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Gluten specific, HLA-DQ restricted T cells from
coeliac mucosa produce cytokines with Thl or

ThO profile dominated by interferon y

E M Nilsen, K E A Lundin, P Krajci, H Scott, L M Sollid, P Brandtzaeg

Abstract
Coeliac disease is precipitated in suscep-
tible subjects by ingestion ofwheat gluten
or gluten related prolamins from some
other cereals. The disease is strongly
associated with certain HLA-DQ
heterodimers, for example, DQ2
(DQal*0501,1*0201) in most patients
and apparently DQ8 (DQox1*0301,
11*0302) in a small subset. Gluten
specific T cell clones (TCC) from coeliac
intestinal lesions were recently estab-
lished and found to be mainly restricted
by HLA-DQ2 or HLA-DQ8. Antigen
induced production of cytokines was
studied in 15 TCC from three patients, 10
being DQ2 and five DQ8 restricted. Cell
culture supernatants were prepared by
stimulation with gluten peptides in the
presence ofDQ2+ or DQ8+ Epstein-Barr
virus transformed B cells as antigen pre-
senting cells (APC). Supernatants were
analysed for cytokines by bioassays,
ELISA, and CELISA. Cellular cytokine
mRNA was analysed semi-quantitatively
by slot blotting and polymerase chain
reaction (PCR). All TCC were found to
secrete interferon (IFN) y, often at high
concentrations (>2000 UIml); some
secreted in addition interleukin (IL) 4,
IL 5, IL 6, IL 10, tumour necrosis factor
(TNF), and transforming growth factor
(TGF) P. The last TCC thus displayed a
ThO-like cytokine pattern. However,
other TCC produced IFN y and TNF but
no IL 4, or IL 5, compatible with a Thl-
like pattern. In conclusion, most DQ8
restricted TCC seemed to fit with a ThO
profile whereas the DQ2 restricted TCC
secreted cytokines more compatible with
a Thl pattern. The TCC supernatants in-
duced upregulation of HLA-DR and
secretory component (poly-Ig receptor)
in the colonic adenocarcinoma cell line
HT-29.E10, most probably reflecting
mainly the high IFN y concentrations.
This cytokine, particularly in combination
with TNF a., might be involved in several
pathological features of the coeliac lesion.
The characterised cytokine profiles thus
support the notion that mucosal T cells
activated in situ by gluten in a DQ
restricted fashion play a central part in
the pathogenesis of coeliac disease.
(Gut 1995; 37: 766-776)
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Coeliac disease or gluten sensitive entero-
pathy is a proximal small intestinal disorder
characterised by various degrees of crypt cell
hyperplasia and villous atrophy.1 2 The result is
malabsorption and often diarrhoea. The
disease is precipitated in susceptible subjects
by ingestion of cereal proteins, particularly
the gliadins of wheat gluten as well as similar
prolamins present in rye and to a lesser extent
in barley. Withdrawal of these nutrients from
the diet usually results in normalisation of the
intestinal morphology.

Virtually all northern European coeliac
patients carry the HLA-DR3, -DQ2 haplotype
or, alternatively, are HLA-DR5, -DQ7/HLA-
DR7, -DQ2 heterozygous; they therefore share
the DQ(a1*0501,11*0201) heterodimer
encoded either in cis or in trans.3 4 A popula-
tion dependent varying subset of clinically
typical coeliac patients lack this heterodimer,
however, but seem, instead, to carry DQ8
encoded by DR4 positive haplotypes.5 6
The biological link between the strong HLA

association in coeliac disease and the
immunopathology of the mucosal lesion has
not been elucidated. Gluten challenge of
treated patients (that is, previously taking a
gluten free diet) induces systemic as well as
mucosal immune activation.7 12 Hyper-
activation of mucosal T cells seems to be an
important feature of the disease.11 It has been
speculated that local generation of various
cytokines may contribute to increased perme-
ability and damage of the epithelium,13 14
upregulation of epithelial HLA class II and
secretory component or polymeric immuno-
globulin receptor expression,15-18 as well as
expansion and terminal differentiation of
mucosal B cells.'9 All these phenomena are
seen in the active coeliac lesion.

Gluten responsive T cell clones (TCC) were
recently established2022 from coeliac mucosa
challenged with gluten peptides in vitro.'2
Such TCC were obtained from two patients
with the major disease susceptibility haplotype
HLA-DR3, -DQ2 and from one with the
HLA-DR4, -DQ8 haplotype. All clones were
T cell receptor (TcR)aI/P+, CD2+, CD3+,
CD4+, CD8-, and the predominant T cell
restriction was exerted by the disease suscepti-
bility molecules DQ (otl*0501,P1*0201) (a
variant of DQ2) or DQ(x1*0301,1l*0302)
(DQ8) in the respective cases.20-22 In this
study a number of cytokines produced by such
gluten responsive mucosal TCC were charac-
terised by biological and immunological
assays. Cellular cytokine mRNA was analysed
by slot blotting and, for low expression values,
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Cytokine profiles of intestinal T cells

TABLE I
cytokine

Summary of tests performedfor each human

Cytokine Bioassay Immunoassay Slot blot RT-PCR*

IFN y Yes No Yes Yes
TNF a Yes Yes Yes Yes
TGF ,3 Yes No No Yes
IL 2 Yes Yes No Yes
IL 4 No Yes Yes Yes
IL 5 Yes No No Yes
IL 6 Yes No No Yes
IL 10 No Yes No Yes

*Reverse transcriptase-polymerase chain reaction.

by the more sensitive polymerase chain reac-
tion (PCR). Both Thl- and ThO-like profiles
were revealed but the major product was inter-
feron (IFN) y, which might explain several
immunopathological features of the active
coeliac lesion.

