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Abstract

Aims—To investigate the expression of
interleukin-8 (IL-8) in Helicobacter pylori
infected normal and neoplastic gastro-
duodenal mucosa, and in established
gastric cancer cell lines.
Methods—Immunofluorescence tech-
niques were used to localise IL-8 in
cryosections of gastric (n = 25) and duo-
denal (n = 17) endoscopic biopsy speci-
mens and in resected gastric tumour
tissue samples from 16 patients. Two
gastric cancer cell lines (Kato 3 and MKN
45) were examined for IL-8 protein
expression by immunofluorescence and
for the presence of IL-8 mRNA by
reverse transcription followed by the
polymerase chain reaction (RT-PCR).
Results—IL-8 was localised to the epithe-
lium in histologically normal gastric
mucosa, with particularly strong expres-
sion in the surface cells. IL-8 expression
was also a feature of surface epithelium
in the duodenal bulb, but was much
reduced in the second part of the duode-
num. In chronic H pylori-associated gas-
tritis gastric epithelial IL-8 expression
was increased and expression of IL-8
within the lamina propria was evident.
By contrast, large areas of IL-8 negative
epithelium were observed in the body
mucosa of a subject with Ménétrier’s dis-
ease. In gastric carcinoma the tumour
cells were positive for IL-8. IL-8 was also
detected by immunofluorescence in
unstimulated Kato 3 and MKN 45 cells,
and constitutive IL-8 gene expression in
these cell lines was confirmed by detec-
tion of IL-8 mRNA by RT-PCR.
Conclusions—Immunoreactive IL-8, a
potent neutrophil chemotactic and acti-
vating factor, is present in the epithelium
of both normal and inflamed gastric
mucosa with increased expression in the
latter. There is site dependent variation
in epithelial IL-8 expression within the
gastroduodenal mucosa. The expression
of the pro-inflammatory cytokine IL-8 in
gastric carcinoma cells may influence
peritumoural cellular infiltrates.

(¥ Clin Pathol 1994;47:61-66)

Interleukin 8 (IL-8), also known as human
neutrophil activating peptide (NAP-1), is a
potent neutrophil chemotactic and activating
peptide.'* It is produced by a variety of cell

types, including monocytes, fibroblasts,
endothelial and epithelial cells following in
vitro stimulation with lipopolysaccharide or
the cytokines IL-1B and tumour necrosis fac-
tor.*5 Increased local synthesis of IL-8 occurs
in several inflammatory conditions associated
with polymorph infiltration such as psoriasis,®
ulcerative colitis,” and rheumatoid arthritis.?'°
In vivo administration of IL-8 also induces
neutrophil accumulation in animals.!! IL-8
may therefore be an important inducer of the
immunopathological consequences of neu-
trophil infiltration.

There is increasing evidence to suggest that
neutrophils have an important role in the
development of peptic ulceration in both
Helicobacter pylori-associated ulcers'?'* and
ulceration caused by non-steroidal anti-inflam-
matory drugs in experimental models.'*'* The
mucosal infiltration of polymorphs and asso-
ciated release of toxic metabolites and lysoso-
mal enzymes'®* may be responsible for tissue
damage and ulcer generation. Recent organ
culture studies have shown high concentra-
tions of gastric mucosal IL-8 secretion from
antral biopsy specimens in patients with H
pylort infection and intraepithelial neutrophil
infiltration (active gastritis).!” In vitro IL-8
secretion was also observed in most patients
with histologically normal mucosa, suggesting
constitutive IL-8 expression in gastric mucosa
in the absence of H pylori infection. The
cellular source(s) of gastric IL-8 has not been
identified.

This study aimed to localise immunohisto-
logically the cellular origin of IL-8 in normal
and H pylori infected gastroduodenal
mucosa. As some tumour cell lines secrete
chemotactic factors'®!® and express IL-8 fol-
lowing cytokine stimulation,?*?* we examined
gastric carcinoma in vivo and gastric cancer
cell lines for IL-8 protein and gene expres-
sion.

