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Helicobacter pylori induced transactivation of SRE
and AP-1 through the ERK signalling pathway in

gastric cancer cells
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Abstract

Background and aims—Helicobacter py-
lori infection induces expression of pro-
inflammatory cytokines such as
interleukin (IL)-8 and tumour necrosis
factor o (TNF-0) in gastric mucosa, and
their genes have AP-1 binding sites in the
promoter region. c-Fos is important for
transactivation of AP-1 which has SRE in
the promoter region. We conducted this
study to confirm H pylori induced trans-
activation of these binding sites.
Methods—Transactivation of SRE and
AP-1 was evaluated in human gastric can-
cer cells TMK1 and MKN45 by luciferase
reporter assay in transient transfection.
We compared the effects of coculture with
four H pylori strains, a cag pathogenicity
island (PAI) positive strain TN2, its iso-
genic vacA negative (TN2-AvacA) or cagE
negative (TN2-AcagE) mutants, and a cag
PAI negative clinical isolate T68. Phos-
phorylation of ERK1/2, JNK, and c-Jun
was measured by immunoblot, induction
of IL-8 secretion by ELISA, and the effects
of MEK by inhibitor U0126.
Results—Both SRE and AP-1 were trans-
activated by coculture with TN2. Although
TN2-AvacAd induced comparable transac-
tivation, TN2-AcagE and T68 showed
decreased transactivation of SRE (65%
and 51%) and AP-1 (71% and 54%, respec-
tively, of TN2). Heat killed TIN2 or indirect
contact using a permeable membrane
inhibited transactivation. Levels of phos-
phorylated ERK1/2, JNK, and c-Jun were
increased by coculture with TN2. MEK
inhibitor U0126 reduced TN2 induced
transactivation of SRE and AP1, as well as
secretion of IL-8, by 83%, 87%, and 53%,
respectively, of TN2.
Conclusions—Transactivation of SRE and
AP-1, through ERK/MAPK and JNK/
SAPK cascades, respectively, was found in
gastric cancer cells cocultured with H
pylori. Direct contact with viable bacteria
possessing intact cag PAI is a prerequisite
for the onset of intracellular signalling
leading to AP-1 transactivation.

(Gur 2001;49:18-22)
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Helicobacter pylori infects human gastric mu-
cosa and induces chronic active gastritis.' > H
pylori mediated inflammation is characterised
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by neutrophil infiltration mediated by inter-
leukin (IL)-8 secretion from gastric epithelial
cells.”” Activation of transcriptional factors
nuclear factor kB (NFxB) and AP-1 plays an
important role in IL-8 induction.® The cag
pathogenicity island (cag PAI) of H pylori, a
cluster of approximately 30 genes, is a prereq-
uisite, at least for induction of NFkB activa-
tion.” ®

AP-1 is a multipotential transcriptional
factor with various cytokines and chemokines
such as IL-2, IL-3, IL-4, IL-6, IL-8, and
tumour necrosis factor o (TNF-a), with its
binding site in their promoter region.”"” AP-1
is formed either as a homodimer of c-Jun or as
a heterodimer of c-Jun and c-Fos, with the lat-
ter form known to be more potent than the
former.” '* While H pylori mediated activation
of the JNK/SAPK cascade leading to AP-1
transactivation was recently reported,'’ the sta-
tus of c-Fos in relation to H pylori infection has
not yet been elucidated. However, it is known
that c-Fos expression is dependent on the
ERK/MAPK cascade where activated Elkl
together with SRF'" " binds the SRE binding
site in the promoter region of c-fos.

Thus we hypothesised that the AP-1 binding
site is activated in H pylori infection by the
c-Jun/c-Fos heterodimer and sought to exam-
ine transactivation of SRE. In this study, we
examined H pylori mediated transactivation of
both SRE and AP-1 directly by using a
luciferase reporter assay, and analysed the
ERK/MAPK cascade, a pathway upstream of
SRE transactivation.

