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Table 1. The applied allergens from the European Bseline Series
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Figure 1. Picture of the gate containing the NKT dés
Cell suspension from the liver of PPD exposed mice
euthanized 72 hours after challe
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Figure 2. Distribution of sex and patch test result
The figure shows the distribution within - 13,315 patients from the datab
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Figure 3. Number of times patients registered in ta database had been patch tested
Shows the percentage of times a patient was testhe selected period: 12,517 were tested
once only; 712 were tested twice; 73 were testezbtlimes;11 were tested four times; an
were tested five times.
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Figure 4. The distribution of the 12,315 patients within age group
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Table 3. Patch test result for patients with a diagosis of either type 1 DM or type 2 DM in the patiet register
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Table 4. Result of logistic regression with diabeteas outcome and ACD as explanatory variable
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Table 5. Patch test result for patients with an IBDdiagnosis in the patient register
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Table 7. Result of the diabetes incidence study MOD mice
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Figure 5. Repeated application of PPD protects NOlice against development of type 1 diabetes.

The figure shows a Kaplan-Meier curve of the diabétcidence for four groups of mice. Mice repelgtedposed to
DNCB, PPD, and Water, and a group of mice that welg sensitized. The group of NOD mice that wasosed to
PPD repeatedly, displayed a cumulative diabetedence of 47%, in contrast to 93% of the waterteéaroup
(P=0.004). The log-rank test for all the shown cargives a significance of P=0.008.

Figure 6. Mononuclear infiltrations in the ear after provocation with PPD at the end of the study.
The figure shows a hematoxylin and eosin stainedrem the group of mice repeatedly exposed to PPD.
Ears from the group repeatedly exposed to Dishow a similar, though weak, infiltrate (not shown’
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Figure 7. PPD is a strong peripheral activator of KT cells.

The figure shows the proportion of NKT cells in #sr-draining lymph nodes for the mice exposedtteePPD or
DNCB. The proportions were found by dividing by tiemler of NKT from the control groups (0 hours). As denseer
from the figure, the proportion of NKT cells appg#o rise in the beginning, but at 48—72 hoursetler sharp drop,
which is probably related to a down regulationexfaptors. Apparently, ¢hPPD allergen is a strong peripheral stimul
of NKT cells (P (one-tailed) = 0.043).

The NKT cells were stained for T¢- , CD3 and CD1D loaded tetramer-GalCer), CD19 positive cells were gated
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Figure 8. Topical exposure to contact allergens stiulates NKT cells in the liver.

The figure shows the proportion of NKT cells in theer for the mice exposed to PPD or DNCB. Thepamions were
found by dividing by the number of NKT cells frofmetcontrol groups (0 hours). Both allergens inadake number of
NKT cells in the liver in a comparable manner. /an be seen in the figure, the proportion of NKTiscpeaks at 18
hours, followed by a decrease, and yet anotherresxpa. The observation of a rise followed by a gtgep may be due
to down-regulation of receptors, which has previpbgen reported (1).

The NKT cells were stained for 'R- , CD3 and CD1D loaded tetramer-GalCer), CD19 positive cells were gated
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Table 8. Result of logistic regression with autoimmne diseases

Result of logistic regression with ACD as the resmvariable and type 1 DM, Crohn’s disease (Cl)rarumatoid

arthritis (RA) as the independent variable, adgi$te sex and age (unpublished results).
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ABSTRACT

Context: Type 1 diabetes is an autoimmune disease resulting from thediest of the insulin-
producing -cells by autoreactive T cells. Allergic contact dertigats primarily an environmental
disease, which develops following epicutanous contact with vealctiv-molecular chemicals. We
have previously shown an inverse association between these twgedisa an epidemiological
study, if this finding is confirmed experimentally, it could briogh new treatment possibilities for
diabetic patients.

Objective: The objective of the study was to determine whether contacgetis could influence
the development of diabetes in Non-Obese Diabetic mice, &watufal Killer-T (NKT) cells could
play a role.

