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Helicobacter pylori induced interleukin-8
expression in gastric epithelial cells is associated
with CagA positive phenotype
J E Crabtree, A Covacci, S M Farmery, Z Xiang, D S Tompkins, S Perry, I J D Lindley,
R Rappuoli

Abstract
Aims-To use a range of natural pheno-
typically variant strains of Helicobacter
pyloni with disparate CagA and VacA
(vacuolating cytotoxin) expression to
determine which bacterial factors are
more closely associated with epithelial
interleukin-8 (IL-8) induction.
Methods-Gastric epithelial cells (AGS
and KATO-3) were co-cultured with five
H pylon strains which were variously
shown to express the cagA gene/CagA
protein, VacA andlor to exhibit biological
cytotoxicity. Secreted IL-8 was assayed
by enzyme leaked immunosorbent assay
(ELISA) and IL-8 messenger RNA
(mRNA) was assayed using a reverse
transcription polymerase chain reaction
based technique (RT-PCR).
Results-Strains expressing CagA,
including a variant strain (D931) which is
non-cytotoxic and does not express the
VacA protein, were found to upregulate
epithelial IL-8 secretion and gene expres-
sion. In contrast, strains with no CagA
expression, even in the presence of VacA
and/or biological cytotoxicity, (G104,
BA142), failed to induce IL-8 protein or
mRNA above control values.
Conclusions-These results strongly sup-
port a role for H pylori CagA or coex-
pressed factors other than the cytotoxin
in upregulation of gastric epithelial IL-8.
Increased epithelial IL-8 secretion and
concomitant neutrophil chemotaxis and
activation in addition to direct cytotoxic-
ity may be an important factor in tissue
damage and ulceration.
(7 Clin Pathol 1995;48:41-45)

Keywords: Interleukin-8, Helicobacter pylori, CagA,
gastritis.

The epithelium of the human gastroduodenal
mucosa expresses interleukin-8 (IL-8),' a
potent chemotactic and activating factor for
neutrophils.3 Interleukin-8 may be function-
ally involved in regulating neutrophil
responses to the gastric pathogen Helicobacter
pylori. Infection with this bacterium is charac-
terised by neutrophil infiltration into the gas-
tric mucosa and epithelial layer4 and such
cellular responses may be important in tissue
damage and ulceration.5 H pylori infection is
associated with both increased epithelial IL-8
expression' and mucosal secretion of IL-8.6
The bacterium will directly upregulate IL-8
messenger RNA (mRNA) expression and IL-8

protein secretion in gastric epithelial cell
lines.7 This response appears to be restricted
to epithelial cell lines from gastric sites within
the gastrointestinal tract, suggesting a specific
host-bacteria interaction related to the speci-
ficity of colonisation.7

Although H pylon shows extreme genomic
variability,8 recent studies have shown that
strains can be divided into two major groups,
one in which both a 128 kDa antigen (CagA)
and a vacuolating cytotoxin (VacA) are
expressed, and another which does not pro-
duce these proteins.9-13 Previous studies have
linked bacterial cytotoxicity,"2 mucosal IgA,'4
and systemic IgG'5 16 recognition of the CagA
protein (also defined as a 120-130 kDa anti-
gen), with peptic ulceration strongly suggest-
ing these strains have greater ulcerogenic
potential. Although others have argued that
there are no ulcerogenic strains of H pylo?i
and host responses are critical in ulcerogene-
sis,"7 induction of epithelial IL-8 by H pylori
was recently shown to be strain specific.7
Interestingly, H pylori strains expressing the
CagA 128 kDa protein and the strongly asso-
ciated vacuolating cytotoxin induce IL-8
secretion from gastric epithelial cells but mini-
mal secretion occurs after culture with non-
cytotoxic CagA negative strains.7 In this study
we have used recently identified phenotypic
variants of H pylori with disparate CagA and
cytotoxin expression (Xiang Z et al, 1994,
unpublished observations) to investigate
which of these two virulence factors is associ-
ated with IL-8 induction in two gastric
epithelial cell lines.

Methods
Five H pylori strains were used: H pylori
NCTC 11637 and four clinical isolates G50,
BA142, D931, and G104. Cytotoxic NCTC
11637, which expresses the CagA protein and
induces epithelial IL-8 production, and non-
cytotoxic CagA negative G507 were the posi-
tive and negative controls, respectively. The
presence of the cagA gene was determined by
the polymerase chain reaction (PCR)"189 using
cagA gene specific primers'0 and by Southeem
blotting using two fragments of the cagA gene
spanning nucleotides 521 to 1840 and
nucleotides 1460 to 2620 as probes.9 CagA
protein expression was characterised by west-
ern blotting using mouse polyclonal antisera
raised against electroeluted antigen isolated
from NCTC 11637 bacterial extracts9 and
rabbit antisera to the recombinant fragment
17/12 of CagA.9 The fusion protein was
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Genotypelphenotype ofH pylori strains

Hpylori Cytotoxin
strain cagA gene CagA protein bioactivity vacA gene VacA protein

NCTC 11637 + + + + +
G50 - - - + -

G104 - - + + +
D931 + + - + -

BA142 - - + + -

KDa
0..... ..

