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Abstract
Background-Interleukin-10 (IL-10) is an
18 kDa peptide with a range of anti-
inflammatory and immunosuppressive
properties.
Aim-To determine whether this cytokine
is involved in gastric mucosal inflamma-
tion in Helicobacterpylori infection.
Methods-The production of IL-10 by
antral mucosal biopsy specimens during
short term in vitro culture was deter-
mined by measuring IL-10 content of
supernatants by enzyme linked immuno-
sorbant assay (ELISA). H pyloon status
was determined by serology and histology,
with gastritis scored using the Sydney
system. Tumour necrosis factor-a
(TNF-ae) content of supernatants was also
determined in a subgroup ofpatients.
Results-IL-10 secretion was significantly
greater in patients with H pylon asso-
ciated chronic gastritis than in patients
who were H pylori negative with normal
mucosa/reactive changes, and those with
Hpylori negative chronic gastritis (p<001
and <0.05 respectively). There was a
significant correlation overall between IL-
10 secretion and chronic inflammation
score (r=0.40). Secretion ofTNF-a, which
was significantly higher in H pylon
infected patients than uninfected patients
with a normal mucosa (p<0.04), cor-
related with scores for chronic inflam-
mation and activity (r=0.39 and 0-38
respectively), but was only weakly cor-
related with IL-10 secretion (r=0.22, NS).
Conclusions-Gastric mucosal produc-
tion of IL-10 and TNF-ct are increased in
chronic gastritis associated with H pylon
infection, and mucosal cytokine secretion
varies with important histopathological
aspects of gastric inflammation. Whereas
the secretion ofIL-10 in Hpylon infection
may be protective, limiting tissue damage
caused by inflammation, it may also
contribute towards failure of the immune
response to eliminate the organism.
(Gut 1997; 40: 739-744)

Keywords: interleukin-10, Helicobacterpylori, tumour
necrosis factor--a.

Histologically, chronic gastritis associated with
Helicobacter pylori is characterised by in-
filtration of the lamina propria by chronic
inflammatory cells, the presence of lymphoid

follicles, and a variable degree of polymorph
infiltration indicative of active inflammation.'
The presence of this inflammatory infiltrate
suggests a specific immune response directed
against the organism. Local cellular immunity,
as judged by cytokine production, seems to be
activated, with in vitro biopsy studies showing
raised mucosal production of proinflammatory
cytokines, such as interleukin (IL)- 1, IL-6, and
IL-8, tumour necrosis factor-a (TNF-a), and
interferon--y (IFN-y) in subjects with H pylon
associated gastritis.`25 Short term biopsy
cultures have also confirmed a local humoral
response in infected patients, with in vitro
mucosal production of H pylori specific
immunoglobulins.6 Despite this evidence for
an intact mucosal immune response to Hpylori
infection, most people fail to eliminate the
organism spontaneously, with infection persist-
ing long term. Although there are probably
many factors which contribute to the chro-
nicity of infection, immune suppression or
down regulation of local immune reactions is
likely to play a part.7 8 Bacterial induced im-
munomodulation, mediated via the release of
"inhibitory" cytokines, may contribute to this
process. Interleukin-10 (IL-10) is an 18 kDa
peptide that was initially described as
"cytokine synthesis inhibitory factor" because
of its ability to suppress cytokine synthesis in
certain T cells.9 Specifically, IL-10 suppressed
IFN--y and IL-2 production by Thl cells.
Although initially described as a product of the
Th2 subset of CD4+ helper cells, in humans
IL-10 production has also been shown in ThO
and Thi cells, CD8+ T cells, activated mono-
cytes, B lymphocytes, and keratinocytes."l°' In
vitro, IL-10 shows potent anti-inflammatory
properties, including suppression of IL-2 and
IFN--y production by T lymphocytes,9 '10
inhibition of mitogen induced T cell pro-
liferation and of the effector functions of
activated monocytes/macrophages,16 and in-
hibition of synthesis and gene expression of
TNF-a, IL-1, IL-6, IL-8, and colony stimu-
lating factors in monocytes.'7 18 Hence IL-I 0
seems to be an important counter regulatory
cytokine, perhaps acting as a natural damper of
immune responses. The role of IL-i 0 in the
human gastrointestinal tract is largely
unknown. Mice deficient in IL-i 0 develop a
chronic enterocolitis, suggesting a possible role
for this cytokine in controlling immune
responses stimulated by enteric antigens.'9 IL-
10 gene expression has been shown in
intestinal mucosal cells in human inflamma-
tory bowel disease,20 and recent work suggests
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that IL-10 is capable of down regulating
secretion and mRNA levels of proinflamma-
tory cytokines by inflammatory bowel disease
mononuclear phagocytes in vitro.21 The role, if
any, of IL-10 in the immune response to H
pylon infection is currently unknown. We have
studied in vitro gastric mucosal secretion of IL-
10 protein in a series of patients undergoing
endoscopy for upper gastrointestinal symp-
toms.

