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Abstract

Objective We have previously epidemiologically shown that type 1 diabetes
is inversely associated with contact allergy. This finding is intriguing as type 1
diabetes and contact allergy are two completely different diseases, although
T cells are involved in both diseases. The objective of this study was therefore
to experimentally study the effect of contact allergens on the development of
diabetes in non-obese diabetic mice.

Methods Non-obese diabetic mice 4 weeks of age were separated into seven
groups. One group was exposed to tapped water every 14th day, whereas
the remaining six groups were split into sensitizations groups or elicitation
groups (exposure every 14th day). These groups were then treated with one
of the selected contact allergens (PPD or DNCB) or vehicle (AOO). All groups
received the sensitizing treatment regime, and hereafter only the elicitation
groups were further treated. If the blood glucose reached 14 mM, the mice
were considered diabetic and euthanized. Cardiac heart blood was drawn at
euthanization, and a Luminex analysis was done on the serum.

Results We showed that repeated application of a low dose of PPD reduced
the incidence of diabetes compared to application with water (47% versus
93%, p = 0.004). The rest of the groups developed diabetes with a cumulative
incidence rate above 80%. The Luminex cytokine analysis revealed no
differences between the groups, and no elevated cytokine level suggested
a systemic response. Dermatitis was not noticeable by visual inspection, a
histological examination, however, revealed a slight infiltration in the ears in
the elicitation groups exposed to contact allergens.

Conclusion This study showed that repeated topical application on the
ears with a contact allergen could prevent the development of diabetes in
non-obese diabetic mice. The contact allergens gave a non-visible, subclinical
dermatitis on the application site. Activation of NKT cells to the ear lymph
nodes seems to be involved. Copyright © 2011 John Wiley & Sons, Ltd.

Keywords allergic contact dermatitis; CHS; dermatitis; diabetes; hapten;
incidence; NKT cells; NOD mice

Abbreviations A-LN —ear-draining lymph node; AOO —acetone : olive
oil (4:1); CHS - contact hypersensitivity; DNCB — 2,4-dinitrochlorobenzene;
NKT cell —natural killer T cell; PPD — p-phenylenediamine.

Introduction

The incidence of type 1 diabetes appears to be increasing [1] and it is therefore
of interest to investigate environmental factors which could modulate the
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Figure 1. Mononuclear infiltrations in the ear after provocation with PPD at the end of this study. (A) A haematoxylin and eosin
stained ear from the group of mice repeatedly exposed to PPD. (B) An ear from the handling control (water group) repeatedly

exposed to water

development of disease. Allergic contact dermatitis is a
skin disease, driven by skin exposures to contact allergens.
These are often present in consumer products and
allergic contact dermatitis can therefore be considered
an environmental diseases. The allergens or haptens
which due to their size and lipophilic nature can
penetrate the skin and interact with proteins making
the hapten—protein molecule immunogenic [2]. Recent
studies using potent contact allergens have shown that
CD8" T cells are the effector cells of allergic contact
dermatitis in mice, whereas CD4" T cells behave as
down-regulatory cells [3-6]. We have previously in
an epidemiological study shown an inverse association
between type 1 diabetes and allergic contact dermatitis
[7]. On the background of this finding, the idea
for this study was conceived in which we examine
whether exposure to a contact allergen can prevent the
development of diabetes in non-obese diabetic (NOD)
mice, as first outlined in 2010 [8].

It has been establish that stimulation of NKT cells can
protect NOD mice against diabetes [9,10]. As contact
allergens stimulate NKT cells [11,12], we additionally
explored whether the used allergens actually did influence
NKT cells.

