x objective (Zeiss Plan-Apochromat, NA 1.4, Oil a = 0.13 mm) using the software ZEN 3.0
pro (Carl Zeiss microscopy). The filter sets used were as follows: DAPI, 96 HE BFP;
AlexaFluor 488, 38 HE GFP; and AlexaFluor 555, 43 HE DsRed.

2.8. Statistical analysis

Quantitative data were presented as mean *SD (standard deviation) of at least two
independent experiments. The statistical significance of data was analysed by applying
Student's T-test. P-values <0.05, 0.01, 0.001 were considered significant (*, **, ***

respectively).

3. Results

3.1. Co-culture with fibroblasts protects the monolayer integrity of NCI-N87 cells during
H. pylori infection

Gastric epithelial NCI-N87 cells were grown on the porous membrane of the ThinCert™ inserts
to obtain a polarised cell monolayer. The cell monolayer's integrity was determined by
measuring the transepithelial electrical resistance (TEER) and the amount of fluorescein
isothiocyanate (FITC)-labelled dextran transported from the apical to the basolateral sides of
the cell monolayer over time. An increase in TEER (Fig. 1A) and a decrease of FITC-dextran
transport (Fig. 1B) was observed over time, in which the cells reached the state of the fully
polarised monolayer with completed barrier integrity after 4 days of cell culture. Therefore, the
polarised NCI-N87 cells at this time point were used for further experiments.

The interaction between epithelial cells and fibroblasts is closely linked to the gastric
pathophysiology of bacterial infection [21]. Therefore, we established a co-culture system of
polarised gastric epithelial NCI-N87 cells and human gastric fibroblasts (HGF) to simulate in
part the gastric microenvironment (Fig. 1C), in which the polarised NCI-N87 cells were infected
with H. pylori at the apical side and could communicate with HGF at the basolateral side. We
then investigated the impact of HGF on the monolayer integrity of NCI-N87 cells upon H. pylori

infection. We found a significant decrease in TEER (Fig. 1D) and an increase in FITC-dextran

7
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transport (Fig. 1E) in polarised NCI-N87 cells after H. pylori infection, suggesting that H. pylori
impairs the monolayer integrity of polarised NCI-N87 cells. Interestingly, the loss of TEER and
increase in FITC-dextran passage was attenuated in the presence of HGF co-culture, but not
if co-cultivated with NCI-N87 cells (Fig. 1D and E). Our results suggest a protective role of

HGF on the monolayer integrity of the polarised NCI-N87 cells.

3.2. Co-culture with fibroblasts suppresses apoptotic cell death of NCI-N87 cells during
H. pylori infection

We next investigated the impact of HGF on the apoptotic cell death of polarised NCI-N87 cells
during H. pylori infection. Apoptotic cell death was determined by Annexin V/PI staining after
NCI-N87 cells were infected with H. pylori for 24 h. We observed an increase in apoptotic cell
death upon H. pylori infection (Fig. 2). Importantly, the number of apoptotic cells was
significantly decreased in the presence of HGF co-culture, but not if co-cultivated with NCI-
N87 cells. Quantitative analysis revealed that co-culture with HGF decreased apoptosis of
polarised NCI-N87 cells by 68% at 24 h post-infection. However, this effect was not observed
when NCI-N87 cells and NCI-N87 cells were co-cultured, indicating that co-culture specifically

with HGF could suppress H. pylori-induced cell death in NCI-N87 cells.

3.3. Conditioned media from fibroblasts suppresses apoptotic cell death of NCI-N87
cells during H. pylori infection

Our co-culture system provides a platform where fibroblasts and polarised NCI-N87 cells can
communicate through secreted factors in the medium. Therefore, we hypothesised that the
HGF communicate with polarised NCI-N87 cells through secreted factors and thus protected
NCI-N87 cells from death during H. pylori infection. We determined the impact of different
conditioned media (CM) from HGF on H. pylori-induced cell death in polarised NCI-N87 cells.
Briefly, three different conditioned media of HGF (CM of HGF mono-culture (yellow), CM of
HGF in co-culture with non-infected polarised NCI-N87 cells (blue), and CM of HGF in co-
culture with infected polarised NCI-N87 cells (green)) were collected and added to the
basolateral side of the polarised NCI-N87 cells (Fig. 3). The polarised NCI-N87 cells were then
infected with H. pylori for 24 h, after which apoptotic cell death of polarised NCI-N87 cells was
analysed. We found that only the conditioned medium from HGF in co-culture with infected
polarised NCI-N87 cells (green) was capable of decreasing H. pylori-induced apoptotic cell
death in NCI-N87 cells, while the others had little or no effect. This result indicates that HGF
contributes to the suppression of apoptotic cell death of polarised NCI-N87 via factors

secreted in response to the presence of infected polarised NCI-N87 cells.
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3.4. Co-culture with fibroblasts ameliorates H. pylori-induced A20 expression and cell
survival of NCI-N87 cells