Methods

T cell clones
Gluten reactive mucosal TCC were prepared
from three treated coeliac patients as detailed
elsewhere.2>22 Patient no 1 was typed as
HIA-DR3, -DQ1,2 and patient no 2 as HLA-
DR1,3, -DQ1,2, whereas patient no 3 was
typed as HLA-DR4, -DQ7,8. Briefly, jejunal
biopsy specimens were incubated with a pep-
tic-tryptic digest of gluten for 18 hours. 12 After
collagenase digestion activated interleukin (IL)
2 receptor positive T cells were selected by
immunomagnetic beads armed with anti-
CD25. The T cells were then expanded and
cloned (0.5 cells/well) in RPMI 1640 medium
(Gibco, Paisley, Scotland) with 15% pooled
inactivated human serum, penicillin (100
U/ml), streptomycin (100 ,ug/ml), recom-
binant (r) human (h) IL2 (5 Uml) and
phytohaemagglutinin (1 p.g/ml, Wellcome,
Dartford, UK). The TCC recognised gliadins
from a range ofwheat varieties, but not pepsin-
trypsin.20 21 When tested against one purified
ox gliadin and two purified y gliadins, evidence
for a pronounced heterogeneity with respect to
epitopes recognised was obtained (Lundin
et al, unpublished data), but the epitopes have
not yet been defined at the peptide level. The
cytokine profiles of 15 TCC were analysed,
including two sister clones carrying the same
TcRox/[ genes. One TCC reactive with
Mycobacterium tuberculosis was included as a
control; this clone was established from the
peripheral blood of coeliac patient no 4 typed
as HLA-DR3, -DQ2 (Lundin et al, unpub-
lished data). Table I summarises the methods
used to detect the various cytokines.

Preparation of TCC supernatants and
proliferative assays
To analyse the cytokine profiles of TCC, the
cells were stimulated with the peptic-tryptic
gluten digest (1-2 g/l) in the presence of anti-
gen presenting cells (APC) expressing the rele-
vant HLA class II restriction element - that is,
DQ2 for patients no 1 and no 2, and DQ8
for patient no 3. The T cells (5X 105) were
incubated with the gluten antigens and

Epstein-Barr virus transformed B cells (1 X 106,
irradiated at 10 Gy) used as APC in 1.5-2 ml
medium (RPMI 1640 containing 15%
inactivated human serum and antibiotics).
Supematants from parallel cultures without
gluten antigens served as negative controls. In
preliminary experiments supematants were
collected after 12, 24, 36, and 48 hours of
stimulation, but 48 hours was used sub-
sequently as this was found to be the most
optimal time point. The samples were cleared
by centrifugation and stored as aliquots at
-700C.

Proliferative assays of TCC were performed
in 0.2 ml medium (RPMI 1640 with 15%
inactivated human serum and antibiotics) with
2X 104 T cells stimulated in triplicate with
5X 104 irradiated APC in the presence or
absence of gluten.20 The peptic-tryptic gluten
digest was used at 1-2 g/l. The cells were
pulsed with 3H-thymidine after about 48 hours
and harvested 18 hours thereafter.

Standards and probes for cytokines
The cytokines rh IFN y, rh tumour necrosis
factor (TNF) oa, rh transforming growth factor
(TGF) 1, rhIL 5, and rhIL 6 were obtained
from Genzyme Corporation (Cambridge,
MA), and rhIL-2 from Amersham
International (Amersham, Buckinghamshire,
UK). Activity units (U) were based on infor-
mation given by the manufacturers. Super-
natant from transformed X63Ag8-653
myeloma cells23 containing murine (m) IL 5
was kindly provided by B Bogen (IGRI,
Rikshospitalet, Oslo, Norway). Single stranded
antisense DNA probes for hIL 2 (BPR 13),
hIL 4 (BPR 22), hIL 5 (BPR 27), hIL 6 (BPR
32), hTNF et (BPR 49), and hIFN y (BPR
216) were purchased from R&D Systems
Europe Ltd (Abingdon, UK). All probes
recognised certain exons of the relevant gene,
and the probe mixture was equimolar with
regard to the region specific probes. The
primer sets for hIFN y, hTNF cx, and hIL 2
were commercially synthesised (R&D Systems
Europe Ltd), whereas the primer sets for hp
actin, hTGF [, hIL 4, hIL 5, hIL 6, and hIL
10 were generous gifts from I Moro
(Department of Pathology, Nihon University
School of Dentistry, Tokyo, Japan). All primer
sequences were derived from separate exons of
the gene sequences, thus spanning intron(s);
amplification products of genomic DNA could
therefore be distinguished from products of
reverse transcribed mRNA. Table II lists the
primer set sequences.

Cell lines for bioassays
The human colonic adenocarcinoma cell line
HT-29.E10 was provided by K E Mostov
(Department of Anatomy, Biochemistry,
Biophysics and Cardiovascular Research
Institute, University of California, San
Francisco, CA), the mouse fibrosarcoma cell
line WEHI 164 clone 13, the mink lung cell
line CCL-64 as well as the mouse hybridoma
cell line B9 by T Espevik (Institute of Cancer
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TABLE II Specifications of the primer sets used in analyses ofmRNA expression for
human cytokines

Annealing PCR product
Cytokine Primer set temperature size (bp)
IFNy 5'-AATGGAGGTCATTCAGATG-3' 550C 270

5'-TTGGACATTCAAGTCAG1TT-3'
TNF o 5'-CAGAGGGAAGAGTTCCCCAG-3' 600C 325

5'-CCGTI'GGTCTGGTAGGAGACG-3'
TGFT15'-CAGAAATACAGCAACAATTCCTGG-3' 60`C 187

5'-TTGCAGTGTGTTATCCGTGCTGTC-3'
IL 2 5'-GAATGGAATTAATAATTACAAGAATCCC-3' 600C 222

5'-TGTTTCAGATCCAT1-11AGTTCCAG-3'
IL 4 5'-CACAAGTGCGATATCACCTT-3' 600C 386

5'-GCTCGAACACTTTGAATATT-3'
IL 5 5'-ATGAGGATGCTTCTGCATTTG-3' 550C 193

5'-TTCAGTGCACAGTTGGTG-3'
IL 6 5'-ATGAACTCCTTCTCGACAAGCGC-3' 600C 611

5'-GAAGAGCCCTCAGGCTGGACTG-3'
IL 10 5'-CTTTCAAATGAAGGATCAGC-3' 550C 326

5'-ATGTCAAACTCACTCATGGC-3'
13 Actin 5'-TTCCAGCCTTGCC-TCCTGG-3' 550C 222

5'-TTGCGCTCAGGAGGAGCAA-3'

