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Introduction

Summary

The cytokine pattern of T lymphocytes has not been characterized in children
with combinations of paediatric immunological disorders. We describe cytok-
ine secretion in children with type 1 diabetes, coeliac disease and allergy and
combinations of two of these diseases after stimulation with ‘disease-specific’
antigens. Peripheral blood mononuclear cells (PBMC) were collected from 68
children with type 1 diabetes, allergy or coeliac disease, two of these diseases
in combination or none of these diseases. Using the enzyme-linked immuno-
spot (ELISPOT) technique, interferon (IFN)-y and interleukin (IL)-4 were
analysed from fresh PBMC spontaneously and after in vitro stimulation with
antigens associated with one or more of these diseases (insulin, gluten, birch
and cat extract, B-lactoglobulin, ovalbumin and phytohaemagglutinin) in
order to divide T helper (Th)1- from Th2-like lymphocytes. Stimulation with
birch and cat extract caused increased IL-4 secretion in allergic children. A low
IFN-Y response to insulin was found in type 1 diabetic children, whereas
allergic children responded to insulin by increased IL-4 secretion. Children
suffering from both type 1 diabetes (Thl-prone) and allergy (Th2-prone)
reacted distinctly to general mitogen stimulation. Children suffering from two
Thl-dominated diseases (type 1 diabetes and coeliac disease) showed hardly
any response to either food or inhalation allergens. Our results indicate an
important interplay between common immunological diseases in children.
The combination of two Th1-deviated diseases is associated with a suppressed
immune response, whereas a combination of Thl- and Th2-dominated dis-
eases appears to increase the general immune response.

Keywords: type 1 diabetes, allergy, clinical immunology, coeliac disease,
cytokines

agent. The diseased mucosa heals and autoantibodies disap-
pear after gluten withdrawal. Gluten appears to induce a

Type 1 diabetes and coeliac disease are suggested to be of
autoimmune origin. In genetically predisposed individuals,
type 1 diabetes is caused by the destruction of pancreatic
[-cells [1]. The immune profile during the prediabetic phase
is probably skewed towards T helper (Th)-1 cells [2], and
diabetes has been shown to be transferable by CD4" T cells
expressing a Th1-like cytokine profile in non-obese diabetic
(NOD) mice [3]. An increased cellular response, especially
by Thl cytokines, to the autoantigens insulin [4], glutamic
acid decarboxylase (GADss) [5] and tyrosinephosphatase
(IA-2) [6] has been found in type 1 diabetic patients.
Coeliac disease is triggered by the ingestion of gluten in
genetically susceptible subjects [7], i.e. gluten is the causative

© 2006 The Author(s)

non-proliferative activation of CD4* lamina propria T cells,
especially activated Thl-like cells secreting interferon
(IEN)-y [8].

It has been postulated that newly diagnosed diabetic
patients also have a non-specific activation of the immune
system directed towards several dietary proteins, e.g. bovine
serum albumin (BSA) and B-lactoblobulin (BLG), as a result
of defective immune regulation or loss of immunological
tolerance to a variety of ingested antigens [9—11]. The same
pattern is noted in coeliac disease, where antibodies not only
to gluten but also to other dietary proteins are elevated
before treatment [12]. Gliadin-specific DQ2-restricted T
cells have been isolated from the intestinal mucosa of
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Table 1. Children with type 1 diabetes (T1D), coeliac disease (CD) or allergy (AD) and combinations of these diseases (T1D + CD, T1D + AD,
CD + AD) were matched to each other and to reference (REF) children by age (years) and gender. Duration of disease (in parenthesis d = days,

m = months, y = years) is presented for children with T1D and/or CD.

Gender TI1D + CD T1D + AD CD + AD T1D CD AD REF
Boys 14 (3yldy) - 11 (I m) 13 (4y) - 13 12
13 (18 m/5m) 12 (10 m) - 12 (11y) 10 (d.n.a.) 12 12

12 (8 y/18 m) 12 (8y) - 12 2y) 10 (1y) 9 10

10 (3y/9 m) 9 (4y) 10 (6) 9 (5y) 8 (6y) 9 9

7 (1y/9 m) 6 (4m) - 6 (1y) 7 (4y) 6 8

- - - 13 (3 m) - - -

Girls - 14 (11y) 16 (4m) 14 3y) 15 (11y) 14 14
12 2y/1y) 12 (5y) 14 (12y) 12 (7y) 14 (11y) 12 13

- 12 (5y) 11 (9y) 12 (10y) 12 (14d) 12 12

10 (5y/10 m) 10 (6) 11 (8y) 10 (14 m) 11 (9y) 11 12

8 (2y/10m) 10 (7y) 10 (6) 10 2) 10 9y) 11 11

- . - 10 (9 m) 10 (7y) 10 .