I -- -.i....

generated by cloning the region of the cagA
gene between nucleotides 2776 and 3467 into
the MS2 polymerase gene carried in the pEX
34B plasmid vector.20 Water extracts of bacte-
rial cells were assessed for cytotoxicity against
HeLa cells in vitro, as previously described.21
The presence of the VacA protein was deter-
mined by western blotting and rabbit antisera
specific for recombinant VacA.13

Epithelial co-culture experiments were
undertaken without prior knowledge of the
phenotypic characteristics of the variant
strains. For these experiments, bacteria were
grown on blood agar base Number 2 (Oxoid,
Basingstoke, Hampshire) including 7% fresh
horse blood. Bacteria were harvested on day 4
into phosphate buffered saline (PBS). After
centrifugation, bacteria were resuspended at
2.5 x 107/ml in RPMI 1640 (ICN-Flow
Laboratories, High Wycombe, Bucks) supple-
mented with 10% heat inactivated fetal calf
serum (FCS) (Sera Lab, Crawley, Surrey)
and used immediately.

STIMULATION OF GASTRIC EPITHELIAL CELL
LINES WITH H PYLORI
Two gastric epithelial cell lines KATO-3
(European Collection ofAnimal Cell Cultures
(ECACC), Salisbury, Wiltshire) and AGS
(ECACC) were routinely maintained in
RPMI 1640 supplemented with 10% FCS
and 40 pg/ml gentamicin. AGS cells were
plated into 24 well plates (ICN-Flow) at a
density of 1 x 1 05/ml and cultured for three

a

Ftgure 1PCR ampltication of cagA gene (C) and urease geneA (U) (PCR control) in
the Hpylori NCTC 11637 (lanes 1 and 2), D931 (lanes 3 and 4), BA142 (lanes 5 and
6), G104 (lanes 7 and 8), and G50 (lanes 9 and 10) strains. Lanes 11 and 12 contain
DNA negative controls; lane L contains a 100 base pair ladder (Gibco-BRL). NCTC
11637 and D931 are positive for the cagA gene.

26

Figure 2 Western blot analysis of whole cell extracts from
six different Hpylori strains: NCTC 11637 (lane 1),
60190 (lane 2), D931 (lane 3), BA142 (lane 4), G104
(lane 5), and G50 (lane 6). The CagA antigen was
detected with a mouse polyclonal antiserum raised against
the electroeluted antigen, isolatedfrom NCTC 11637
bacterial extracts. Samples were separated on a PAGE-
SDS gradient gel and transferred to a nitrocellulose
membrane. Immunocomplexes were revealed with ECL
(Amersham). BA142, G104, and G50 are cagA/CagA
negative strains. BA142 and G104 were positive in the in
vitro assay for vacuolating activity.

days to confluence (approximately 5 x
105/ml). KATO-3 cells, which are non-adher-
ent, were resuspended in RPMI 1640 con-
taining 10% FCS without gentamicin and
used at a final concentration of 5 x 105/ml.
After removal of the gentamicin containing
media from AGS monolayers, gastric epithe-
lial cells (AGS and KATO-3) were cultured in
quadruplicate either alone or with bacterial
preparations for 24 hours at 370 C in a
95% air, 5% CO2 humidified incubator.
Supernatants were aspirated at 24 hours and
stored at - 700 C until assayed using an
enzyme linked immunosorbent assay
(ELISA). In parallel experiments KATO-3
cells were cultured with H pylori strains for
three hours for examination of cellular IL-8
messenger RNA (mRNA) expression.

IL-8 ELISA
Interleukin-8 in cell culture supernatants was
assayed in duplicate by ELISA as described
previously22 using a murine monoclonal
antibody to IL-8 and a phosphatase con-
jugated goat anti-IL8 polyclonal antibody.
Concentrations of IL-8 were determined from
a standard curve of recombinant IL-83
(Sandoz, Vienna, Austria) and concentrations
were expressed as ng/ml. The detection limit
of the ELISA was 62 pg/ml.