Materials and methods

BACTERIAL STRAINS

The TNZ2 strain, generously donated by Dr
Nakao (Takeda Chemical Industries, Ltd,
Osaka, Japan), was positive for two known
virulence factors, CagA and VacA (vacuolating
cytotoxin), and possessed intact cag PAL™
Infection with this strain induced gastric
cancer in Mongolian gerbils.”” The T68 strain,
isolated from a Japanese patient at our institu-
tion, was negative for the above two virulence
factors and lacked cag PAL" An isogenic cagE
negative mutant (TN2-AcagE) was con-
structed by inserting a kanamycin resistant
gene cassette into the cagE locus of cag PAI of
TN2, as described in one of our previous
papers.” The isogenic vacA negative mutant
(TN2-AvacA) was constructed by disrupting

Abbreviations used in this paper: IL, interleukin;
PAI, pathogenicity island; NFkB, nuclear factor kB;
EGTF, epidermal growth factor; FBS, fetal bovine
serum.
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the vacA gene of TN2 which was confirmed by
Southern hybridisation and vacuolation assay,
as we described previously.” These strains were
cultured on Columbia agar with 5% (vol/vol)
horse blood and Dent antibiotic supplement
(Oxoid, Basingstoke, UK) at 37°C under
microaerobic conditions (Campy-Pak Systems;
BBL, Cockeysville, Maryland, USA). Heat
killed H pylori was prepared by treating the
bacteria at 65°C for 60 minutes.

PLASMIDS
The reporter plasmids (Stratagene, La Jolla,
California, USA) contained a Photinus pyralis
luciferase gene driven by a basic promoter ele-
ment (TATA) and seven AP-1 binding sites in
pAP1-Luc, or by the basic promoter element
and five SRE binding sites in pSRE-Luc. The
efficacy of transfection was verified by cotrans-
fection of a control plasmid (pRL-TK;
Promega, Madison, Wisconsin, USA) contain-
ing the Renilla reniformis luciferase gene driven
by the herpes simplex virus thymidine kinase.

REAGENTS

Recombinant human IT-1f was purchased from
Upstate Biotechnology (Lake Placid, New York,
USA); recombinant human epidermal growth
factor (EGF) from Sigma (St Louis, Missouri,
USA); polyclonal antibodies for phospho-p44/
p42 ERKI1/2 (Thr202/Tyr204), p44/p42
ERK1/2, phospho-JNK/SAPK (Thr183/
Tyr185), INK/SAPK, phospho-c-Jun (Ser63),
and c-Jun from New England BioLabs, Inc.
(Beverly, Massachusetts, USA); and MEK
inhibitor U0126 from Promega.

HUMAN CELL LINES

Human gastric cancer cells TMKI1 (a gift from
Dr E Tahara, Hiroshima University School of
Medicine, Hiroshima, Japan)** and MKN45
were maintained in RPMI 1640 (Sigma)
supplemented with 10% fetal bovine serum
(FBS) (Gibco/BRL), L-glutamine, penicillin G,
and streptomycin. In coculture experiments,
cancer cells (4x10° cells/ml) and H pylori (107
colony forming units/ml) were cultured in
RPMI 1640 without antibiotics and supple-
mented with 10% FBS. To assess the effects of
direct contact, cancer cells and bacteria were
separated by a membrane filter (Nunc Tissue
Culture Inserts No 162138, Nunc, Roskilde,
Denmark).

TRANSACTIVATION OF SRE AND AP-1 SITES

Transactivation of SRE and AP-1 was evalu-
ated with the luciferase reporter assay. Approxi-
mately 4x10° cells were plated onto six well tis-
sue culture plates (Iwaki Glass, Chiba, Japan)
and transfected 24 hours later with the expres-
sion vector pSRE-Luc (0.6 pg) or AP1-Luc
(0.6 pg) using Effectene transfection reagent
(Quiagen, Hilden, Germany). Control vector
pRL-TK (0.01 pg) was added to each sample
for standardisation of transfection efficacy.
When pSRE-Luc reporter plasmids were
transfected, the concentration of FBS in RPMI
1640 was reduced to 0.5% to minimise the
effects of various factors in serum. After 24
hours, H pylori (10° colony forming units/ml)
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was added. After another 20 hours of cocul-
ture, cells were harvested in phosphate buff-
ered saline and lysed in a luciferase lysis buffer,
and luciferase assays were carried out using the
PicaGene dual seapansy system (Toyo Ink,
Tokyo, Japan). Firefly luciferase activity and
seapansy luciferase activity were measured as
relative light units with a luminometer (Lumat
LLB9507; EG&G Berthold, Bad Wildbad, Ger-
many). Firefly luciferase activity was normal-
ised for transfection efficiency based on
seapansy luciferase activity. All assays were
performed in four independent experiments.

