
Increased programmed death-ligand-1 expression in human gastric
epithelial cells in Helicobacter pylori infectioncei_4217 1..10

Y.-Y. Wu,*† C.-W. Lin,* K.-S. Cheng,‡

C. Lin,†§ Y.-M. Wang,* I.-T. Lin,†

Y.-H. Chou* and P.-N. Hsu¶††

*Department of Medical Laboratory Science and

Biotechnology, †Graduate Institute of Clinical

Medical Science, and ‡Department of Internal

Medicine, College of Medicine, China Medical

University and Hospital, §Department of

Otolaryngology, China Medical University

Hospital, Taichung, ¶Graduate Institute of

Immunology, College of Medicine, National

Taiwan University, and ††Department of Internal

Medicine, National Taiwan University Hospital,

Taipei, Taiwan

Summary

B7-H1 [programmed death-ligand-1 (PD-L1)] is a B7-family member that
binds to programmed death-1 (PD-1). Recently, deficiency of PD-L1 has been
demonstrated to result in accelerated gastric epithelial cell damage in gastritis,
and PD-L1 is suggested to play a critical role in regulating T cell homeostasis.
Here, we aimed to gain more insight into gastric PD-L1 expression, regulation
and function during Helicobacter pylori infection. PD-L1 expression in human
gastric epithelial cells was analysed using Western blotting, quantitative poly-
merase chain reaction and fluorescence activated cell sorter analysis. Further-
more, co-culture experiments of human gastric epithelial cells with primary
human T cells or Jurkat T cells were conducted. PD-L1 expression in primary
human gastric epithelial cells was strongly enhanced by H. pylori infection and
activated T cells, and augmented markedly by further stimulation with
interferon-g or tumour necrosis factor-a. Moreover, PD-L1 expression in
gastric epithelial cells significantly induced apoptosis of T cells. Our results
indicate that a novel bidirectional interaction between human gastric epithelial
cells and lymphocytes modulates PD-L1 expression in human gastric epithelial
cells, contributing to the unique immunological properties of the stomach.
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Introduction

Approximately 50% of the world’s population is infected
with the pathogen Helicobacter pylori, being associated with
duodenal and peptic ulcer diseases. The clinical conse-
quences range from asymptomatic gastritis to peptic ulcer-
ation and gastric malignancy [1,2]. The outcome of the
infection is determined by interactions among H. pylori
virulence factors, host gastric mucosal factors and the
environment. However, the mechanisms by which host
factors cause disease remain unclear. H. pylori colonization
induces systemic and mucosal immune responses. There is
increased T cell infiltration at the site of infection with H.
pylori [3]. Recent studies have suggested that the number of
T helper type 1 (Th1) cells is increased selectively during
infection [3–6]. Th1 cytokines, such as interferon (IFN)-g
and tumour necrosis factor (TNF)-a, can increase the
release of proinflammatory cytokines, augmenting apoptosis
induced by H. pylori [7].

B7-like molecules and their cognate receptors constitute
important co-stimulatory pathways that control and fine-
tune immune responses. In recent years, an array of new

members of the B7 family have been identified, including
B7-H1 [programmed death-ligand-1 (PD-L1)] and B7-DC
(PD-L2) [8]. Both are ligands for programmed death-1 (PD-
1), which is expressed on activated T and B cells [9–11].
PD-L1 has been described to be expressed inducibly in a
variety of organs [8,11–17]. A number of studies support the
role of PD-L1 as a negative regulator of T cell responses and
suggest that PD-L1 promotes peripheral tolerance [18].

Here, we analysed whether H. pylori induces overexpres-
sion of PD-L1 in human gastric epithelial cells. Our data
suggest that a novel bidirectional interaction between human
gastric epithelial cells and lymphocytes modulates PD-L1
expression in gastric epithelial cells during H. pylori infection.