_ _ _ _ _ 12 _

N 8 9 7 12 10 12 10

d.n.a. = data not available.

coeliac patients and gliadin-triggered autoimmune mecha-
nisms might be operative in the pathogenesis of coeliac
disease [13]. Tissue transglutaminase (tTG) has been identi-
fied as the endomysial autoantigen in coeliac patients [14],
and recently a large cohort study showed a high prevalence
of IgA tTG autoantibodies (10%) in patients with type 1
diabetes [15].

Allergy is associated with Th2-like immunity to allergens
in affected tissues [16]. Such patients often have a hereditary
predisposition to produce IgE antibodies against common
environmental allergens. Typically, IgE antibodies to the
food allergens BLG and ovalbumin (OVA) develop at the
beginning of the ‘atopic march’ accompanied by atopic
eczema and urticaria, often succeeded by bronchial asthma
and allergic rhinoconjunctivitis [17].

Thus, in allergic individuals the immune system appears
to be displaced towards an activation of Th2-like cells, while
in children with type 1 diabetes or coeliac disease a Th1-like
profile seems to dominate. The role of antigen-specific T
lymphocytes and their relation to cytokines is not well char-
acterized in children with combinations of common paedi-
atric immunological disorders. In this study, we included
children with type 1 diabetes, allergy and coeliac disease or
combinations of these diseases in order to study immune
responses to antigens associated with these three disorders.

Materials and methods

Children with common immunological disorders

This material includes all children at the paediatric clinic,
Linkoping University Hospital, Sweden, diagnosed with both
type 1 diabetes and coeliac disease. We may presume that
these children represent the population, as the prevalence of

434

coeliac disease in Swedish type 1 diabetic patients has been
reported to be 4:6% [18] and in our material the prevalence
was 4-4% (eight of 180). Eight children with type 1 diabetes
and coeliac disease were matched for gender and age, as
closely as possible, to children with the following character-
istics: nine children diagnosed with type 1 diabetes and
allergy, seven with coeliac disease and allergy, 12 with type
1 diabetes, 10 with coeliac disease, 12 with allergy and 10
children with none of these diseases (reference children)
(Table 1). These evaluated children were all included,
without any selection, for cytokine analysis from fresh cells
in all cases.

Diagnostic criteria

Coeliac disease was diagnosed according to the modified
version of the European Society of Paediatric Gastroenterol-
ogy and Nutrition (ESPGAN) criteria [19]. Duration of type
1 diabetes was defined from the date of diagnosis and coeliac
disease from the date of the first biopsy (Table 1). Allergy was
characterized by eczema, bronchial asthma and/or allergic
rhinoconjunctivitis, and in all but two the skin prick test
(SPT) was positive. Diagnosis of allergy was strictly according
to the International Study of Asthma and Allergies in Child-
hood (ISAAC) protocols for phase I and III (http://
isaac.auckland.ac.nz/PhaseThr/phs3Frame.html) (Table 2).
The reference children had no signs of type 1 diabetes or other
autoimmune diseases, nor of coeliac disease or clinical allergy
(in all cases a negative SPT). Furthermore, no signs of these
diseases were reported among their first-degree relatives.

Examination procedures

Sodium-heparinized venous blood samples were obtained
from all 68 children. At the time of blood sampling,

© 2006 The Author(s)
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Table 2. Characterization of allergic diseases (atopic dermatitis, bronchial asthma and allergic rhinoconjunctivitis; Y = yes, N = no) for children with

exclusively allergy (AD) and allergy in combination with type 1 diabetes (AD + T1D) or coeliac disease (AD + CD).

