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Cytokine mRNA expression in the mucosa of
treated coeliac patients after wheat peptide
challenge

Abstract
This study investigated the presence of
mRNA coding for interferon gamma
(IFN-y), tumour necrosis factor alpha
(TNFoa), and interleukins 2 (IL2) and 6
(IL6), in the mucosa of four coeliac
patients in remission who had been
challenged with either gliadin or synthetic
gliadin oligopeptides. Jejunal biopsy
specimens from these patients, taken
before and at two, four, and six hours after
challenge, were hybridised with specific
35S-labelled DNA oligonucleotide probes.
The lamina propria of all the patients
contained significantly increased numbers
of cytokine mRNA expressing cells four
hours after challenge with gliadin or an
oligopeptide corresponding to amino acids
31-49 of A-gliadin (peptide A). No significant changes were seen with the peptides
corresponding to aminoacids 202-220
(peptide B) or 3-21 (peptide C) of Agliadin, with the exception of one patient
who showed a significant increase in the
number of TNFo mRNA expressing cells
four hours after challenge with peptide B.
In vivo studies in coeliac disease have
shown that significant histological changes
occur in the mucosa of treated coeliac
patients four hours after challenge with
either gliadin or peptide A. These findings
suggest that the histological changes seen
previously in the mucosa of coeliac
patients after wheat peptide challenge may
be caused by increased expression of
cytokines within the mucosa.
(Gut 1995; 37: 52-57)

corresponding to amino acids 3-21, 31-49,
and 202-220 of A-gliadin whose coeliac toxicity is supported by earlier in vitro studies.67
These peptides and gliadin were used to
challenge four coeliac patients in remission.8
Jejunal biopsy specimens were taken before
and at hourly intervals for six hours after the
infusions. Morphometric measurements and
intraepithelial lymphocyte counts have shown
that gliadin and the oligopeptide whose
sequence corresponds to amino acids 31-49 of
A-gliadin are both toxic in vivo within four
hours of challenge but there was no evidence of
toxicity of the peptide with residues 3-21.
Evidence from two previous in vivo studies
using the peptide 202-220 is equivocal8 9 and
suggests that this peptide may contain an
epitope to which coeliac patients display variable sensitivity.
It was suggested that the observed morphological changes may be caused by immune activation with the intestinal mucosa. Previous
studies have shown induced activation (that is,
CD25 expression) of lamina propria CD4+ T
cells and macrophages in coeliac mucosa after
in vitro stimulation with gluten.'0 These
activated cells are capable of producing
cytokines, which are important mediators of
intestinal inflammation." 1-14
In this study we have investigated the
mRNA expression of two T cell derived
cytokines, interferon gamma (IFNy) and interleukin 2 (IL2), and two cytokines secreted
predominantly from macrophages, tumour
necrosis factor alpha (TNFox) and interleukin 6
(IL6), in the mucosa of treated coeliac patients
after in vivo challenge with the wheat peptides
described above.
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Coeliac disease is a gluten induced enteropathy. The small intestinal mucosa of affected
subjects exhibits crypt cell hyperplasia and
villous flattening' and the lamina propria is
infiltrated with lymphocytes, macrophages,
and plasma cells.2A These changes revert
towards normal on removal of gluten from the
diet.
The condition is thought to represent an
abnormal immune response in genetically susceptible subjects, to the ingestion of certain
cereal peptides, which remain unidentified.
The causative agent in wheat is in the ethanol
soluble prolamin fraction, gliadin, whose
toxicity remains after peptic-tryptic digestion.5
We have previously synthesised three peptides

Patients
The patient group studied consisted of four
unrelated white patients with coeliac disease,
diagnosed according to the previous ESPGAN
criteria.'5 The mean age of the patients was
49.5 years (range 29-76) and the mean
number of years receiving a gluten free diet was
TABLE I Oligopeptides used in the study, where the
numbers represent residues within the 266 aminoacid,
A-gliadin protein. From Sturgess et al1
Peptide
A
B