Research, Trondheim, Norway), the murine T
cell line HT-2 by T Lea (IGRI, Rikshospitalet,
Oslo, Norway), and the mouse B cell line
LYH7.B13 by R Palacios (Department of
Immunology, Houston, TX). The HT-2 cells
were cultured in 24 well plates (Costar Corp,
Cambridge, MA) at 37°C with humidified 5°/O
C02, the other cells in 75 cm2 flasks (Costar).
The HT-29.E10, WEHI 164 clone 13, and
CCL-64 cells were grown in RPMI 1640
medium supplemented with L-glutamine,
penicillin (100 U/ml), streptomycin (100
,ug/ml), and 10% fetal calf serum. The other
cell lines were kept in the same medium sup-
plemented with L-glutamine, gentamicin,
5X10-5 M (-mercaptoethanol, non-essential
amino acids, 1 mM sodiumpyruvate, and 10%
fetal calf serum with one of the following
growth factors added: rhIL 2 (for HT-2);
supernatant from lipopolysaccharide stimu-
lated human peripheral blood mononuclear
cells (PBMC) (for B9); or supematant from
X63Ag8-653 cells containing mIL 5 (for
LYH7.B13).

Bioassays for cytokines
IL 2, IL 5, and IL 6 activities were measured in
proliferative bioassays with the murine cell line
HT-2, LYH7.B13 or B9, respectively. These
assays and their specificities have been detailed
elsewhere.2426 Standard curves were prepared

with rhIL 2, rhIL 5, and rhIL 6. TNF a and
TNF P activities were collectively measured in
a cytotoxic bioassay with the murine cell line
WEHI 164 clone 1327; rhTNF aL was used
as a standard and lysis was quantified by the
colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-
difenyltetrazolium bromide (MTT) method.28
TGF P activity was measured in a cytotoxic
bioassay with the mink lung cell line CCL-64,
following acid activation29; rhTGF P was
used as a standard. Table III summarises the
specificities of the cell lines, their culture
conditions, and references.

Cell ELISA for epithelial secretory component and
HLA-DR
Total cellular secretory component and
HLA-DR expression was determined by a

semi-quantitative cell ELISA (CELISA) as
detailed elsewhere.30 Briefly, a single cell sus-
pension of HT-29.E10 was seeded out in trip-
licates in a 96 well plate (Costar), 5 X 104
cells/well. After 30 hours at 37°C the medium
was removed and TCC supernatants (diluted
1/20 in 150 ,u medium) were added to the
wells and incubated for 48 hours at 370C.
The wells were washed with isotonic phos-
phate buffered saline, pH 7.5, fixed in 70°/O
ethanol for five minutes at room temperature,
and air dried for at least one hour. The
following antibody reagents, diluted in
phosphate buffered saline containing 2%
(w/v) bovine serum albumin (Behringwerke,
Marburg, Germany) were used: primary
monoclonal mouse antihuman secretory com-
ponent (ascitic fluid, diluted 1/600; gift from J

Bartek, Institute of Clinical and Experimental
Cancer Research, Brno, Czech Republic);
primary monoclonal mouse antihuman H[A-
DR (clone L243, purified IgG, diluted
1/1600; Becton Dickinson, Mountain View,
CA); secondary rabbit antimouse IgG
(purified IgG, diluted 1/800; Dakopatts,
Glostrup, Denmark); and finally peroxidase
conjugated antirabbit IgG (diluted 1/3000;
Dakopatts). The background was calculated
from parallel wells in which the primary
reagent had been replaced by phosphate
buffered saline containing 2% (w/v) bovine
serum albumin.

TABLE III Characteristics of cell lines used in bioassays for the detection ofhuman cytokines

Cell line Ongin Assay Specificity Additions to ordinary culture conditions References

HT-29 El0 Human colonic Cell ELISA IFNy None Kvale, 199230
adenocarcinoma
cell line

WEHI 164 Murine Cytotoxicity TNF a or 13 None Espevik and Nissen-
clone 13 fibrosarcoma Meyer, 198627

cell line
CCL-64 Mink lung Cytotoxicity TGF 13 None Danielpoor, 198929

epithelial cells
HT-2 Murine T helper Proliferation IL 2 5 X 105 M 13-mercaptoethanol non- Watson, 197924

cell line essential amino acids 1 mM sodium
pyruvate 5 U/ml rhIL 2

LYH7.B 13 Mouse B cell line Proliferation IL 5 5 x 105 M 13-mercaptoethanol non- Fattah, 199026
essential amino acids 1 mM sodium
pyruvate 5 U/ml rhIL 2 supernatant
from X63Ag8-653 cells

B9 (clone B- Murine hybridoma Proliferation IL 6 5 X 105 M 13-mercaptoethanol non- Helle, 198825
92504) cell line essential amino acids 1 mM sodium

pyruvate 5 U/ml rhIL 2 supernatant
from lipopolysaccharide stimulated
human PBMC
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Figure 1: CELISA measurements ofHLA-DR expression by HT-29.E10 cells after
stimulation for 48 hours with supernatants (diluted 1/20) from various gluten stimulated
T cell clones (U) as shown (lower panel) in relation to APC alone, clonal control without
gluten (O), and reference values obtained with 0-200 U/ml ofrhIFN y (E) (upper
panel). Results presented as mean OD at 492 nm of triplicates tested in the same
experiment (repeated in a reproducible manner at least twice). Insert shows autoradiogram
of slot blot hybridisation results with antisense DNA probe for IFN y mRNA from two
gluten stimulated (2-18 hours) T cell clones as shown, compared with unstimulated control
(0 hours).

