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SUMMARY

T helper cell type 1 (Th1) response to gluten has been implicated in the pathogenesis of coeliac disease
(CD). To characterize immunological activation and mild inflammations leading to overt CD in poten-
tial coeliac patients, jejunal biopsies were obtained from family members of patients with CD or der-
matitis herpetiformis (DH). Nine family members and one latent CD, eight CD patients and eight
normal controls furnished jejunal biopsy specimens. Immunohistochemical staining of sections for inter-
leukin-1o (IL-1ex), IL-2, IL-4, interferon-y (IFN-7), tumour necrosis factor o (TNF-¢), CD3, y6-T cell
receptor (y8-TCR), and oi-TCR was carried out with monoclonal antibodies. Further, expression of
IL-4 and IFN-ymessenger RNA was detected by radioactive in situ hybridization in these same samples.
In lamina propria, CD patients and potential CD patients had higher densities of IL-2 (P = 0-028, P =
0-043), IL-4 (P = 0-021, P = 0-034) and IFN-y positive cells (P = 0-000, P = 0-009) than did controls.
Moreover, CD patients showed a higher density of TNF-« positive cells (P = 0-012, P = 0-001) than the
other two groups, and expression of IFN-ymRNA (P = 0-035) was higher in them than in the other two
study groups. Additionally, higher densities of TNF-¢ and IFN-y positive cells occurred in potential
CD patients with high y0-TCR" intraepithelial lymphocytes (IELs). Our findings support the hypothe-
sis that lamina propria T cells and macrophages, through their secretion of cytokines, play a central role
in the pathogenesis of coeliac disease. The inflammatory cytokines found in potential CD specimens
strongly suggest that these inflammatory markers can be identified long before visible villous changes

have occurred.
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INTRODUCTION

Coeliac disease (CD) is characterized by a gluten-triggered small-
bowel mucosal lesion in genetically susceptible individuals; biopsy
specimens show villous atrophy with crypt hyperplasia and lym-
phocytic infiltration [1-3]. Current concepts of the pathogenesis
include the activation of lamina propria T-cells and production of
antibodies with autoimmune characteristics [3-8]. These autoan-
tibodies predict the development of CD in patients with normal
jejunal mucosa [9,10]. In a proportion of individuals with the
genetic trait for CD and a similar autoimmune type of reaction,
the disease manifests as dermatitis herpetiformis (DH), a chronic
blistering skin disease with pathognomic IgA deposits in the
dermis [11]. The small-intestinal findings in DH are identical to
those found in CD, though usually milder [12,13].
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Latent coeliac disease may be seen in patients with DH and
normal jejunal structure, as well as in family members of patients
with either CD or DH; symptoms are mild or absent [14]. It has
also been shown that individuals with normal jejunal architecture,
while on a gluten-containing diet, may have latent CD, with overt
CD developing at a later date [10,15-17]. As the strict criteria for
latent CD are met only rarely, the expression ‘potential CD’ was
proposed by Ferguson [14] to describe those for whom the diag-
nosis of latent or low-grade CD should be considered. Despite
normal villous architecture, those with potential CD show typical
inflammatory changes in the epithelium: increased density of
CD3-positive cells and of3- and y6-T cell receptor (TCR)-bearing
intraepithelial lymphocytes (IELs) [18-20], and enhanced HLA-
DR and -DP expression in epithelial crypts [21,22].

T helper cell type 1 (Thl) cytokines have been implicated in
the immunopathogenesis of CD, in particular interferon-y (IFN-
) [23-25]. Additionally, macrophage-derived cytokines such as
tumour necrosis factor-oc (TNF-¢), interleukin-6 (IL-6), and IL-
8, as well as the Th2 associated cytokines IL-4 and IL-5 have been
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reported in CD [26-28]. Thus, it is conceivable that the mucosa
of genetically susceptible individuals for gluten enteropathy may
show increased expression of L-2, IFN-yand TNF-o. However, to
our knowledge, no previous work has characterized their cytokine
profiles, neither those of family members of patients with CD or
DH nor for cases with potential disease.