Combinations of paediatric diseases deviate the immune response

Age Atopic Bronchial ~ Allergic rihno- Food Disease dev. Examination
Disease Gender  (years)  dermatitis asthma conjunctivitis allergy post-sampling Therapy (month)
Allergy (AD) Boys 13 Y (13 yrs) Y (10 yrs) Y (5yrs) LAL Oct
12 Y (11 yrs) Y (10 yrs) Y (2 yrs) I,LA,A L Oct
9 Y (8 yrs) Y (6 yrs) N A. rihnoconj. AL Oct
9 Y (9 yrs) Y (7 yrs) N A. rihnoconj. AL, SI Nov
6 Y (5 yrs) Y (5yrs) N LALC Sept
Girls 14 N N Y (d.n.a.) (d.n.a.) Oct
12 Y (d.n.a.) Y (d.n.a.) N (dn.a.) Nov
12 N Y (4 yrs) Y (6 yrs) LAL Nov
12 Y (8 yrs) Y (d.n.a.) Y (d.n.a.) A Jan
11 N Y (7 yrs) Y (d.n.a.) (d.n.a.) Oct
11 N Y (d.n.a.) Y (d.n.a.) (d.n.a.) Nov
10 Y (d.n.a.) Y (6 yrs) Y (d.n.a.) LAL Oct
Allergy (AD) + Boys 12 N N Y (1yr) L Aug
Type 1 diabetes 12 N N Y (8 yrs) A Aug
(T1D) 9 N Y (8 yrs) Y (d.n.a.) LAL Sept
6 Y (6 yrs) Y (5yrs) N A. rihnoconj. LAL Aug
Girls 14 Y (14 yrs) Y (9 yrs) Y (d.n.a.) B, A Sept
12 Y (d.n.a.) N N (dn.a.) Sept
12 Y (11 yrs) N Y (9 yrs) B. asthma LA Aug
10 Y (8 yrs) N N A. rihnoconj. No Aug
10 Y (d.n.a.) Y (d.n.a.) N No Aug
Allergy (AD) + Boys 11 N N Y (1yr) AL Oct
Coeliac disease 10 N Y (6 yrs) Y (d.n.a.) A Jan
(CD) Girls 16 Y (d.n.a.) Y (d.n.a.) N No Oct
14 Y (d.n.a.) Y (d.n.a.) Y (d.n.a.) (dn.a.) Dec
11 Y (10 yrs) Y (10 yrs) N 1 Jan
11 N N N E allergy (d.n.a.) Jan
10 N N N E allergy No Jan

Duration of allergic diseases is presented in parenthesis (yrs = years).

Food allergy = IgE-mediated food allergy (skin prick test-positive).

Diseases developing post-sampling; A. rhinoconj. = allergic rhinoconjunctivitis, B. asthma = bronchial asthma.

Therapy; I = steroids for inhalation, A = anti-histamines, L = local treatment of eyes and/or nose, LA = leucotriene antagonist, SI = specific immune

therapy, C = cortisone cream, B = beta-2-agonists without steroids in inhalation.

Examination = month for collection of blood sample, skin prick test and questionnaire.

d.n.a. = data not available.

none of the children showed signs of colds or other
infections. SPTs were performed on all children in
duplicate on the volar aspects of the forearms with
standardized 10 histamine equivalent potency (HEP) of cat
and dog dander extracts, birch, timothy, mite (Soluprick®;
ALK, Hersholm, Denmark) and hen’s egg white. Tests were
regarded as positive if skin wheals had a mean diameter of
3mm or more after 15 min. Histamine dihydrochloride,
10 mg/ml, and a sterile lancet were used as positive and
negative controls, respectively.

A validated questionnaire on allergic symptoms, modified
from the ISAAC formula (http://isaac.auckland.ac.nz/
PhaseThr/Manual.pdf), as well as questions on environmen-
tal factors and history of autoimmunity and coeliac disease
in the family, were completed by all children together with
their parents.

© 2006 The Author(s)

Stimulation of lymphocytes and enumeration of IFN-y-
and interleukin (IL)-4-secreting cells by enzyme-linked
immunospot (ELISPOT)

Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Paque density gradient centrifugation (Pharmacia
Biotech, Sollentuna, Sweden). The ELISPOT technique was
performed as described previously [2] with slight modifica-
tions [20]. From all children, aliquots of 100 000 PBMC/well
were stimulated with birch and cat extract, insulin, BLG,
OVA, wheat gluten (fraction III) [21] and phytohaemagglu-
tinin (PHA) (Table 3) on ELISPOT plates, in all cases less
than 4 h after blood sampling.