Materials and methods

Diabetes incidence study

To study the incidence rate of diabetes in contact allergen
exposed mice, we took receipt of 104 females, 3-week-
old NOD/BomTac mice (Taconic, Ry, Denmark). The mice
were allocated to seven groups. These groups were further
allocated to exposure with PPD, DNCB, vehicle (AOO)
or water (one group). All groups received three topical
exposures a week after being delivered, i.e. their 4th
week of life, equivalent to the first 3 days of the local
lymph node assay protocol, previously described in Dean
et al. [13]. Four groups were further exposed repeatedly
every 2 weeks until a maximum of 32 weeks of life. These
groups consisted of one group from each of the PPD,

Copyright © 2011 John Wiley & Sons, Ltd.

DNCB and AOO exposure groups and the group from the
water exposure group.

The exposures were topical application of 25 uL
substance on the dorsal side of each ear. For the first
exposures, on the 4th week of life, the concentration
for the allergens (PPD or DNCB) was 0.1% (w/v) and
pure solvent for the other exposure groups (AOO and
water). For the repeated exposures (four groups), the
amount remained at 25 uL, whereas the concentration of
allergen was reduced to 0.01% (w/v). The vehicle (AOO)
and water repeated exposure groups received only AOO
or water, respectively. The dilutions were freshly made
immediately before application.

The experiment ended when the mice were 32 weeks
old, at which time the mice in the repeatedly exposed
groups had received 14 applications of the repeated dose.

Diabetes incidence
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Figure 2. Repeated application of PPD inhibits development of
diabetes in non-obese diabeticmice. It shows a Kaplan-Meier
curve of the diabetes incidence for three groups of mice. PPD-
rep and water refer to the groups that were repeatedly exposed
to PPD or water every other week. PPD-sensi refers to the group
that was only exposed to PPD in the 4th week of life. The
non-obese diabeticmice exposed to PPD repeatedly, displayed a
cumulative diabetes incidence of 47%, in contrast to 93% of the
water-treated group (p = 0.004)
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Figure 3. The flow cytometry analysis. It shows the gate
containing NKT cells, from the liver of PPD-exposed mice
euthanized 72 h after challenge

At 12 weeks of age, weekly measurements of tail blood
glucose commenced. If the glucose level was equal to
or above 14 mmol/L on two consecutive days, the mice
were considered to be diabetic and were euthanized.
At the end of this study, the mice still alive in the
PPD repeatedly exposed group were provoked with
25 uL, 0.1% (w/v) PPD, and euthanized 2 days later.
A histological examination was made to assess cellular
infiltration of the ears (Figure 1). All samples were fixed
in formalin and stained in haematoxylin and eosin. The
rest of the mice still alive at the end of this study
were euthanized and their ears were also examined for
cellular infiltration. We did a cytokine analysis of blood
serum drawn by cardiac puncture at euthanization. The
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analysis was done by use of the flow metric Luminex
xXMAP technology. The staining was done according to the
manufactures guideline

The cumulative diabetes incidence was evaluated by
the Kaplan—Meier estimation, and the significance was
estimated by the log-rank test. The analysis was done
with SPSS version 15.0 (SPSS, Chicago, IL, USA).

NKT-cell study

We took receipt of 20 females, 10-week-old C57BL/
6JBomTac mice (Taconic). One week after arrival 10
mice were sensitized with 0.5% (w/v) DNCB in AOO and
10 mice with PPD 0.5% (w/v). Two weeks after sensi-
tization the mice were separated into 10 groups of two
mice —accordingly there were 5 groups in each interval.
In eight groups, the respective allergen in a concentration
of 0.5% (w/v) was reapplied. At the following time points
after reapplication (18, 24, 48 and 72 h), a group of mice
were anaesthetized, fixated and vena portae was ligated.
Vena cava was cut and the mice bled. Subsequently, the
liver was perfused with phosphate buffered saline contain-
ing heparin until pale; afterwards the liver was removed
along with the A-LN. The groups which did not receive a
reapplication, control group, were euthanized at 48 h.
The livers and A-LNs were strained (70 um; BD Bio-
sciences, Brgndby, Denmark), to gain a single cell sus-
pensions, and the liver lymphocytes were isolated using
Lympholyte-M (CEDARLANE Laboratories, Burlington,
Canada). Subsequently, the cell suspensions were stained
with antigen-presenting cell (APC)-conjugated CD1d
tetramers (Prolmmune, Oxford Science Park, UK) loaded
with «-galactosylceramide (Alexis Biochemicals/Axxora,
San Diego, USA) according to the manufacture guidelines.
Thereupon, the following cellular receptors were stained:
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Figure 4. PPD is a strong peripheral activator of NKT cells. (A) The proportion of NKT cells in the A-LNs, for the mice exposed to
either PPD or DNCB. The proportions were found, by dividing with the number of NKT from the control groups (0 h). As shown,
the proportion of NKT cells appears to rise in the beginning, but at 48-72 h there is a sharp drop that probably has to do with
a down-regulation of receptors. (B) The proportion of NKT cells in the liver, for mice exposed to PPD or DNCB. The proportions
were found by dividing with the number of NKT cells from the control groups (0 h). Both allergens increased the number of NKT
cells in the liver in a comparable manner. The NKT cells were stained for T-cell receptor (TCR)-8, CD3 and CD1d loaded tetramers