In this study, we investigated by immunohistochemistry the
protein expression of IL-1e, IL-2, IL-4, IFN-y and TNF-« in
jejunal biopsies from 10 potential CD patients. Further, in the same
samples we analysed the mRNA expression of IL-4 and IFN-y by
radioactive in situ hybridization. As markers of immune activation
we also investigated the lymphocytes, measuring their activation as
well as the expression of class II antigens on the epithelium. The
cytokine profile evaluated for potential CD patients was compared
with the profiles of active CD patients and controls.

MATERIALS AND METHODS

Patients and samples

Small-intestinal biopsy specimens were obtained from seven pae-
diatric patients (mean age 8-8 years, range 2-5-17-3) and one adult
(age 31 years) with untreated coeliac disease. Partial or subtotal

villous atrophy with crypt hyperplasia was defined as CD (villous
crypt ratio <2). At the time of the biopsy, none of the patients was
on a gluten-free diet. From one CD patient (Table 1, patient 25),
two biopsies were available. In the first one, villous structure was
normal but with a high IEL count; this specimen was included in
the potential CD study group (Table 1, patient 11). The second
biopsy specimen, 11 months later, showed partial villous atrophy.
In addition, five specimens from paediatric family members of CD
patients (mean age 5-8, range 3-7-8-9) and four specimens from
adult family members of DH patients (mean age 55, range 38-75),
all with normal jejunal villous structure, were included in the
potential CD study group. We selected the specimens for the
potential CD study group on the basis of increased density of
CD3"and y5-TCR" IELs, but we also included cases in which den-
sities were normal. Normal values were set according to an earlier
study [29].

Jejunal biopsies on eight control paediatric patients (mean
age 7-8years, range 2-6-13-7) were performed because of growth
retardation, gastrointestinal symptoms, positive antigliadin anti-
bodies or any combination of these. The morphology of the
jejunum was normal in each case. Clinical data are summarized
in Table 1.

Table 1. Clinical findings of the patients

Circulating antibodies

Patient number Study group Sex Age (years) IgA-EMA! IgA-tTGA? Gliad-IgA/IgG®
Healthy controls
1 M 2.6 NT NT <5/50
2 All F 4.4 Neg Neg 21/63
3 M 5.0 Neg Neg <5/<5
4 normal M 5.7 NT NT <5/>20
5 F 8.2 NT NT <5/36
6 controls M 10.1 Neg NT 12/>40
7 F 12.7 Neg Neg <5/72
8 F 13.7 NT NT 0/>40
Potential CD patients
9 Sister to patient 21 F 8.9 400 14% 5/5
10 Patient’s mother has CD F 3.7 3200 11% 3/34
11 Latent CD, same as 25 M 14.5 1600 161% 40/24
12 Brother to patient 21 M 71 Neg Neg 12/74
13 Patient’s mother has CD M 4.0 Neg NT <10/<10
14 Patient’s mother has CD F 5.1 1600 Neg 1/10
15 Sibling to a DH patient F 38 Neg NT <5/<5
16 Sibling to a DH patient M 53 Neg NT 6/6
17 Sibling to a DH patient F 54 Neg NT 7117
18 Sibling to a DH patient F 75 Neg NT 6/1
CD patients
19 CD, sibling to a DH patient F 31 >5 NT <5/<5
20 CD F 2.5 200 57% 200/<5
21 CD F 42 1600 643% 80/37
22 CD F 5.7 1600 393% 80/>40
23 CD F 6.6 1600 1% 12/6
24 CD M 10.2 50 Neg 9/24
25 CD, same patient as 11 M 15.4 800 69% 16/16
26 CD M 17.3 200 10% 9/9

!Class IgA endomysium antibodies, upper normal limit 1:5. *Class IgA tissue transglutaminase antibodies, normal limit 8% [30]. *Class IgA and IgG
gliadin antibodies, upper normal limit 20% for both [31]. CD, coeliac disease; DH, dermatitis herpetiformis; Neg, negative; NT, not tested.
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A Watson biopsy device was used to take a specimen from the
proximal jejunum or a gastroscope from the distal duodenum. The
specimens were divided for routine histology and immunohis-
tochemical studies. The portion for immunohistochemistry was
embedded in optimal cutting temperature (OCT) compound
(Miles Laboratories, Elkhart, IN, USA), snap-frozen in liquid
nitrogen, and stored at —70°C until used. Serial sections, each
8 um, were cut and processed for either immunohistochemistry or
in situ hybridization. The sections were coded and evaluated
without knowledge of the specimen.