U0126, a potent and specific MEK inhibitor
of MEK1 and MEK2,” was added to the
culture medium at a final concentration of
10 uM, two hours before addition of H pylori.
The final concentration of dimethyl sulphox-
ide, used as a solvent, was 0.1% (vol/vol),
which did not affect the activity or activation of
any protein kinase examined.

PHOSPHORYLATION OF ERK1/2, INK, AND c-JUN
After coculturing with H pylori or stimulation
by EGF or IL-1p, cells were lysed in lysis buffer
(50 mM Tris HCI buffer (pH 7.4) containing
1 mM EGTA, 2 mM dithiothreitol, 25 mM
sodium f-glycerophosphate, 0.1 mM phenyl-
methylsulfonyl fluoride, and 10 pg/ml apro-
tinin) and centrifuged at 15 000 g for 15 min-
utes. An aliquot of supernatant containing
10 pg protein was applied on sodium dodecyl
sulphate-polyacrylamide gel and transferred to
a PVDF membrane (Amersham Pharmacia
Biotech., Buckinghamshire, UK). The mem-
brane was probed with an antibody to phos-
phorylated or total ERK1/2, JNK, or c-Jun at a
dilution ratio of 1:1000 in Tris buffered saline-
Tween. After washing, the membrane was
incubated with horseradish peroxidase conju-
gated goat antirabbit immunoglobulin G at a
dilution ratio of 1:1000 in Tris buffered saline-
Tween, and applied to the ECL detection assay
(Amersham Pharmacia Biotech).

INTERLEUKIN-8 SECRETION
After TMKI1 cells were cocultured with H
pylori for 20 hours, IL-8 concentration in the
culture supernatant was measured with an EIA
(PerSeptive Diagnostics, Framingham, Massa-
chusetts, USA) using a standard curve ob-
tained from sequentially diluted recombinant
IL.-8 samples.

STATISTICS

Differences in means were analysed using the
unpaired Student’s 7 test, and Dunnett’s multi-
ple comparison using SAS software version
6.12 (SAS Institute, Inc., Carey, North Caro-
lina); p<0.05 was considered significant.

Results

SRE TRANSACTIVATION BY H PYLORI

The luciferase assay using pSRE-Luc showed
that coculture with TN2 strain enhanced SRE
transactivation in TMK1 and MKN45 cells to
310% and 680% of responses in untreated
cells, respectively (fig 1A, B). TN2-AvacA
showed comparable enhancement. However,
T68, lacking cag PAI, reduced transactivation
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TMK1

Relative luciferase activity
Relative luciferase activity

Figure 1 Transactivation of SRE by Helicobacter pylori. Transactivation of SRE in TMKI1 (A) and MKN45 (B) cells
induced by H pylori was measured by luciferase assay using pSRE-Luc. The TN2 strain was positive for two known
virulence factors, CagA and VacA, and had intact cag pathogeniciry island (PAD). The T68 strain, isolated from a
FJapanese patient ar our institution, was negative for the above two virulence factors and lacked cag PAIL An isogenic cagE
negative mutant (TN2-AcagE) was constructed by inserting a kanamycin resistant gene cassette into the cagE locus of cag
PAI of TN2. The isogenic vacA negative mutant (TN2-AvacA) was constructed by disrupting the vacA gene of TN2.
Luciferase activity is presented as a fold induction relative to basal levels measured in untreated cells. Mean (SD) values of
Jour independent experiments are shown. *p<0.05 compared with TN2 by Dunnett’s multiple comparison.

of AP-1 to 52% and 19% of the response viable TN2 separated by a permeable mem-
induced by TN2 in TMKI1 (fig 1A) and brane (fig 1A, B).