We have previously reported that H. pylori infection leads to activation of NF- B signalling,
which subsequently upregulates the NF-xB target gene TNFAIP3, encoding A20 [22]. A20 is
a deubiquitinylase that can stabilise caspase-8, leading to the inhibition of caspase-8
activation and suppressed apoptotic cell death [22]. Therefore, we hypothesised that the co-
cultivation of HGF cells might affect regulation of A20 and thereby cell survival in NCI-N87
cells. Interestingly, we observed an increase in H. pylori-induced IkBa phosphorylation and
A20 expression, and a corresponding decrease in caspase-8 cleavage in NCI-N87 cells when
co-cultured with HGF (Fig. 4A). Furthermore, depletion of A20 resulted in an increment of
caspase-8 cleavage (Fig. 4A). Consistently, the IncuCyte® live-cell imaging analysis of the
activated caspase-3/7 after 24 h of H. pylori infection showed a decrease in fluorescence
intensity in NCI-N87 cells when co-cultured with HGF (Fig. 4B). Moreover, the fluorescence
intensity increased upon A20 depletion (Fig. 4B).

So far, our results suggest the involvement of A20 in the suppression of apoptotic cell death
in H. pylori-infected NCI-N87 cells during co-culture with HGF. A20 exerts its inhibitory effect
via caspase-8, thus, we further examined whether inhibition of caspase-8 blocks apoptotic cell
death in H. pylori-infected NCI-N87 cells co-cultured with HGF. Treatment with the caspase-8
inhibitor (Z-IETD-FMK) 15 min prior to H. pylori infection diminished apoptotic cell death of
NCI-N87 cells (Fig. 5). However, the effect of caspase-8 inhibition was not more pronounced
in NCI-N87 cells when co-cultured with HGF (Fig. 5). This indicates that co-culture with HGF

suppresses apoptotic cell death of polarised NCI-N87 cells in a caspase-8 dependent manner.

3.5. Co-culture with fibroblasts suppresses apoptotic cell death of gastric mucosoids
during H. pylori infection

To further corroborate our data, we used primary tissue and employed gastric mucosoid
cultures [19]. Gastric mucosoids grown on a collagen-coated membrane as a highly polarised
columnar epithelial layer with nuclei located on the basal side (Fig. 6A, left panel) were IF
labelled for occludin to show the apical tight junction of the mucosoids, giving rise to a closed
monolayer (Fig. 6A, middle panel). The infection of gastric mucosoids with GFP-labelled H.
pylori was shown in Fig. 6A (right panel). Consistent with polarised NCI-N87 cells, we found
that co-culture with HGF promoted H. pylori-induced IkBa phosphorylation and enhanced A20
expression in gastric mucosoids (Fig. 6B). Further, we also observed a decrease in caspase-
8 cleavage in gastric mucosoids when co-cultured with HGF (Fig. 6B). Consistently, the

IncuCyte® live-cell imaging analysis of the activated caspase-3/7 after 24 h of H. pylori
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infection showed a decrease in fluorescence intensity in gastric mucosoids when co-cultured
with HGF (Fig. 6C).

4. Discussion

Fibroblasts are the major stromal cells as part of the lamina propria of the gastric mucosa, that
are closely in contact with the gastric epithelium and could affect gastric epithelial
differentiation and proliferation [6]. Crosstalk between the stromal fibroblasts and epithelium
is considered to act as a functional driver of gastric cancer development [23, 24]. However,
little is known about the crosstalk between fibroblasts and gastric epithelium and its impact on
epithelial cell survival. In this study, we performed experiments with in vitro co-culture systems
by using either polarised human gastric cancer cell line NCI-N87 or gastric mucosoids in co-
culture with HGF upon H. pylori infection. We showed that co-culture with HGF could suppress
apoptotic cell death in polarised NCI-N87 cells during H. pylori infection. However, this effect
was not observed in co-culture with NCI-N87 cells (Fig. 2), highlighting the significant role of
gastric fibroblasts in suppressing apoptotic cell death in H. pylori-infected epithelial cells. The
non-contact co-culture system used in this study indicated that the effect of co-cultivation of
polarised NCI-N87 cells with HGF was initiated through factors secreted by HGF. Previously,
keratinocyte growth factor (KGF) had been identified as the growth-stimulating factor from
human gastric fibroblasts to human scirrhous gastric carcinoma cells [25]. Furthermore, Sun
et al. [26] reported that fibroblast growth factor 9 (FGF9) is a novel growth factor
overexpressed in cancer-associated fibroblasts and a possible secreted mediator that
promotes the survival and invasive capability of gastric cancer cells. Notably, we observed
that the conditioned medium of HGF after co-culturing with H. pylori-infected polarised NCI-
N87 cells protected from apoptotic cell death (Fig. 3). Therefore, this suggests that the HGF
respond to a component secreted basolaterally by polarised NCI-N87 cells after H. pylori
infection.

