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1. BACKGROUND

1.1. Epidemiology
1.1.1. Contact allergy

Allergic contact dermatitis (ACD) is an inflammatory skin disease. It is the clinical
manifestation of contact allergy, conditioned by skin contact with sensitizing molecules in
the environment such as metals, perfumes and preservatives. Contact allergy is affecting
15-20% of the general population (1). Up to half of these cases have had clinical
symptoms (2, 3), which makes ACD one of the most prevalent inflammatory skin diseases
in western countries and a major burden to the individual as well as society as a whole.
The typical clinical appearance of ACD is a pruritic eruption with erythema, blistering and
weeping, which in the chronic phase develop into lichenified or scaly plaques. The
histopathological appearance of ACD is dominated by spongiosis, at times with
intraepidermal vesiculation together with a mixed dermal inflammatory infiltrate (4).

The diagnosis of contact allergy is based on a positive epicutanous patch-test. In Europe
the European Baseline Series are mainly used, currently including 28 allergens. The

reproducibility of the patch-test is generally high but allergen dependent (5).

1.1.2 Psoriasis

Psoriasis is a prevalent, chronic skin disease affecting approximately 2-3% of the general
western population (6, 7). Psoriasis Vulgaris is the most common variant accounting for
90% of all cases. Psoriasis can occur at any age but usually manifest itself between the
age of 15 and 30 years by the conversion of symptomless skin into well-demarcated, thick,
erythematous plaques with adherent silvery scales (8). The most specific histopathological
changes are dramatic hyperplasia of the epidermis (acanthosis) with loss of the granular
layer, regular elongation of the rete ridges, thickening of the cornified layer
(hyperkeratosis) and incomplete keratinocyte differentiation (parakeratosis), infiltration of
many different leukocytes and increased vascularity in the dermis (9).

The disease has a strong genetic component with a 40-70% concordance in identical
twins (10, 11). More than 60% of psoriasis patients carry one or two class | HLA-Cw*0602
alleles compared with a population frequency of 10-15%, and this HLA allele was recently

strongly implicated as an important susceptibility allele in psoriasis (12,13).



Although a self-antigen responsible for the development of psoriasis has not been
identified, psoriasis is generally considered to be an autoimmune disease. In
epidemiological studies psoriasis has been shown to be associated with other autoimmune
diseases such as rheumatoid arthritis, Crohn’s disease and diabetes Type I, more
frequently than expected and to share genetic susceptibility loci (14, 15). The disorders

represent separate entities but appear to follow overlapping pathogenic pathways (16).

1.2. Effector & regulatory mechanisms
1.2.1. Contact allergy

Contact allergy, also termed Contact Hypersensitivity (CHS), is classically designated as a
type IV hypersensitivity reaction primarily mediated by T cells. CHS consists of two distinct
phases, a sensitisation phase and an elicitation phase. The sensitisation phase includes
the events following first contact with an allergen by which an individual becomes
sensitized due to the development of immunological memory. Following primary allergen
application to the skin, antigen presenting cells take up the hapten, process it and migrate
towards the regional lymph nodes, where the antigen is presented to naive T cells and
hapten specific CD4+ Th1-biased and CD8+ cytotoxic effector T cells are generated. The
induction phase is often symptomless and typically last 10-15 days. The elicitation phase
begins when a sensitized individual is re-exposed to the allergen and the memory T cells
are recruited to the skin leading to clinical manifestation of ACD; this phase typically takes

72 hours but may vary (17, 18).

The main effector T helper cell subset in contact allergy is the Th1 cell. Although Th17
cells and IL-17 have been demonstrated in contact allergy, the importance of this remains

unknown (See figure 1. for a brief schematic overview of T helper subsets).



Differentiation IL-12,1L-18 IL-4 TGF-B, IL-6.
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Effector IFN-y IL-4, IL-5, IL-13, IL-6, IL-8, IL-17A,
cytokines: IL-25, IL-31, I1L-33 IL-17E, IL-22, IL-26

FIGURE 1: Brief overview of Th1, Th2 and Th17 cell differentiation including differentiation and

effector cytokines.

Most individuals are in contact with potential sensitizers in everyday life without developing
contact allergy and the degree of contact allergy in allergic individuals can fluctuate. Many
studies have suggested that the reaction of contact allergy is highly regulated, in part due
to regulatory T cells. Regulatory T cells are a heterogeneous family of naturally occurring
and peripherally induced specialised T cells, which suppress immune responses by
releasing anti-inflammatory cytokines or by inactivating effector T cells through cell-to-cell

contact. (18). See diagram in figure 2 for a brief schematic overview.
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FIGURE 2: Brief overview of well described regulatory T cells. nTreg is naturally occurring,

generated in the Thymus. aTreg is adaptive and generated in the periphery.

Both Tr1 and FOXP3+ regulatory T cells have been associated with contact allergy.

The role of Tr1 cells in down-regulation of the elicitation phase of contact allergy has been
demonstrated in human studies by Sebastiani et al (19). Tr1 cells isolated from blood of
nickel allergic individuals were shown to down-regulate the immune response to nickel
through the release of high amounts of IL-10 acting on APCs by blocking their IL-12
release and antigen presenting functions. It was demonstrated that Tr1 recruitment at the
site of nickel application was mostly promoted by the local release of the chemokine
CCL1. CCL1 was released by keratinocytes and infiltrated leukocytes late during ACD
reaction, suggesting that Tr1 cells may be involved in the termination of the immune

response to avoid excessive tissue damage (20).