Materials and methods

Subjects and culture of primary human gastric
epithelial cells

Biopsy specimens of the gastric antrum were obtained from
23 patients undergoing gastric endoscopy for dyspepsia at
China Medical University Hospital. The study was approved
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by the Medical Ethics Committee of China Medical Univer-
sity Medical Center (Taichung, Taiwan) and informed
consent was obtained from all patients. The specimens were
taken from areas of grossly normal gastric mucosa compris-
ing surface and deep glandular epithelium. Among the 23
patients, 12 were H. pylori-positive and 11 were H. pylori-
negative. Human gastric epithelial cells were cultured using a
previously described method [19,20]. In brief, gastric biopsy
specimens were collected in Leibowitz’s L-15 medium (Life
Technologies, Grand Island, NY, USA). Gastric cells were
isolated enzymatically using collagenase/dispase after the
tissue had been mechanically minced into � 1-mm pieces.
The tissue was then pelleted by centrifugation at 1500 rpm
for 5 min at 4°C and the collagenase/dispase was discarded.
The tissue was then washed once in 10 ml of phosphate-
buffered saline (PBS) and pelleted by centrifugation. Cells
were resuspended in the cell culture medium. Gastric epi-
thelial cells obtained as described above were suspended in
2 ml of Ham’s F-12 cell culture medium (Life Technologies)
with 10% fetal bovine serum and placed into a six-well tissue
culture plate. Primary gastric cells 48 h after being placed in
culture were stained with antibodies to cytokeratin 18
(Sigma Chemical Co., St Louis, MO, USA) to test for purity
[21]. The cytoplasm of virtually every cell in the colony
stained positively for cytokeratin 18, indicating that these
cells were of epithelial origin. MTT reduction assay (Chemi-
con International Inc., Temecula, CA, USA) at 48 h revealed
that the viability of the epithelial cells was > 95%.

Cell isolation and cell culture

T cells were separated from peripheral blood mononuclear
cells and cultured as described previously [22,23]. Heparin-
ized peripheral venous blood was obtained from healthy
donors. T cells were separated by the Rosette separation
method (Stem Cell Technologies, Vancouver, British Colum-
bia, Canada). Briefly, non-T cells were selected by a tet-
rameric antibody mixture against CD14, CD16, CD19, CD56
and glyA bound to erythrocytes. These complexes were sepa-
rated from the T cells by a Ficoll-Paque gradient. The purity
of the isolated human T cells was > 97% as tested by flow
cytometry with anti-CD3 monoclonal antibodies (mAb).

The human gastric adenocarcinoma cell line (AGS) was
obtained from American Type Culture Collection (ATCC;
Manassas, VA, USA) and maintained in Dulbecco’s modified
Eagle’s medium (DMEM), supplemented with 10% fetal
bovine serum (FBS). For some experiments, cells were
stimulated with recombinant TNF-a (R&D Systems; 40 ng/
ml) or IFN-g (Roche; 100 U/ml). For activation, Jurkat T
cells or primary T cells were incubated with anti-CD28
(clone: CD28·2; eBioscience, San Diego, CA, USA; 1 mg/ml/
1 ¥ 106) and recombinant interleukin (rIL)-2 (Sigma;
100 IU/ml/1 ¥ 106) in PBS-washed anti-CD3-coated 96-well
round-bottomed plates (clone: OKT3; eBioscience; 100 mg/
plate). These cells were stimulated for 72 h in 96-well

flat-bottomed microtitre plates before adding them to the
epithelial cell cultures. In co-cultures of epithelial cells and T
cells, the co-cultured suspension T cells were removed prior
to RT; thereafter, only epithelial cell RNA was collected for
later use. The ratio of epithelial cells to T cells was 1:1.

Bacterial cultures

H. pylori strain ATCC 26695 bacteria were grown on blood-
agar plates (BD Biosciences) at 37°C under microaerophilic
conditions. After 48 h in blood agar plates, H. pylori were
grown in Brucella broth for 24 h. The bacteria were washed
with normal saline, and their concentration was measured by
optical density (OD) at 530 nm absorbance using a DU-65
spectrophotometer (Beckman Instruments). The bacteria
were then adjusted to a concentration taking 1 OD equiva-
lent to 2 ¥ 108 bacteria/ml.