Infection of H. pylori induces early and transient activation of NF-kB in gastric epithelial cells
[27-29]. Dysregulation of NF-xB impacts on gastric inflammation and carcinogenesis due to
the regulation of growth factors, anti-apoptotic factors and cytokine/chemokine production
[30]. Our results showed a transient increase in phospho-IkBa, indicating NF-kB activity, and
an increase in the expression of the NF-kB regulated molecule A20 in NCI-N87 cells infected
with H. pylori, when co-cultured with HGF (Fig. 4A). Therefore, the crosstalk between the
gastric epithelial cells and HGF suggest NF-kB dependency. A factor secreted from gastric
epithelial cells, which induces a response in HGF, intensify the NF-«xB activation in the gastric

epithelial cells and subsequently promote cell survival. An impact of H. pylori infected-
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epithelial cells on stroma cells has been reported by Ferrand et al. [31]. Here, it was shown
that H. pylori-infected gastrointestinal epithelial cells secrete multiple cytokines, with a major
role of TNF, mainly via the NF-xB-dependent pathway, which induces the migration of bone
marrow-derived mesenchymal stromal cells to the site of infection [31]. In another study the
secretome of activated gastric fibroblasts induced a cancer stem cell-related differentiation
program in gastric epithelial cells, partially by TGFf signalling [32]. Furthermore, the reciprocal
interaction between gastric tumour cells and activated fibroblasts through TNF/IL-33/ST2L
signalling has been reported, leading to a malignant phenotype [24].

Infection of H. pylori in gastric epithelial cells initiates moderate apoptotic cell death. The
bacterial virulence factors such as vacuolating cytotoxin (VacA) and gamma-
glutamyltranspeptidase (GGT) can trigger the intrinsic/mitochondria-dependent apoptotic
pathway, while upregulation of TRAIL and FasL and their corresponding receptors upon H.
pylori infection are implicated in triggering the extrinsic apoptotic pathway [9-17]. Caspase-8
is a master regulator of the extrinsic cell death pathway [33]. We previously reported that A20
deubiquitinylates caspase-8, suppressing efficient caspase-8 cleavage and apoptotic cell
death [22]. Prominently, we found that co-culture with HGF strengthen increased A20
expression in H. pylori-infected NCI-N87 cells and suppressed the extent of caspase-8
cleavage in polarised NCI-N87 cells during H. pylori infection (Fig. 4A), indicating that
enhanced expression of A20 via intensified NF-kB activation mediates the suppressive effect
of HGF. This effect of A20 was antagonised by depletion of A20, resulting in an increase in
caspase-8 and caspase-3 cleavage compared with the scrambled control. The treatment with
a caspase-8 inhibitor abrogated caspase-8-dependent apoptotic cell death induced by H.
pylori infection (Fig. 5) and demonstrate that the suppressive effect of HGF cells on apoptotic
cell death of polarised NCI-N87 cells is caspase-8 dependent.

Moreover, we used human primary epithelial mucosoids, which recapitulate most of
the functions of the human gastric epithelium [19]. In an air-liquid interface culture, the gastric
mucosoids developed a continuous cell monolayer with columnar epithelial morphology of the
gastric epithelium (Fig. 6A). The apical mucus secretion indicates for the gastric epithelial
phenotype and constitutes a protective shield for the gastric mucosoids. Co-culture of gastric
mucosoids and HGF represents a model of gastric epithelium-stroma communication. With
this model, we could corroborate the effect of HGF co-culture on the protection of apoptotic
cell death of gastric mucosoids via enhanced A20 expression during H. pylori infection (Fig.
6B and C).