In a murine study CD4+CD25+FOXP3+ regulatory T cells were reported to suppress ACD
reaction by blocking influx of effector T cells into inflamed tissue (21), and in humans
allergen specific CD4+CD25+ regulatory T cells have been found in allergen challenged
skin and blood of non-allergic individuals (22, 23), indicating an active down-regulation.

Furthermore, it was found that CD4+CD25+ regulatory T cells from nickel allergic



individuals had limited capacity to down-regulate nickel specific effector T cell function,
suggesting that the ACD could be due to a defective regulatory T cell function (22).
The relative contributions of different regulatory T cell subsets in the control of ACD
reactions still need to be established and many aspects of the functional relevance of

effector and regulatory T cells in contact allergy are still not thoroughly understood.

1.2.2. Psoriasis

The exact pathophysiological mechanism of psoriasis has not been determined; however,
disease initiation is suggested to be mediated through dendritic cells presenting self-
antigens to T lymphocytes that mediate the pathological process in genetically
predisposed individuals (24). In support of this hypothesis, activated T cells from psoriasis
patients, but not healthy controls, have been found to have the capacity to induce
psoriasis-like changes when injected into human skin samples transplanted onto SCID
mice (25). Also, T cell clones from psoriatic skin lesions have been shown to be able to
enhance the proliferation of keratinocytes, (26-28) demonstrating the pivotal role of the T

cell in psoriasis.

The autoimmune diseases have originally been ascribed to Th1 cell activity with the
production of IFN-y and TNF-a as the main pro-inflammatory mediators; however, this has
been questioned in recent years with the finding of a new Th cell subset in autoimmune

diseases, the |IL-17 secreting Th17 cell.

Accumulating evidence from human and mouse studies suggest that the Th17 subset is an
important mediator during pathogenesis of autoimmune diseases, including psoriasis (29).
Increased numbers of Th17 cells have been demonstrated in psoriatic lesion (30), IL-17
MRNA has been shown to increase with disease activity (31) and a significant elevation in
circulating Th17 cells in patients with psoriasis has been found (32).

The development and maintenance of Th17 cells have been linked to IL-23, a key initiating
cytokine, in the development of autoimmunity (33, 34). In psoriasis elevated levels of IL-23
have been found in serum and cutaneous lesions of patients with psoriasis. Therapies
targeting IL-23 have shown promising treatment results (35) and genes involved in IL-23

signalling have been associated with psoriasis (36-38), all supporting an importance of a
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Th17/IL-23 pathway in psoriasis. The current understanding is that psoriasis is a mixed

Th1 and Th17 inflammatory environment.

The role of regulatory T cells in autoimmune diseases, as in other inflammatory diseases,
has received a great deal of attention in recent years. Under conditions of healthy immune
homeostasis, the activation of effector T cells against self-antigen is controlled by naturally
occurring CD4+Foxp3+CD25+ regulatory T cells (39). The importance of this is observed
in FOXP3 knockout mice, which at an early age develop fatal multi-organ autoimmunity
due to the lack of regulatory T cells (40), and in patients with FOXP3 mutations that
develop IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-linked)
syndrome associated with severe autoimmunity (41). Dysfunction of the regulatory T cell
population is an obvious potential explanation for the unrestrained pathogenic/effector T
cell proliferation seen in autoimmune diseases and indeed regulatory T cell dysfunction
has been demonstrated in varies autoimmune diseases (42-45). In psoriasis regulatory T
cells isolated from psoriatic patients have been found less capable than those from healthy
controls of suppressing proliferation of responder T cells isolated from healthy and
psoriatic subjects (42). The dysfunction was demonstrated in relation to allo-antigen
induced T cell stimulation. The function of regulatory T cells activated due to
environmental antigens in patients with psoriasis was not investigated.

The exact role and phenotype of regulatory T cells in psoriasis remain unclarified.

1.3. Association between contact allergy and psoriasis

The idea of an inverse association of contact allergy and psoriasis was studied in the
1960°s, but has since received limited attention. Using a large database of dermatological
patients, Henseler et al. investigated disease concomitance in psoriasis (46). Contact
Dermatitis was found to be three times less frequent in patients with psoriasis compared to
a control group of patients with non-psoriatic skin diseases. However, in other studies in
which patch testing of patients with psoriasis have been compared with different control
groups the overall prevalence of contact allergy in patients with psoriasis has been
reported to be at around 20-25% (47-49) and even as high as 68% (50).

11



Fedler et al. patch tested 552 adults, 88 of whom had psoriasis, with standard allergens
and found that patients with psoriasis had significantly less nickel allergy than healthy
controls, but found no difference in the overall prevalence of contact allergy (47). Barile et
al. patch tested 305 patients with psoriasis and 96 patients with dermatological diseases,
other than ACD and psoriasis, and found no difference in responsiveness to patch testing
between the groups (48). In a recent study from Vojvodina, 56 patients with psoriasis and
healthy controls were patch tested with the European Baseline Series (49) with no overall
difference found.