Method: Non-Obese Diabetic mice were exposed to two potent allergens, plgiesigmine and
2,4-dinitrochlorobenzene respectively, to investigate the dialukteslopment. The mice were
followed for a maximum of 32 weeks.

The stimulation of NKT cells by the two allergens wamtermore studied in C57BL/6 mice.
Results: It was found that repeated application of p-phenylenediamine hakedevelopment of
diabetes compared to application of water (P= 0.004). Moreovasitsivown that both allergens
increased the quantity of NKT cells in the liver, whdaly p-phenylenediamine increased the
guantity of NKT cells in the draining lymph node.

Conclusion: These experimental data support our earlier epidemiolodiah},svhich showed that
allergic contact dermatitis is inversely associated widtbelies. This may be due to stimulation of
the innate immune system in the context of NKT cells. This kedgé could pave the way for new
preventive interventions and treatment modalities for typaliedes.

INTRODUCTION

Type 1 diabetes is an autoimmune disease in which-ttedls in the pancreas are destroyed. The
incidence of this disease is increasing (1), and it is fimeref interest to investigate environmental
factors which could modulate the development of disease. Non-Qhaketic (NOD) mice are
used to study type 1 diabetes in the animal setting, as fen@lermice spontaneously develop a
disease equivalent to type 1 diabetes.

Allergic contact dermatitis (ACD) is a skin disease, drilby skin exposures to contact allergens
(2), which are often present in consumer products. These allagesmall electrophilic chemicals
(haptens) which due to their size and lipophilic nature are ahpertetrate the skin and interact
with proteins making the hapten-protein molecule immunogenic(3). Tdredasd method for
estimating the relative potency of contact allergens id.dwl Lymph Node Assay (LLNA) (4).
Recent studies using potent contact allergens have shown thaflGe8s are the effector cells of
ACD in mice, whereas CD4+ T cells behave as down-regulatdly (5). Studies using a repeated
application protocol, have however shown a shift from a Thl cytokileu to a Th2 milieu (6-9).

In an epidemiological study, we have previously shown an invesseciaon between type 1
diabetes and ACD (10), and we therefore wished to examine, wiesthasure to a contact allergen
could prevent the development of diabetes in the spontaneouslyiddG& mouse.

It has been establish that stimulation of Natural Killer-KT)cells can protect NOD mice against
diabetes (11). Since some allergens have been shown to stimKdtecells (12;13), we
additionally explored whether the used allergens actually digeinée NKT cells.

METHODS

Local Lymph Node Assay (LLNA) - dose-finding study

The LLNA protocol was performed as previously described (14).fl3ri28 NOD/BomTac
(Taconic) mice at the age of eleven weeks were exposed to da® ddnown potent allergens,
either p-phenylenediamine (PPD), or 2,4-dinitrochlorobenzene (DNGBn&SAldrich) or with
the vehicle. The vehicle was acetone and olive oil 4:1 (AOQ@y. the PPD groups the
concentrations were 1.0, 0.25, and 0.05% (w/v) and for the DNG@&ogrthe concentrations were
0.25, 0.05, and 0.01% (w/v).
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Diabetes study

To study the incidence rate of diabetes in allergen exposex] M4 female NOD/BomTac mice
(Taconic) were received at the age of three weeks. Toe were allocated to seven groups, and all
groups received either a sensitizing or a control regime.drsémsitizing regime the mice were
exposed three times in the fourth week of life (equivalent tditiethree days of the LLNA). Four
groups were additionally exposed repeatedly every other week to\atiiele, water, or one of the
allergens until a maximum of 32 weeks of life. The exposures vegically application of 23
substance on the dorsal side of each ear. For sensitizatioaritentration for the allergens were
0.1 %(w/v), and for the repeated exposure regime a concentrathAl1o%(w/v) was used. The
dilutions were freshly made just prior to application.