Infection of gastric epithelial cells with H. pylori

Before infecting the gastric epithelial cells with H. pylori for
48 h, gastric epithelial cells were washed and medium was
replaced with antibiotic-free medium. The bacteria were
resuspended in RPMI-1640 medium and used with a
cell : bacteria ratio of 1:100.

Analysis of mRNA expression

The PD-L1 expression was analysed by real-time quantitative
reverse transcription–polymerase chain reaction (RT–PCR).
Total RNA was purified using the Trizol reagent (Invitrogen
Life Technologies) following the instructions in the manu-
facturer’s manual. Total RNA (5 mg) was reverse-transcribed
with Superscript II RNase H reverse transcriptase (Invitro-
gen Life Technologies) and an oligo(dT) primer. Synthesized
cDNA was stored at -20°C until it was used. The expression
of PD-L1 real-time PCR was performed as described previ-
ously [19]. In brief, cDNA (2 ml) was subjected to real-time
quantitative RT–PCR using the Opticon system with SYBR
green I (Molecular Probes, Eugene, OR, USA) as a fluores-
cent reporter. PD-L1 and b-actin cDNAs were amplified in
separate reactions. The primers used for PD-L1 were 5′-GG
TGAGGATGGTTCTACACAG-3′ (sense) and 5′-GAGAACT
GCATGAGGTTGC-3′ (anti-sense). The threshold cycle
number of duplicate reactions was determined using the
Opticon software, and levels of PD-L1 mRNA expression
were normalized to b-actin levels using the formula 2(Rt–Et),
where Rt is the mean threshold cycle for the reference gene
(b-actin) and Et is the mean threshold cycle for the experi-
mental gene. Data are expressed in arbitrary units.

Analysis of PD-L1 expression by FACS analysis

Surface expression of PD-L1 was analysed by flow cytometry
using phycoerythrin (PE)-conjugated anti-PD-L1 (clone
MIH1) antibodies (eBioscience). After washing with PBS
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containing 10% fetal calf serum (FCS), cells were incubated
with anti-PD-L1 or matching isotype control antibodies for
30 min, washed, and fixed in 1% paraformaldehyde. A total
of 10 000 gated events were analysed using a FACScan
(Becton Dickinson).

Apoptosis assays

To determine PD-L1-mediated cytotoxicity, co-cultures of
200 000 Jurkat T cells (or primary T cells) were established
with 200 000 AGS cells (or primary gastric epithelial cells)
for 24 h. T cells were added either directly to the gastric
epithelial cells or placed into Transwell inserts (0·2 mm pore
size; Nunc Tissue Culture, Nunc, Roskilde, Denmark). To
analyse functional activity, blocking anti-PD-L1 antibodies
(clone MIH5; eBioscience) were incubated with the gastric
epithelial cells, and unbound antibody was removed by
washing prior to addition of T cells. For detection of apop-
tosis, cells were stained simultaneously with fluorescein
isothiocyanate (FITC)-conjugated annexin V and propidium
iodide (PI) (both from Pharmingen), according to the
manufacturer’s instructions. Total numbers of apoptotic
cells were determined by calculation of annexin V+ and PI-

cells together with annexin V+ and PI+ cells. For positive
controls, cells were permeabilized with saponin 0·1% for 1 h.

Western blot analysis

Proteins were separated by 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), transferred
to a nitrocellulose membrane (Bio-Rad), and blocked in
TBST (20 mM Tris-HCl/500 mM NaCl (pH 7·5) with 0·05%
Tween 20) containing 5% dry milk. The membranes were
subsequently probed with respective primary antibody in
TBST containing 5% dry milk. The binding of primary anti-
bodies was detected with horseradish peroxidase (HRP)-
conjugated secondary antibody (Amersham Biosciences).
Subsequently, membranes were washed and incubated in
ECL reagent (Amersham Biosciences).