Methods

SUBJECTS
Fifty four dyspeptic patients attending for
diagnostic endoscopy were recruited, after
obtaining informed consent. Patients who had
received (within the past month) antibiotics,
proton pump inhibitors, bismuth containing
compounds, non-steroidal anti-inflammatory
drugs (NSAIDs), corticosteroids, or immuno-
suppressive drugs were excluded, as were
patients with a known history of malignancy or
immunosuppression. This study was approved
by the Leeds Healthcare Clinical research
(ethics) committee.

SAMPLE COLLECTION

A 10 ml sample of venous blood was collected
before endoscopy, and serum separated by
centrifugation and stored at -20°C until subse-
quent assay. During upper gastrointestinal
endoscopy, multiple biopsy specimens were

taken from adjacent sites of the gastric antrum,
avoiding areas of macroscopic erosion or ulcer-
ation. Two specimens were placed in formalin
for histological examination, including Giemsa
staining for the presence ofH pyloni. Histology
was subsequently scored by an experienced
histopathologist 0IW) using the Sydney
system, blinded for results of cytokine esti-
mations. A grade from 0 (absent) to 3 (severe)
was assigned for four histological variables -

namely, inflammation (chronic inflammatory
cells), activity (neutrophils), glandular atrophy,
and intestinal metaplasia. Four further biopsy
specimens were taken for in vitro culture.

IN VITRO CULTURE

Biopsy specimens for in vitro culture were

immediately placed in RPMI-1 640 culture
medium supplemented with 10% fetal calf
serum (Flow Laboratories, Herts, UK), at
37°C and transported within one hour to the
laboratory. Specimens were then placed in
tissue culture chambers containing 1 ml fresh
culture medium, and cultured for 24 hours at

37°C in a 5% CO2 humidified incubator. At 24
hours, culture medium was removed, centri-
fuged, and the supernatant stored at -20°C
until assayed. After culture, biopsy specimens
were dried on filter papers and weighed as

previously described.22 In our laboratory,
biopsy specimen wet weight has been shown
to correlate closely with protein content
of specimen homogenates, providing an

equivalent correction factor.

INTERLEUKIN-10 ASSAY

Content of IL-10 of culture supematants was
assayed in duplicate using a commercial solid
phase enzyme linked immunosorbent assay
(ELISA) according to manufacturer's in-
structions (Quantikine, R&D Systems, Abing-
don, UK). Briefly, culture supernatants were
first incubated at room temperature in micro-
titre wells coated with a murine monoclonal
antibody to human IL-10. After washing, a
conjugate consisting of an enzyme linked
polyclonal antibody specific for interleukin-10
was added to the wells, to sandwich the IL-10
immobilised during the first incubation. Wells
were subsequently washed, and a colour
reagent (tetramethyl benzidine plus hydrogen
peroxide) added. Colour development was
stopped using 2N sulphuric acid, and the
optical density of each well determined with a
spectrophotometer set at 450 nm (wavelength
correction 540 nm). Sample concentration of
IL-10 was determined from a standard curve
obtained by assaying a dilution series of re-
combinant human IL- 10 (R&D Systems). For
culture media samples the reported sensitivity
of the assay was 1-5 pg/ml, and no cross
reactivity with other cytokines has been found.