11
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5. Conclusion

Our data demonstrate the protective role of human gastric fibroblasts on apoptotic cell death
of gastric epithelial cells. We identified enhanced expression of A20 regulated by NF-kB
activity in response to H. pylori infection in gastric epithelial cells as an underlying mechanism
for suppression of apoptotic cell death in gastric epithelial cells by HGF in co-culture. This can
be attributed to a complex crosstalk via secreted factors between HGF and gastric epithelial
cells. However, the identity of the secreted factor(s) involved in this crosstalk will need further
investigation. Finally, our finding highlights the impact of cell-cell communication on cell
survival in the gastric mucosa during H. pylori infection and might suggest potential therapeutic

strategy by interfering with the interaction between fibroblasts and epithelial cells.
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Figure legends

Fig. 1. Co-culture with fibroblasts protects the monolayer integrity of H. pylori-infected
NCI-N87 cells. NCI-N87 cells were grown as a polarised cell monolayer on a porous
membrane of ThinCert™ insert. (A) TEER values and (B) the percentage of FITC dextran
were measured at the indicated time. (C) Schematic illustration of the mono- and co-culture
system of polarised gastric epithelial cells (NCI-N87) and human gastric fibroblasts (HGF). H.
pylori were added to the apical side of the polarised NCI-N87 cells. (D, E) Polarised NCI-N87
cells were infected with H. pylori in the absence or presence of either NCI-N87 cells or HGF
co-culture for 24 h, followed by measurement of (D) TEER and (E) FITC dextran. TEER and
FITC dextran were calculated as the percentage of polarized NCI-N87 control. Data
information: Data shown in (A-B) and (D-E) are from two independent experiments and
represent mean + SD. *P<0.05, ***P<0.001 (Student’s t-test).

Fig. 2. Co-culture with fibroblasts suppresses apoptotic cell death of polarized NCI-N87
cells during H. pylori infection. Polarised NCI-N87 cells were infected with H. pylori for 24
h in the absence or presence of either NCI-N87 cells or HGF co-culture. Polarised NCI-N87
cells were stained with Annexin V/PI, and the apoptotic cell death was analysed by flow
cytometry. Data information: Data shown are representative of two independent experiments,

and the graph represents mean + SD from two independent experiments.

Fig. 3. Effect of fibroblast conditioned media on H. pylori-induced apoptotic cell death
of polarised NCI-N87 cells. Conditioned media (CM) from HGF (from 3 different conditions)
were collected including CM of HGF mono-culture (yellow), CM of HGF co-cultured with non-
infected NCI-N87 cells (blue), and CM of HGF co-cultured with infected NCI-N87 cells (green).
The conditioned medium was added to the basolateral side of the polarised NCI-N87 cells,
infected with H. pylori for 24 h prior to staining with Annexin V/PI. The apoptotic cell death was
analysed by flow cytometry. Data information: Data shown are representative of two
independent experiments, and the graph represents mean * SD from two independent

experiments.

Fig. 4. Co-culture with fibroblasts ameliorates H. pylori-induced A20 expression and
cell survival of NCI-N87 cells

(A) Polarised NCI-N87 cells were transfected with siRNA against A20 and infected with H.
pylori in the absence or presence of HGF for indicated times. Whole-cell lysates were
subjected to IB analysis of the indicated proteins. (B) Polarised NCI-N87 cells were transfected

with siRNA against A20 and infected with H. pylori in the absence or presence of HGF for 24
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h. Cleaved caspase-3/7 (green) in polarized NCI-N87 cells was detected by the IncuCyte® S3
Live-Cell imaging analysis system. Scale bars = 100 ym. Data information: Data shown in (A
and B) are representative of two independent experiments. Fluorescence intensity in (B)

depicts mean + SD from two independent experiments. *P<0.05, **P<0.01 (Student’s t-test).

Fig. 5. Co-culture with fibroblasts abrogates caspase-8-dependent apoptotic cell death
in polarised NCI-N87 cells during H. pylori infection. Polarised NCI-N87 cells were
pretreated with Z-IETD-FMK for 15 min, followed by H. pylori infection in the absence or
presence of HGF for an additional 24 h. The cells were stained with Annexin V/PI, and
apoptotic cell death was analyzed by flow cytometry. Data information: Data shown are
representative of two independent experiments, and the graph represents mean £ SD from

two independent experiments.

Fig. 6. Co-culture of gastric mucosoids with fibroblasts suppresses apoptotic death
during H. pylori infection. (A) Gastric mucosoids grown on filter inserts were fixed, paraffin-
embedded, cut into 5 um sections and stained for H&E or E-cadherin by fluorescence (left).
Whole mount filter inserts either uninfected or infected for 2 h with GFP-labelled H. pylori were
IF stained for occludin. Scale bars = 20 ym (right). (B) Gastric mucosoids were infected with
H. pylori in the absence or presence of HGF for indicated times. Whole-cell lysates were
subjected to IB analysis of the indicated proteins. (C) Gastric mucosoids were infected with H.
pylori in the absence or presence of HGF for 24 h. Cleaved caspase-3/7 (green) in the gastric
mucosoids was detected by the IncuCyte® S3 Live-Cell imaging analysis system. Scale bars
= 100 pym. Data information: Data shown in (B) are representative of three independent
experiments. Data shown in (C) are representative of two independent experiments.
Fluorescence intensity in (C) depicts mean + SD from two independent experiments. *P<0.05
(Student's t-test).

