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Abstract
The levels of two pro-inflammatory
cytokines, interleukin 6 (IL-6) and tumour
necrosis factor alpha (TNF-a), in coeliac
disease were studied by immunohistochemistry. Jejunal biopsy specimens
from patients with untreated disease,
(n =11), treated disease (n= 9), and normal
controls, (n= 11) were stained to detect
IL-6, TNF-a, CD45 (pan-leukocyte), and
CD68 (macrophage surface antigen).
Positive cells were identified in the epithelium (per 100 enterocytes) and in the
lamina propria (per unit area). There was
a significant increase in median IL-6 and
TNF-a staining in both the lamina propria
and the epithelium of untreated coeliac
disease patients (lamina propria, 16*2 and
13*0 respectively; epithelium, 0-86 and
1-21, all p<005) when compared with
treated coeliac disease patients (lamina
propria; 6*0 and 6*2, epithelium; 0-60
and 0.60) and controls (lamina propria;
6-5 and 7'5, epithelium; 0 58 and 0.60). A
significant increase in the number of
CD45 positive cells was found in the
untreated coeliac disease lamina propria
and epithelium (p<005) but this was
accompanied by a significant rise in CD68
positive cells in the lamina propria only
(p<005). Increased IL-6 and TNF-a in the
lamina propria and epithelium of patients
with untreated coeliac disease further
supports their role in the immune pathogenesis of this disorder.
(Gut 1994; 35: 1398-1403)
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Coeliac disease is an inflammatory enteropathy
in which the mucosal lesions of villous atrophy
and crypt cell hyperplasia improve on withdrawal of dietary gluten. The lesions seen in
coeliac disease resemble those found in animal
models of intestinal cell mediated hypersensitivity. 1-3 There is increasing evidence to
support the view that this disorder is caused by
a T cell mediated hypersensitivity reaction to
some cereal antigens, and the characteristic
lesion is partly caused by the subsequent
release of abnormal amounts of proinflammatory cytokines.4 6 The cytokines interleukin 6
(IL-6) and tumour necrosis factor alpha
(TNF-oa) are secreted predominantly by
activated macrophages, and to a lesser extent
by T helper lymphocytes.7 Together with
interleukin 1, these interact to play a central
part in the complicated cytokine network. The

most important effects of IL-6 are in the
generation of the acute phase response8; the
differentiation of B lymphocytes into immunoglobulin producing cells9; and T cell activation, proliferation, and differentiation.10 11
TNF-ot produces upregulation of HIA class II
on
expression
epithelial
cells
and
macrophages,12 adhesion molecule expression,13 chemotaxis,14 and T cell proliferation.'5 In addition to being directly toxic to
intestinal epithelial tissue,16 it is involved in
reactive oxygen intermediate production.'7
These effects are important steps in the propagation of a T lymphocyte driven immune
response. We therefore wished to study the site
and level of expression of the cytokines IL-6
and TNF-oL in coeliac disease small intestinal
mucosa and their role in the pathogenesis of
this disorder. This may allow a better understanding of the development of the changes in
the small intestinal villous architecture seen in
untreated coeliac disease.

Methods
PATIENTS

The groups comprised the following patients:
Untreated coeliac disease patients
Eleven adult patients (seven women, four men,
mean age 41-5 years, age range 28-64) who
had been investigated and found to have
pathological changes in small intestinal biopsy
specimens consistent with a diagnosis of
coeliac disease which later improved after at
least six months' treatment with a gluten free
diet (according to the European Society for
Paediatric Gastroenterology criteria'8).
Treated coeliac disease patients
Nine adult patients (six women, three men,
mean age 44*7 years, age range 36-58 years)
with coeliac disease who had taken a gluten
free diet for at least six months and who
had normal small intestinal histology on
haematoxylin and eosin staining.
Control group
Eleven adult patients (seven women and four
men, mean age 39-7 years, age range 22-59
years) who had undergone small intestinal
biopsy in the course of routine diagnostic
investigation and whose villous architecture
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normal after haematoxylin and eosin
staining. All these patients were diagnosed as
suffering from the irritable bowel syndrome.

was

Biopsy specimens were obtained with a peroral
suction jejunal biopsy capsule. The specimens
were orientated villous side uppermost and
were immediately frozen in Optimum Cutting
Compound (Cryo-M-Bed, Huntingdon, UK)
in thawing isopentane over liquid nitrogen and
stored at -70°C. Sections were cut to 5 ,um
onto glass slides using a Bright Open Top
Cryostat.

tetrahydrochloride for 15 minutes to develop
the peroxidase was followed by thorough washing and counterstaining with haematoxylin.
After each of the above steps sections were
thoroughly washed in Tris buffered saline for
10 minutes (with three changes of solution).
CONTROLS

The staining of sections obtained from human
tonsil with anti-human IL-6 and TNF-ot
monoclonal antibodies and staining of small
intestine with murine anti-human CD45 (panleukocyte antigen, Serotec) at 1:80 dilution
served as positive controls. The omission of the
primary incubating antibody served as a negative control.