Statistical analysis

Results are expressed as means � standard deviation (s.d.)
(range) or percentage. Comparison between groups was
made using Student’s unpaired t-test. Welch’s correction was
performed when required. A P-value < 0·05 was considered
statistically significant. All calculations were performed using
the statistical computer package GraphPad Prism version
4·00 for Windows (GraphPad Software, San Diego, CA, USA).

Results

Expression of PD-L1 in human gastric epithelial cells
and gastric biopsies

Initially, we analysed PD-L1 protein expression in primary
gastric epithelial cells,AGS and gastric biopsies. In accordance

with previous studies analysing human primary gastric epi-
thelial cells [19], we detected PD-L1 expression in human
primary gastric epithelial cells, AGS and gastric biopsy
samples from patients negative to H. pylori infection at only
low levels. In addition, PD-L1 expression was clearly detect-
able in gastric biopsy samples from H. pylori-infected patients
(Fig. 1a). Eleven preparations of primary gastric epithelial
cells were tested for PD-L1 expression using Western blot. No
significant differences were found in the levels of PD-L1
expression between primary gastric epithelial cells from 11
different human cases. A total of 22 gastric biopsy samples
were analysed from 12 H. pylori-positive and 10 H. pylori-
negative patients. H. pylori-positive samples showed more
PD-L1 expression than H. pylori-negative samples (Fig. 1b).

Subsequently, we wanted to investigate whether PD-L1
expression in gastric epithelial cells may be affected directly
by H. pylori infection. First, we analysed AGS cells 24 h and
48 h after infection with H. pylori. PD-L1 mRNA expression
was induced significantly in AGS cells by H. pylori infection
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Fig. 1. Western blot of programmed death-ligand-1 (PD-L1)

expression using mouse anti-human PD-L1 monoclonal antibody

(mAb). (a) Lane 1, primary gastric epithelial cell; lane 2, human

gastric adenocarcinoma (AGS); lane 3, gastric biopsy samples from

patient negative to Helicobacter pylori infection; lane 4, gastric biopsy

samples from H. pylori-infected patient. a-Tubulin was used as an

internal control. (b) Densitometric scan was performed using

BioRad’s Quantity One software. Percentage of adjacent volume was

determined for each band of PD-L1 and a-tubulin. Ratio of

percentage of adjacent volume was plotted. *P < 0·05 compared to

control.
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compared to uninfected controls [12·5-fold (P < 0·05) 24 h
and 18·7-fold (P < 0·05) 48 h after infection; Fig. 2a)]. Sec-
ondly, we analysed primary gastric epithelial cells 24 h and
48 h after infection with H. pylori. PD-L1 mRNA expression
was induced significantly in primary gastric epithelial cells
by H. pylori infection compared to uninfected controls [3·6-
fold (P < 0·05) 24 h and 7·8-fold (P < 0·05) 48 h after infec-
tion; Fig. 2b], demonstrating that H. pylori induced elevated
levels of PD-L1.

Induction of PD-L1 expression in gastric epithelial cells
by activated T cells

Because Helicobacter pylori infections induce T cell
responses, in order to analyse whether T cells might influ-
ence levels of PD-L1 expression in gastric epithelial cells
co-cultures were established of AGS cells with resting or
activated Jurkat T cells and naive or activated primary T
cells. Quantitative PCR analysis revealed a significant
up-regulation of PD-L1 expression in AGS cells co-cultured
with activated Jurkat T cells or activated primary human T
cells compared to AGS cells in monoculture (control) (5·1-
fold P = 0·001 and 9·4-fold P = 0·007, respectively; Fig. 3a).
Also, co-culture with resting T cells induced an increased
PD-L1 expression (1·7- and 3·1-fold, respectively) but these
differences did not reach statistical significance.

Next we wanted to confirm these findings in primary
gastric epithelial cells. Similar to AGS cells, co-culture with
activated Jurkat T cells or primary T cells induced a signifi-
cant up-regulation of PD-L1 expression (2·76-fold P = 0·036
and 2·9-fold P = 0·02, respectively; Fig. 3b).