To conclude, epidemiological studies have produced conflicting results and the association

between contact allergy and psoriasis is unclear.

Three experimental sensitization studies with psoriatic patients have previously been
conducted. In all three studies the strong allergen Dinitorchlorobenzene (DNCB) was used
to sensitize patients with psoriasis and healthy controls. Three to four weeks later subjects
were challenged (51-53). Sensitization studies can reveal sensitization potential, reactivity
and threshold to the allergen in a specific group of patients depending on the study design.
In two of the studies, one by Moss et al. and another by Obalek et al. (51, 52) a high
induction dose of DNCB that sensitized 100% of all participants was used, hence the
challenge potential of the groups was investigated, not the sensitization. The degree of
reactivity to challenge in the study by Moss et al. was found to be reduced in patients with
psoriasis (51). In the study by Obalek et al. higher thresholds were found in patients with
psoriasis compared to healthy controls (52). In the third study a lower induction dose of
DNCB was used (53) sensitizing only 66% and 42% of the healthy control and psoriatic
group respectively. Unfortunately interpretation was hampered by the small study group;

hence the sensitization potential of patients with psoriasis remains inconclusive.

Accumulating knowledge on molecular mechanisms, including regulation of the
inflammatory diseases, has awakened the interest of an inverse relation between contact
allergy and not only psoriasis but other autoimmune diseases. Recent epidemiological
studies have showed an inverse association between contact allergy and the autoimmune
diseases Diabetes type |, Crohns disease and rheumatoid arthritis (RA) (54-56). It is

possible that a changed reaction towards haptens is a common feature for autoimmune
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diseases. This hypothesis is supported by a study from 1959 (57) in which Jessar et al.
sensitized 77 patients with RA with DNCB and the weaker allergen N-
Nitrosodimethylamine (NDMA). The group found a reduced sensitization ratio among
patients with RA, although only significantly for NDMA. When the sensitisation dose was
lowered the difference in sensitization ratio between RA patients and healthy controls were
increased. Sensitizations studies of patients with other autoimmune diseases have not
been conducted and possible mechanisms behind the impaired hapten reactivity in

patients with autoimmune diseases have not previously been investigated.
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2. AIMS OF THE THESIS

Study part | — Epidemiological studies
To examine a possible association between contact allergy and psoriasis in two
conceptually different epidemiological studies:

1. A patient register-based study

2. A population-based study

Study part Il — Sensitization study
To investigate the potential of hapten sensitization and reactivity to challenge in patients
with psoriasis and compare it with:

1. Patients with a different autoimmune disease; diabetes type |

2. Patients with mono-allergy or poly-allergy

3. Healthy controls

Study part Ill — Experimental studies
To explore the possibility of down-regulatory events in the elicitation phase by investigating
skin biopsies taken from challenge sites with:

1. Immunohistochemistry

2. Messenger RNA expression profiles with microarray analysis

14



3. RESULTS & DISCUSSION

3.1 Study part | — Association between contact allergy and psoriasis

In the first study we investigated the association between contact allergy and psoriasis in
two conceptually different epidemiological studies, a clinic-based register study and a
population-based cross-sectional study. Previous epidemiological studies have produced

conflicting results (46-50).

3.1.1 Association between contact allergy and psoriasis in a hospital population
Data for the clinic-based register study was obtained by linkage of patch-test results from a
large database at the department of Dermato-allergology, Copenhagen University Hospital
Gentofte, Denmark with a diagnosis of psoriasis from the Danish National Hospital
Registry (DNHR), holding information on all discharges from Danish hospitals.

Between 1985 and 2006, 15,641 patients were patch tested. More females than males
were tested in this period (63.7% vs. 36.3%). The age, defined as the age at the first
positive patch test or the first patch test if all negative, spanned from 4 to 99 years with a
median of 47. In 5,572 patients a positive outcome of patch-tests were found (35.6%).
There were more positive outcomes among females than males (41.1% vs. 26.0%).

Of the 15,641 patients 806 had an ICD code for psoriasis (ICD8 69609, 69610, 69619 or
ICD10 DL40). An outline of the linked register data is shown in table 1.

An inverse association was found between a psoriasis diagnosis and a positive patch-test.
The crude odds ratio for a person with a psoriasis diagnosis of having a positive patch-test
was 0.58 (C1 95% 0.49 - 0.68). The result did not change when adjustment for sex and age
was applied (table 2).
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Negative patch-test (n=10,069) Positive patch-test (n=5,572)

Age (years) 0-15 16-30 31-50 51-70 >70 0-15 16-30 31-50 51-70 >70

Psoriasis 10 79 206 234 77 0 18 73 81 28

Not psoriasis 213 2096 3129 2719 1306 51 941 2039 1622 719

TABLE 1: Overview of contact allergy in the patch-test register

P-value Odds ratio 95% CI of odds ratio
Psoriasis <0.0001 0.581 0.494 - 0.684
Psoriasis adjusted for sex and age < 0.0001 0. 581 0.492 - 0.685

TABLE 2: Results from the logistic regressions on the clinic-based study with contact allergy as

the response variable and psoriasis as the independent variable.