IL-8 MRNA EXPRESSION
Interleukin-8 mRNA expression was deter-
mined as described previously.7 Briefly, after
three hours of bacterial co-culture, total RNA
from KATO-3 cells was extracted using
RNAzolB (Biogenesis Ltd, Bournemouth)
and mRNA was reverse transcribed using
MMLV reverse transcriptase primed with
oligo dT15. The complimentary DNA was
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Figure 3 Secretion ofIL-8from (A) KATO-3 and (B) AGS gastric epithelial cell lines
over 24 hours following stimulation with thefolowing Hpylori strains: G50, NCTC
11637, G104, BA142, and D931. The figures show the mean (SEM) offive independent
experiments. p < 0-02from control, **p < 0 01 from control. CT± = strains with or

without cytotoxin bioactivity.

amplified using PCR for 20-30 cycles with
primers specific for IL-8' and an internal con-

trol gene, glyceraldehyde 3-phosphate dehy-
drogenase (G3PDH). 3P-dATP (Amersham,

Bucks) was added to the PCR reaction and
the ratio of incorporation of radiolabel into
IL-8 and G3PDH PCR products quantified
using scintillation counting.

Data are expressed as mean (SEM).
Differences in IL-8 secretion and IL-8 mRNA
expression following bacterial co-culture were

examined using the Mann-Whitney U test.

Results
H PYLORI STRAIN PHENOTYPE
The phenotype of the three variant strains,
together with the positive (NCTC 11637) and

negative (G50) controls is shown in the table.
One of the variant strains, D931, which was
non-cytotoxic and did not express VacA, was
positive for the cagA gene on PCR (fig 1) and
Southern blotting, and expressed the CagA
protein (fig 2). Strains G104 and BA142
showed no expression of the cagA gene on
PCR (fig 1) or Southern blotting, and did not
express the CagA protein (fig 2), although
both strains showed biological cytotoxicity
and G104 expressed the VacA protein (table).
The absence of VacA protein in western blots
of the biologically cytotoxic BA142 strain may
reflect disparity between immunoreactive and
biologically functional epitopes.

EFFECTS OF H PYLORI STRAINS ON GASTRIC
EPITHELIAL IL-8 SECRETION
Secretion of IL-8 by KATO-3 and AGS gas-
tric epithelial cell lines over the 24 hours fol-

BA142 D931 lowing stimulation with H pylori strains is
shown in figs 3A and B, respectively. In
KATO-3 cells significant secretion of IL-8,
when compared with cell only control cul-
tures, was observed after stimulation with the
VacA positive/CagA positive NCTC 11637
strain (p < 001) and the CagA positive/VacA
negative D931 strain (p < 0-02) (fig 3A). The
CagA negative/VacA negative G50 strain and
cytotoxic CagA negative strains, G104 and
BA142, did not induce secretion of IL-8
from KATO-3 cells. In KATO-3 cells IL-8
secretion induced by NCTC 11637 and D931
was significantly greater (p < 0 05) than that
induced by G50, BA142, and G104. In the

T AGS cell line, as previously observed,7 the
NCTC 11637 strain induced lower levels of
IL-8 secretion than in the KATO-3 cells (fig
3B). In AGS cells significant IL-8 secretion,
when compared with cell only controls, was
observed after co-culture with NCTC 11637
and D931 (p < 0-02) but not G50, BA142,

.......... . ...//andG104 (fig 3B).

EFFECTS OF H PYLORI STRAINS ON IL-8 mRNA
EXPRESSION IN KATo-3 CELLS
Initial time course studies revealed optimum
IL-8 mRNA expression in KATO-3 cells
three hours following stimulation with H
pylori. Figure 4 shows the ratio of IL-8 mRNA
to G3PDH PCR products in KATO-3 cells
three hours after stimulation with the five H
pylori strains. A significant increase in the ratio
of IL-8 to G3PDH PCR products was evident
after culture with NCTC 11637 (p < 0-01)
and D931 (p < 0 05) compared with cell only
controls. Stimulation of KATO-3 cells with
strains G50, G104, and BA142 did not result
in an increase in the IL-8 to G3PDH ratio
(figs 4 and 5).

Discussion
The induction of epithelial IL-8 production
by Hpylori occurs in a strain specific manner,7
with those strains expressing the CagA protein
and the strongly associated vacuolating
cytotoxin stimulating IL-8 secretion. As CagA
and cytotoxin expression are very closely asso-
ciated,9-" our previous studies7 could not
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Figure 4 Effects ofHpylori strains on IL-8 mRNA e:

epithelial cells. The results show the mean (SEM) ratio
(n 5) three hours after culture with G50, NCTC 11
CT strains with or without cytotoxin bioactivity.
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Figure 5 PCR analysis ofmRNA using primers spec';
G3PDH (157 base pairs) in KATO-3 gastric epithelia
with Hpylori. Lane 1, DNA negative control; lane 2,
11637; lane 4, D931; lane 5, BA142; lane 6, G104; 1
pair ladder (Gibco-BRL).