To investigate whether direct cell-to-cell contact is impor-
tant for the observed PD-L1 up-regulation, additional Tran-
swell experiments were performed using a membrane with
0·2 mm pore size to separate activated Jurkat T cells or
primary T cells from AGS cells. In this experimental setting a
significant up-regulation of PD-L1 mRNA was also observed
in AGS cells (23·8-fold; P = 0·02 Fig. 3c). In Transwell experi-
ments PD-L1 up-regulation in AGS cells was even higher
than observed in the conventional co-culture system (Fig. 3a
and 9·4-fold), indicating that direct contact with activated T
cells was not required for induction of PD-L1.

Induction of PD-L1 expression by Th1 cytokines IFN-g
and TNF-a

To test whether Th1 cytokines IFN-g and TNF-a might
modulate PD-L1 expression in gastric epithelial cells, we
performed dose–response and time–course experiments
initially using AGS cells. As determined by quantitative
PCR, expression of PD-L1 mRNA was directly dependent
upon the IFN-g concentrations. PD-L1 expression was
induced at concentrations as low as 10 U/ml and reached a
plateau at concentrations higher than 1000 U/ml (Fig. 4a).
Applying 100 U/ml IFN-g, a significant increase of PD-L1
expression was observed already 6 h after stimulation.
Maximal PD-L1 expression was observed 24 h after stimu-
lation with IFN-g, and expression levels were maintained
for 48 h (Fig. 4b). Next we performed dose–response and
time–course experiments applying TNF-a. PD-L1 expres-
sion was induced at concentrations as low as 10 ng/ml
TNF-a, and increased significantly with increasing doses of
TNF-a (tested up to 60 ng/ml) (Fig. 4c). The time–course
of TNF-a-mediated PD-L1 mRNA induction (tested at a
concentration of 40 ng/ml) was similar to that seen for
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Fig. 2. Programmed death-ligand-1 (PD-L1) expression of human

gastric epithelial cells after Helicobacter pylori infection. (a) Human

gastric adenocarcinoma (AGS) cells were infected with H. pylori and

RNA was isolated 24 and 48 h after infection. Non-infected AGS cells

served as controls. (b) Primary human gastric epithelial cells were

infected with H. pylori and RNA was isolated 24 and 48 h after

infection. Non-infected primary human gastric epithelial cells served

as controls. PD-L1 mRNA expression was quantified in relation to

b-actin expression by real-time polymerase chain reaction. *P < 0·05

compared to control.
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IFN-g (Fig. 4d). Based upon the results obtained from
dose–response and time–course experiments with AGS
cells, we investigated the effect of both Th1 cytokines on
PD-L1 expression in human primary gastric epithelial cells.
Similar to that seen in AGS cells, 24 h stimulation with
both TNF-a (40 ng/ml) or IFN-g (100 U/ml) induced a sig-
nificant up-regulation of PD-L1 mRNA expression in
human primary gastric epithelial cells [35-fold (P < 0·005)
and 27-fold (P < 0·005), respectively] (Fig. 5a). Next, we
wanted to confirm our finding on the protein level. Here, as
in subsequent analysis, we focused upon human primary
gastric epithelial cells. FACS analysis revealed only minimal
expression of PD-L1 on the surface of human primary
gastric epithelial cells, suggesting that constitutive PD-L1
expression in human primary gastric epithelial cells
occurred at only low levels (MFI 18·5; isotype control MFI
10·2) (Fig. 5b). FACS analysis was used to confirm these
results at the protein level and revealed a strong
up-regulation of PD-L1 on the cell surface of AGS cells as
well as human primary gastric epithelial cells following
stimulation with either IFN-g (MFI 587·6) or TNF-a (MFI
557·4) (Fig. 5b).