TUMOUR NECROSIS FACTOR-CX ASSAY

Content ofTNF-a in culture supernatants was
also assayed in duplicate using a commercial
ELISA (Genzyme diagnostics, Cambridge,
USA) in a subgroup of patients (n=34).
Samples were incubated in microtitre wells
coated with monoclonal antibody to human
TNF-a. After washing, a conjugate consisting
of a biotin labelled polyclonal antibody to
TNF-a was added to the wells, to bind the
captured TNF-a. Wells were then washed, and
a peroxidase labelled streptavidin reagent
added which attaches to biotin in the immune
complex on the plate. After a further wash, a
substrate (peroxide) and chromogen (tetra-
methyl benzidine) were added, and colour
development was stopped with IM sulphuric
acid. The optical density of each well was
determined with a spectrophotometer set at
450 nm, and sample concentration of TNF-ot
was determined from a standard curve. For
culture media samples the reported sensitivity
of the assay was 10 pg/ml, and no cross
reactivity with other cytokines has been seen.

DETERMINATION OF H PYLORI STATUS
The presence or absence of H pylon was
identified histologically using Giemsa staining.
H pylon serology was determined using a
commercial ELISA kit for H pylon speci-
fic immunoglobulin-G (Helico-G, Shield
Diagnostics, Dundee, UK), which has been
extensively validated locally.23 On the basis of
the two tests, patients were divided into three
diagnostic groups: (1) "normal group" (normal
mucosa or reactive changes only and without
histological or serological evidence of H pylon
infection, (2) H pylon associated chronic
gastritis (chronic gastritis with at least one
positive test for H pylon), (3) H pylon negative
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TABLE I Summary ofpatient characteristics, H pylori status, and histopathology

Group I Group II Group III
Normal HP+ HP-

No of patients 25 22 7
Age (mean (SD)) 52 (21) 59 (20) 60 (20)
M:F 9:16 10:12 2:5
Hpylon status Negative Positive* Negative
Histology Normal or reactive Chronic gastritis Chronic gastritis

changes only
Sydney scores (n (/)):
Inflammation:
Absent or mild (grades 0, 1) 25 (100) 6 (27-3) 5 (71-4)
Moderate or severe (grades 2, 3) 0 (0) 16 (72 7) 2 (28 6)

Activity:
Absent or mild (grades 0, 1) 24 (96) 15 (68 2) 7 (100)
Moderate or severe (grades 2, 3) 1 (4) 7 (31-8) 0 (0)

Atrophy:
Absent or mild (grades 0, 1) 24 (96) 17 (77-3) 7 (100)
Moderate or severe (grades 2, 3) 1 (4) 5 (22-7) 0 (0)

Intestinal metaplasia:
Absent or mild (grades 0, 1) 24 (96) 17 (77 3) 6 (85-7)
Moderate or severe (grades 2, 3) 1 (4) 5 (22 7) 1 (14-3)

*Twenty patients had both histological and serological evidence of Hpylori infection; two patients
were seropositive only, with chronic active gastritis and pronounced intestinal metaplasia. HP+ =H
pylon positive; HP-=Hpyloni negative.

chronic gastritis (chronic gastritis without
histological or serological evidence ofH pylon
infection).

STATISTICS

Statistical analysis of IL-10 secretion, ex-
pressed as pg/g/24 h, was performed using a
non-parametric test (Mann-Whitney U test),
and correlations between in vitro cytokine
secretion and histological gradings were ana-
lysed using linear regression. A p value <0 05
was regarded as significant.
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Results

PATIENT CHARACTERISTICS
Table I summarises the age, sex, H pylon
status, and antral histopathology ofthe patients
studied. Twenty five patients had either normal
histology or the features of reactive gastritis
only, and are designated group I ("normal");
29 patients had chronic gastritis, of whom 22
were H pylon positive (group II), and seven
were H pylon negative both histologically and
serologically (group III).

IN VITRO INTERLEUKIN-10 SECRETION

Figure 1 and Table II present the results.
Secretion of IL-10 above the detection limit of
the assay (1 5 pg/ml) was found in culture
supernatants from 13 (52%) patients in group
I, 20 (91%) patients in group II, and four
(57%) patients in group III, with IL-10
concentrations in supernatants ranging be-
tween 2-8 pg/ml and 50 pg/ml. Secretion of IL-
10, expressed as pglg tissue weight/24 h, was
significantly greater for group II patients
(median 411-5 pg/g/24 h; interquartile range
(IQR) 309 25-485 5) than for group I (median
75 pglg/24 h; IQR 0-133), and for group III
(median 78 pglg/24 h; IQR 0-113) (p values
<0*01 and <0*05 respectively).