ErX CagA-, CT- the CagA and VacA proteins are not co-
expressed (Xiang Z et al, 1994, unpublished

R= CagA+, CT+ observations), suggesting that cagA gene

EZ CagA- CT+ expression is not essential for functional
cytotoxicity. In contrast to cagA, the vacA

E= CagA+, CT- gene is present in all strains of H pylori; how-
ever, the gene is silent in non-cytotoxic strains
which do not secrete the 94 kDa active VacA
protein."3 BA142, although biologically

* cytotoxic, did not possess the immunoreactive
VacA protein. This may reflect either a dis-
parity between biological and immunological
functional epitopes in this strain, or the syn-
thesis of a labile variant of the vacuolating
cytotoxin. Additional data supporting the latter
hypothesis is that northern slot blot analysis of

........... {,,,

..:.:.: .:.:.:.:....... //mRNA from BA142 shows that the vacA gene

.................. . -.*.*.:-.//isactively transcribed in this strain.
G104 BA142 D931 In the present study using the natural phe-

notypic variants of H pylori, we show that
xpression in KATO-3 gastric CagA expression, and not VacA expression, is
of IL-8 to G3PDH PCR products associated with upregulation of epithelial IL-8
f637, Gl04, BA 142, and D931. mRNA expression and stimulation of IL-8
*p <005, * *P <001. protein secretion. In both AGS and KATO-3

epithelial cell lines the CagA
positive/cytotoxin negative D93 1 strain

bacterial factor was more increased IL-8 mRNA expression and
h IL-8 induction. However, induced IL-8 protein secretion, albeit at lower
^boxylic ionophore, which levels than NCTC 11637. Cytotoxic strains
ic vacuolisation induced by lacking the cagA gene did not induce IL-8.
,2 did not specifically inhibit Quantitative differences in CagA expression,
iduction,7 suggesting other or co-expressed surface factors, may account
associated with cytotoxin for differing levels of IL-8 induction.

e important in upregulating The lack of induction of IL-8 by CagA
negative cytotoxic strains is of particular inter-

highly immunogenic CagA est as oral administration of purified cytotoxin
Iows size heterogeneity,9 in (VacA) to mnice induces gastric epithelial
of H pylori infection is lesions and cell necrosis but not inflammatory

udies have shown that non- cell infiltration.'3 Infection with cytotoxic
almost invariably lack the strains of Hpylori, however, has recently been
sting that the CagA protein associated with increased polymorph infiltra-
either for transcription or tion in human antral mucosa.24 As epithelial

a functional cytotoxin.9' 0 IL-8 induction does not relate to cytotoxin
molecular screening of a expression, this observation may be secondary
strains has identified natu- to expression of other bacterial factors. Our
ienotypic variants in which previous studies have demonstrated a strong

association between mucosal IgA recognition
of the CagA protein and antral polymorph
infiltration. 14 Induction of gastric epithelial

b ,;2 L IL-8 by the CagA protein, or co-expressed
surface factors other than the cytotoxin, may
be an important factor regulating neutrophil

-ll chemotaxis and may explain these histopatho-
logical observations.

Both host and bacterial factors are impor-
tant for determining the extent of mucosal
cellular responses to H pylori infection.
Bacterial products23 29 and a range of inflam-
matory mediators such as C5a, leukotriene
B4, and platelet activating factor,30 in addition
to IL-8, may also regulate polymorph infiltra-
tion and activation in response to H pylori

IIs i n f h j infection. Previous studies have linked both
immunological recognition of the CagA pro-
tein9 14 16 and bacterial cytotoxicity'2 with peptic
ulceration. The inhibition of in vitro cytotoxi-

fic for IL-8 (369 base pairs) and city by gastric H pylori specific IgA antibod-
zl cells three hours after stimulation ieS31 suggests that the cytotoxin may not be
cell only control; lane 3, NCTC tes
lane 7, G50; and lane L, 123 base the only factor ivolved i the pathogenesis of

peptic ulceration.

- -------- - ..I"
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Neutrophils are strongly linked with peptic
ulceration and may be important mediators of
mucosal damage.45 Interleukin-8, and related
members of the chemokine family, have been
implicated in the pathogenesis of several
inflammatory and infectious conditions char-
acterised by neutrophil infiltration32 and the
importance of the epithelium, the primary
host-bacteria interface, as a source of
immunoregulatory peptides is becoming
increasingly recognised.33 Differential
induction of IL-8 in gastric epithelial cells by
H pylori strains may be an important factor
determining the cellular response to infection.
This study was undertaken with financial assistance of the
Yorkshire Regional Health Authority. We thank Drs N Figura
and D Dwarakanath for kindly providing the H pylon strains
and Dr P Peichl for helpful discussion.
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