Immunohistochemistry

The avidin-biotin immunoperoxidase system, as described previ-
ously [18], was used on native cryostat sections to stain mononu-
clear cells singly for CD3, y6- and of3-TCR; mucosa singly for
HLA class II (HLA-DR, HLA-DP) antigens and intercellular
adhesion molecule 1 (ICAM-1); and proliferative epithelial cells
with Ki-67 [32]. For immunostaining of cytokines prior to incu-
bation with monoclonal antibodies (MoAbs), permeabilization
was performed by incubation of the slides in 0-01 % PBS-Tween20
for 10min in RT on a shaking platform before the slides were
incubated with the MoAbs, diluted in 1% NS in 0-01% PBS-
Tween20 for 1h at + 37°C.

Monoclonal antibodies

The monoclonal primary antibodies (MoAbs) are listed in Table
2. As controls for specific staining, one additional MoAb for IL-
4 (clone 82-2, Mabtech) and IFN-y (clone7-B6-1, Mabtech) were
used, and similar staining patterns obtained. Non-immune mouse
IgG1 was used as the negative primary antibody control (DAKO)
and incubation with 1% normal horse sera on additional sections
as the negative control for the reagents in the avidin-biotin
immunoperoxidase system.

Microscopic evaluation

The numbers of CD3, y5- or a}-TCR positively stained cells were
counted under a light microscope through a calibrated graticule
at x 1000 magnification, as described previously [29,33]. In the
same specimen, the positive cells in both the epithelium and the
lamina propria, comprising at least 30 fields, were counted and
expressed as the mean number of positive staining cells/mm of

epithelium and as cells/mm? in the lamina propria, respectively.
Positively staining cells for the different cytokines were counted
in the lamina propria between the epithelium and the muscularis
mucosae and expressed as cells/mm?, as described above.

MoAbs to the constant fragments of HLA-DR and -DP
chains were used to stain epithelial cells for HLA class II expres-
sion. Epithelial staining with these antibodies was graded from 2
to 6 according to their intensity and cellular distribution (1-3) and
area of staining (1-3) [34]. The proportion of the lamina propria
which stained positively for ICAM-1 was estimated and graded
from 1 to 3 according to intensity of staining, 1 representing faint
and 3 strong staining. Proliferating cells were stained with Ki-67,
and positive cells were calculated as percentages of the crypt cells,
with at least 200 crypt cells counted in each specimen.

Radioactive RNA in situ hybridization

The samples were the same as used for immunohistochemistry,
and serial sections from the biopsies were processed for in situ
hybridization. Because of the small size of the specimens, we
lacked adequate material from patient numbers 1, 12 and 23 for
IL-4 and from patient numbers 1, 12, 19, and 23 for IFN-yin situ
hybridization.

Frozen tissue samples were cut into 8-um sections and fixed
in 4% paraformaldehyde in PBS. The sections were subjected
to in situ hybridization for human IL-4 and IFN-y riboprobes
obtained from the cDNAs described below. Tissue sections
were incubated with 12 x 10° cpm of [*P]-labelled (1000-
3000 Ci/mmol; Amersham, Life Technologies, Arlington Heights,
IL, USA) antisense or sense riboprobe in a total volume of 80 ul
following the in situ protocol described in detail previously
[35,36].

Human IL-4 and IFN-y cDNAs kindly provided by Ilkka
Julkunen, MD, PhD, were used for preparing the riboprobes.
Briefly, a 462-bp human IL-4 cDNA and a 501-bp human
IFN-y cDNA were synthesized by PCR, enclosing the whole
coding region for both cytokines, and additionally the signal
peptide for IFN-y [37]. The PCR products were cloned into
pGEM®-3ZF vectors (Promega, Madison, WI, USA) and the
sequences of the cloned PCR products were verified with an
ABI PRISM 377 DNA sequencer (Perkin-Elmer, Applied Biosys-
tems, Foster City, CA, USA). The lengths of the [*P]-labelled