Inhibition of secretory component and HLA-DR
expression by antibody to IFN y

Polyclonal rabbit antihuman IFN y (purified
Ig, 16.7 g/l; gift from P Meide, TNO, Rijswijk,
the Netherlands) was used to evaluate the
inductive role of IFN y in TCC supernatants
with regard to HLA-DR and secretory compo-
nent expression measured by CELISA. The
antibody (20 pI; diluted 1/500) was added to
the TCC supernatant (150 pul, final dilution
1/20) at the assay start.

Immunoassays for cytokines
Commercial ELISA kits were used according
to the manufacturers' recommendations for
immunological quantification ofhIL 2 and hIL
4 (Amersham) as well as h TNF ot and hIL 10
(Medgenix Diagnostics, Brussels, Belgium).

TCC stimulation for mRNA analysis
Total RNA from six TCC (clones 4.32, 5.14,
4.81, 3.25, 2.27, and 2.37) was isolated by
the guanidium isothiocyanate method31 and
quantified by spectrophotometry. RNA was

extracted from 5 X 106 T cells after incubation
with 5 X 106 APC in the presence of gluten for
0, 2, 4, 8, or 18 hours (clones 4.32 and 5.14),
and from 2-5X 106 T cells after incubation with
2*5X 106 APC in the presence of gluten for 0,
4, or 8 hours (clones 4.81, 3-25, 2-27, and
2.37).

Cytokine mRNA analysis by slot blotting
Nylon filters (Schleicher & Schuell, Dassel,

Germany) were inserted in a slot blot appara-
tus (SRC 96 Minifold II; Schleicher & Schuell)
and presoaked by washing twice with 15X stan-
dard saline citrate. Samples of total RNA
(6 ,ug) were denatured by heating for 15
minutes at 65°C in 6Xstandard saline citrate
with 7.8% (v/v) formaldehyde, and were next
applied in 200 ,l 15Xstandard saline citrate
onto filters, which thereafter were washed
twice in 500 gl 15Xstandard saline citrate.
Aspiration was continued for two minutes
before the apparatus was disassembled and the
filters were ultraviolet cross linked for two
minutes and baked at 80°C for one hour.
Single stranded antisense DNA probes for
the various cytokines were labelled with
[a32P]-ddATP at the 3' end using terminal
deoxynucleotidyl transferase (Amersham).
Hybridisation with the [a32P]-ddATP-labelled
oligonucleotide probes (1 X 106 cpm/ml) was
performed overnight in 2XDenhardt's solu-
tion, 1 X saline, sodium phosphate, and EDTA
(SSPE), 1% (w/v) defatted dry milk, 10%
(w/v) dextran sulphate, 2% (w/v) sodium
dodecyl sulphate, and 200 ,ug/ml sheared
single stranded salmon sperm DNA followed
by washing into a final stringency of
O 1XSSPE/0.5% (w/v) SDS. Hybridisation
and washing temperatures were performed
5°C below the calculated melting point
based on the length of GC content for the
respective probes.32 Autoradiography was per-
formed with Hyperfilm-MP (Amersham)
and intensifying screens (Eastman Kodak,
Rochester, NY) for three to five days at
-700C.

Quality control ofmRNA by northern blotting
Samples of total RNA (20 ,ug) were denatured
in 50% (v/v) formamide, 6% (v/v) formalde-
hyde, 2.4 mM HEPES, 0.6 mM sodium
acetate, and 0.12 mM EDTA at 50°C for 15
minutes; they were then subjected to electro-
phoresis in an agarose gel containing 6.7%
(v/v) formaldehyde and 20 mM sodium phos-
phate buffer (pH 6.5), equal loading in each
lane being verified by ethidium bromide stain-
ing. The agarose gel showed intractness of
RNA for the two TCC tested in slot blot
analysis (data not shown).

Polymerase chain reaction (PCR) for cytokine
mRNA
For semi-quantitative analysis of cytokine
mRNA performed with four TCC (clones
4.81, 3.25, 2-27, and 2.37), total RNA was
extracted (see above), subjected to reverse
transcription, and amplified by cytokine
specific primers according to a standard proto-
col (Perkin Elmer Corporation, Norwalk,
Conn). Total cellular RNA (100 ng) was
reverse transcribed in a 20 gl reaction mixture
containing 5 mM MgCl2, 1 XPCR buffer (100
mM TRIS-HCI, pH 8-3; 500 mM KCI), 1
mM dNTP, 20 U RNAsin (Promega
Corporation, Madison, WI), 20 pmol
oligo(dT)16 primer, and 50 U reverse
transcriptase (Perkin Elmer). The reverse
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Results

Expression and secretion ofIFN y

CELISA was used to measure IFN y in the
TCC supematants. This method was based on

induction of HLA-DR in HT-29.E10 cells that

|I is known to be a selective function of IFN y,15
although subsequent upregulation of HLA-DR
can be synergistically enhanced by TNF a. 17
Figure 1 shows the results of a representative
experiment with supernatants (diluted 1/20)
from three DQ2 and five DQ8 restricted TCC

_ 1 after stimulation with gluten in the presence of
0 0.2 0.4 0.6 0.8 1 1.2 APC. Dilutions lower than 1/20 caused exces-

Optical density (OD 492 nm) sive death of epithelial cells as measured by
crystal violet staining. To control for unknown