14



512

513
514

515
516

517
518

519
520

521
522

523
524
525

526
527
528

529
530

531
532

533
534
535

536
537
538
539

540
541
542

543
544
545

546
547
548

549
550

551
552
553

554
555
556
557

References

[1] T.H. Kim, R.A. Shivdasani, Stomach development, stem cells and disease, Development, 143 (2016) 554-565.
http://doi.org/10.1242/dev.124891

[2] B. Hunyady, E. Mezey, M. Palkovits, Gastrointestinal immunology: cell types in the lamina propria--a
morphological review, Acta Physiol Hung, 87 (2000) 305-328.

[3] C. Liu, M. Mak, Fibroblast-mediated uncaging of cancer cells and dynamic evolution of the physical
microenvironment, Sci Rep, 12 (2022) 791. http://doi.org/10.1038/s41598-021-03134-w

[4] R.N. Gomes, F. Manuel, D.S. Nascimento, The bright side of fibroblasts: molecular signature and regenerative
cues in major organs, NPJ Regen Med, 6 (2021) 43. http://doi.org/10.1038/s41536-021-00153-z

[5] B. Koh, H. Jeon, D. Kim, D. Kang, K.R. Kim, Effect of fibroblast co-culture on the proliferation, viability and drug
response of colon cancer cells, Oncol Lett, 17 (2019) 2409-2417. http://doi.org/10.3892/01.2018.9836

[6] T. Katano, A. Ootani, T. Mizoshita, S. Tanida, H. Tsukamoto, K. Ozeki, H. Kataoka, T. Joh, Gastric mesenchymal
myofibroblasts maintain stem cell activity and proliferation of murine gastric epithelium in vitro, Am J Pathol, 185
(2015) 798-807. http://doi.org/10.1016/j.ajpath.2014.11.007

[7]1 M. Zamani, F. Ebrahimtabar, V. Zamani, W.H. Miller, R. Alizadeh-Navaei, J. Shokri-Shirvani, M.H. Derakhshan,
Systematic review with meta-analysis: the worldwide prevalence of Helicobacter pylori infection, Aliment
Pharmacol Ther, 47 (2018) 868-876. http://doi.org/10.1111/apt. 14561

[8] H.J. Ahn, D.S. Lee, Helicobacter pylori in gastric carcinogenesis, World J Gastrointest Oncol, 7 (2015) 455-465.
http://doi.org/10.4251/wjgo.v7.i12.455

[9] V. Ricci, M. Giannouli, M. Romano, R. Zarrilli, Helicobacter pylori gamma-glutamyl transpeptidase and its
pathogenic role, World J Gastroenterol, 20 (2014) 630-638. http://doi.org/10.3748/wjg.v20.i3.630

[10] P. Jain, Z.Q. Luo, S.R. Blanke, Helicobacter pylori vacuolating cytotoxin A (VacA) engages the mitochondrial
fission machinery to induce host cell death, Proc Natl Acad Sci U S A, 108 (2011) 16032-16037.
http://doi.org/10.1073/pnas.1105175108

[11] J.H. Martin, A. Potthoff, S. Ledig, M. Cornberg, O. Jand|, M.P. Manns, S. Kubicka, P. Flemming, C. Athmann,
W. Beil, S. Wagner, Effect of H. pylori on the expression of TRAIL, FasL and their receptor subtypes in human
gastric epithelial cells and their role in apoptosis, Helicobacter, 9 (2004) 371-386. http://doi.org/10.1111/1.1083-
4389.2004.00269.x

[12] N.L. Jones, A.S. Day, H.A. Jennings, P.M. Sherman, Helicobacter pylori induces gastric epithelial cell
apoptosis in association with increased Fas receptor expression, Infect Immun, 67 (1999) 4237-4242.
http://doi.org/10.1128/IA1.67.8.4237-4242.1999

[13] K. Shibayama, Y. Doi, N. Shibata, T. Yagi, T. Nada, Y. linuma, Y. Arakawa, Apoptotic signaling pathway
activated by Helicobacter pylori infection and increase of apoptosis-inducing activity under serum-starved
conditions, Infect Immun, 69 (2001) 3181-3189. http://doi.org/10.1128/IA1.69.5.3181-3189.2001