Table 2. Monoclonal mouse anti-human antibodies (MoAbs) used in this study

MoAb Specific for Dilution Company; clone

CD3 CD3-T cell receptor 1:200 Becton-Dickinson, San Jose, CA, USA

TCR y6 ¥6-T cell receptor 1:200 Endogen, Woburn, MA, USA

TCRbF1 of3-T cell receptor 1:50 Endogen; clone 8A3

ICAM-1 Intercellular adhesion molecule 1 1:1500 Endogen; clone VF27

HLA-DR MHC class IT 1:2000 DAKO; clone CR3/43

HLA-DP MHC class 11 1:40 Becton-Dickinson

Ki-67 Nuclear antigens in proliferating cells 1:100 DAKO, Glostrup, Denmark

IL-1ox Interleukin-1o 1:100 Biosource International; clone 20B8,
Camarillo, CA, USA

1L-2 Interleukin-2 1:50 Biosource International; clone 7A3

1L-4 Interleukin-4 1:50 Mabtech, IL-41TI; clone 12.1

IFN-y Interferon-y 1:50 Mabtech; clone 1-D1K, Nacka, Sweden

TNF-o Tumour necrosis factor o 1:50 Biosource International; clone 68B6A3

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:94-101
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riboprobes, both antisense and sense, were checked by SDS
PAGE analysis.

Microscopic evaluation of RNA in situ hybridization

Positive mRNA expression for IL-4 and IFN-ywas analysed with
a photomicroscope equipped with a camera and a colour monitor.
In each case, positive mRNA expression was counted in two dif-
ferent representative areas in the lamina propria, as well as in the
background staining adjacent to the tissue over high-power fields
(magnification x 400). The relative intensity of positive mRNA
signal was determined by division of the positivity in the tissue by
the positivity of the background. The lamina propria was assessed
from the area immediately below the surface epithelium, exclud-
ing the epithelia and areas with lymphatic aggregates. For the spe-
cific probes, a minimum of two sections were prepared for each
patient investigated.

Statistical analysis

Correlations between the cell densities and the percentages of
positive stainings in the three study groups were revealed with
one-way analysis of variance, using a non-parametric procedure,
the Kruskal-Wallis one-way analysis by ranks. In addition, the
Mann-Whitney U-test was used to compare positive cells within
the three subject groups; a P-value of <0-05 was considered sig-
nificant. Calculation was performed on a PC using SPSS software.
Cell densities for each group are expressed as median values, with
the interquartile range given in brackets. Because of the small size
of the study groups, values outside the 25-75%iles were consid-
ered abnormal for the group.

Ethical considerations

Specimens from paediatric patients were taken for diagnostic
purposes. The St Mary’s Hospital ethics committee approved
biopsies taken from the adult siblings of patients with DH. Use
of the biopsy specimens in this study was approved by the ethics
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committee of the Hospital for Children and Adolescents, Helsinki
University Central Hospital. Additionally, all the subjects studied
gave their informed consent.

RESULTS

Immunohistochemistry

Lymphocytes in epithelium and lamina propria. Densities of
CD3, y5-TCR, and a-TCR positive cells were significantly higher
in the epithelium of coeliac patients than in potential CD patients
(P < 0-05, P < 0-05 and P < 0:01, respectively) and normal
controls (P < 0-001 in all cases). As the family members were
selected on the basis of increased density of CD3" and y&TCR"*
IELs, it was not surprising that the density of CD3* IELs in poten-
tial CD patients was significantly higher than in normal controls
(P < 0-01). However, differences between the T-cell receptors
were not significant between the two groups. The density of
y5-TCR" cells in the lamina propria was significantly higher in
CD patients than in normal controls (P < 0-05). Eight potential
CD patients showed higher CD3" densities in the epithelium,
of which six also showed a high number of y6-TCR" cells in the
epithelium (Table 3).

Staining with HLA class 1l antibodies. Strong positive stain-
ing of epithelial cells with HLA-DR and HLA-DP antibodies was
present, respectively, in two and in three of the potential CD cases
(Table 1, patients 9-11), whereas the expression of HLA-DR and
HLA-DP was significantly higher in the epithelium of patients
with CD (data not shown).

Staining with anti-ICAM-1 (CD54). In potential CD patients
and in controls, the staining with anti-ICAM-1 showed faint to
moderate positivity, the majority of the positive staining being
located on cells in the lamina propria, but some also seen extra-
cellularly. Three specimens from potential CD patients showed
strong positive staining. These patients were the same as those
showing strong positivity for staining of HLA-DR and HLA-DP.