Methods

Gastroduodenal biopsy specimens from
patients undergoing upper gastrointestinal
endoscopy were obtained from the gastric
antrum (n = 20), gastric corpus (n = 5), duo-
denal bulb (n =9) and second part of the
duodenum (n =8) for immunohistological
examination. Additional antral biopsy speci-
mens were taken to examine urease activity
using the “CLOtest” (Delta West Ltd,
Bentley, Australia). Informed consent was
obtained from all patients and the project was
approved by the Clinical Research (Ethics)
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Committee of the Leeds Eastern Health
Authority. These were not the same patients
as those studied before.!”

Freshly resected specimens of tumour and
non-neoplastic tissue samples were obtained
from 16 patients undergoing resection for
gastric cancer, including one patient with
Ménétrier’s disease. All tissues were collected
into Histocon (Cellpath plc, Hemel Hemp-
stead, Herts), orientated on cork, coated in
OCT compound (Miles Laboratories Inc,
Naperville, Illinois), and snap frozen in
thawing isopentane. Cryostat sections (5 um)
were air dried, fixed in acetone, and stored at
-70°C.

Cryostat sections stained with haema-
toxylin and eosin were examined by one
histopathologist (JIW) for assessment of
gastritis according to the Sydney system.?
The gastric carcinomas were typed as
intestinal or diffuse according to the Lauren
classification.2¢

Single and double label indirect immuno-
fluorescence were performed as described
before.?” 2 Briefly, tissue sections were incu-
bated with murine monoclonal antibody
4G9/A5/A7 to IL-8 (Sandoz Research
Institute, Vienna) followed by absorbed fluor-
escein isothiocyanate (FITC) conjugated goat
anti-mouse IgG (Southern Biotechnology
Associates, Birmingham, Alabama, USA).
Antibody 4G9/A5/A7 has been characterised
in previous studies and shown not to cross
react with other related peptides.®? For nega-
tive controls, the primary antibody was omit-
ted or an irrelevant monoclonal antibody was
used. The specificity of immunolabelling was
shown by the abolition of immunolabelling
after coincubation of the IL-8 monoclonal
antibody with recombinant IL-8 (Sandoz
Research Institute).? For some experiments, a
rabbit antibody raised against recombinant
I1L.-8 and tested for specificity by ELISA was
used to confirm immunolabelling patterns
(the kind gift of Dr R Banks). The presence
of H pylori was determined using a rabbit
antibody raised against recombinant H pylori
urease*® (a kind gift of Dr C Clayton) fol-
lowed by tetraethylrhodamine isothiocyanate
(TRITC) conjugated goat anti-rabbit Ig
(Tago Inc, Burlingame, California, USA).

Double labelled immunofluorescence was
used to identify infiltrating carcinoma cells in
cryostat sections. Sections were incubated
with murine IL-8 monoclonal antibody and
either a rabbit polyclonal anti-keratin anti-
body (LL14) or a rabbit anti-fibronectin anti-
body (1.9),7% followed by fluorescein
isothiocyanate (FITC) conjugated goat anti-
mouse IgG and a TRITC-conjugated goat
anti-rabbit immunoglobulin Murine mono-
clonal antibody 1.dS103, specific for cytoker-
atins of non-stratified epithelia,® was also
used to localise carcinoma cells. A rabbit
anti-factor VIII antibody (Dako, High
Wycombe, Bucks) was used to identify vascu-
lar endothelium. Sections were aqueous
mounted and examined using a Zeiss
Axioplan microscope fitted with epifluores-
cent illumination and selective filters for

FITC and TRITC.

Kato 3 (European Collection of Animal
Cell Cultures, Salisbury, Wilts)*! and MKN
45% human gastric cancer cell lines were
grown in RPMI 1640 (ICN-Flow
Laboratories, High Wycombe, Bucks) con-
taining 10% fetal calf serum (Sera Lab,
Crawley, Surrey) and 40 ug/ml gentamicin.
Cytospin preparations or cell monolayers
were fixed in acetone and immunolabelled for
IL-8 and cytokeratin as above.