[14] S. Maeda, H. Yoshida, Y. Mitsuno, Y. Hirata, K. Ogura, Y. Shiratori, M. Omata, Analysis of apoptotic and
antiapoptotic  signalling pathways induced by Helicobacter pylori, Gut, 50 (2002) 771-778.
http://doi.org/10.1136/qut.50.6.771

[15] T.L. Cover, U.S. Krishna, D.A. Israel, R.M. Peek, Jr., Induction of gastric epithelial cell apoptosis by
Helicobacter pylori vacuolating cytotoxin, Cancer Res, 63 (2003) 951-957

[16] K.M. Kim, S.G. Lee, M.G. Park, J.Y. Song, H.L. Kang, W.K. Lee, M.J. Cho, K.H. Rhee, H.S. Youn, S.C. Baik,
Gamma-glutamyltranspeptidase of Helicobacter pylori induces mitochondria-mediated apoptosis in AGS cells,
Biochem Biophys Res Commun, 355 (2007) 562-567. http://doi.org/10.1016/j.bbrc.2007.02.021

[17] H. Ashktorab, R.H. Dashwood, M.M. Dashwood, S.I. Zaidi, S.M. Hewitt, W.R. Green, E.L. Lee, M.
Daremipouran, M. Nouraie, R. Malekzadeh, D.T. Smoot, H. pylori-induced apoptosis in human gastric cancer cells
mediated via the release of apoptosis-inducing factor from mitochondria, Helicobacter, 13 (2008) 506-517.
http://doi.org/10.1111/j.1523-5378.2008.00646.x

15



558
559
560

561
562
563
564

565
566
567

568
569
570

571
572
573
574

575
576
577
578

579
580
581

582
583

584
585
586

587
588

589
590

591
592
593

594
595

596
597
598

599
600
601
602

603
604
605

[18] M.C.C. Lim, G. Maubach, A.M. Birkl-Toeglhofer, J. Haybaeck, M. Vieth, M. Naumann, A20 undermines
alternative NF-kappaB activity and expression of anti-apoptotic genes in Helicobacter pylori infection, Cell Mol Life
Sci, 79 (2022) 102. http://doi.org/10.1007/s00018-022-04139-y

[19] F. Boccellato, S. Woelffling, A. Imai-Matsushima, G. Sanchez, C. Goosmann, M. Schmid, H. Berger, P. Morey,
C. Denecke, J. Ordemann, T.F. Meyer, Polarised epithelial monolayers of the gastric mucosa reveal insights into
mucosal homeostasis and defence against infection, Gut, 68 (2019) 400-413. http://doi.org/10.1136/qutjnl-2017-
314540

[20] S. Backert, E. Ziska, V. Brinkmann, U. Zimny-Arndt, A. Fauconnier, P.R. Jungblut, M. Naumann, T.F. Meyer,
Translocation of the Helicobacter pylori CagA protein in gastric epithelial cells by a type IV secretion apparatus,
Cell Microbiol, 2 (2000) 155-164. http://doi.org/10.1046/j.1462-5822.2000.00043.x

[21] J. Traulsen, C. Zagami, A.A. Daddi, F. Boccellato, Molecular modelling of the gastric barrier response, from
infection to carcinogenesis, Best Pract Res Clin Gastroenterol, 50-51 (2021) 101737.
http://doi.org/10.1016/j.bpg.2021.101737

[22] M.C.C. Lim, G. Maubach, O. Sokolova, M.H. Feige, R. Diezko, J. Buchbinder, S. Backert, D. Schluter, I.N.
Lavrik, M. Naumann, Pathogen-induced ubiquitin-editing enzyme A20 bifunctionally shuts off NF-kappaB and
caspase-8-dependent  apoptotic  cell  death, Cell Death Differ, 24 (2017) 1621-1631.
http://doi.org/10.1038/cdd.2017.89

[23] L. Zhu, X. Cheng, J. Shi, L. Jiacheng, G. Chen, H. Jin, A.B. Liu, H. Pyo, J. Ye, Y. Zhu, H. Wang, H. Chen, J.
Fang, L. Cai, T.C. Wang, C.S. Yang, S.P. Tu, Crosstalk between bone marrow-derived myofibroblasts and gastric
cancer cells regulates cancer stemness and promotes tumorigenesis, Oncogene, 35 (2016) 5388-5399.
http://doi.org/10.1038/onc.2016.76

[24] Q. Zhou, X. Wu, X. Wang, Z. Yu, T. Pan, Z. Li, X. Chang, Z. Jin, J. Li, Z. Zhu, B. Liu, L. Su, The reciprocal
interaction between tumor cells and activated fibroblasts mediated by TNF-alpha/IL-33/ST2L signaling promotes
gastric cancer metastasis, Oncogene, 39 (2020) 1414-1428. http://doi.org/10.1038/s41388-019-1078-x

[25] K. Nakazawa, M. Yashiro, K. Hirakawa, Keratinocyte growth factor produced by gastric fibroblasts specifically
stimulates proliferation of cancer cells from scirrhous gastric carcinoma, Cancer Res, 63 (2003) 8848-8852.