'ELISA measurements ofHLA-DR (upper panel) and secretory component stimulatory factors in this test system, poly-
1) expression by HT-29.E10 cells after stimulation for 48 hours with clonal antibody to hIFN y was applied in
s(diluted 1/20) from various gluten stimulated T cell clones ([E) as shown in
lonal control without gluten (LO) and parallel results obtained after addition of blocking experiments, which verified that the
tntibody to IFN y (U). Values presented as mean OD at 492 nm of triplicates induction of HLA-DR was exclusively caused
same experiment (repeated in a reproducible manner at least twice). by this cytokine (Fig 2, panel). The

overall CELISA results (Table IV) showed
that all the 15 TCC secreted considerable

transcription reactions were performed for 15 amounts of IFN y after gluten stimulation,
minutes at 42°C followed by heat inactivation most of the concentrations being remarkably
at 99°C for 10 minutes. Volumes of 1 ,ul ([B high (>2000 U/ml). However, in clone 1.63
actin, IFN y, TNF cx, TGF [3, or IL 10) or 3 ,u induction ofIFN y was seen only after addition
(IL 2, IL 4, IL 5, or IL 6) of the reverse of exogenous IL 2 to the culture. The control
transcription reaction products were amplified TCC reactive with M tuberculosis (clone 4.97)
in the following PCR solution (25,l): 1.8 mM also produced a high concentration of IFN y

MgCl2, 1 XPCR buffer (100 mM TRIS-HCI, (Table IV).
pH 8.3; 500 mM KCI; 15 mM MgCl2), 0.64 The supernatants (diluted 1/20) from all
mM dNTP, 20 pmol of each primer, and 0.6 gluten stimulated TCC also induced expres-

U Taq DNA Polymerase (Perkin Elmer). PCR sion of secretory component by HT-29.E10
was run for 25 cycles ([3 actin, IFN y, TNF o, cells, in contrast with culture fluid from
TGF [, or IL 10) or 35 cycles (IL 2, IL 4, IL unstimulated cells or APC alone (Fig 3 and
5, or IL 6) under the following conditions: Table IV). This CELISA result could probably
denaturation (95°C, 30 seconds), annealing in the main be ascribed to IFN y as supported
(30 seconds), and extension (75°C, 60 sec- by blocking experiments with antibody to this
onds). Each reaction mixture (25 gl) was elec- cytokine (Fig 2, lower panel), although an

trophoresed at 70 V for two hours in an 1.5% additive effect of TNF oa17 was not excluded
(w/v) agarose gel. Table II describes the size of (see later).
the PCR products, the primer set sequences, Slot blot analysis of RNA extracted from
and the annealing temperatures for each two DQ2 restricted TCC (clones 4.32 and
primer set. 5.14) showed very little IFN y mRNA in

TABLE IV Cytokine secretion profiles of various intestinal gluten specific TCC compared with TCC reactive with M tuberculosis*

CELISA Bioassay Immunoassay

Secretory
T cell Proliferation HLA-DR component IL 5 IL 6 TGF j6 TNF TNFa IL 4 IL 10

Patient clone Stimulation (CPM) (U/ml lFN y) (U/ml lFN y) (ng/ml) (U/ml) (pg/mi) (U/ml) (U/mi) (pg/mi) (pg/mi)

1 (CD 281) 4-32t Gluten 43734 800 >2000 Negative 400 >2000 10 ND Negative Negative
4.81t Gluten 17 885 500 2000 60 ND: ND 100 ND ND ND
5-14 Gluten 2804 >2000 2000 Negative Negative 1400 Negative ND Negative 60
5-48 Gluten 11126 100 500 Negative 20 ND Negative 10 ND ND
5-48 Gluten+IL 2 ND 200 >1000 Negative 40 ND Negative 25 ND ND

2 (CD 280) 1-2 Gluten 1401 4000 >2000 Negative Negative ND 15 ND ND ND
1-2 Gluten+IL 2 ND >4000 >2000 Negative Negative ND 60 ND ND ND
1-27 Gluten 40467 1000 >2000 ND 50 ND 70 720 1900 ND
1-27 Gluten+IL 2 ND 10000 >2000 ND 100 ND 140 >700 >2000 ND
1-63 Gluten 7017 Negative 1000 Negative Negative ND 30 140 90 ND
1-63 Gluten+IL 2 ND 10000 >2000 Negative 60 ND 60 670 ND ND
3-21 Gluten 17 140 250 >2000 Negative 60 1000 Negative ND Negative 15
3-25 Gluten 6400 200 200 Negative Negative 1000 Negative ND Negative Negative
3-27 Gluten ND 100 200 Negative Negative ND Negative ND ND ND

3 (CD 282) 2-5 Gluten 17800 1500 >2000 250 >500 ND 60 ND ND ND
2-27 Gluten 44463 >2000 1500 150 >500 1400 500 ND 200 Negative
2-32 Gluten 33472 800 >2000 160 >500 ND 10 ND ND ND
2-35 Gluten ND 2000 2000 300 >500 600 20 ND 1000 >1530
2-37 Gluten 43 899 1500 >2000 350 >500 1200 60 ND 200 > 1530

4 (CD 114) 4-97 M tuberculosis 28844 2000 >2000 Negative 20 ND 10 ND Negative Negative

*Fifteen TCC from three patients were investigated, 10 (from patients no 1 and no 2) were DQ2 restricted whereas five (from patient no 3) were DQ8 restricted.
Cell culture supernatants were prepared and tested after 48 hours stimulation with gluten peptides in the presence ofDQ2+ or DQ8+ Epstein-Barr virus
transformed B cells used as APC. A TCC reactive with M tuberculosis established from peripheral blood of a coeliac patient (no 4) was included as control.
tSister clones - that is, same T cell receptor genes. IND: not determined.
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Figure 3: CELISA measurements of secretory component expression by H
after stimulation for 48 hours with supernatants (diluted 1/20) from vario
stimulated T cell clones (U) as shown (lower panel) in relation to APC a
control without gluten (Oii), and reference values obtained with 0-200 U/;
(E) (upper panel). Results presented as mean OD at 492 nm of triplicat
same experiment (repeated in a reproducible manner at least twice).
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Figure 4: Agarose electrophoresis showing semi-quantitative determination ofPC
amplified cytokine mRNA in four T cell clones four hours or eight hours after sti

in relation to unstimulated controls (0) as well as a sample containing water (C
Total RNA (100 ng) was reverse-transcribed to cDNA. Amplification was per];
cytokine specific primers with 1 gl cDNA (p3 actin, IFN y, TNF a, TGF (3, or
25 cycles, or with 3 ,ul cDNA (IL 2, IL 4, IL 5, or IL 6) for 35 cycles. The siz,
amplification product as indicated (bp), matched what was predictedfrom the p
the primer pairs.