MKN45 (fig 1B), respectively. SRE transacti-

vation induced by TN2-AcagE was also re-

duced compared with intact TN2 to 65% in AP~1 TRANSACTIVATION BY H PYLORI .
TMKI1 and 18% in MKN45. No transactiva- Coculture with TN2 increased AP-1 transacti-
tion was observed with heat killed TN2 or with ~ vation in TMK1 and MKN45 to 240% and

TMK1 MKN45

Relative luciferase activity
Relative luciferase activity

Figure 2 Transactivation of AP-1 induced by Helicobacter pylori. Transactivation of AP-1 in TMK1 (A) and MKN45
(B) cells induced by H pylori was measured by luciferase assay using pAP-1-Luc. The TN2 strain was positive for two
known virulence factors, CagA and VacA, and had intact cag pathogenicity island (PAL). The T68 strain, isolated from a
Fapanese patient at our institution, was negative for the above two virulence factors and lacked cag PAIL An isogenic cagE
negarive mutant (TN2-AcagE) was constructed by inserting a kanamycin resistant gene cassette into the cagE locus of cag
PAI of TN2. The isogenic vacA negative mutant (TN2-AvacA) was constructed by disrupting the vacA gene of TN2.
Luciferase activity is presented as a fold induction relative to basal levels measured in untreated cells. Mean (SD) values of
four independent experiments are shown. *p<0.05 compared with TN2 by Dunnett’s multiple comparison.
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Figure 3 Phosphorylation of ERK1/2 by Helicobacter
pylori (HP). Immunoblot analysis showing
phospho-ERK1/2 (top panel) and total ERK1/2 (bottom
panel) in TMK1 cells cocultured with H pylori. Antibodies
used react with both ERK1 and ERK2. Stimulation by
epidermal growth factor (EGF 10 ng/ml for 60 minutes)
was used as a positive control.

IL-1p HP
Time 60 0 15 30 45 60 75 90 105 120
{min)f., —_—— IPhospho SAPK/JNK
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Figure 4 Phosphorylation of JNK/SAPK by Helicobacter
pylori (HP). Immunoblot analysis showing phospho JNK
(top panel) and toral INK (bottom panel) in TMKI cells
cocultured with H pylori. Stimulation by interleukin 1
(IL-1f 10 ng/ml for 60 minutes) was used as a positive
control.

IL-1B HP
Time 60 0 15 30 45 60 75 90 105 120
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Figure 5 Phosphorylation of c-Fun by Helicobacter pylori
(HP). Immunoblot analysis showing phospho c-FUN (top
panel) and total c-FUN (botrom panel) in TMKI cells
cocultured with H pylori. Stimulation by interleukin 15
(IL-1f 10 ng/ml for 60 min) was used as a positive
control.

370% of responses in untreated cells, respec-
tively (fig 2A, 2B). While TN2-AvacA induced
AP-1 transactivation comparable with TNZ2,
AP-1 transactivation by T68 was reduced to
54% and 38% of responses induced by TN2 in
TMKI1 (fig 2A) and MKN45 (fig 2B), respec-
tively. TN2-AcagE induced an intermediate
response in TMKI1 (71%) and a reduced
response in MKN45 (38%). No transactivation
was induced with heat killed TN2 or with
viable TN2 separated by a membrane filter.

PHOSPHORYLATION OF ERK1/2, JNK, AND c¢-JUN BY
H PYLORI

The intracellular level of phosphorylated
ERK1/2 was increased at 30 minutes in TMK1
cells cocultured with H pylori (TN2) (fig 3).
This phosphorylation was more prominent
than that induced by EGF (10 ng/ml) and
lasted for another 60 minutes. The intracellular
level of total ERK1/2 remained constant. The
level of phosphorylated JNK was increased at
30 minutes in TMKI1 cells cocultured with
TN2 (fig 4), and the level of phosphorylated
c-Jun was increased in TMKI1 cells after 60
minutes of co-culture with H pylori (fig 5).