[26] C. Sun, H. Fukui, K. Hara, X. Zhang, Y. Kitayama, H. Eda, T. Tomita, T. Oshima, S. Kikuchi, J. Watari, M.
Sasako, H. Miwa, FGF9 from cancer-associated fibroblasts is a possible mediator of invasion and anti-apoptosis
of gastric cancer cells, BMC Cancer, 15 (2015) 333. http://doi.org/10.1186/s12885-015-1353-3

[27] K. Schweitzer, O. Sokolova, P.M. Bozko, M. Naumann, Helicobacter pylori induces NF-kappaB independent
of CagA, EMBO Rep, 11 (2010) 10-11; author reply 11-12. http://doi.org/10.1038/embor.2009.263

[28] O. Sokolova, G. Maubach, M. Naumann, MEKK3 and TAK1 synergize to activate IKK complex in Helicobacter
pylori infection, Biochim Biophys Acta, 1843 (2014) 715-724. http://doi.org/10.1016/j.bbamcr.2014.01.006

[29] G. Maubach, M.C.C. Lim, O. Sokolova, S. Backert, T.F. Meyer, M. Naumann, TIFA has dual functions in
Helicobacter pylori-induced classical and alternative NF-kappaB pathways, EMBO Rep, 22 (2021) €52878.
http://doi.org/10.15252/embr.202152878

[30] S. Chaithongyot, P. Jantaree, O. Sokolova, M. Naumann, NF-kappaB in gastric cancer development and
therapy, Biomedicines, 9 (2021) 870. http://doi.org/10.3390/biomedicines9080870

[31] J. Ferrand, P. Lehours, A. Schmid-Alliana, F. Megraud, C. Varon, Helicobacter pylori infection of
gastrointestinal epithelial cells in vitro induces mesenchymal stem cell migration through an NF-kappaB-dependent
pathway, PLoS One, 6 (2011) e29007. http://doi.org/10.1371/journal.pone.0029007

[32] G. Krzysiek-Maczka, A. Targosz, U. Szczyrk, T. Wrobel, M. Strzalka, T. Brzozowski, J. Czyz, A. Ptak-
Belowska, Long-term Helicobacter pylori infection switches gastric epithelium reprogramming towards cancer stem
cell-related differentiation program in Hp-activated gastric fibroblast-TGFbeta dependent manner, Microorganisms,
8 (2020) 1519. http://doi.org/10.3390/microorganisms8101519

[33] M.P. Amaral, K.R. Bortoluci, Caspase-8 and FADD: where cell death and inflammation collide, immunity, 52
(2020) 890-892. http://doi.org/10.1016/j.immuni.2020.05.008

16



Fig. 1.

07 T 80
£ 06 S 70
S 05 §E 60
S 04 5 50
= Y 3 1S 40
@ 03 OE 30
w 0.2 2 20
" o1 L5 10
0 T ﬁ T T T T T 1 O\O 0 T T ﬁ == T T 1
[d 1 2 3 4 5 6 SMd 123 456
: i} D © Polarised NCI-N87
c Polarised NCI-N8&7 ® Polarised NCI-N87/ NCI-N87
+H. pylori___ ®m Polarised NCI-N87/ HGF
120 4
N Ho== Polarised ~ 100 -
s sirese] [FEEEEEEEE L NCI-Ng7 S g0 .
x € *
W38 60 |
F S 40 -
Polarised NCI-N87/ NCI-N87 < 20
+ H. pylori 0~
— —_ py — - H.pylori
S. #=| | Polarised
o] FestsiErst—-NCI-Ng7 E O Polarised NCI-N87
B Polarised NCI-N87/ NCI-N87
DOOOOOO0 seereeerest NCI-N87 ® Polarised NCI-N87/ HGF
200 4

*k%k
*kk

[

a1

o
|

Polarised NCI-N87/ HGF

+ H. pylori

Polarised
NCI-N87

HGF

FITC-dextran
(% of control)
=
o
o

al
o
|

o
|

- H.pylori



Fig. 2.