RELATION BETWEEN INTERLEUKIN-10
SECRETION AND HISTOLOGY
Overall, there were significant correlations
between IL-10 secretion and the inflammation
score (r=0 40, Fig 2), activity score (r=0 26)
and the intestinal metaplasia score (r=0 33).
The relation with intestinal metaplasia score
was largely accounted for by an H pyloni
infected patient with severe intestinal meta-
plasia having a particularly high IL-10 secretion
(3864 pg/g/24 h). Exclusion of this patient from
the regression analysis abolished the relation
between IL-10 and intestinal metaplasia score,
but the correlations with inflammation and
activity were not significantly altered.

.

2000 H

1500
0

1000

500_ez

H pylori H pylori
Normal positive negative

p < 0.01 p < 0.05

Figure 1: Concentration ofIL-IO in 24 hour culture
supematants ofantral mucosa in H pylori negative subjects
with normal mucosa or reactive changes only ("normal"),
H pylori associated chronic gastritis (H pylon positive),
and H pylon negative chronic gastritis (H pylon
negative).

IN VITRO TUMOUR NECROSIS FACTOR-t
SECRETION
Table II and Fig 3 show the results of TNF-ot
secretion for the subgroup of 34 patients.
Secretion ofTNF-a was significantly greater in
the 12 group II patients than in the 15 patients
from group I (median 3219-5 pg/g/24 h and
1262 pg/g/24 h respectively, p<0-05), and non-
significantly higher than the seven patients
from group III (median 2238 pg/g/24 h). There
was only a weak correlation between con-
centrations of secreted TNF-a and IL-10 in
these patients (r=0-22, NS, Fig 4). Secretion
of TNF-ot was significantly correlated with
inflammation score and activity score (r=0-39
and 0-38 respectively).

Discussion
We have successfully measured in vitro IL-10
secretion from normal and inflamed gastric
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TABLE II In vitro gastric mucosal secretion ofIL-1O and TNF-a

Group I Group II Group III
Normal HP+ HP-

MedianIL-10 secretion (IQR) 75 411 5 78
(pg/g/24h) (0-133) (309 25-485 5) (156)
Median TNF-a secretion (IQR) 1262 3219 5 2238
(pglg/24 h) (312-5-2952 5) (3066 5-7958-8) (0-3236-5)

(n= 15) (n= 12) (n=7)

IQR=Interquartile range. HP+ =Hpylori positive; HP-=Hpylon negative.

antral mucosa, a phenomenon not previously
reported. Furthermore, we have shown that
mucosal IL- 10 secretion was significantly
higher in patients with Hpylori chronic gastritis
than in patients without infection and with an
essentially normal mucosa, as well as in
patients with Hpylori negative chronic gastritis.
Karttunen et al, in a provisional report, have
recently found increased expression of IL- 10
mRNA in H pylon positive gastritis compared
with both normal mucosa and treated H pylori
gastritis, supporting our findings.24 We have
also shown increased TNF-o secretion in H
pyloni infection, in agreement with earlier
studies.2 ' The finding of higher secretion of
both IL-10 and TNF-ot in H pylon positive
versus H pylon negative chronic gastritis in the
present study may simply reflect differences
in the degree of inflammation between our
groups, rather than indicating a specific feature
of gastric immune responses to the organism.
To allow for the various theoretical sources of
IL- 10 within inflamed gastric mucosa, we
examined in vitro secretion from whole biopsy
specimens. Hence the cellular source of IL-10
in our study is unknown. Although in mice the
Th2 subset of CD4+ lymphocytes is classically
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Figure 3: Concentration of TNF-a in 24 hour culture
supernatants of antral mucosa in H pylon negative subjects
with normal mucosa or reactive changes only ("normal'),
H pylon associated chronic gastritis (H pylori positive),
and H pylon negative chronic gastritis (H pylon
negative).