Table 3. Immunohistochemical staining of lymphocytes in the surface epithelium and lamina propria

Density of positive cells in
the surface epithelium (cells/mm)

Density of positive cells in
the lamina propria (cells/mm?*) Percentage of

dividing crypt cells

CD3 TCR v/ TCR a/B CD3 TCR y/6 TCR a/B Ki-67 (%)
Coeliac patients 63 (31-84) 35 (15-48) 47 (33-68) 713 (608-863) 191 (148-391) 951 (582-1152) 29 (26-32)
Normal controls 9 (5-10) 1.6 (1.2-3.9) 8 (5-11) 596 (466-720) 61 (51-123) 625 (573-711) 11 (6-16)
Potential CD group 21 (12-34) 7.0 (1.7-13) 14 (10-30) 808 (668-864) 145 (101-248) 718 (566-757) 9 (7-18)
Potential CD patients
9 75 54 32 1375 603 710 2
10 53 14 34 1289 428 737 9
11 20 29 40 560 264 764 34
12 9 1 9 503 200 625 19
13 8 3 2 788 66 458 NT
14 21 7 11 655 99 540 7
15 35 1 24 827 109 949 1
16 14 10 16 870 181 1107 15
17 30 7 11 846 109 547 8
18 12 0 7 707 60 725 18

Values for study groups given as medians (interquartile ranges). Individual results for potential coeliac patients given after patient’s number. Bold for

values outside interquartile range of normal control group. NT, not tested.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:94-101
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All the coeliac specimens stained strongly with ICAM-1, a dif-
ference significant when compared with specimens of potential
CD patients and normal controls (P < 0-05 and P < 0-001, data not
shown).

Staining with Ki-67. The percentage of proliferative cells in
the crypts was significant higher in CD specimens than in those
from potential CD patients and controls (P < 0-05 and P < 0-001).
The percentages of positive cells in normal controls and in poten-
tial CD patients showed no difference, indicating that the
turnover rate of epithelial cells in potential CD patients is normal
(Table 3).

Cytokines in the lamina propria. The density of I1L-1 cells in
the lamina propria was similar among CD patients, potential CD
patients, and controls; the densities of IL-2 and IL-4 were signif-
icantly greater in CD patients and in potential CD patients than
in normal controls (P < 0-05 in all cases). The density of IFN-y
cells was significantly higher in CD patients than in potential CD
patients (P < 0-05) and controls; their density was also significantly
greater in potential CD patients than in controls (P < 0-01). TNF-
o positive cells were found in higher density in CD patients
than in potential CD patients (P < 0-05) and normal controls
(Figs 1 and 2a).

When the patients in the potential CD group were divided
according to higher density of intraepithelial y5-TCR" cells, high
number of y5-TCR* IELs seemed to correlate with higher density
of IFN-y and TNF-« positive cells, although these differences
were not significant between the subgroups (P < 0-09 for both).
However, the density of IFN-y positive cells was significantly
greater in potential CD patients with high y5-TCR" IELs than in
controls, whereas IFN-y and TNF-a cells were found in higher
densities in CD patients than in potential CD patients with
normal IELs. In contrast, the densities of IL-2 and IL-4 positive
cells were significantly higher in potential CD patients with
normal IELs than in normal controls. No such association was
found for IL-1 (Figs 1 and 2a).
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Fig. 1. Immunohistochemical staining for interleukin-1 (IL-1), IL-2 and
tumour necrosis factor-ao (TNF-¢) in jejunal biopsies of coeliac patients
(M), potential coeliac patients (@ O), and healthy controls (A). Patients
in the potential coeliac group divided according to increased (@) or normal
(O) density of intraepithelial y5-T cell receptor positive cells. Individual
results shown as positively stained cells per square millimetre of lamina
propria. Horizontal lines show median values of each group. Arrows indi-
cate the adult coeliac patient and arrowheads the latent coeliac patient in
the potential group. *P < 0-05, **P < 0-01, ***P < 0-001.