The experiment ended when the mice were 32 weeks old, at whiclthenmice in the repeatedly
exposed groups had received 14 applications of the repeated dosz.wkels of age, weekly
measurements of tail blood glucose were started. If theoggutevel was equal to or above 14
mmol/L on two consecutive days, the mice were considered to betidiand were euthanized. At
the end of the study the mice still alive in the PPD ryuiya exposed group were provoked with
0.1 %(w/v) PPD, and euthanized two days later. A histologigamination was made to assess
cellular infiltration of the ears (Fig. 2). All samplesesg fixed in formalin and stained in
hematoxylin and eosin. The rest of the mice still alivihatend of the study, were euthanized and
their ears were also examined for cellular infiltration.

The cumulative diabetes incidence was evaluated by the KMsar- estimation, and the
significance was estimated by the log-rank test.

NKT study

Twenty female C57BL/6JBomTac (Taconic) mice were receigethe age of ten weeks. One week
after arrival ten mice were sensitized with 0.5 % (w/v)@BNin AOO and ten mice with PPD 0.5
% (w/v). Two weeks after sensitization the mice were 1s¢pd into ten groups of two mice —
accordingly there were five groups in each interval. In eight grthupsespective allergen in a
concentration of 0.5 % (w/v) was reapplied. At the followimgetipoints after reapplication (18, 24,
48, and 72 hours) a group of mice were anaesthetized, fixatedeandportae was ligated. Vena
cava was cut and the mice bled. The liver was perfusedRBt containing heparin until pale;
afterwards the liver was removed along with the ear-drailyimgph nodes (A-LN). The groups
which did not receive a reapplication were euthanized at 48hour.

The livers and A-LNs were strained (70 um; BD BioscienBegndby, Denmark), to gain a single
cell suspensions, and the liver lymphocytes were isolated) usimpholyte-M (CEDARLANE
Laboratories, Burlington, Canada). Subsequently the cell suspensamsstained with APC-
conjugated CD1d tetramers (Prolmmune, Oxford Science Park, ddjled with -
galactocylceramide (Alexis Biochemicals/Axxora, San Didg8A) according to the manufacture
guidelines. Thereupon the following cellular receptors wereeddiTC conjugated anti-CD3, PE-
Cy5.5 conjugated anti-TCR- PE-Cy7 conjugated anti-NK1.1 (eBioscience, San Diego, USA) and
APC-Cy7 conjugated CD19 (BioLegend, San Diego, USA ). Aftedtw/i¢he cells were analyzed on
a FACSCanto Il (BD Biosciences, Brandby, Denmark), and the @D4#ive cells were gated out,
while the CD3 and TCR- positive cells were selected and the amount of CD1d positile ce
within this gate was found.

Paired samples t-test was used to evaluate the difeiarNKT cell stimulation in the A-LN's.

RESULTS

In the LLNA the NOD mice gave a response similar to thadsrd strain (CBA), evaluated by the
EC3 values, which is the standard measure for potency of agealléested in LLNA. The EC3
values in our experiment was 0.169 and 0.037 for PPD and DNCBctigspe which is in
accordance with results from CBA mice (15;16). On the basiseoEC3 values we decided to use
a concentration of 0.1 for sensitization and 0.01 for rege@eatment, in the diabetes study.

In the diabetes study, the NOD mice exposed to PPD repeadtisiilayed a cumulative diabetes
incidence of 47%, in contrast to 93% of the water treated g{@af.004). The group repeatedly
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exposed to DNCB had an incidence of 92%, and the group which oniyagtke PPD sensitizing
regime 93% (Fig.1). The three other groups developed diabetes hye asimilarly with a
cumulative incidence from 80-86% (data not shown).

Dermatitis was not noticeable by visual inspection, howeveitsati®n in the group repeatedly
exposed to PPD, was confirmed by a typical lymphocytic iafittn in the ears following PPD
provocation, and a more moderate infiltrate was also noticealtihe igroup repeatedly exposed to
DNCB (Fig. 2).