Expression of PD-L1 in gastric epithelial cell-mediated
T cell apoptosis

It has been demonstrated that PD-L1 expressed by tumour
cells is able to induce apoptosis in T cells. With regard to
these observations, we wanted to evaluate whether T cell
apoptosis might be regulated by PD-L1 expressed in gastric
epithelial cells. Therefore, AGS cells were cultured in the
presence or absence of IFN-g or TNF-a and blocking anti-
bodies to PD-L1, respectively. Unbound antibody was
removed prior to establishment of co-cultures with Jurkat T
cells to ensure that the effect of the antibodies was due to
blockade of PD-L1 on the gastric epithelial cells and not on
T cells, as PD-L1 can be expressed on activated human T cells
[24]. After 8 h of co-culture, apoptosis in Jurkat T cells was
examined by FACS analysis. Numbers of apoptotic Jurkat T
cells were increased significantly in co-cultures with AGS
cells activated by IFN-g or TNF-a compared to co-cultures
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Fig. 3. Programmed death-ligand-1 (PD-L1) expression of gastric

epithelial cells after co-incubation with T cells. Human gastric

adenocarcinoma (AGS) cells (a) and primary human gastric epithelial

cells (b) were co-cultured with resting cells or activated Jurkat T cells

as well as naive or activated primary human T cells (PHTC),

respectively. Data represent PD-L1/b-actin ratio on gastric epithelial

cell. Furthermore, Transwell co-cultures were established with AGS

cells and activated Jurkat T cells or activated primary human T cells

(PHTC), respectively (c). PD-L1 mRNA expression in AGS cells and

primary human gastric epithelial cells was quantified in relation to

b-actin expression by real-time polymerase chain reaction. AGS cells

and primary human gastric epithelial cells in monoculture served as

controls.*P < 0·05 compared to control.
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with untreated control cells (2·39 � 0·9-fold, P = 0·013 and
2·05 � 0·7-fold, P = 0·006, respectively). In the presence of
blocking antibodies to PD-L1, apoptosis in Jurkat T cells
was reduced significantly in co-cultures with IFN-g- and
TNF-a-activated AGS cells (0·59 � 0·2, P = 0·0003 and
0·65 � 0·1, P = 0·004, respectively), demonstrating that
PD-L1 expression on the surface of gastric epithelial cells
mediates T cell apoptosis. A representative FACS result is
depicted in Fig. 6. Similar results were obtained in co-culture
experiments with primary human gastric epithelial cells and
T cells, respectively (data not shown).

Discussion

We have demonstrated for the first time that primary human
gastric epithelial cells express constitutively low levels of
PD-L1, while its expression is enhanced strongly by activated
T cells and H. pylori infection, and augmented markedly by

further stimulation with IFN-g or TNF-a. Moreover, PD-L1
expression on primary human gastric epithelial cells induces
apoptosis in T cells.

H. pylori infection is one of the most common infections
of humans because 50% of the global population carries this
bacterium in the stomach, and in some individuals infection
leads to serious diseases. Despite the inflammatory and
immune responses that are elicited by H. pylori infection, it
remains chronic. Various studies have suggested that T cell
functions are affected during infection with H. pylori. Early
studies to assess T cell function in response to H. pylori
suggested that T cells in infected individuals were hypore-
sponsive compared with non-infected individuals. Gastric T
cells from infected individuals were suppressed in their pro-
liferation and IFN-g production [25]. The mechanisms
responsible for the low response were not clear.

Basic expression but even more inducible induction
of PD-L1 on gastric epithelial cells may have several
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Fig. 4. Effects of interferon (IFN)-g and tumour necrosis factor (TNF)-a on programmed death-ligand-1 (PD-L1) expression. Human gastric

adenocarcinoma (AGS) were stimulated with the indicated concentrations of IFN-g (a) and TNF-a (c) for 24 h, and PD-L1 expression was

analysed. Time–course of IFN-g (b) and TNF-a (d) induced PD-L1 mRNA-expression. At the indicated time intervals after stimulation RNA was

isolated and PD-L1 mRNA expression was quantified in relation to b-actin expression by real-time polymerase chain reaction. Data represent

means � standard deviation from three separate experiments.
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(TNF)-a on programmed death-ligand-1 (PD-L1) expression in

primary human gastric epithelial cells. Primary human gastric

epithelial cells were stimulated with IFN-g (100 U/ml) and/or TNF-a
(40 ng/ml) for 24 h (for PD-L1 mRNA analysis) or 48 h (for analysis

of PD-L1 surface expression), respectively. (a) PD-L1 mRNA

expression was quantified in relation to b-actin expression by

real-time polymerase chain reaction. (b) Expression of cell surface

PD-L1 determined by fluorescence activated cell sorter (FACS)

analysis (open profiles, anti-PD-L1 antibody; filled profiles, isotype
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interferon (IFN)-g (100 U/ml) and/or tumour necrosis factor