Total cellular RNA was extracted from 1
x 10% Kato 3 and MKN 45 cells using a
modification of Sambrook et al.?* Briefly, the
pelleted cells were resuspended in 800 ul of
lysis buffer (4M guinidinium thiocyanate, 25
mM sodium citrate, 100 UM 2-mercap-
toethanol, 0-5% sodium lauroyl sarcosine),
and the lysate centrifuged through a 5-7M
CsCl cushion at 100 000 rpm in a Beckmann
Ti 100-2 rotor for 2-5 hours. After ethanol
precipitation the RNA was suspended in 20
ul H,O, and 5 ul was converted into first
strand cDNA wusing the Stratagene First
Strand Kit (Stratagene, La Jolla, California).
Ten per cent of the resulting cDNA-RNA
hybrid was used for each PCR determination,
with 35 cycles of 72°C for 2 minutes; 91°C
for 30 seconds; 55°C for 1 minute, followed
by a final elongation step of 72°C for 10 min-
utes.

Polymerase chain reaction (PCR) amplifi-
cation for IL-8 was performed with a 17-
mer(5'-AAGGAACCATCTCACTG-3") and
a 20-mer(5-GATTCTTGGATACCACA-
GAG-3"), yielding a product of 352 base
pairs. The PCR products were separated by
electrophoresis on a 1-4% agarose gel, stained
with ethidium bromide and the bands visu-
alised on an ultraviolet transilluminator.

Results
IL-8 EXPRESSION IN NORMAL AND H PYLORI
INFECTED GASTRODUODENAL MUCOSA
IL-8 expression was observed in the gastric
epithelia of all patients. The reactivity of
monoclonal antibody 4G9/A5/A7 was abol-
ished by absorption with recombinant IL-8.
The rabbit anti-ILL8 antibody showed an
identical immunolocalisation pattern on all
sections tested.

The seven histologically normal antral

Immunoreactivity of IL-8 in gastroduodenal epithelia and
carcinoma

Surface Crypt
n= pithels pitheli

Gastric antrum

Normal 7 + t/-

Reactive gastritis 1 ++ +

Chronic gastritis 12 +++ ++
Gastric corpus

Normal 2 + /=

Chronic gastritis 3 +++ +
Duodenum

Bulb 9 ++ ++/+

Second part 8 +/— -
Gastric cancer 16 ++/+++

Immunofluorescence reactivity was scored subjectively from
+++(strong) to + (weak but unequivocal); fading into negativ-
ity has been indicated by a +.
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Figure 1 Immunofluorescent localisation patterns of IL-8 on cryostat sections of stomach in histologically normal, H
pylori negative antral (A) and corpus (B) mucosa and in H pylori positive biopsy specimens of antrum (C) and corpus
(D) of patients with chronic gastritis.

biopsy specimens were all negative for H
pylori both immunohistologically and by the
biopsy urease test. In these patients the
strongest I1.-8 immunolabelling was found in
the surface epithelial cells, tending to localise
along the lateral membranes of epithelial
cells. Immunolabelling by epithelial crypt
cells was more variable and weaker (table).
There was minimal IL-8 immunolabelling
within the lamina propria of normal gastric
mucosa (fig 1A). Similar IL-8 expression pat-
terns were observed in histologically normal,
H pylori negative biopsy specimens of gastric
corpus mucosa (fig 1B).

All patients with chronic gastritis, whether
superficial or atrophic, and the subject with
reactive gastritis showed strong positivity for
IL-8 in the gastric epithelium. In all cases the
reactivity was stronger than in the histo-
logically normal mucosa (table; figs 1C
and D). Fourteen of these 15 patients
with chronic gastritis were positive for H
pylori by immunohistology and/or the CLO-

Figure 2 Immunofluorescent localisation of IL-8 in test. Additional IL-8 immunolabelling was
evident in the lamina propria in chronic gas-

histologically normal duodenal bulb mucosa.

Figure 3 Comparison of IL-8 immunolocalisation in first part (A) and second part (B) of the duodenal mucosa in the

same patient; this patient has duodenitis in the first part of the duodenum. Note the virtual absence of epithelial IL-8
expression in (B).
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Figure 4 IL-8
immunolocalisation in
gastric tumour cells. IL-8
localisation tn crysotat
sections of resected tumours
tllustrates expression by
diffuse type (A), intestinal-
type (B), and unclassified
(C) gastric
adenocarcinomas. IL-8
was also detectable in the
gastric carcinoma-derived
Kato 3 cell line (D).
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tritis, both in the lymphoid follicles and in
some lamina propria cells (fig 1C). Muscle
fibres within the lamina propria were also
weakly labelled for IL-8 (fig 1C). Double
immunofluorescence for IL-8 and factor VIII
demonstrated no specific IL-8 immunola-
belling in the vascular endothelium.