unstimulated cells (time 0) but showed striking
upregulation of message after exposure to
gluten peptides in the presence ofAPC for two
to four hours for clone 4.32, decreasing there-
after (Fig 1). Considerably less IFN y mRNA
was detected for clone 5.14, whereas this TCC
secreted substantial amounts of IFN y tested
with CELISA (Table IV). Semi-quantitative
PCR performed on four TCC (clones 4.81,
3.25, 2-27, and 2.37) showed IFN y mRNA in
all of them after gluten stimulation for four to
eight hours; two TCC showed message in
unstimulated cells as well (Fig 4). Minor dis-
crepancies between the different methods used
might be explained by variations between dif-
ferent cultures of the same TCC and by the
high sensitivity of the PCR method.

Expression and secretion of TNF
-,-------- Ten of the stimulated TCC secreted TNF in
2 2 5 the range of 10-500 U/ml (Table IV), as

measured with bioassay (TNF a and TNF I)
T-29.E10 cells or ELISA (TNF ox), or both. Although the two
us gluten assays seemed to produce parallel results, the
clone, clonal actual values (U/ml) obtained were rather dis-

es tested inthe crepant, also the two sister clones 4.32 and
4.81 secreted different amounts of TNF.
Figure 5 shows data obtained by bioassay for
supematants from four DQ2 restricted and five
DQ8 restricted TCC after stimulation with
gluten in the presence of APC. Slot blot analy-
sis of two clones with little or no secretion
showed also no convincing upregulation of
TNF ax mRNA (Fig 5). After semi-quantitative
PCR, three of four tested TCC showed TNF a
mRNA after four hours of gluten stimulation,
whereas one was negative; this was in agree-
ment with the results obtained by bioassay
(Fig 4, Table IV).

(222 bp)

(20b)Expression and secretion of TGF, 3
(270 bp) Supernatants from seven TCC contained TGF

P in the range of 500-2000 pg/ml as measured
(325 bp) by bioassay (diluted 1/2), both with and with-

out gluten stimulation, and in APC as well (Fig
6). Semi-quantitative PCR on four TCC

(187 bp) showed TGF P mRNA in stimulated as well as

unstimulated cells (Fig 4).

(222 bp)
Expression and secretion ofIL 2
Neither bioassay nor ELISA showed IL 2 in

(386 bp) undiluted supematants of stimulated TCC
after 48 hours, whereas traces were detected in

(193 bp) a few samples after six hours (clones 4.32,
3-25, and 4.97; data not shown). Semi-quan-
titative PCR performed on four TCC showed

(611 bp) IL 2 mRNA in three of them after gluten
stimulation for four hours, while unstimulated
cells were negative (Fig 4).

(326 bp)

,R . Expression and secretion ofIL 4rmulation,mtrPCRi. After gluten stimulation only two of six tested
lormed by DQ2 restricted TCC (clones 1.27 and 1.63)
rIL 10) for secreted IL 4 as detected by ELISA in
osition of undiluted supernatants, whereas the other four

were negative (Fig 7, Table IV). Two of the
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Figure 5: Cytotoxic bioassay of TNF activity in supernatants (diluted 1/10) from various
gluten stimulated (48 hours) T cell clones (M) as shown (lower panel) in relation to APC
alone, clonal control without gluten (LI), and reference values obtained with 0-100 U/ml
ofrhTNF a (E) (upper panel). Results presented as mean reduction ofOD at 550 nm of
triplicates tested in the same experiment (repeated in a reproducible manner at least twice).
Insert shows autoradiogram of slot blot hybridisation results with antisense DNA probe for
TNF a mRNA from two gluten stimulated (2-18 hours) T cell clones as shown, compared
with unstimulated control (0 hours).

negative TCC also showed very low amounts
of IL 4 mRNA by slot blot analysis (Fig 7).
Semi-quantitative PCR showed IL 4 mRNA in
one of the DQ2 restricted TCC (clone 4.81),
after four hours of gluten stimulation, although
the sister clone 4.32 was negative in ELISA
(Fig 4, Table IV). All of the three tested DQ8
restricted TCC secreted substantial amounts
of IL 4 (Table IV), and two of them (clones
2.27 and 2.37) showed upregulation of IL 4
mRNA after four hours of gluten stimulation
as detected by semi-quantitative PCR (Fig 4).

Expression and secretion ofIL 5
Only one of nine tested DQ2 restricted TCC
secreted small amounts of IL 5 detectable by
bioassay (diluted 1/2) after gluten stimulation
(Table IV), and two clones tested for IL 5
mRNA (clones 4.81 and 3 25) showed very
low levels of message by semi-quantitative
PCR (Fig 4). Conversely, the DQ8 restricted
TCC were consistently positive for IL 5 activ-
ity in bioassay (Table IV). Clone 2.27 showed
no upregulation of IL 5 mRNA, although this
clone secreted substantial amounts of IL 5
when tested by bioassay (Table IV). Clone
2.37, on the other hand, expressed IL 5 mRNA
in both unstimulated and stimulated cells (Fig
4).