All variants of differently stimulated and non-stimulated
cells were applied in quadruplicate. As a negative control,
some wells on each plate were incubated with culture
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Table 3. Concentration and source of antigens used for stimulation of
peripheral blood mononuclear cells to induce antigen-specific secretion
of interferon-y and interleukin-4, detected by enzyme-linked immuno-

spot assay.
Antigen Concentration Source
Birch extract 10 kSQ-U/ml Aquagen, ALK-Abell—,

Heersholm, Denmark

Cat allergen extract 10 kSQ-U/ml «©

Insulin 500 ng/ml Actrapid, NovoNordisk,
Malmo, Sweden

B-lactoglobulin 10 pug/ml Sigma-Aldrich,
Stockholm, Sweden

Ovalbumin 10 pg/ml «

Gluten 400 pg/ml Gift from O Vaarala,
Linkoping, Sweden

Phytohaemagglutinin 20 pg/ml Sigma-Aldrich,

Stockholm, Sweden

medium only, without cells but otherwise treated as the
other wells, while stimulation with PHA was used as a posi-
tive control. The plates were blinded for identity to avoid any
influence of the outcome of the observation. Plates were
counted automatically, under manual supervision, using the
AID ELISPOT Reader System (AID, Strassberg, Germany).
The median value of the quadruplicates was calculated for
each antigen. The value of each specific secretion from in
vitro stimulation, after subtraction of spontaneous spots,
was calculated. Our laboratory participated in the first
ELISPOT workshop as one of the core laboratories, and our
Mabtech assay was judged to be sensitive and reproducible
[22].

Statistics

As the secretion of IFN-y and IL-4 was not distributed nor-
mally (even after logarithmic transformation), two groups
were compared by Mann—Whitney U-test and three or
more groups using the Kruskal-Wallis test for unpaired
observations. A probability level of <0-05 was considered
statistically significant. Calculations were performed using
the statistical package staTview 5-0.1 for Macintosh
(Abacus Concepts Inc., Berkeley, CA, USA).

Ethics

The study was approved by the Research Ethics Committee
of the Faculty of Health Sciences, Linkdping University,
Linképing, Sweden, and all parents or responsible guardians
gave their informed consent on behalf of the children.

Results

High spontaneous IFN-y and IL-4 secretion in allergic
children

Spontaneous and in vitro antigen-induced secretion of IFN-y
and IL-4 was analysed in children with one or two of the
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immunological disorders type 1 diabetes (T1D), coeliac
disease (CD) and allergy (AD) as well as in reference children.
The secretion of IFN-y and IL-4 as markers of induced Th1-
and Th2-like responses, respectively, is shown in Table 4.
Allergic children showed higher spontaneous secretion of
[FN-y than children with CD (P < 0:05) or T1D (P < 0:05).
Children with AD only also secreted higher IFN-y concentra-
tions than children with AD in combination with CD
(P=0-01) or T1D (P < 0-01). Children with CD secreted less
IL-4 spontaneously than children with either AD (P < 0-01)
or T1ID (P<0-01) or these two diseases in combination
(P < 0-001).In contrast,a combination of AD and CD did not
reveal any significant changes in either spontaneous or in
vitro-induced cytokine responses (Table 4).

High IL-4 response to birch and cat extract but also to
insulin in children with allergy

Children with AD showed higher IL-4 secretion from stimu-
lation with birch (Fig. 1a) or cat extract (Fig. 1b) than chil-
dren with either CD or T1D, children with a combination of
T1D and CD or children with AD in combination with CD.
Stimulation with birch extract also caused higher secretion
of IL-4 in children with AD compared to reference children
(Fig. 1a). Further, the insulin-induced IL-4 response
(Fig. 1c) was higher in AD children than in children suffer-
ing from CD, T1D, a combination of AD and CD and refer-
ence children.