Radioactive RNA in situ hybridization

IL-4 mRNA expression. The jejunal mucosa of all the patients
contained cells expressing mRNA for IL-4. This positive
hybridization signal was located mainly in the lamina propria,
with little or no signal in the surface epithelium. In all specimens,
intestinal mononuclear cells scattered in the lamina propria
expressed IL-4 mRNA, some positive signal also appearing extra-
cellularly in a diffuse fashion. Additionally, in most specimens
strongly positive cells resembling macrophages appeared in the
lamina propria (arrow in Fig. 3g-h). The expression of IL-4
mRNA was significantly higher in normal controls than in poten-
tial coeliac patients, whereas no difference existed between
controls and CD patients (Figs 2b and 3d-e, 3g-h, 3j-k). All sec-
tions hybridized with the IL-4 sense probe showed only back-
ground signals (Fig. 3a-b).
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Fig.2. (a) Immunohistochemical staining for interleukin-4 (IL-4) and
interferon-y (IFN-7) in jejunal biopsies of coeliac patients (M), potential
coeliac patients (® O) and healthy controls (A). Patients in the potential
group divided according to increased (@) or normal (O) density of intraep-
ithelial y6-T cell receptor positive cells. Individual results are shown as pos-
itively stained cells per square millimetre of lamina propria. Median values
shown by horizontal lines. Arrows indicate the adult coeliac patient and
arrowheads the latent coeliac patient. *P < 0-05, **P < 0-01, ***P < 0-001.
(b) Expressions of IL-4 and IFN-y mRNA in coeliac patients (H), poten-
tial coeliac patients (@), and healthy controls (A) detected by radioactive
in situ hybridization. Values given as relative intensity compared to back-
ground positivity. Horizontal lines show median values of each group.
Arrows indicate the adult coeliac patient and arrowheads the latent coeliac
patient in the potential group. *P < 0-05, **P < 0-01.
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Fig. 3. Radioactive in situ hybridization of interleukin-4 (IL-4) and interferon-y (IFN-y) mRNA in duodenal biopsies; bright (b, e, h, k)
and dark field views (a, ¢, d, f, g, I, j, 1). Hybridization with sense probes in a coeliac specimen (a—c), and with antisense probes in a coeliac
specimen (d-f), in a paediatric family member (g-i) and in a healthy control (j-1). IL-4 positivity is seen in lamina propria of coeliac and
control specimens, with less positivity in the potential coeliac specimen. High expression of IFN-y mRNA is scattered in the upper lamina

propria, mainly in the coeliac specimen, indicated by arrowheads in (f). Only background signal is seen with sense probe (c). Arrows indi-
cate a strongly IL-4 positive cell, morphologically resembling macrophages (g-h). He = haematoxylin. Original magnification (x200).

IFN-ymRNA expression. In situ hybridization with the anti-
sense probe for IFN-y showed that positively expressed cells were
found mainly in the superficial lamina propria, and occasionally
in the deeper parts of the lamina propria. The surface epithelium
and IELs showed no or very little expression of IFN-y. In the CD
specimens, expression of IFN-y mRNA was significantly higher
than in normal controls (Figs2b and 3e—f compared to 3h-i and
3k-1). As for IL-4, the IFN-y sense probe expressed only back-
ground signals, and this expression was identical in all the speci-
mens (Fig. 3b—c).

DISCUSSION

To our knowledge, this study describes for the first time cytokine
profiles in the lamina propria of potential coeliac patients.

Because we were interested in the development of mild inflam-
mations leading to overt CD, the family members in our study
were chosen on the basis of IELs densities, with the majority of
cases in the potential CD study group thus expressing high IELs.
This does not therefore represent an unselected group of family
members of CD or DH patients, among whom the potential form
of CD is still fairly uncommon [21].

The higher number of IFN-y positive cells in the lamina
propria of our CD patients than of their family members and of
controls is consistent with previous results [23,24,38,39]. T cells in
the coeliac mucosa have been for the most part Thl cells pro-
ducing IFN-y [40,41]. In one study, IFN-y mRNA-producing cells
were identified by in sifu hybridization in duodenal specimens,
indicating that the coeliac lamina propria contains numerous pos-
itive cells, with such cells being fewer in controls [23]. However,

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:94-101
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we have also demonstrated IFN-y positive cells in potential CD
patients as well as in controls. The higher level of IFN-y mRNA
expression and positive cells in our CD patients and in some of
the family members suggests their enhanced inflammatory reac-
tions, as shown recently elsewhere [25,42]. TNF-o and IFN-y have
been shown to have cytotoxic effects capable of directly damag-
ing the target tissue, in this case the epithelial cells. It may there-
fore be postulated that the mucosal changes found in untreated
CD patients are caused by the increased local production of IFN-
y alone or in combination with TNF-c. The expression of these
cells in the lamina propria of potential coeliac patients with high
IELs could suggest an incipient inflammatory process in these
specimens that could lead to apparent CD. The presence of very
high densities of these cells in our patient who later developed
CD supports this hypothesis further.