Polarised
NCI-N87 eleeleroletelore]

Pl

Polarised NCI-N87

|

6% 1.3%

+ H. pylori

AnnexinV-FITC ~ "™®

1

2.7% 26.6%

58.2% 12.6%

co-culture

Polarised
NCI-N87

NCI-N87eEsemeTe

Pl

‘i

Annexin V-FITC

mm

98.1% 1.7%

+ H. pylori

S o

e]e)ele)elelele

AnnexinV-FITC '™

om

1.7% 21.1%

56.7% 20.5%

co-culture

Polarised

OPolarised NCI-N87
EPolarised NCI-N87
mPolarised NCI-N87

80 -

o O

o
|

o
|

Apoptotic cell death (%)
PN W > g o N
o o

o
|

o
|

Pl

Pl

AnnexinV-FITC ~ "™®

1

0.1% 0.1%

98,

9% 0.9%
AnnexinV-FITC "™
Bz 0.0% 9.6%

0
AnnexinV-FITC ™=

INCI-N87
HGF

- H. pylori



Fig 3.

+ H. pylori Polarised NCI-N87

30.2%

Polarised S Ho
NCI-N87——faimsbes——

S %ﬁ|
leleleleie olels

-

Pl

58.9% 7.0%
Annexin V-FITC

CM

g
7.2% 28.0%

Pl

Annexin V-FITC

H ]
3.3% 15.6%

Pl

Polarised

66 | 14.3%
Annexin V-FITC

g
0.6% 4.6%

Pl

S fo

89.1% 5.7%
Annexin V-FITC

50 -
g
£ 40 -
©
S 30 | 1: Control (RPMI)
ko] 2: CM HGF
S 20 | 3: CM HGF/ non-infected polarised NCI-N87 cells
5 4: CM HGF/ infected polarised NCI-N87 cells
Q.
S 10 -
<

0 -

1 2 3 4



Fig 4.

A Polarised NCI-N87 Polarised NCI-N87/ HGF
scrsiRNA S S T S T T T T T T
A20SIRNA B T T S T
H.pylori[n] 0 4 8 1624 0 4 8 1624 0 4 8 16 24 0 4 8 16 24
-95
A20 o —— H—— e -
p'IKBOL N Rp—— — e — — e QP — e -43
Casp 8 I Iy - -+ - - % T T W
Cl. Casp 8 B = -
Casp3 D D — ————— o ——— N ——— — 3
Cl. Casp 3 - - - - - -
GAPDH N — —— N ———— . ———— " ——
B + H. pylori
SchiRNA AZOSiRNA SchiRNA AZOSiRNA
5 G : ZEe v : O Polarised NCI-N87
S B Polarised NCI-N87/ HGF
(%]
8 *% *
~ +
2| & 3 %0 =
g) i S:_/ 70
5 2 60 -
(] X
2| ~ 2 50 -
3| ® 3
S|
(@] o 30
e
@ 20 1
%)
~ 4
@ S
§ [ —
L [72)
ol|© I
| * <
| 8
| & . pylori
E g py
@)
z
e}
[
2|~
s ®
2|5
O




Fig 5.

Polarised NCI-N87/ HGF Polarised NCI-N87

Pl

Pl

m

mm

+IETD + H. pylori + IETD,+ H. pylori
2.3% L 19% Bi0.7% 205% B 17.2%
o [ [
;4.76/'0 219% 95.3% 2.0% 68.4% | 10.4% 7% : 4.6%
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
§ H §

0.4%

95.0% | 2.0%

Pl

2.6%

2.8%

Pl

Pl

4.1%

12.5%

mm

Annexin V-FITC

93:2%
: i
Annexin V-FITC

Annexin V-FITC

‘mm

mm

Annexin V-FITC

Apoptotic cell death (%)

)]
o

N
o

w
o

N
o

=
o

$
3

O Polarised NCI-N87
B Polarised NCI-N87/ HGF

O «0
IR

3
&L

Q
O
N2

Q



occludin

Gastric mucosoid Gastric mucosoid/ HGF
H.pylori - + + + + + - - + + + + + -
Time [h] - 4 812162424 - 4 8 12 16 24 24
A20 —_———— — ———————
p-lkBa - — — L ———— -43
Casp 8 s s T — e T T - ——— W= o
Cl. Casp 8 - - e
Casp 3 ——— e — - —— e — e —— _ 3
— -

Cl. Casp 3 - 1
GAPDH e e e e e e e

Gastric mucosoid Gastric mucosoid/ HGF

+H.pylori + H. pylori

Phase + Casp-3/7

Casp-3/7

‘occluding

Fluorescence intensity x10° (A.U.)

O Gastric mucosoid
B Gastric mucosoid/ HGF

35 - *
30 -
25 -
20 -
15 A
10 A