Low IFN-y response in children with both type 1
diabetes and coeliac disease

Children suffering from both T1D and CD showed a reduced
immunological response to food antigens. They secreted less
IFN-y by in vitro stimulation with BLG (Fig. 2a) and oval-
bumin (Fig. 2b) compared to children with either CD or
T1D as well as in comparison with reference children. Chil-
dren suffering from both TID and CD also showed less
IEN-y secretion with ovalbumin than children with AD
alone or AD combined with CD. The BLG-induced IFN-y
response was lower in children with both T1D and CD than
in children with a combination of T1D and AD. Further, the
combination of T1D and CD caused less IFN-y response
from in vitro stimulation with gluten compared to that
observed in reference children (P < 0-05) (Table 4). In con-
trast, similar levels of food antigen-induced IL-4 were
observed in all groups of children (Table 4).

Compared to other children, the children diagnosed with
both T1D and CD also secreted less IFN-y by stimulation
with inhalant allergens. A reduced IFN-Y response to birch
(Fig. 2¢) and cat (Fig. 2d) extract was observed compared to
children diagnosed with T1D, children with both T1D and
AD, and in comparison with reference children. Lower IFN-y
secretion from in vitro stimulation with birch extract was

© 2006 The Author(s)
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66 (—86-307)

8 (~103-56)
—1 (=34-11)

22-402)

88

34 (=21-120)
0 (-2-10)
62 (—4-112)
3 (-1-14)
40 (~1-81)
~1 (=6-0)

55 (—114-459)

32 (—48-148)
1 (-8-3)

4 (=79-379)
11 (—4-147)

31 (—29-221)

IFN-y
IL-4

Cat extract

1 (-3-16)

153 (6-238)

1 (-21-9)
99 (~64-295)

2 (~116-105)
3 (=9-12)

138

5 (~34-183)
6 (2-24)
52 (~0-87)
1 (=6-2)
—9 (=94-18)
1 (-6-5)

IEN-y

IL-4

BLG

14 (—8-61)

8 (=27-19)
56 (~33-107)
1 (=29-8)

—11 (~95-48)

7 (~14-34)
43 (-27-184)

27 (~67-128)

6 (~53-41)

—2 (~33-6)
—22 (~114-39)

IFN-y
IL-4

OVA

0 (-20-5)

0 (-7-10)
~15 (~85-106)

3 (~15-68)
—1 (~13-213)

4 (=33-31)
0 (-2-3)

IFN-y
IL-4

Gluten

1 (-37-5)

—1 (~47-10)

1 (-31-127)

19 (-31-118)

1 (~17-93)
0 (~15-5)
466 (263-709)
356 (255-584)

2 (=100-115)
1 (-38-4)
383 (69-857)

8 (-9-106)
2 (=3-2)
477 (273-541)
359 (165-409)

1 (=74-77)
—1 (~19-4)
496 (243-709)
438 (147-671)

5 (=80-20)
0 (—4-6)
580 (292-744)
420 (286-514)

IFN-y
IL-4

Insulin

2 (~1-19)
293 (199-742)
456 (100-551)

298-793)
465-637)

656
563

IEN-y
IL-4

PHA

294 (265-743)

Secretion of cytokines after stimulation with antigens calculated as spots/100 000 peripheral blood mononuclear cells after subtraction of spontaneous cytokine secretion, detected by enzyme-linked immunospot assay

Combinations of paediatric diseases deviate the immune response

and illustrated as median, and range (in parenthesis).

also observed in children with both T1D and CD compared
to AD children.

High IFN-y and IL-4 response to mitogen in children
with a combination of type 1 diabetes and allergy

Children with both T1D and AD showed higher secretion of
IFN-y (Fig. 3a) and IL-4 (Fig. 3b) after in vitro stimulation
with the mitogen PHA compared to children with exclusively
AD or T1D, AD combined with CD, T1D with CD, and
compared to reference children. PHA-induced secretion of
IL-4 was also higher in children with both T1D and AD than
in children with CD only.