The higher densities of IL-2 and IL-4 positive cells in the
lamina propria of our CD patients and potential CD patients with
normal IELs than in our controls, indicate both Thl and Th2
immune activation in these patient groups; the higher density of
these IL-4 positive cells in potential CD patients may reflect the
protective effect of this cytokine, down-regulating the inflamma-
tory response. Previous in vitro studies also have suggested the
activation of ThO cells, which produce both IL-2 and IL-4 [25,41].
Maiuri et al. [43] demonstrated, during an in vitro gliadin chal-
lenge of cultured intestinal specimens, a rapid release of IL-4 from
degranulated mast cells, followed later by production of Thl type
cytokines. These findings emphasize that the expression and
secretion of cytokines is not limited to T cells and macrophages;
many other cells may be involved within and outside the immune
system in the lamina propria. We also observed, in cells morpho-
logically resembling macrophages, strong positivity for IL-4
mRNA.

Similar to our findings, a recent study demonstrated IL-4
mRNA expression in the majority of biopsy samples from paedi-
atric CD patients, as well as in paediatric controls [42]. Addition-
ally, other researchers showed that under physiological conditions
a substantial proportion of duodenal lymphocytes secrete IFN-y
and IL-4 spontaneously [44]. Recently, Beckett ef al. [26] found
IL-4 and IL-10 expressing cells in similar quantities in CD patients
and controls, indicating that no primary deficiency in these
cytokines existed in the intestine of CD patients. The higher den-
sities of IL-4 positive cells detected by immunohistochemistry in
CD patients and potential coeliac patients was inconsistent with
the mRNA in situ hybridization. Expression of IL-4 mRNA was
higher in controls than in potential coeliac patients with normal
IELs, although the difference was not dramatic. This discrepancy
is probably caused by the differing techniques used- mRNA levels
may be misleading with regard to actual cytokine production and
protein expression, as some cytokines are post-transcriptionally
regulated [25].

The three potential coeliac patients with the highest densities
of y5-TCR" IELs (patients 9-11) all showed high densities of
IFN-y and TNF-¢ positive cells, corresponding to those of CD
patients. Furthermore, these three patients also showed positive
endomysium (IgA-EMA) and transglutaminase antibodies (IgA-
tTGA) and increased expressions of epithelial class II major his-
tocompatibility complex antigens and ICAM-1, as a consequence
of immune activation. However, the fourth patient (patient 14)
with positive IgA-EMA did not show increased densities of IFN-
yand TNF-o positive cells. Interestingly, this patient was the only
one of these four who had no positive IgA-tTGA. We thus infer

that positive tTGA antibodies, together with increased density of
y5-TCR" IELs, agrees fairly well with grade of inflammation in
the jejunum. The present concept of the pathogenesis of CD
includes creation of new antigenic epitopes between gluten
and tTGA that then may initiate a immune response in geneti-
cally susceptible people [4,7]. Whether tTGA plays a role in the
pathogenesis of CD beyond changing the gluten antigenicity is, as
yet, unknown.

In conclusion, we have shown that IL-2, IL-4, IFN-y and
TNF-o are expressed mainly in the lamina propria and are
detected in coeliac patients, in potential coeliac patients and in
healthy controls, which is in agreement with previous findings.
Additionally, a high density of y5-TCR" IELs seemed to be asso-
ciated with more profound inflammatory responses, as indicated
by the presence of TNF-o and IFN-y positive cells in the lamina
propria. Our study supports the hypothesis that lamina propria T
cells and macrophages, through their secretion of cytokines, play
a primary role in the pathogenesis of CD. The inflammatory
cytokines found in the latent CD case and in two of the family
members strongly suggest that these inflammatory markers can
be identified long before visible villous changes occur. Finally,
these findings may indicate that an altered immune response
towards a Th1 type pathway has commenced.
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