3.1.2. Methodological considerations, register study

The identification of patients with psoriasis was based on data from the DNHR. This
register has been validated in several studies for other diagnosis and found to be between
66% and 99% accurate (58). Out-patients were not included in the DNHR until 1 January
1995. This could result in under-registration of patients with psoriasis. However, patients
registered as out-patients from 1995 were all accounted for as in-patients. This supports
the notion that being followed in a hospital department as out-patient will lead to admission
at some point. It also reflects the fact that patients with psoriasis in the register population

have moderate to severe psoriasis.

A difference in the pattern of referral to patch testing, for patients with psoriasis compared
with that of patients with dermatitis, could result in a bias. According to the Berkson Bias
being followed at a hospital increases the risk of being referred to testing. If such a
difference exists it would be assumed to be more restricted for patients with psoriasis than
for patients with dermatitis, which would lead to a negative rather than a positive

association and so would make the found negative association even stronger.

16




UV-light or systemic immunosuppressant treatment for psoriasis could suppress a positive
reaction at the patch testing. However, these treatments are as standard discontinued at
least four weeks before testing and are therefore unlikely to have interfered with the result.
Theoretically, patients with psoriasis could have a specific pattern of exposure to
allergens; however, the relative distribution of allergies in patients with psoriasis in our
material does not differ from the rest of the patients, which argues against a different

exposure pattern for patients with psoriasis.

3.1.3. Association between contact allergy and psoriasis in a general population
Data for the population-based cross-sectional study was obtained from three consecutive
cross-sectional studies conducted in Glostrup, Denmark in 1990, 1998 and 2006.
Participants were patch tested and had completed a postal questionnaire asking the
question: “has your doctor ever told you that you suffer from psoriasis?”

Between 1990 and 2006, 4,989 (98.5%) of 5,065 participants were patch tested. 616
(12.3%) of these had a positive patch test reaction to at least one allergen. 301 (6.1%) of
4,989 respondents reported that their doctor had at some point told them that they suffered
from psoriasis. Logistic regression analysis revealed an inverse association between self-
reported psoriasis and a positive patch-test reaction to at least one allergen with an odds
ratio of 0.67 (Cl 95% 0.44 - 1.00). After adjustment for sex and age group had been added
the odds ratio was 0.64 (Cl 95% 0.42 - 0.98) (table 3).

P-value Odds ratio 95% CI of odds ratio
Psoriasis 0.049 0.67 0.44-1.00
Psoriasis adjusted for sex and age 0.038 0.64 0.42-0.98

TABLE 3: Results from the logistic regressions on the population-based cross-sectional study with
contact allergy as the response variable and psoriasis as the independent variable.
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3.1.4. Methodological considerations, population study

The data are based on a large cross sectional study, which is a major strength. The
possible limitations lie in the accuracy of the diagnoses. The diagnosis of psoriasis was
obtained by use of a questionnaire. Self-reported diagnoses of different skin diseases tend
to underestimate the prevalence (59); however, this does not seem to be the case in our
study. Prevalence studies of psoriasis have reported 2—3 % in the general population (7,
8). With a high prevalence of psoriasis in the dataset of 6%, most people with the
diagnosis of psoriasis are expected to be accounted for. It is possible that some
participants incorrectly reported psoriasis instead of dermatitis; however, this would tend to

underestimate the inverse association.

The diagnosis of contact allergy was based on patch testing. The prevalence of a positive
patch-test reaction to at least one allergen was 12.3%, which is relatively low compared to
previous reports from the general population (1). This is partly believed to be due to day 2
readings only. The readings have been the same for patients with and without psoriasis
and are therefore not likely to have influenced the found inverse association.

Although not all invited subjects completed the questionnaire or took part in patch testing,
the problem of non-respondense bias is not believed to be of any concern. If the non-
respondense has lead to a bias, it would be due to participants with psoriasis having a
different pattern of participation, related to their allergy-status, to participants without

psoriasis, which is difficult to accept.

3.1.5 Result specific discussion

The association of psoriasis and contact allergy has previously been investigated using
different approaches. Using a large database of dermatological patients, Henseler et al.
investigated disease concomitance in psoriasis (46). ACD was found to be three times less
frequent in patients with psoriasis compared to a control group of patients with non-
psoriatic skin diseases. The patients were not patch tested and it could be argued that
some of the patients with psoriasis may have had undiagnosed contact allergy. Conflicting
results have been presented in studies in which patch testing of patients with psoriasis
have been compared with control groups (47-50). The different results reveal difficulties in

conducting such patient studies. These difficulties can be attributed to insufficient sample
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size, inaccuracy of the psoriasis diagnosis, differences in patch testing technique and

reading of results, alongside confounding factors such as UV and systemic treatment.

It is not possible from these studies to conclude if psoriasis is affecting the ability to
develop contact allergy or whether having contact allergy inhibits the development of
psoriasis. Unlike contact allergy, psoriasis has a strong genetic background but is likely to
appear between the age of 15 and 30 years (60). This is the age that onset of many
contact allergies are seen and so it is difficult to asses the causality in the found inverse
relation. It is possible that the causation is bidirectional; that the two diseases mutually
affect each other. Investigating one or the other requires different approaches. In the next
study part we have, therefore, focused on how psoriasis affects the ability to develop

contact allergy.
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3.2 Study Part Il - Sensitization potential and reactivity in

patients with psoriasis

In the second study we investigated the potential of hapten sensitization and reactivity to
challenge in patients with psoriasis compared with patients with diabetes type I, healthy
controls, mono-allergic and poly-allergic individuals in a sensitization study.
Diphenylcyclopropenone (DPCP), a strong allergen in a relatively low dose (25 pg), was
used for sensitization on buttock skin. Challenge with four different doses of DPCP and an
acetone control was carried out three weeks later on the upper inner arm. Challenge

reactions were evaluated visually and with ultrasound.