C

A-gliadin
homology
31-49

202-220
3-21

Sequence
LGQQQPFPPQQPYPQPQPF
QQYPLGQGSFRPSQQNPQA
VPVPQLQPQNPSQQQPQEQ
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TABLE II DNA sequence of oligonucleotides used in this study
5'AAA GAG TTC CAT TAT CCG CTA CAT TCG AAT 3'
5'GTA TTG CTTTGC GTT GGA CAT TCA AGT CAG 3'
5'ACC CAA AAC GAT GCA GAG CTG AAA AGC CAA 3'
5'GCTGGGCTC CGTGTCTCAAGGAAGTCTGGA 3'
5'CGGGGTTCGAGAAGATGATCT GAC TGC CTG 3'
5'AGTAGGCCG ATT ACA GAC ACA ACT CCC TGG 3'
5'GCA TlT GTG GTT GGGTCA GGG GTG GTT ATT 3'
5'CTG CCT CTT TGC TGC T-l- CACACA TGT TAC 3'
5'CAT CTG GAC AGC TCT GGC TTG TTC CTC ACT 3'
5'AAC TTA AAT GTG AGC ATC CTG GTG AGT TTG 3'
5'GCTAAATTTAGC ACTTCCTCC AGAGGTTTG 3'
5'AGA CGT AGT GCA ATG CAA GAC AGG AGT TGC 3'

13-3 years (range 2-24). Patients gave their
written informed consent to the study, which
was approved by the St Thomas' Hospital
ethics committee.

Challenges and biopsies
Oligopeptides (Table 1) were synthesised with
a solid phase peptide synthesiser and analysed
for purity and amino acid sequence as
described earlier.8 Each patient had four
challenges: gliadin first (1 g), followed by the
peptides (200 mg) in random order, with at
least one week between to permit recovery of
the jejunal mucosa. The challenge and biopsy
procedure has been described previously.8
Tissue specimens taken before and at two, four,
and six hours after each challenge were immediately orientated, embedded in optimal cutting temperature compound (Cryo-M-bed;
Bright's, Huntington, UK), snap frozen in
liquid nitrogen cooled isopentane, and stored
in liquid nitrogen until processed. Cryostat sections were cut at 5 ,um on a Bright's open top
cryostat at -20°C and collected onto glass
slides that had been washed with distilled water
rendered RNase free by diethylpyrocarbonate
(DEPC) treatment'6 and precoated with polyL-lysine. Sections were briefly fixed in acetone
for five minutes and stored at -20°C.

Probes and labelling method
DNA oligonucleotide probes were prepared 'in

lo.

Figure 1: J7ejunal biopsy specimen from a patient with coeliac disease in remission (patient
4) before gliadin challenge, showing the distribution of cells expressing mRNA for TNFa
(X200 magnification).

house' using a Beckman synthesiser. Cytokine
detection was achieved using a cocktail of three
probes for each cytokine, each 30 bases long,
with cDNA sequences coded by three different
exon regions of the IFN-y, TNFa, IL6, and
IL2 genes. Table II lists the probes used in this
study and their sequences.
Four pmol of each oligonucleotide were
labelled by the addition of an of35S dATP 'tail'
to the 3' termini using terminal deoxynucleotidyl transferase, according to the supplier's protocol (Promega). After the labelling
reaction, probes were purified by filtration
through Sephadex G-50 DNA grade columns
(Pharmacia) and their specific activity
measured using a Rackbeta liquid scintillation
counter. The specific activity of the probes was
greater than 1 X 108 cpm/,ug.