The epithelium of the duodenal bulb
mucosa was IL-8 positive in all seven patients
with normal histology (fig 2) and the two
patients with duodenitis (fig 3A). In biopsy
specimens from the second part of the duode-
num the epithelium showed reduced (three
patients) or essentially no reaction for IL-8
(five patients). Comparative analysis of duo-
denal biopsy specimens from the first and
second parts from the same patients in three
cases (figs 3A and B) confirmed the reduced
IL-8 epithelial expression distally in the duo-
denum (table).

IL-8 IN GASTRIC CARCINOMA
Strong IL-8 expression was observed in the

M 1T 2899 %7

neoplastic cells of all 16 patients with gastric
carcinoma (table). IL-8 expression in diffuse-
type (n = 6) and intestinal-type gastric cancer
(n = 8) was equally positive (figs 4A and B).
Strong I1.-8 expression was also observed in
one subject with a mixed tumour type and
one unclassified gastric carcinoma (fig 4C).
Double labelled immunofluorescence showed
that all cytokeratin positive, fibronectin nega-
tive carcinoma cells infiltrating the stroma
were IL-8 positive.

In the patient with Ménétrier’s disease the
corpus mucosa (not the tumour) showed very
variable epithelial expression of IL-8. In some
areas the epithelium of the hyperplastic folds
was negative for IL-8, but occasional small
foci of positive epithelial cells were observed.
The epithelium of the antral mucosa of this
subject was positive for IL-8.

IL-8 IN GASTRIC CARCINOMA CELL LINES

Using immunofluorescence, both gastric can-
cer cell lines were positive for cytokeratin.

< 369 bp

8

Figure 5 PCR analysis of mRNA from gastric carcinoma cell lines: PCR was performed as described in the text, using f3-
actin primers (lanes 1-4) and IL-8 primers lanes 5-8) on material from Kato 3 cells (lanes 1 and 5); MKN 45 cells (2
and 6); fresh peripheral blood mononuclear cells (3 and 7); and unstimulated HaCaT cells (4 and 8). The position of the
third band (369 base pairs) from the 123 base pair ladder (Gibco-BRL) is indicated in lane M.
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Kato 3 (fig 4D) and MKN45 immunola-
belled strongly for IL-8. PCR analysis of
RNA extracted from MKN 45 and Kato 3
cells showed constitutive expression of IL-8
mRNA (fig 5). RNA was prepared from 10°
cells and first strand cDNA produced. PCR
was then run using specific # actin primers
(lanes 1-4) and IL-8 primers (lanes 5-8).
Also shown are results from fresh peripheral
blood mononuclear cells as positive controls,
and unstimulated HaCaT keratinocyte cells
as negative controls.

Discussion

The surface epithelium of normal gastric
mucosa is IL-8 positive and epithelial expres-
sion is increased in H pylori-associated
chronic gastritis. Gastric epithelial IL-8
expression was not dependent on the luminal
location of cells as gastric carcinoma cells in
the stroma were also IL-8 positive. The con-
stitutive expression of IL-8 mRNA in gastric
cancer cell lines supports these immunohisto-
logical observations on IL-8 expression in
gastric epithelium. Only the patient with
Ménétrier’s disease seemed to have large
regions of IL-8 negative epithelium in the
gastric corpus mucosa. In this latter condition
the hyperproliferation of the gastric epithe-
lium may account for the focal lack of expres-
sion. This observation is of interest as it
proves that gastric epithelial IL-8 expression
is not invariably present.