A few studies have previously investigated sensitization of patients with psoriasis and
reported reduced reactivity to challenge reactions (51-53). The focus of this study was
mainly to investigate the ability of patients with psoriasis to become sensitized, which

remain unclear.

3.2.1 Sensitization ratios

The percentage increase in dermal thickness, measured by ultrasound, correlated well
with the dose-dependent clinical scores of the visual assessment, and a linear dose-
dependent increase in response to DPCP was seen in all sensitized individuals. A visual
score of 2 or above, or a mean percentage increase in dermal thickness of 10% or more,

was considered a positive reaction.

Sensitization ratios are shown in fig. 3. Sensitization ratios were lower in the psoriatic 26%
(6/23) and diabetic group 36% (8/22) compared with the healthy 65% (15/23), mono-
allergic 59% (13/22) and poly-allergic 57% (12/21) groups, which all had equal
sensitization-ratios. The logistic regression analysis gave a crude odds ratio for a person
with psoriasis of being sensitized to 0.18 (Cl 95% 0. 039 - 0.85) P=0.031 compared to
healthy controls. The crude odds ratio for a person with diabetes type | of being sensitized
was 0.74 (95% CI 0.548 — 1.008) P= 0.056.
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FIGURE 3: Sensitization ratios of poly-sensitized (n=21), mono-sensitized (n=22), healthy controls

(n=23), patients with psoriasis (n=23) and patients with diabetes type | (n=22).

3.2.2 Reactivity to challenge

The overall strength of the elicitation responses were analysed with the visual clinical
scores from 1 to 5, as well as with the increase in dermal thickness measured with
ultrasound. Only subjects with a positive challenge reaction, as defined above, were
included in the analysis; results are summarized in table 4. No statistically significant
difference between the groups was found with any of the measurements, but a trend
towards lower reactivity in the psoriatic group and a higher reactivity in the poly-allergic

group was seen.

Threshold concentration was defined as the weakest concentration giving a positive
response, with either visual clinical score or ultrasound. Threshold data for the groups is
shown in Fig. 4. There was a significantly lower median elicitation threshold dose in the
polysensitized group (0. 39 ug) compared to the mono-sensitized (1. 56 pg) and healthy
control group (1.56 pg), with p=0.005 and p=0.037 respectively. Threshold for the other

groups were equal.
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Group Pos.Sens Sum Clinical Score UL regression line UL regression line

+/-SEM +/- SEM +/- SEM
Healthy 15 9.7 +/-11 23.1 +/- 3.69 59.0 +/-14.2
Psoriasis 6 8.3 +/- 0.6 26.9 +/- 5.25 35.8 +/-4.78
DM 8 9.7 +/-1.5 15.9 +/- 2.88 51.6 +/-19.0
Mono 13 8.5 +/- 0.7 18.3 +/- 2.59 28.1 +/-7.44
Poly 12 10.7 +/- 0.9 21.8 +/- 3.96 45.8 +/- 9.63

TABLE 4: Response to four increasing challenge doses of DPCP as assessed by visual clinical
scores and UL. Only subjects with positive challenge reactions were included. Group mean +/-
SEM indicated.
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FIGURE 4: Elicitation thresholds of poly-sensitized (n=21), mono-sensitized (n=22), healthy
controls (n=23), patients with psoriasis (n=23) and patients with diabetes type | (n=22). Group
median is indicated.
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3.2.3 Methodological considerations, sensitisation study

The sensitization protocol was adopted from Friedmann (61) in the version of Cooper and
co (62). We used a different allergen, the strong allergen DPCP. Pivotal for the result is the
standardization of sensitization and challenge doses, area of application and time of
evaluation. We deliberately used a relatively low induction dose in order to investigate a
possible difference in sensitization potential between the groups; thus being able to
demonstrate a spectrum of lower and higher sensitization ratios than that of healthy

controls.

None of the participants were under any kind of immunosuppressive or UV-light treatment,
which is known to reduce sensitization (63). Experiments were completed winter and
autumn when exposure to sun light is negligible. None of the participants in the study had
a history of atopy, which could have affected the visual assessment, as atopic individuals
have been shown to produce more vigorous irritant reactions (64). Prior to the experiment,
patients with mono-allergy and poly-allergy selected for the study had all been patch
tested at our department with positive results; however, we did not perform patch tests on
controls, patients with psoriasis or patients with diabetes before inclusion. Some of the
participants in these groups may have had an undiagnosed contact allergy, which would
tend to underestimate any difference. 11 patients withdrew from the study after induction
with DPCP on buttock skin; this poses a potential bias of results. However, the drop-outs
were evenly distributed between the groups (3 controls, 1 mono-allergic, 3 poly-allergic, 2

with psoriasis, and 2 with diabetes) and only a few due to severe primary reactions.