Probe specificity
Specificity of the probes was confirmed by
northern blotting of mRNA coding for IFNy,
TNFa, IL6, and IL2, isolated from blood
mononuclear cells that had been cultured in
the presence of 1 ,ig/ml phytohaemagglutinin
(PHA) or 10 ,ig/ml concanavalin A (Con A) as
previously described.'7 The sequences of the
probes were compared with known genomic
sequences by computer analysis using the
DNASIS program. Northern blot analysis
also determined their ability to hybridise to
complementary mRNA. The reactivity of the
probes was tested by in situ hybridisation of
mononuclear cells activated with the above
mitogens.
Pretreatment and hybridisation
The method used was a modification of that
previously described by Hamid et al. 18 All solutions used were prepared with DEPC treated
water. Fixation: 4% (w/v) paraformaldehyde
(PFA) in phosphate buffered saline (PBS) pH
7-4 for 15 minutes, followed by two washes in
15% (w/v) sucrose in PBS for 10 minutes each.
Pretreatments: (a) 0.3% (v/v) Triton-X-100 in
PBS for 10 minutes, (b) 1 ,ug/ml proteinase K
for 30 minutes at 37°C, (c) postfixation in
0. 4% (w/v) PFA for 10 minutes, and (d) 0 1 M
triethanolamine containing 0.25% (v/v) acetic
anhydride for 10 minutes. Sections were prehybridised in a mixture of 2X saline-sodium
citrate buffer (SSC), 50% (v/v) formamide and
1 XDenhardt's solution at 37°C for one hour
and then hybridised overnight with 2 ng of
labelled probe at 37°C in a solution containing: 2XSSC, 50% (v/v) formamide, 0.4 mg/ml
denatured sheared salmon sperm DNA, and
10% (w/v) dextran sulphate. Posthybridisation
washes were carried out at 39°C, for 30
minutes each, in 2XSSC, 1 XSSC+50%
formamide, and 0 1XSSC. Sections were
dehydrated serially in 60%, 90%, and 95%
ethanol and dried at room temperature. For
autoradiography, sections were dipped in
Ilford K5 photographic gel emulsion that had
been diluted 1:1 in prewarmed distilled water.
The sections were left to dry in a dark room for
about two hours and then incubated at 4°C in
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Figure 2: Distribution of TNFa mRNA expressing cells in the jejunal mucosa of patient 4,
four hours after gliadin challenge (X 200 magnification).

a light proof box containing silica gel for five
days. Slides were developed in 444% (w/v)
Dektol solution (Kodak) for two minutes,
washed briefly in distilled water, and fixed in
30% (w/v) sodium thiosulphate at 4°C for 5
minutes. Finally the slides were thoroughly
rinsed in running tap water and counterstained
with Mayer's haematoxylin.

Controls
Treatment of slides with either RNase free
DNase (no effect on hybridisation) or DNase
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Quantification and statistical analysis
All assessments were performed blind to
patient identity and peptide. The number of
positive cells within the lamina propria were
counted per unit area by using an eyepiece
graticule (1 mm2) under X400 magnification.
At least five consecutive areas in the lamina
propria, within and below the villi going to the
deeper lamina propria were counted for each
probe. Counts were expressed as positive cells
in the lamina propria per unit area (0.0025
mm2) and referred to in the text as median
(range). For each patient, the Wilcoxon rank
sum test for unpaired data was used to
compare the values at each time point after the
challenge with those obtained before the
challenge. Significance was set at p<0O05.
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Figure 3: Median numbers (range) of cytokine mRNA expressing cells in the lamina propria of each patient (per
0-0025 mm2), before and at different time points after gliadin challenge. *p< 0.5 (compared with time 0 hours).
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free RNase (no hybridisation) were used as
negative controls. After the proteinase K treatment, sections were incubated at 370C with
either of the two enzymes at a concentration of
100 ,ug/ml for 30 minutes. DNA oligonucleotides with sense sequences complementary to
IFNy.1, TNFa.1, IL6.1, and IL2.1 anti-sense
probes (Table II), were used as negative
controls. As a positive control, an oligo dT
probe was used for the detection of total mRNA.

Cytokine mRNA expression in the mucosa of treated coeliac patients after wheat peptide chaUlenge
TABLE IN Median numbers ofpositive cells per unit area of the lamina propriaJO0025
mm2 before challenge (time 0) andfour hours after challenge with the oligopeptides. The
range of results obtained is shown in brackets
Cytokine mRNA +ve cells
Time (h)

IFN'y

TNFa

IL6

IL2

5.5 (4-7)
8-0 (6-1 1)*

7.0 (6-8)
8-0 (7-9)

7-0 (5-8)
10 0 (9-1 1)*

5-0 (3-6)
6-0 (4-7)

6-0 (4-8)
7-0 (5-8)

8-0 (7-10)
7-0 (6-8)

6-0 (5-8)
6-0 (5-7)

6-0 (4-7)
5.0 (4-7)

6-0 (5-8)
6-0 (5-7)

5-5 (4-6)
50 (4-6)