Expression and secretion ofIL 6
Only four of nine tested DQ2 restricted TCC
secreted IL 6 detectable by bioassay (diluted
1/5) after gluten stimulation, and the amounts

were comparatively small (20-400 U/ml),
especially without addition of rhIL 2 (Fig 8,
Table IV). The five DQ8 restricted TCC all
secreted substantial amounts (>500 U/ml) of
IL 6, and two clones (clones 2.27 and 2.37)
expressed IL 6 mRNA as shown by semi-
quantitative PCR (Fig 4). Considerably less IL
6 mRNA was detected in clone 4.81, and clone
3.25 was negative in agreement with the result
obtained by bioassay (Table IV).

Expression and secretion ofIL 10
After gluten stimulation two of four tested
DQ2 restricted TCC secreted small amount of
IL 10 as detected in undiluted supematants by
ELISA, whereas the two others were negative.
Conversely, two of three tested DQ8 restricted
TCC secreted substantial amounts of IL 10
(Fig 9, Table IV). Semi-quantitative PCR per-
formed on four TCC showed IL 10 mRNA in
all of them after gluten stimulation for four to
eight hours, and in one unstimulated clone as
well.

Discussion
This study describes for the first time cytokine
profiles of antigen stimulated mucosal TCC
obtained from the human gut. We used as a
model system gluten responsive CD4+ T cells
isolated from in vitro gluten challenge jejunal
mucosa of treated coeliac patients. 12 TCC
from two of the patients were restricted by
HLA-DQ2,20 those from a third patient by
HLA-DQ8.21 Large amounts of IFN y were
found in the supematants from all these TCC
after stimulation with gluten, and some of
them secreted in addition variable amounts of
TNF, TGF P, IL 4, IL 5, IL 6, and IL 10. No
cytokine secretion, except for TGF P, could be
detected in the absence of gluten stimulation,
and the Epstein-Barr virus transformed B cells
used as APC were likewise negative.
The major cytokine of activated intestinal

CD4+ T cells thus seems to be IFN y if our
results were valid for the in situ situation. In an
immunohistochemical study of formalin fixed
intestinal biopsy specimens of coeliac disease
patients, a polyclonal antibody reagent was
used to show the presence of IFN y in a con-
siderable proportion of both intraepithelial and
lamina propria lymphocytes.33 Those results
did not distinguish between receptor bound or
locally produced IFN y, however, and were in
striking contrast with a subsequent in situ
hybridisation study of IFN y mRNA in jejunal
mucosa34; numerous positive lamina propria
cells (but no intraepithelial lymphocytes) were
found in active coeliac disease but only a few
scattered ones in normal mucosa. This last
finding was in agreement with our results
showing IFN y production by mucosal gluten
specific TCC only after stimulation. Also, it
accorded well with a report on abundant secre-
tion (plaque assay) of IFN y by lamina propria
cells dispersed from Crohn's disease lesions
but hardly by counterparts from normal
intestinal mucosa.35

Heterogeneity among CD4+ T cells in terms

a 1
a
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Figure 6: Cytotoxic bioassay of TGF ,3 activity in supernatants (diluted 1/2) from van
gluten stimulated (48 hours) T cell clones (U) as shown (lower panel) in relation to A
alone, clonal control without gluten (L), and reference values obtained with 0-5000
pg/ml ofrhTGFT 3 (E) (upper panel). Results presented as mean 3H-thymidine
incorporation (CPM) in triplicates tested in the same experiment (repeated in a
reproducible manner at least twice).
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Figure 7: ELISA measurements ofIL 4 in supernatants (undiluted) from various glute
stimulated (48 hours) T cell clones ( ) as shown (lower panel) in relation to clonal
control without gluten (LI), and reference values obtained with 0-2000 pg/ml of rhIL
( ) (upper panel). Results are presented as mean OD at 492 nm of duplicates tested i
the same experiment. Insert shows autoradiogram after slot blot hybridisation with antis
DNA probe for IL 4 mRNA from two gluten stimulated (2-18 hours) T cell clones as

shown, compared with unstimulated control (0 hours).

of cytokine secretion (and thereby functic
properties) is well reported in the mouse.-

Thus, most murine CD4+ TCC can

categorised in two subsets: Thl cells 1
secrete mainly IFN y and IL 2 mediate dela
type hypersensitivity, whereas Th2 cells 1

secrete mainly IL 4 and IL 5 provide supe
help for humoral immunity.38 There is sc

support for the notion that Thl and Th2 cells
are the progeny of ThO cells, which can pro-
duce various cytokines.38 Comparable T cell
subsets have recently been defined in humans,
although the expression of other cytokines
such as IL 2, IL 6, IL 10, and IL 13 may
be less restricted than in mice.39 The stimula-
tory antigen clearly plays a major part in
determining the cytokine pattern of reactive T
cells. Thus, human TCC obtained from
peripheral blood of an atopic patient show a
Thi-like profile in response to mycobacteria
but a Th2-like profile in response to allergens.39
The TCC with reactivity against M tuberculosis
included as a control in our study fit into this
pattern (Table IV).

In view of the prominent production of IFN
ry as a marker for Thl, and IL 4 together with
IL 5 as a marker for Th2, our results suggested
that the most frequent cytokine pattern among
the gluten specific mucosal TCC was a ThO-
like profile. Some of the TCC showed a dis-

50 tinct Thl profile, however, with prominent
IFN y but no IL 4 or IL 5 production. It has

ious been claimed that especially IFN y and IL 4
[PC might be critical growth factors in the differen-

tiation ofT cell subsets, IFN y augmenting the
development of Thl cells and IL 4 promoting
Th2 cells.39 The TCC used in our study were
propagated with PHA and IL 2; it could not
be excluded that this expansion procedure

* influenced the cytokine profiles obtained.
However, several studies based on the same
cloning procedure have reported the genera-
tion of both Thl and Th2 human TCC.40 41
The absence of IL 2 from the supernatants

of our TCC after 48 hours stimulation was
somewhat surprising. Low values were often
found after six hours, however, and
PCR showed IL 2 mRNA in three of four TCC
tested after four to eight hours of gluten
stimulation. The TCC showed strong pro-
liferative response to gluten and incorporated
3H-thymidine (Table IV). One possible
explanation for the lack of IL 2 in the super-
natants could therefore be consumption of