The visual assessment of challenge reactions was not blinded and hence subjectivity may
have skewed the result; however it is not likely to have influenced the results as
assessment of challenge reactions was also done using UL and the percentage increase
in dermal thickness, measured by ultrasound, correlated well with the dose-dependent

clinical scores of the visual assessment.
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3.2.4 Result specific discussion

The reduced sensitization ratio in patients with psoriasis and patients with diabetes type |
is supporting the findings of the epidemiological studies in Part | and recent
epidemiological studies showing an inverse relation between contact allergy and several
autoimmune diseases; diabetes type |, inflammatory bowel disease and rheumatoid
arthritis (54-56).

As mentioned in the introduction, three sensitization studies with psoriatic patients have
been conducted previously. All used DNCB, a different but equally strong allergen,
compared with DPCP as used in our study. Only one study investigated the ability of
patients with psoriasis to become sensitized, by using a low sensitization dose, and found
a slightly decreased sensitization ratio for patients with psoriasis compared to controls,
42% vs. 66% respectively (53). Unfortunately interpretation was hampered by the small
study sample of patients with psoriasis n= 13. We used a sensitization dose that sensitized
an equivalent proportion of healthy individuals with DPCP and found a much lower
sensitization ratio in the psoriatic group. Differences in allergen application are not likely to
account for this as DPCP and DNCB are both strong experimental allergens that subjects
have not been exposed to before. The difference in results are more likely due to this
study’s much larger study group of patients with psoriasis n=23.

A low sensitization ratio in patients with RA has previously been demonstrated in a
sensitization study (57), but sensitization studies on patients with diabetes have never

been conducted.

The other two sensitization studies with psoriatic patients used sensitization doses that
sensitized 100% of participants, hence a possible difference in sensitization potential
would not be revealed (51, 52). Moss et al. found reduced challenge reactions in the
psoriatic group compared to the healthy controls with number of patients and age of
participants comparable to our study. Obalek et al. found a higher threshold in patients
with psoriasis compared to healthy controls, but when high challenge doses were used no
difference was found. These results strongly suggest changes in the elicitation phase

among psoriatic patients.
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We only found a trend towards reduced reactivity in challenge responses. The difference
in results may be due to the use of a different allergen or, more likely, that the effect is
dependent upon the sensitization dose, which in our study was deliberately chosen to be
relatively low, sensitizing only 65% of the healthy group, in order to reveal differences in
sensitization potential. This is probably the same reason why we only found a trend
towards higher reactivity to challenge in the poly-allergic group compared to a study by
Moss et al. in which a higher reactivity was found using a dose sensitizing 100% with
DNCB (65).

Positive sensitization is defined by a positive reaction to challenge. Bearing in mind that

Obalek et al. found a higher threshold in patients with psoriasis than healthy controls, it is

possible that using a stronger challenge dose would have revealed sensitization in some
of the psoriatic patients, resulting in a higher sensitization ratio. However, the highest
challenge dose of 3.125 resulted in severe reactions in many of the participants and is

considered the highest acceptable concentration.

The sensitizations studies showed a reduced sensitization ratio and a trend towards

reduced reactivity to challenge in patients with psoriasis compared to controls, but do not

reveal the reason for this. In the next study we have focused on the mechanisms behind

the impaired challenge responses found in patients with psoriasis.
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3.3 Study Part lll — Regulatory mechanisms in elicitation

In Study Part Il we studied skin biopsies, taken from challenge sites of patients with
psoriasis and healthy controls with immunohistochemistry and gene expression profiles,
using microarray technology for possible down-regulatory mechanisms in patients with
psoriasis. No study exploring the mechanisms behind a reduced reactivity to haptens in

patients with psoriasis has previously been performed.

3.3.1 T cells in challenge sites

Biopsies were taken from 11 individuals: six patients with psoriasis, two of whom had a
positive elicitation reaction, and five healthy controls, three of whom had a positive
elicitation reaction. The biopsies were prepared for immunohistochemistry and incubated
with anti-CD4, anti-CD8 and anti-FOXP3 antibodies. The degree of infiltration of positively

stained cells was scored semi quantitatively using a 5-point scale (grade 0—4).

In all five biopsies from subjects with a positive elicitation reaction, including healthy
controls and patients with psoriasis, a typical histological pattern of ACD was present (an
example is shown in figure 5. A-C). Apart from one single outlier, all five biopsies had a
grade 4 infiltration of CD4+, CD8+ and FOXP3+ cells. CD4+ cells and FOXP3+ were
mainly distributed in the dermis with only scattered cells in epidermis. CD8+ cells were
also mainly found in dermis but with a higher degree of infiltration in the epidermis. The
outlier was a healthy subject with a severe clinical reaction; her biopsies had grade 4
infiltrations of CD8+ cells but with very few CD4+ or FOXP3+ cells. The six biopsies from
subjects with negative elicitation reactions all showed a histological picture of healthy skin;
hence there were no sign of subclinical reactions. All had a grade 1-2 degree of CD4+
cells, no CD8+ cells and only a limited number of FOXP3+ cells (an example is shown in
figure 5. D-F).