6-0 (5-7)
6-0 (5-7)

5.0 (4-6)
6-0 (5-7)

9.0 (8-10)*

4.0 (4-6)

5-0 (4-6)

6-0 (5-8)
8.0 (6-10)*

5.0 (4-6)
6-0 (4-6)

7.0 (6-8)
7.0 (5-9)

6-0 (5-7)
6-0 (5-8)

7-0 (5-8)
7.0 (6-8)

4-0 (2-5)
3-5 (3-5)

7.0 (6-8)
8-0 (6-9)

5.0 (4-7)
5.0 (3-7)

7.0 (6-8)

8-0 (6-8)

4.0 (3-5)
5.0 (4-6)

6-0 (5-7)
8-0 (7-9)*

5.0 (4-6)
8-0 (7-9)*

4.0 (3-5)
7.0 (6-8)*

4-0 (2-4)
6-0 (4-7)*

5.0 (4-6)
6-0 (4-7)

5.0 (5-7)
8-0 (7-9)*

7-0 (6-8)
8-0 (7-9)

5.0 (4-6)
5.0 (4-6)

40 (3-5)
5.0 (3-5)

50 (5-7)
6-0 (4-7)

50 (4-6)
5.0 (4-7)

40 (3-7)
5.0 (3-5)

6-0 (5-7)

5-5 (4-7)
10.0 (8-12)*

5.0 (4-6)
8-5 (7-10)*

7.0 (6-8)
10.0 (8-1 1)*

4.0 (3-5)
7.0 (6-9)*

5.0 (3-7)
5.0 (4-6)

6-0 (4-7)
7.0 (6-8)

5.0 (4-6)
5.0 (4-6)

6-0 (5-7)
6-0 (5-7)

6-5 (4-8)
7.0 (6-8)

5.0 (4-6)
5.0 (4-6)

7.0 (6-8)
6-5 (5-8)

4.0 (4-6)
5.0 (4-6)

*p<0.05 compared with time 0.

shows the distribution after four hours. Similar
changes were seen with the other cytokine
probes. The jejunal mucosa of all the patients
studied, contained cells expressing mRNA for
IFNy, TNFa, IL6, and IL2. The positive signal
was located mainly in the lamina propria, with
little or no signal in the surface epithelium.

Gliadin challenge
Increased hybridisation signal

was seen

in the

lamina propria of all patients after challenge
with 1 gram of gliadin. Figure 3 shows the
median value and range of cytokine mRNA
expressing cells, in the lamina propria before
and at different time intervals after challenge
for each of the patients. Two hours after
challenge patient 1 showed a significant
increase in IFNy mRNA positive cells and
patient 2 in IL2 mRNA positive cells only,
whereas patients 3 and 4 showed no significant
changes in any of the cytokine mRNAs studied.
At four hours after challenge, the number of
cells expressing mRNA for IFNy, TNFao, IL6,
and IL2 increased significantly in all four
patients. Six hours after the challenge, the
number of positive cells of some cytokines, such
as TNFot in patients 3 and 4 and IL2 in patients
1 and 3, returned to prechallenge values.
Peptide challenge
The number of cells expressing cytokine
mRNA was also measured in the lamina
propria of each patient, before and four hours
after challenge with each of the three oligopeptides studied (Table III).
After challenge with peptide A, patients 3
and 4 showed a significant increase in the
number of cells expressing mRNA for IFNy,
TNFa, IL2, and IL6, but patients 1 and 2
showed a significant increase in IFNy and IL6
mRNA expressing cells only.
Challenge with peptide B resulted in
increased numbers of TNFoL mRNA expressing cells in the lamina propria of patient 3 only,
but caused no changes in the other patients.
No response was seen in any of the patients
with peptide C.

Controls
Figure 4 shows the typical appearance of a
section of jejunal mucosa, four hours after
gliadin challenge, after hybridisation with the
TNFot sense probe. All sections that were
hybridised with the IFNy, IL6, and IL2 sense
probes showed no hybridisation signal. None
of the RNase treated sections showed any
positive signal, showing that hybridisation was
indeed on mRNA.