associated with IL-10 secretion, in humans a
wide variety of cells are capable of producing
IL-10,' 15 and we would not therefore
conclude that raised gastric mucosal secretion
of IL- 10 necessarily implies a Th2 type
response. Furthermore, Th2 cells typically also
secrete IL-4, yet Kartunnen et al did not find
increased numbers of IL-4 secreting cells in H
pylori gastritis.25 The likeliest sources of IL-10
in the present study are perhaps mononuclear
phagocytes or lymphocytes. The positive
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Figure 2: Concentration ofIL-IO in 24 hour culture
supernatants ofantral biopsy specimens versus Sydney score

for chronic inflammatory cells (n=54 patients; r=0-40,
p<O-05).
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correlation we have found between IL- 10
secretion and chronic inflammation score,
suggests that mononuclear cells are indeed the
cellular source of IL-10 in gastric in-
flammation. Other possible sources of IL-10
include gastric epithelial cells, which are
capable of secreting other cytokines (for
example, IL-8),26 as well as interstitial cells
such as intestinal fibroblasts.2" Whatever the
cellular origin of IL-10 in chronic gastritis, it
is interesting to speculate about the possible
role of this immunoregulatory cytokine in the
local immune response to H pylon infection,
and to its possible influence on disease
manifestations. We do not know whether the
secretion of IL-1 0 in H pylon gastritis simply
represents physiological anti-inflammatory
activity, or dysregulation of cytokines in the
inflamed mucosa. The first is perhaps the most
likely, with IL-10 serving a protective role,
reducing local tissue damage caused by
inflammation. In vitro, IL-10 inhibits the
production of a wide range of proinflammatory
molecules and chemokines, such as IL-1, IL-6,
and IL-8, TNF-ot, and IFN--y,"1 13-15 all of
which have been implicated in H pylon
associated gastritis.2 We did not find any
strong correlation between absolute IL- 10
secretion and that of TNF-ot, although both
were correlated with chronic inflammatory cell
scores. Clearly the level of activation of
mucosal immune cells, the relative proportions
of different cell phenotypes, and the presence
of other inflammatory mediators will influence
the quantity of cytokine secreted rather than
cell numbers alone. In addition to damping
down local inflammation, the secretion of IL-
10 may also contribute to the failure of the
immune response to eliminate H pyloni
infection. To survive, the organism may have
evolved the propensity to suppress partially the
local immune response. Knipp et al have
reported a dose dependent reduction in
peripheral blood mononuclear cell proliferative
responses to mitogen produced by extracts of
H pylori, suggesting that the bacterium
possesses immunosuppressive properties.8
Furthermore, Karttunen et al have found
slightly lower H pylon induced DNA synthesis
and IFN--y production by peripheral blood
mononuclear cells from H pylon infected
subjects than for uninfected subjects,28 sug-
gesting that perhaps immune responses to the
bacterium are attenuated in chronic infection.
H pylon induced secretion of immune
suppressive cytokines, such as IL- 10, may
partly explain these phenomena. Secretion of
IL-10 has been implicated as a factor
associated with adverse disease outcome in
bacterial infections. For example, in a murine
model of Kiebsiella pneumonia, inhibition of
IL-10 bioactivity in vivo resulted in enhanced
bacterial clearance, increased expression of
proinflammatory cytokines, and prolonged
survival.29 Furthermore, in vivo, the induction
of IL-10 synthesis during certain parasitic
infections has been suggested as an important
strategy by which parasites evade immune
destruction.'0 Impaired antitumour immunity
has also been associated with IL-10."' 32 It

could be postulated that H pylori induced IL-
10 production, although having the beneficial
effect of limiting inflammation in chronic
gastritis, could also render local mucosal
immune cells less able to mount an adequate
defence against malignant cells. There is
accumulating evidence to implicate H pylori
infection as a cofactor in gastric cancer," and
local immunosuppressive cytokine production
in chronic gastritis may provide a further
mechanism by which the organism may
predispose to the development or progression
of malignancy.

In summary, we have shown raised mucosal
secretion of IL-10 and TNF-a in H pylori
gastritis, with gastric cytokine secretion being
higher in patients with more severe chronic
inflammation. Whereas the release of IL-10
may be protective, limiting tissue damage
caused by inflammation, IL-10 may also
contribute to failure of the immune response to
eliminate the organism. The effects of IL- 10 on
the gastric immune response to Hpylori, as well
as possible implications in gastric cancer,
require further investigation.
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