No distinction between biopsies from healthy controls or patients with psoriasis could be

made from the infiltration of T cells either in the positive or negative elicitation group.
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A positive elicitation reaction

A negative elicitation reaction

FIGURE 5: Immunohistochemistry showing a positive elicitation reaction in an allergic subject (A-C

from the same subject) A) CD4+ positive cells B) CD8+ positive cells B) FOXP3+ positive cells and
immunohistochemistry of a negative elicitation reaction in a non-allergic subject (D-F from the

same subject) D) CD4+ positive cells E) CD8+ positive cells F) FOXP3+ positive cells.
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3.3.2 Methodological considerations, immunohistochemistry

The visualisation of regulatory T cells has been hampered by the lack of a unique maker.
At the initiation of this study FOXP3 was the best marker for regulatory T cells. FOXP3
belongs to the forkhead/winge-helix family of transcriptional regulators and appears to
function as the master regulator in the development of regulatory T cells. FOXP3 is,
however, also displayed transiently by recently activated effector T cells and is therefore

not a unique marker of regulatory T cells (66).

The immunohistochemical studies were made on frozen tissue so not to exclude the
possible use of new antibodies that cannot be used on paraffin embedded tissue.
Preservation of tissue in paraffin usually gives a better histological picture with more
details and some antibodies visualised with more specificity. However, the frozen sections
in this study gave rise to standard histological pictures and clear antibody visualization.

The gain of choosing paraffin embedded preservation instead is considered to be limited.

The immunohistochemical studies were conducted with a small study sample and should

be regarded as exploratory only.

3.3.3 Gene expression profiles

In order to investigate possible differences in challenge responses between patients with
psoriasis and healthy controls, biopsies from both groups, with and without positive
challenge reactions, were selected for gene expression analysis. Seven patients with
psoriasis, two of whom had a positive elicitation reaction, and ten healthy controls, five of
whom had a positive elicitation reaction, were recruited. Messenger RNA expression
profile analysis was carried out on RNA extracted from skin biopsies from challenge sites.
A Principle Component Analysis (PCA) clearly separated the biopsies along the first
dimension and distinguished the skin from patients with clinical positive elicitation reaction
from patients with negative elicitation reactions (score plot is seen in fig. 6.). The first two
dimensions retained 22% and 11% of the variation in the dataset. Annotation analysis
revealed that terms for biological processes related to immune response were
overrepresented in the annotation genes defining the negative direction of the first PC

axis.

28



The group of patients with psoriasis could not be distinguished from the healthy individuals
regardless of positive or negative clinical elicitation reactivity in the PCA score plot.

To further investigate whether or not elicitation reactions were specifically down-regulated
in patients with psoriasis, probe sets from psoriatic patients, as well as healthy individuals
with a negative elicitation reaction, were selected for further analysis with t-test and
subsequent correction for multiple testing with Bonferroni adjustment. When comparing
healthy controls and patients with psoriasis, no significant difference in gene expression

was found among the negative elicitation reactions.
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FIGURE 6: PCA plot, scores for the first and second axes. The projections of samples from
subjects with a positive o and negative A elicitation reactions respectively are indicated by circles.
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3.3.4. Methodological considerations, microarray
As in other experimental study-designs, conducting gene array experiments is
accompanied with a line of decisions, subjective choices that can eventually influence the

results.

We chose to use total RNA extracted from whole skin biopsies, which gave information
from both epidermis and dermis. Epidermis and dermis have different cellular populations
so the study would probably have been optimized by studying epidermis and dermis
separately, as done in a recent microarray study of irritant skin reactions (67). The new
Human Gene 1.0 ST arrays from Affymetrix were chosen. It has been validated with
regards to probe-, exon- and gene-level reproducibility and found to be equivalent to the
HGU 133 plus 2.0 arrays from Affymetrix used in previous studies of contact dermatitis
(68). Choosing the computational approach to analysis of the microarray data is another
point of subjective decision making, as the computational tools are rapidly evolving and
there is no clear consensus as to the best method for revealing patterns of

geneexpression.

We chose an unsupervised class discovery application, the Principal Component Analysis
(PCA), to reveal patterns in the data without using sample classification. Another class
discovery application, such as the widely used hierachical clustering algorithm, could also
have been used but is unlikely to have affected the results. To bring about biological
understanding of the findings of the PCA, a mechanistic analysis was applied with the Go
Terms. In order to further investigate the possible difference between patients with
psoriasis and controls, we used a class comparison application, the t-test. The issue of
multiple testing is a concern with this statistical approach on array data. A stringent gene
selection is required to avoid potential problems with false positive results, which is why a
Bonferroni adjustment was applied. Using this correction, however, allows for the
discarding of real differences in the gene expression. Interpretation of results is

furthermore limited due to the small study sample.
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3.3.5 Result specific discussion

Genome wide expression analysis on elicited skin has been performed in one other study
using similar chip application on nickel-allergic individuals with results comparable to this
study (69). A correspondence analysis clearly separated responders from non-responders
with immune response being overrepresented in the annotation genes of the first axis. This
suggests that the expression profiles are largely independent of the allergen involved.
Similar to this result, no difference in gene expression profiles was found between non-
responding, allergen challenged skin and skin where acetone control had been applied.
This would indicate that non-respondence is not due to active down-regulation on site;
however, interpretation of microarray data should be done cautiously. The gene
expression analysis was done in order to generate hypothesis on the mechanisms behind

the impaired contact allergic response in patients with psoriasis.