Discussion
The jejunal mucosa of treated coeliac patients
contains cells expressing mRNA for the
cytokines IFNy, TNFa, IL6, and IL2, and
these are found mainly in the lamina propria. A
number of similar studies have shown the
presence of cytokines and hence activated
immunocompetent cells in normal intestinal

mucosa.17 19 20
Previous studies have shown increased

Figure 4: JYejunal biopsy specimen from patient 4, showing absence of hybridisation signal
with the sense TNFa probe, used as a negative control (X200 magnification).

expression of IFNy mRNA in untreated
coeliac patients compared with treated patients
and controls and suggests an association
between the observed morphological changes
and mucosal T cell activation.'7 IFNy in combination with TNFac has been shown to
increase expression of MIHC class I and II21
and adhesion molecules within intestinal
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mucosa.30
It is possible that the production of these
cytokines can either cause direct damage to the
mucosa or lead to increased production of
other inflammatory or toxic mediators, or both
that are responsible for the histological changes
in coeliac disease. An interesting finding
was that, after challenge with peptide A, the

number of IFNy mRNA expressing cells
increased in all four patients studied. This
could suggest that this cytokine is primarily
produced during the immune response acting
to propogate the T cell mediated immune
response and the release of other inflammatory
cytokines. The hypothesis that cytokines are
capable of causing direct tissue damage could
be confirmed by studying their effect on
epithelial differentiation and proliferation in
human jejunum organ culture. Recent data
using such a system have shown that supernatants from gliadin activated HLA DQ2
restricted T lymphocyte clones cause epithelial
cell toxicity similar to that seen in untreated
coeliac mucosa and this effect may be blocked
by anti-IFNy antibodies.31
Our findings suggest that the expression of
cytokine mRNA by lamina propria cells may
reflect a process of cellular activation during
the development of coeliac disease. It is
possible that understanding the production of
cytokines and its regulation within the small
intestinal mucosa may lead to the recognition
of new approaches to treatment of coeliac
disease.
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tissue.22 Both cytokines can destroy target
tissues of known autoimmune diseases23 and
also reduce the epithelial barrier function
of the human colon carcinoma cell line
HT29.24 25
The results of this study complement our
previous findings,8 by showing increased
cytokine expression in the lamina propria of
treated coeliac patients, four hours after gliadin
challenge, which coincides with significant
histological changes in the small intestinal
mucosa of these patients. It was shown that the
synthetic oligopeptide corresponding to
residues 31-49 of A-gliadin (peptide A) displays
in vivo toxicity in these patients with treated
coeliac disease. We have now shown that the
lamina propria of the same patients contained
increased numbers of cells expressing cytokine
mRNA in response to peptide A. Other studies
have shown that peptide A is recognised by
gliadin specific T cell clones when presented by
HLA-DQ2 molecules,26 which is present in
over 95% of patients with coeliac disease.27
Therefore, taken together these findings provide
strong support for the role of peptide A as a
coeliac toxic fragment of A-gliadin.
An association between histological
changes and cytokine expression was seen in
one of four patients studied after challenge
with peptide B. In this patient the peptide
caused a significant reduction both in villous
height to crypt depth ratio and enterocyte
height, but not an increase in intraepithelial
lymphocyte numbers.8 These changes were
associated with increased numbers of cells
expressing TNFot mRNA. No changes in
cytokine expression were seen in any of the
patients after challenge with peptide C, confirming our previous findings of no
histological change and no increase in intraepithelial lymphocyte counts in these same
patients after challenge with this peptide.
We suggest that toxic wheat peptides, such
as peptide A are absorbed across the small
intestinal epithelium, bound to HLA class II
molecules, and presented by macrophages in
the lamina propria to antigen specific CD4+ T
cells. Increased activation of immunocompetent cells in the small intestinal lamina propria
leads to increased synthesis of cytokines, such
as IFNy and IL2 by activated T cells and
TNFa and IL6 by activated macrophages.
Previous studies have shown significantly
greater numbers of IL6, IL2, and TNFa
mRNA and protein expressing cells in the
lamina propria of untreated coeliac patients
compared with treated patients and controls,
but low values in the epithelium of all three
groups.28 29 Our results do not, however, agree
with the findings of Shirota et al, which have
suggested that IL6 mRNA is exclusively produced in the epithelium in coeliac disease
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