Discussion

During an immune response low numbers of resting naive
and memory cells, which do not secrete cytokine clonally,
expand and acquire a cytokine-expressing phenotype. The
secretion of IFN-yand IL-4, as markers of induced Th1- and
Th2-like responses, respectively, was analysed in children
with one or two of the immunological diseases type 1 dia-
betes, coeliac disease and allergy as well as in reference
children. As expected, allergic children secreted high levels of
IL-4 spontaneously, and a strong IL-4 response was also
observed to inhalation allergens. Unexpectedly, allergic chil-
dren also showed a high number of spontaneous IFN-y-
producing cells. This is in accordance with the recent report
of a mixed Th1- and Th2-like response in allergic children.
Asthmatic patients, in addition to the well-known Th2
(IL-4) inflammation, show signs of an increased frequency
of IFN-y producing CD4*and CD8" T cells, possibly con-
trolled by IL-12 [23,24]. Allergen-induced (house dust mite
and rye grass pollen) cytokine response in children with
allergic disease has also been found to be associated with
both increased Th1 (IFN-y) and Th2 (IL-5 and IL-13) cytok-
ine production [25].

The cytokine response to the autoantigen insulin was
found to be low in type 1 diabetic children, as described
earlier [26-28]. Surprisingly, the group of children with
allergy responded in a Th2-like manner to in vitro stimula-
tion with insulin. This may be due to the fact that allergic
children also respond to types of antigens other than aller-
gens in a Th2-like manner. In NOD mice it has been
observed that administration of insulin, or the insulin
B-chain, primes Th2 cellular and humoral immunity to
insulin, shifting the predominant insulin response towards a
Th2 phenotype [29]. Further, BDC2-5 transgenic mice,
which express IL-4 under the control of the insulin pro-
moter, increase islet antigen presentation by IL-4 [30]. A shift
towards production of Th2-like cytokines has also been
observed in high-risk individuals and newly diagnosed type
1 diabetic patients by in vitro challenge with insulin [31].
Further, it has been found recently that T cell reactivity to
preproinsulin in CD45RA (both memory and naive or
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_____________________________________ Fig. 1. Birch (a) and cat extract (b) induced higher IL-4 secretion in
children with allergy (AD) compared to children with coeliac disease
e (CD) (P=0-009 and P = 0-008 respectively), type 1 diabetes (T1D)

| . (P=10-008 and P =0-03), both T1D and CD (P=0-01 and P=0-01),

1 or AD in combination with CD (P = 0-04 and P = 0-04). Stimulation
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o - caused a higher IL-4 response in AD children than in children
§ 60 - suffering from CD (P =0-049), T1D (P = 0-007), both AD and CD
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ol =4 __8- _? _% i i %_ _3_ L producing IFN-y. Th1-like profile cytokines, IL-2, IFN-y and
tumour necrosis factor (TNF)-a, have been observed to cor-

| | CI) | | o | relate with the degree of mucosal affection in type 1 diabetic

IL-4 by cat (spots/100000 PBMC)

AD CD TIiD CD TiD TiD REF patients [35]. Administration of IL-2, resulting in accumu-
+AD +AD +CD lation of this cytokine, has been observed in the bowel of all
. studied patients with coeliac disease and in the pancreas of
_______________________________________ all prediabetic individuals [36]. A recent study has reported
 E ERGEEEEE TR signs of increased mucosal inflammation by a higher density
L "o of intraepithelial CD3* and lamina propria CD25" in jejunal
30 - biopsies from type 1 diabetic patients compared to control
L T O subjects [37]. Taken together, these results indicate a Th1-
20 o like dominance.

10 -

—
o
-

The most notable results in our cohort were in patients
with both type 1 diabetes and coeliac disease showing a
diminished Thl-like profile. These children showed hardly
any IFN-y secretion after in vitro stimulation with either
food (BLG, OVA and gluten) or inhalation allergens (birch
and cat extract). This result was very distinct from all the
other groups studied, including reference children, and has
-30 - not been described previously. It has been shown that the
@) . islet-infiltrating, autoreactive cells express gut-associated
AD CD TiD CD TiD TiD REF homing receptor 04f37-integrin in both NOD mice and type

+AD +AD +CD 1 diabetic patients [38], suggesting that lymphocytes may
recirculate between the gut and pancreas [35]. However, after
introduction of a gluten-free diet in coeliac patients as well