STAINING OF TISSUES

Sequential sections were stained using an
indirect
immunoperoxidase
technique.
Sections were fixed in acetone and then preincubated with rabbit anti-human serum
(Dako A206) for half an hour to reduce nonspecific staining. This was followed by incubation with 0/2% hydrogen peroxidase for 15
minutes (both at room temperature) to inhibit
endogenous peroxidases. The primary layer
antibodies were then added and incubated for
one hour at room temperature.
The panel of primary monoclonal antibodies, their specificities and the dilutions used
were as follows:
(a) Murine monoclonal anti-human IL-6
antibody (Serotec, MCA 746) at 1:50 dilution.
This recognises human IL-6 and has no cross
reactivity with TNF-ot or interleukin 1.
(b) Murine monoclonal anti-human TNFot antibody (Serotec, MCA 747) at 1:50 dilution. This recognises human TNF-a but not
TNFO, IL-6, or interleukin 1.
(c) Murine monoclonal anti-human CD45
antibody (Serotec, MCA 669) at 1:80 dilution.
This recognises the common leukocyte antigen
but not haematopoeitic cells and gives an estimate of the total inflammatory infiltrate.
(d) Murine monoclonal anti-human CD68
(Serotec, MCA 759) at 1:100 dilution. This
recognises a monocyte and macrophage
surface antigen, the cell type which is the predominant secretor of IL-6 and TNF-ot. It is
absent on other leukocytes.
The second layer antibody used was biotinylated rabbit anti-mouse immunoglobulin
(Dako, Z109), diluted at 1:300 and incubated
for 30 minutes. Incubation with streptavidinbiotin complex (Dako, K39 1), diluted 1:100
for 30 minutes then, 3,3'-Diaminobenzidine

COUNTING OF SECTIONS

Quantification of positively stained cells was
achieved in the lamina propria by using a calibrated eyepiece graticule in a Leitz Westlar
microscope at X400 magnification, the graticule represented 0-0025 mm2 in area. At least
three complete villi (assessed superficially from
the tip of the villus directly down to the deep
lamina propria) were counted and results
expressed as the mean number of positive
staining cells per unit area of the lamina
propria. Positive cells in the epithelium were
expressed relative to 100 epithelial cells per
section'9 and at least 500 epithelial cells were
counted per section. Slides were counted by
two independent observers and interobserver
results varied by less than 10%.
STATISTICAL ANALYSIS

This was performed using non-parametric
methods. Results for each group of patients
were expressed as a median value with the
interquartile range shown in brackets where
appropriate. Differences between groups were
calculated using the Wilcoxon rank sum test
for differences between unpaired data. A difference was considered to be significant if
p<0 05.
Results
LAMINA PROPRIA

The Table shows that the median IL-6
(16-2/unit area, both p<0 05) and TNF-ot
(13 0/unit area, both p<005) staining was
significantly higher in the lamina propria of the

Amount of interleukin-6 (IL-6) and tumour necrosis factor alpha (TNF-a) in the lamina propria and epithelium of
untreated and treated coeliac disease patients and control patients (values, median (interquartile range) number of
positively staining cells)
Lamina propria (per unit area):
Untreated coeliac disease
Treated coeliac disease
Controls
Epithelium (per 100 cells):
Untreated coeliac disease
Treated coeliac disease
Controls

IL-6

TNF-a

CD68

CD45

16-2 (14-5-18-3)*t
6-0 (5 8-6 6)
6-5 (6 2-7 5)

13-0 (11-615-2)*t
6-2 (5-9-7-1)
7-5 (5 7-8 3)

36-7 (32 040 7)*t
16-5 (15-0-21-3)
11-4 (11-0-15-5)

104-0 (96-3-120)*t
49 3 (40 3-56 3)
41-3 (39 3-45 7)

0-86 (0-361-20)*t
0 60 (0-03-0-61)
0-58 (0-04-0 60)

1-21 (0-44-126)*t
0-60 (0 02-060)
0-60 (0-04-0 60)

8-2 (58-10-0)
6-4 (5-5-8 0)
6-0 (40-6-3)