Previous studies on cultured cells have
shown signal specificity for induction of IL-8
gene expression. TNFa and IL-1f, but not
lipopolysaccharide (LPS), induce IL-8
expression in pulmonary,* renal, and transi-
tional cell carcinoma® cell lines and
hepatoma cells.* Gastric cancer cell lines
have also recently been shown to secrete IL-8
in response to IL-la and TNFa.** The local
production of TNFa by gastric mucosa in H
pylori infection®® may be responsible for
increased epithelial IL-8 expression. H pylori
induction of TNFa and IL-1f from periph-
eral blood monocytes, which is independent
and dependent on LPS, has been described.*

There is currently little information on
IL-8 expression in normal or neoplastic
human epithelium in vivo. Our data suggest a
regional variation in epithelial IL-8 expression
in the gastrointestinal tract, with the surface
epithelium of gastric mucosa and duodenal
bulb being strongly positive. The presence of
IL-8 mRNA in unstimulated gastric cancer
cell lines suggests that the in vivo IL-8
expression observed in H pylori negative nor-
mal gastric epithelium may be constitutive.
Exogenously induced expression cannot be
excluded, however. The gastroduodenal
mucosa may be exposed to bacterial products
(such as LPS) from proximal sites (the oral
cavity) and any cytokines induced by oral
flora. Such factors may be directly or indi-
rectly responsible for inducing IL-8 expres-
sion in normal gastroduodenal epithelium in
the absence of H pylori infection. The
reduced expression of IL-8 in the epithelium
of the second part of the duodenum is there-
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fore of interest, and whether the expression
changes in inflammatory enteropathies is cur-
rently under investigation.

High concentrations of IL-8 are secreted
by histologically normal gastric mucosa dur-
ing in vitro culture'” and the current study
suggests that the secreted IL-8 originates
predominantly from the epithelium. The
gastric juice of subjects with normal mucosa
has recently been shown to have neutrophil
chemotactic activity and there were increased
concentrations in patients with moderate
and severe gastritis.”” The identity of the
chemotactic factor was not determined but
as patients with normal mucosa would not
be H pylori positive, this activity could not be
attributable to H pylori derived neutrophil
chemotactic factors such as formyl-methionyl-
leucyl-phenylalanine (FMLP),® the urease
enzyme,* platelet activating factor* or other
recently described chemotactic factors.*' * If
continually secreted by the gastric mucosa, as
suggested by previous in vitro studies,'” IL-8
could at least in part be responsible for the
neutrophil chemotactic properties of the gas-
tric juice of patients with normal mucosa.

The functional importance of IL-8 expres-
sion in the gastroduodenal epithelium
requires further investigation. There is no
neutrophil infiltration in histologically normal
gastric mucosa, suggesting that either IL-8 is
not secreted, or secreted luminally under nor-
mal physiological conditions, or that physio-
logical antagonists are present. Studies on the
gastric juice of histologically normal, H pylori
negative subjects should clarify whether active
luminal secretion of IL-8 occurs in vivo.
Recent studies have shown that gastric
epithelial cell lines secrete immunologically
and biologically active IL-8 in vitro.*
Whatever the mechanisms, the increased
expression of IL-8 in gastritis is likely to
exceed the threshold required for neutrophil
infiltration.

Malignant neoplasms are frequently
accompanied by inflammatory cell infiltrates
and tumour cell lines can secrete cellular
chemotactic factors.’®*>* The observation,
therefore, that intestinal and diffuse gastric
carcinoma cells expressed IL-8 in vivo and
that both IL-8 mRNA and immunoreactive
IL-8 were found constitutively in gastric can-
cer cell lines is of particular interest. Although
transitional and renal carcinoma cell lines
have recently been shown to express IL-8 in
response to IL-18 and TNFa stimulation,
constitutive expression was observed in only
one out of 10 cell lines tested.?® It was pro-
posed that the secretion of IL-8 by malignant
cells could account for inflammation associ-
ated with some neoplasms.? There is increas-
ing evidence that pro-inflammatory cytokines
have major physiological effects on metabo-
lism, including muscle protein loss, lipolysis,
enhancing gluconeogenesis and modifying
trace element metabolism.* Apart from
potentially inducing peritumoural inflamma-
tory cell infiltrates, therefore, the active secre-
tion of IL-8 by carcinoma cells could account
for some of the paraneoplastic physiological
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disturbances associated with advanced neo-
plastic disease.
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