EFFECTS OF MEK INHIBITION
When TMKI1 cells were pretreated with the
MEK inhibitor U0126, H pylori induced trans-
activation of SRE and AP-1 was significantly
inhibited by 83% and 83%, respectively (fig 6).
The value of IL-8 secretion from unstimulated
cells was 1626 (435) pg/ml. The MEK inhibi-
tor also inhibited H pylori induced secretion of
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Relative luciferase activity
w

TN2  + + +
uo126 - + -
SRE-Luc AP-1-Luc

Figure 6  Effects of MEK inhibitor on Helicobacter pylori
induced transactivation of SRE and AP-1. Transactivation
of SRE and AP-1 in TMK1 cells induced by H pylori was
measured by luciferase assay using pSRE-Luc and

PAP-1-Luc with (+) or without (=) the MEK inhibitor

U0126 (10 uM). Luciferase activity is presented as a fold
induction relative to basal levels measured in untreated
cells. Mean (SD) values of three independent experiments
are shown. *p<0.05 by unpaired Student’s t test.

*
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Figure 7 Effects of MEK inhibitor on Helicobacter pylori
induced interleukin 8 (IL-8) secretion. TMKI cells were
cultured alone as control or were cocultured with H pylori
with (+) or without (=) the MEK inhibitor U0126 (10
uM). Supernatant IL-8 concentrations are shown. Mean
(SD) walues of three independent experiments. *p<0.05 by
unpaired Student’s t test.

IL-8 from TMKI cells by 53% (from 3095
(666) to 1443 (221) pg/ml) (fig 7).

Discussion

We have confirmed in this study that SRE and
AP-1 are transactivated in gastric cancer cells
when cocultured with H pylori. We also
demonstrated not only phosphorylation of


http://gut.bmj.com

22

ERK1/2 in the ERK/MAPK cascade upstream
of SRE but also phosphorylation of JNK and
c-Jun in the JNK/SAPK cascade upstream of
AP-1. Furthermore, the MEK inhibitor U0126
inhibited transactivation of not only SRE but
also AP-1. Although there are no SRE sites in
the promoter region of IL-8, induction of IL.-8
secretion was inhibited by U0126. These
results indicate that H pylori infection transac-
tivates AP-1 through activation of both the
JNK/SAPK cascade, resulting in c-Jun activa-
tion, and the ERK/MAPK cascade, resulting in
c-Fos expression. Although AP-1 can be trans-
activated by c-Jun homodimer, inhibition of
AP-1 transactivation by MEK inhibitor indi-
cates that the c-Jun/c-Fos heterodimer is the
main form of AP-1 in H pylor: infection.

H pylori infection in gastric mucosa induces
not only IL-8 but also IL-6 and TNF-o whose
promoter regions contain AP-1 binding
sites.”*** The TNF-o gene also has a NFxB
binding site in the promoter region, and H
pylort infection is known to activate NFkB.
Thus H pylor: infection may induce TNF-a
through transactivation of both AP-1 and
NF«B binding sites, and TNF-o binding to its
receptors on adjacent cells will switch on intra-
cellular signals leading to inflammatory and
immunological responses.

Although the pathway upstream of the ERK/
MAPK cascade activated in H pylori infection
has not yet been identified, our study indicated
that direct contact with viable H pylori having
intact cag PAI is required for the onset of
signalling, resulting in induction of IL-8 secre-
tion. Clinical isolates lacking cag PAI did not
transactivate SRE or AP1 while those with
intact cag PAI did (unpublished data).

During submission of this paper it was
reported that H pylori activates MAP kinase
cascades and induces expression of c-fos and
c-jun.”” However, enhancement of SRE, a key
cis element of c-fos, was not shown directly.
Furthermore, the importance of direct contact
with viable H pylori having intact cag PAI was
not assessed.

These phenomena are difficult to interpret if
molecules secreted by H pylori or attached on
the surface of bacterial body triggers the signals
by binding unknown receptors. It is supposed
that (some of) cag PAI genes construct a type
IV secretion system that transports bacterial
derived molecules into host cells.”® Thus the
cascade may be triggered by some molecules of
bacterial origin transported into host cells.
Recently, one of the cag PAI products, CagA,
was shown to be inserted into host cells”
although its relation to the cascades is not
known.

In conclusion, we have confirmed transacti-
vation of SRE and AP-1 through the ERK/
MAPK and JNK/SAPK cascades, respectively,
in gastric cancer cells cocultured with H pylor:.
Direct contact with viable bacteria possessing
intact cag PAI is a prerequisite for the onset of
intracellular signalling leading to AP-1 transac-
tivation.
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