96-6 (66-5-100-0)*
83-3 (66-085 0)*
62-1 (340-72-0)

*Denotes p<0 05 compared with the control group. tDenotes p<005 compared with treated coeliac disease group.
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Figure 1: Numbers ofpositive cells in each patient group
expressed as a percentage of the total white cell count
(CD45) in the lamina propria. (The histogram shows that
the percentage of interleukin 6, tumour necrosis factor
alpha, and CD68 within the total white cell population
remains constant within all three groups of patients.)

untreated coeliac disease group than in the
treated coeliac (6-0/unit area and 6-2/unit area
respectively) control groups (6*5/unit area and
7-5/unit area respectively). In untreated coeliac
disease we observed a significantly increased
number of CD45 staining cells representing
the total inflammatory infiltrate (median;
104 0/unit area, p<0 01) when compared with
both the treated coeliac group (49.3/unit area)
and disease controls (41 3/unit area). The
number of macrophages was also significantly
increased in the lamina propria of the
untreated coeliac disease patients compared
with the treated coeliac and control groups
(36.7/unit area v 16-5/unit area and 11*4/unit
area respectively, both p<005).
There was no difference in the percentage of
IL-6, TNF-ot staining cells or macrophages Discussion
within the total white cell count as assessed There is increasing evidence to support the
by the number of CD45 positive cells (see hypothesis that the lesion seen in coeliac
disease is caused by the activation of a cell
Fig 1).
mediated immune response secondary to the
ingestion of dietary gluten. It is thought that in
coeliac disease the antigenic peptide within
EPlTHELIUM
The Table shows that there was a significantly gluten is presented in association with HIA
greater median IL-6 and TNF-ot staining on DQ2 molecules on the surface of intestinal
macrophages and that this 'complex' is recognised
by gliadin antigen sensitive T lympho10
cytes in the lamina propria of the small
*p<0.05
intestine. Their activation results in the release
NS
8
Untreated
of mediators including an abnormal profile of
coeliac disease
en
proinflammatory cytokines, recruitment of
_ Treated
=X
- coeliac disease
inflammatory cells including macrophages,
6* Controls
and propagation of the inflammatory process.
>
The observed mucosal damage may be caused
by the non-specific release of large amounts of
g
cytotoxic factors including IL-6 and TNF-ot
from these cells. When studying the mucosal
immunology of coeliac disease it is therefore
important to consider any changes in the
l
2
lamina propria and epithelium separately
in which we have done.
Tumour
Macrophages
Interleukin 6
necrosis
In this study we have shown a significant
factor alpha
in the median number of cells staining
increase
Figure 2: Staining of cytokines expressed as the percentage
for the cytokines IL-6 and TNF-oa,
positive
of CD45 in the epithelium of the three patient groups. (The
both in the lamina propria and in the epithehistogram shows a significantly increased percentage of
CD45 made up of interleukin 6 and tumour necrosis factor
lium of inflamed coeliac jejunal mucosa. These
alpha positive cells in untreated coeliac disease epithelium.
amounts were significantly greater than those
Despite this the percentage stained in each of the three
found in patients treated with a gluten free diet
patient groups was very small.)
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cells within the epithelium in the untreated
coeliac disease group than in the treated
coeliac disease and disease control groups
(p=005 for each). The median percentage of
CD45 cells that stained positive for these
cytokines was also significantly higher in
untreated coeliac disease (1 6% and 2 1%
respectively, p<005 in each case) compared
with treated coeliac disease (0.70/u and 070/o
respectively) and the control group (0-9/O and
088% respectively) (see Fig 2). There were
significantly more CD45 positive cells in the
untreated coeliac disease patients than in
controls (p=0048) but there was no significant difference between untreated and treated
coeliac disease (p=0.234). There was no
significant difference in the low numbers of
epithelial macrophages between the three
groups, suggesting that the cytokines may be
secreted by another cell type in this compartment. In four patients with untreated coeliac
disease very little staining.was found in this
compartment (0 0 and 002, 0 03 and 0-08,
0-06 and 0-06, 0 10 and 0 36/100 epithelial
cells for IL-6 and TNF-ot respectively) despite
histological evidence of villous flattening and
an excess of these cytokines within the lamina
propria. Therefore, in the epithelial compartment there was a significant increase in the
small number of cells staining for both
cytokines in untreated coeliac disease. The
percentage of the total inflammatory infiltrate
involved in their secretion was numerically
much smaller than in the lamina propria
but also significantly raised in the untreated
group.
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intestine.20