(«-GalCer), CD19 positive cells were gated out
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fluorescein isothiocyanate-conjugated anti-CD3 (BD
Biosciences), PE-Cy5.5-conjugated anti-T-cell receptor
(TCR)-B, PE-Cy7-conjugated anti-NK1.1 (eBioscience,
San Diego, USA) and APC-Cy7-conjugated CD19 (BioLe-
gend, San Diego, USA). Afterwards the cells were analysed
on a FACSCanto II (BD Biosciences). The CD19 positive
cells were gated out, and TCR-B positive cells were
selected. Subsequently, cells in the quadrant contain-
ing CD3 positive and CD1d were designated as CD1d
restricted NKT cells. Next, the quantity of NKT prolifera-
tion was determined by dividing with the number of NKT
cells in the control groups, and a paired samples t-test was
used to evaluate the difference in NKT-cell stimulation.

Results

The diabetes incidence study revealed that NOD mice
repeatedly exposed to PPD displayed a cumulative dia-
betes incidence of 47%, in contrast to 93% of the
water-treated group (p = 0.004). The group repeatedly
exposed to DNCB had an incidence of 92%, and the
group which only received the PPD sensitizing regime
93% (Figure 2). The three other groups developed dia-
betes by a rate similarly with a cumulative incidence from
80 to 86% (data not shown).

Dermatitis was not noticeable by visual inspection,
however, sensitization in the group repeatedly exposed to
PPD was confirmed by a typical lymphocytic infiltration in
the ears following PPD provocation, and a more moderate
infiltrate was also noticeable in the group repeatedly
exposed to DNCB (Figure 1). The Luminex cytokine anal-
ysis revealed no differences between the groups, and no
elevated cytokine level suggested a systemic response.

The NKT study demonstrated that both allergens influ-
enced the quantity of NKT cells in an analogous manner
in the liver. Figure 3 shows the gating strategy. This is in
contrast to the A-LNs where PPD appears to influence the
amount of NKT cells more strongly than DNCB (Figure 4),
although this was not statistically significant.

Discussion

Here we describe the interesting finding that repeated
applications of PPD prevent the diabetes development in
NOD mice. The repeated application of allergen gave a
subclinical dermatitis.

Moreover, we studied the effect of hapten application
on NKT cells in a separate study using C57BL/6 mice as
NOD mice have a aberrant immunophenotype and do not
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express the NK1.1 receptor. We found that both allergens
modulated the number of NKT cells in the liver, which is
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These treatments have previously been shown to protect
against diabetes development in the NOD mouse

In conclusion, we show that controlled repeated epi-
cutanous exposures to a contact allergen prevented the
development of diabetes in the NOD mouse. The mech-
anism may be a peripheral up-regulation of NKT cells.
This observation may lead to a new understanding of
the integrated immune function and might lead to a new
strategy for the prevention of type 1 diabetes.
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