The NKT study showed that in the liver both allergens infludrtbe amount of NKT cells in an
analogous manner, data for PPD shown in Fig. 4., which is in cotdréise ear-draining lymph
nodes (A-LN) where PPD seems to influence the amount of 8&8{I§-more strongly than DNCB
(P (one-tailed) = 0.043), data shown in Fig. 3.

DISCUSSION

We showed that repeated application of PPD reduces the diabetisnce in NOD mice. The
repeated application of allergen gave a sub-clinical dgtisn This could not be explained by an
abnormal response in NOD mice to the used allergens, as therN@Dreacted similar to the
standard mouse strain used for LLNA. Moreover we found that &kehgens modulated the
number of NKT cells in the liver (Fig. 4), which is in aatance with previous published d&td
PPD gave a more pronounced NKT cell response in the ear-drainipé Igodes (Fig. 3). This
peripheral stimulation of NKT cells by contact allergensiagreement with a recent human study
(17). The mechanism for the protective effect of ACD on dexbét unknown, but activation of
NKT cells could be an explanation, since up-regulation of NKTs delve been shown to protect
NOD mice against diabetes (11;18-20). The difference betweBnaR& DNCB in the peripheral
activation of NKT cells might then explain the selectivetective effect of PPD.

Repeated application of a contact allergen may possiblyagiMe cytokine milieu (6-9), which as
well might contribute as a mechanism for the protective effeotpeated application of PPD. The
lack of effect of DNCB on diabetes development may then bealthe differences in potency.

In conclusion, we show that controlled repeated epicutanous exposuresniaet allergen prevent
development of diabetes in the NOD mouse. The mechanism mapéyeheral up-regulation of
NKT cells and or Th2 cells. This observation may lead to a mederstanding of the integrated
immune function and might lead to a new strategy for prevenfitype 1 diabetes.
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LEGENDS TO FIGURES
Figure 1 Repeated application of PPD protects NOD ioe against development

of type 1 diabetes.

The figure shows a Kaplan-Meier curve of the diabetes inc&fndour groups of mice. DNCB-
rep, PPD-rep and Water, refers to the groups of micemvra repeatedly exposed to DNCB, PPD
or water every other week. PPD-sensi refers to the groupcefwiich were only exposed to PPD
in the fourth week of life. The NOD mice exposed to PPRaggdly, displayed a cumulative
diabetes incidence of 47%, in contrast to 93% of the wagatetd group (P=0.004).

The log-rank test for all the shown curves gives a significah&e0.008.

Figure 2 Mononuclear infiltrations in the ear after provocation with PPD at the

end of the study.

The figure shows a hematoxylin and eosin stained ear frogrolg of mice repeatedly exposed to
PPD. Ears from the group repeatedly exposed to DNCB showslarsthough weaker infiltrate
(not shown).

Figure 3 PPD is a strong peripheral activator of NKI cells.

The figure shows the proportion of NKT cells in the ear-draihingph nodes, for the mice
exposed to either PPD or DNCB. The proportions were found, by miividith the number of NKT
from the control groups (0 hours). As can be seen from the figuprdpertion of NKT cells
appears to rise in the beginning, but at 48-72 hours there ispadsba which probably have to do
with a down regulation of receptors. Apparently the PPDgaleis a strong peripheral stimulator
of NKT cells (P (one-tailed) = 0.043).

The NKT cells were stained for TCR-CD3 and CD1D loaded tetramersGalCer), CD19
positive cells were gated out.

Figure 4 Topical exposure to contact allergens stimulates NK@ells in the liver.

The figure shows the proportion of NKT cells in the liver,tf@ mice exposed to PPD or DNCB.
The proportions were found by dividing with the number of NKT cetlsifthe control groups (0
hours). Both allergens increased the number of NKT cetlsdriver in a comparable manner. As
can be seen in the figure, the proportion of NKT cells patk8 hours, followed by a decrease,
and yet another expansion. The observation of a rise follbwadsteep drop may be due to down-
regulation of receptors which have previously been rep&tted

The NKT cells were stained for TCR-CD3 and CD1D loaded tetramersGalCer), CD19

positive cells were gated out.
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Figure 3
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