The patients in our study had the fully
developed lesion of coeliac disease and more
subtle information on the site and kinetics of
cytokine secretion could be obtained by studying early jejunal biopsy specimens taken after a
gluten challenge in treated coeliac patients. In
untreated coeliac disease the increase in
inflammatory cell infiltrate within the lamina
propria consists predominantly of T lymphocytes and macrophages.21 We found a significantly increased number of leukocytes and
macrophages within the lamina propria of the
untreated coeliac disease group. The latter are
thought to be the main source of IL-6 and
TNF-ot in this tissue.7 22
There was no change in the number of
epithelial macrophages present in each of the
three patient groups. In coeliac disease the
epithelium contains an increased number of
y/8 T lymphocytes.2324 It may be that stimulation of these cells, whose function is unclear, or
those with an a/,B receptor and CD8 positive
subtype may be responsible for the secretion of
some cytokines here.25 26 Alternatively, these
epithelial cytokines may originate from another
source such as mast cells27 or diffuse into the
epithelium from the lamina propria. A number
of different cells can be induced to secrete both
of these cytokines and it would be interesting
to extend our work using a double staining
immunohistochemical technique or one combining specific cytokine RNA analysis and
immunohistochemistry to identify these better.
The limitations of staining for cytokines by
immunohistochemistry are worth noting and
must be allowed for when drawing conclusions
from these studies. Identifiable protein is
affected by natural cytokine inhibitors and also
in some cases by well defined soluble receptors
and receptor antagonists.28 Counting of tissue

throughout the lamina propria and, to a lesser degree, in
the epithelium.

needs to be standardised and reproducibility of
results checked by a second observer. Background staining is inevitable due to the passive
uptake of protein by some cells and the staining of secreted extracellular protein, although
this can be reduced by careful titration of
primary antibody and thorough washing of
sections. We found that careful washing and
inhibition of endogenous peroxidase eliminated most of the background staining; however, some staining still occurred in negative
control section tissue, a problem which others
have encountered29 but which we were able to
overcome as the staining was light and limited
to goblet cells and intercellular matrix and
hence easily distinguishable (see Figs 3-5).
Despite these difficulties the technique allows
the identification of biologically active genetic
product within tissues. The analysis of
cytokine mRNA can be used to verify the
results obtained but it has previously been
demonstrated that not all mRNA motifs are
necessarily translated into active protein.30 We
have found close correlation of our results with
those obtained by the analysis of IL-6 and
TNF-eL mRNA using a radioactive, in situ
hybridisation technique thus supporting our
immunohistochemical findings.3' This shows
the desirability of studies into cytokine protein
to include some assessment of cytokine mRNA
production and to correlate the results
obtained with those of protein analysis.
Although isolated changes in individual
cytokines are unlikely to explain entirely the
pathological picture seen in coeliac disease,32
the finding of raised IL-6 and TNF-ot cell concentrations is highly relevant, knowing their
well defined individual effects on intestinal
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and in the control group. The percentage of
cells staining positive for these cytokines within
the white cell infiltrate of the lamina propria
did not differ between the three patient groups
and this could be explained by the parallel
increase in the total number of infiltrating
(non-IL-6 and TNF-cx producing) leukocytes
here.
The percentage of the total leukocyte count
that stained positive for each cytokine was
significantly increased in the epithelium of the
untreated coeliac disease group. Despite the
significant increase in staining and the percentage of positive cells in the epithelium of the
untreated coeliac group, the numbers of cells
counted in four of the 11 untreated coeliac
disease patients were very small or absent (see
results) despite the presence of an avillous
mucosa and excess staining in the lamina
propria. These cells represented only a small
percentage of the epithelial total white cell
count in the untreated coeliac disease group
(1.6% for IL-6 and 2.1% for TNF-oa). This
suggests that epithelial cytokine production
may not be as important in the pathogenesis of
the disease as that in the lamina propria. Our
findings differ from previous reports suggesting
3: Staining of untreated coeliac mucosa with
that the production of IL-6 is localised Figure
anti-tumour necrosis factor alpha monoclonal antibody.
mainly in the epithelium of the large and small Showing
numerous positively staining cells (arrowed)
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amount of tumour necrosis factor alpha in the mucosa of a
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tissue. It is likely therefore that increased production of these cytokines, especially in the
lamina propria iS important in the immune
pathogenesis of this disorder and our findings
lend further support to the existing evidence
implicating cell mediated immunity in the
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A better understanding of the molecular
events which initiate and drive the inflammatory response in coeliac disease may be of help
in the development of more effective treatments in other inflammatory bowel conditions
in which cytokines are also thought to be of
importance in the development of the mucosal
lesion but in which the causal agents are not
known.33 34
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