(TNF)-a (40 ng/ml) in the presence or absence of blocking antibodies
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co-culture, apoptosis in Jurkat T cells was examined by fluorescence
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percentages of apoptotic T cells (annexin V+/PI+) are indicated. One of

three independent experiments is depicted. For positive controls, cells
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implications. IFN-g is a key proinflammatory molecule
released by activated T cells, up-regulating MHC expression
and antigen presentation pathways. However, IFN-g can also
dampen the extent of T cell activation and limit T cell-
mediated tissue damage [17,26–28]. The observed profound
up-regulation of PD-L1 expression on gastric epithelial cells
may serve as a part of a tissue protective negative feedback
mechanism in T cell-mediated inflammatory events. PD-L1
delivers an inhibitory signal to T cell activity; our finding of
induced PD-L1 expression on human gastric epithelial cells
in response to TNF-a is of particular interest. One might
speculate that TNF-a therapy affects both anti-bacterial but,
via PD-L1, also immunosuppressive and anti-inflammatory
mechanisms, eventually favouring bacterial persistence. We
would like to hypothesize that TNF-a-induced PD-L1 on
human gastric epithelial cells accounts in part for some of
these reported gastric protective effects.

Interestingly, we observed increased levels of PD-L1 in
human primary gastric epithelial cells after H. pylori
infection. Similarly, previous studies found an up-regulation
of PD-L1 expression in gastric epithelial cell lines in response
to H. pylori [29] and in lymphocytes in response to H. pylori
[30]. Taking into account that PD-L1 may have receptors
other than PD-1 on activated T cells [31–33], we used anti-
PD-L1 mAb instead of anti-PD-1 mAb or fusion protein and
could partially reverse the proapoptotic effect of human
gastric epithelial cells on lymphocytes. At this time, however,
we do not know whether this is mediated through ligation of
PD-1. Conversely, it may be speculated that the observed
PD-L1 up-regulation in human gastric epithelial cells by
activated lymphocytes is mediated exclusively via substantial
IFN-g or TNF-a expression compared to resting cells. In any
case, PD-L1 up-regulation by activated lymphocytes has
been observed in activated hepatic stellate cells [33]. Further-
more, IFN-g has been shown to up-regulate PD-L1 expres-
sion in dermal fibroblasts [34]. Interestingly, also in vivo
substantially increased expression of B7-H1 on keratinocytes
was found close to numerous T cell infiltrates in the subepi-
thelium of patients with chronic inflammatory mucocuta-
neous disease [12]. In addition, in Transwell experiments,
the level of PD-L1 expression was even higher in the Tran-
swell cultures, indicating that perhaps cell–cell contact
reduced the soluble factors released by activated T cells.

Our results suggest a bidirectional interaction between
human gastric epithelial cells and lymphocytes. Primary
human gastric epithelial cells isolated from human stomach
express low levels of PD-L1. Exposure to IFN-g or TNF-a, an
inflammatory cytokine released by activated T cells, results
in up-regulation of PD-L1 on gastric epithelial cells that in
turn induces apoptosis in lymphocytes. Herewith, gastric
epithelial cells may contribute to gastric tolerance induction
by deletion of activated T cells through induction of
apoptosis. Currently, the cellular mechanism by which, in
certain in vivo settings, PD-L1 co-stimulates T cell responses,
and in other circumstances these responses are inhibited,

remains elusive. Our study may provide a first step for the
elucidation of this mechanism in the stomach, an organ with
unique immunological properties.
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