IL-4 by insulin (spots/100 000 PBMC)
o
T ! T
O+O
O I
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Fig. 2. Children suffering from both T1D and CD secreted less IFN-y by in vitro stimulation with B-lactoglobulin (a) and ovalbumin (b) compared
to children with either T1D (P =0-03 and P = 0-007 respectively) or CD (P =0-03 and P = 0-006) and compared to REF children (P =0-003 and
P=0-04). The BLG-induced (a) IFN-y response was lower in children diagnosed with both T1D and CD compared to in children with T1D
combined with AD (P = 0-002), while children with both T1D and CD showed less I[FN-y secretion by ovalbumin (b) than children with AD
(P=10-009) or AD in combination with CD (P = 0-02). A reduced IFN-y response to birch (c) and cat (d) extract was observed in children with T1D
and CD compared to children diagnosed with T1D (P = 0-04 and P = 0-02 respectively), T1D and AD (P =0-007 and P = 0-002), and compared to
REF children (P=0-01 and P =0-03). Lower IFN-y secretion from in vitro stimulation with birch extract (c) was also observed in children with both

T1D and CD compared to AD children (P =0-04).

as in type 1 diabetic patients who have lost all their B-cells,
the access to diabetes-associated antigens is markedly
reduced. Interestingly, immune aberrancies in the gut
observed in children who are prone to type 1 diabetes
suggest poor development of oral tolerance [35]. This may
influence the immune process in general and also reduce the
immunological process towards other antigens. Thus, we
speculate that the low IFN-y response to antigens observed
in children suffering from two Thl-dominated diseases is a
sign of a suppressed immune system.

© 2006 The Author(s)

Most studies still support an inverse association between
Thl- (type 1 diabetes) and Th2- (allergy) related diseases
[39,40]. However, in recent years the discussion concerning
the balance of Thl and Th2 has included the suggestion of
an immune dysregulation, allowing both Thl and Th2
responses to go unimpeded [41]. There is a significant
increase in the risk of presenting with a Thl-mediated
autoimmune condition in patients with a history of allergic
diseases, and similarly, presentation with either eczema or
allergic rhinitis is significantly more common in subjects
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Fig. 3. Children with both T1D and AD showed higher secretion of IFN-y (a) and IL-4 (b) after in vitro stimulation with the mitogen PHA
compared to children with only AD (P =0-01 and P = 0-01 respectively) or T1D (P = 0-04 and P = 0-03), AD and CD (P =0-007 and P = 0-0009),
TID and CD (P=0-03 and P=0-02) and compared to REF children (P =0-03 and P =0-01). PHA-induced secretion of IL-4 (b) was also higher in

children with both T1D and AD than in children with CD only (P = 0-006).

with a history of Thl-mediated disease [42,43]. We found
that children suffering from a combination of a Thl-
characterized disease (type 1 diabetes) and a Th2-like disease
(allergy) showed a significantly stronger Th1- and Th2-like
response to the mitogen PHA compared to all the other
groups studied. Because there seem to be shared risk factors
for the two diseases, one possible hypothesis suggests that
Thl- and Th2-related diseases are associated positively
within individuals. Further, the simultaneous rise in several
Thl- and Th2-related diseases at the population level sup-
ports a common aetiology [43]. Thus, the immune system of
children with both type 1 diabetes and allergy may react
more distinctly to stimulators in general. It has been sug-
gested that Th1- and Th2-mediated diseases are significantly
associated, supporting the proposal that autoimmune and
allergic diseases share risk factors that increase the propen-
sity of the immune system to generate both Th1- and Th2-
mediated inappropriate responses to non-pathological
antigens [42—44].

Our study describes the co-analysis of cytokines in chil-
dren with three common paediatric immunological disor-
ders and possible combinations of two of these diseases. We
have used antigens relevant for each disorder for studies of
the immunological response in all children regardless of
disease. Importantly, the sensitive ELISPOT technique
allowed detection of low concentrations of cytokines exclu-
sively in fresh cell samples. In summary, we found that aller-
gic children showed an induced Th2-like response to insulin,
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and furthermore children with both allergy and type 1 dia-
betes responded with a high Th1- and Th2-like response to a
mitogen. In contrast, children suffering from the two Thl-
deviated diseases, type 1 diabetes and coeliac disease, showed
hardly any response to food antigens and allergens. We
speculate that the increased response in patients suffering
from type 1 diabetes and allergy is a result of an interplay
between the two sides of the Th-scale, producing a strong
combined Th1- and Th2-like response. In contrast, children
with type 1 diabetes and coeliac disease showed a low Thl-
like response that may be due to dysregulation or suppres-
sion of the immune system.
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