_j
this autocrine growth factor by the TCC.
Alternatively, the rhIL 2 added during propa-
gation of the TCC might have downregulated
their own production of this cytokine, or the
sensitivity of the bioassay could be insufficient.
Interestingly, oral immunisation with entero-

2.5 toxigenic Escherichia coli vaccine also induced
T cells (presumably gut derived) with promi-
nent IFN y but no detectable IL 2 secretion.42

n Differences in the cytokine profiles were
4 seen in the two sister clones 4.32 and 4.81,
in although they carried the same TcRa/d genes;
gense such discrepancies might be explained by

small variations in growth conditions and also
by the fact that our TCC were stimulated in a
physiological manner, resulting in some unpre-

mnal dictable variability. Similarly, in a study
36 37 performed on TCC derived from a TcRod/
be transgenic mouse there was significant hetero-

that geneity of cytokine expression within each of
Lyed the cloned Thi, Th2, and ThO populations.43
that Coeliac disease shows a strong HLA
rior class II association, predominantly with
:me a DQ(G1*0501,41*0201) heterodimer.3 4
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Figure 8. Proliferative bioassay ofIL 6 activity in supernatants (diluted 1/5) from varioi
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Figure 9: ELISA measurement ofIL 10 in supernatants (undiluted) from various gluten
stimulated (48 hours) T cell clones (E) as shown (lower panel) in relation to clonal
control without gluten (LI), and reference values obtained with 0-1530 pg/ml of rhIL 1(
( U) (upper panel). Results are presented as mean OD at 492 nm of duplicates tested in
the same experiment.

There is accumulating evidence that activated
CD4+ T cells in jejunal mucosa play an
important immunopathological part in the
development of the coeliac lesion.'1 12 44
Because DQ molecules are abundantly
expressed by subepithelial APC and hardly by
the gut epithelium,2 45 gluten peptides are
most probably primarily presented to T cells
within the lamina propria, although some DR
mediated antigen presentation might occur in
the epithelium. It is noteworthy in this con-

text that when jejunal mucosal specimens
from treated coeliac patients are challenged
with gluten in vitro, lamina propria CD4+ T
cells but not intraepithelial lymphocytes
express the activation marker CD25.12 The
gluten reactive TCC used in this study are

therefore most probably derived from ex vivo
stimulated lamina propria T cells.20-22

Significantly increased expression of HIA-
DR was seen on HT-29.E10 cells after
exposure to supernatants from gluten stimu-
lated TCC. This agreed with the fact that the
active coeliac lesion shows increased epithelial
expression of class II molecules in a differential
fashion - that is, DR>DP>DQ,45 and rhIFN
y can differentially induce these molecules on
HT-29.E10 cells.15 Thus, the aberrant epi-
thelial class II expression seen in the coeliac
lesion is most probably explained mainly by
the release of IFN y from activated mucosal T
cells. However, after class II induction, an

50 enhancing effect on the expression may be
provided by TNF ox,17 as also suggested by in
vitro tests on cultured intestinal biopsy

'C specimens.46 We observed substantial death of
HT-29.E10 cells after stimulation with TCC
supernatants at dilutions lower than 1/20; and
it has been reported that IFN y, both alone
and in combination with TNF a, is cytotoxic
to epithelial cells.47 Together, therefore, these
results suggested that gluten induced IFN y

secretion in the lamina propria might con-
tribute to mucosal damage in coeliac disease.
It is interesting in this context that super-

natants obtained from the same stimulated
gluten specific TCC produced significant
reduction in enterocyte height in biopsy
specimens from healthy subjects, and that this
effect could be blocked by antibodies to IFN
_ .48 Moreover, in a murine graft versus host

reaction model such antibodies were shown to
prevent immunologically mediated villous
atrophy, crypt cell hyperplasia, and intestinal
damage.49
The active coeliac lesion also shows

increased epithelial expression of secretory
component,50 and IFN y, TNF a as well as IL
4 can upregulate this polymeric immunoglobu-
lin receptor on HT-29.E10 cells.1618 51 52
Buturate, a normal fermentation product in
the large bowel, considerably enhances this
effect of the two former cytokines.52
Interestingly, the supernatants of our gluten
stimulated TCC were directly shown to
upregulate secretory component. Enhanced
expression of the polymeric immunoglobulin

0 receptor in vivo would promote the external
transport of dimeric IgA and pentameric IgM
antibodies, which indeed is known to be the
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case in coeliac disease; mucosal overproduc-
tion of IgM and luminal delivery of secretory
IgM antibodies to gluten do in fact seem to be
an early marker of disease activation.53
Perhaps complement activating IgM anti-
bodies bound to secretory component baso-
laterally on the jejunal epithelium exert an
immunological attack.54 Supernatants from
our TCC were also found to contain IL 10 and
TGF P after gluten stimulation, and TGF P
was secreted by unstimulated cells as well.
This last cytokine, particularly in cooperation
with IL 10, may enhance IgA secretion by
activated human B cells, probably as a conse-
quence of class switching.55

In conclusion, mucosal exposure to gluten
in genetically predisposed subjects will induce
hyperactivation of CD4+ lamina propria T
cells, which through their Thl and ThO
cytokine repertoire most probably contribute
not only to the intensified and unbalanced
local B cell response,53 but also to crypt hyper-
plasia,1444 enhanced epithelial expression of
secretory component (polymeric immuno-
globulin receptor) and HLA class II,50
increased epithelial permeability,l3 and epi-
thelial damage.'447 48 Mucosal T cell activa-
tion in an HLA-DQ restricted fashion thus
seems to play a central part in the pathogenesis
of coeliac disease.
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