Even subtle changes in the laboratory protocol, parameters for slide scanning, image
processing, data normalisation and the choice of analysis tools can contribute to a different
outcome (70). The microarray analysis is, however, a robust analysis and only small and

insignificant differences could have been overlooked in the study.

The results of the immunohistochemical staining of positive elicitation reactions are in line
with other studies of human elicitation reactions. A mixed cell infiltrate dominated by CD8+
cells, believed to be the main effector cell and with FOXP3+ regulatory cells to
counterbalance the reaction, in order to minimise collateral damage and eventually
terminate the reaction (71, 72). CD4+ cells were found in the negative elicitation reactions.
This is in line with findings by Clark et al. who showed that the stable skin under non-
inflammatory conditions is harbouring T cells with the vast majority being CD4+ cells (73).
The same group has demonstrated FOXP3+ in healthy skin and suggests that 10% of skin
resident T cells are regulatory FOXP3+. The cells were visualised with immunoflouresence
technique (74). We found a limited number of FOXP3+ cells using immunohistochemistry.
This is in accord with other studies using this technique (75, 76). We did not find a higher
number of FOXP3+ cells in the challenged sites of non-responders than in control sites;
this indicates that no active down-regulation is taking place. Furthermore, we did not find

any difference in the cell infiltrate among healthy controls and patients with psoriasis.
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These results are in agreement with the findings of the microarray study and call for an
alternative explanation of non-respondence in patients with psoriasis than differences in

down-regulatory mechanisms.

4. GENERAL DISCUSSION

Contact allergy versus autoimmune disease - a true causal association?

An inverse association between contact allergy and psoriasis was found in the
epidemiological studies. In the sensitization study psoriasis was found to affect the
development of contact allergy. Using the methodological framework of Sir Bradford Hill's
criteria for causation (77) on these studies, the association is likely to be a true causal
association; Strength - The association is strong with relatively large odds ratios.
Consistency - The result has been reproduced in an experimental study and two
conceptually different epidemiological studies, studying different populations. Analogy - A
similar inverse relation between contact allergy and other autoimmune diseases diabetes
type 1, Crohn’s disease and rheumatoid arthritis has been found in previous studies (54-
56). Coherence - The result does not conflict with what is known about the natural history
of the diseases. Biological plausibility - It is biologically credible, that patients with psoriasis
have an immunological milieu that can interfere with the development of another
inflammatory disease, namely contact allergy. Temporality — In the sensitization study
psoriasis is preceding contact allergy. Experiment — The association is shown in an
experimental sensitization study. Only two criteria are not meet, that of specificity and
biological gradient. The criterion of specificity is not possible to meet in this context as
psoriasis cannot be added and removed as wanted. If the study group in the sensitization
study had been larger, the effect of severity of psoriasis could have been estimated and a
possible biological gradient established; however, seven out of nine of Bradford Hill’s

criteria are met and the found association likely to be true.

The sensitization study was conducted to show how psoriasis is affecting the development

of contact allergy, but the possibility that contact allergy influences the immune system,
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and thereby reduces the risk of psoriasis, was not investigated. The diseases may be

mutually exclusive; this is another interesting area of research.

Regulatory mechanisms in contact allergy

An abundance of chemicals in the environment can elicit contact allergy. Everybody
encounters allergens daily but only some develop contact allergy. Differences in
exposures, as seen in occupational contact allergy can only account for some and it is still
largely unknown why some individuals develop contact allergy to chemicals in the
environment and others don’t. The mechanisms behind this are only beginning to unravel.
Are healthy hapten-exposed individuals non-allergic due to effective regulatory

mechanisms in the sensitization phase, in the elicitation phase or in both phases?

A methodological problem in interpreting mechanistic events in human sensitization
studies is the inability to distinguish these two phases, as the sensitization phase is
defined by the outcome of elicitation. With a positive elicitation reaction it is evident that
sensitization has preceded; however, with a negative elicitation reaction it is unknown if
naive T cells have not been primed in the sensitization phase, or the effector T cells are
present but not activated or counterbalanced by regulatory T cells. Evaluating the
sensitization phase is difficult in humans and knowledge on this phase stems primarily

from murine studies.

At least two studies have given evidence to the idea that healthy individuals are actively
kept non-allergic due to specific regulatory T cells acting during the elicitation phase. In a
study by Cavani et al., CD4+CD25+ regulatory T cells were isolated from nickel challenged
skin of healthy individuals (22) and Moed et al isolated CD4+CD25+ regulatory T cells
from PBMC of healthy individuals (23). In both studies the isolated regulatory T cells were
capable of suppressing proliferation of nickel specific effector CD4+CD25- T cells from

nickel-allergic individuals in vitro.
In our study, no signs of deregulated genes were found in the challenge sites of non-

responders neither in the psoriatic nor the healthy group. FOXP3 regulatory T cells were

found in equal amount in the challenge sites of non-responders as in vehicle challenged
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healthy skin; this indicates that non-respondence was not due to an active down-regulation
through regulatory T cells in the skin, as seen in non-allergic subjects following nickel
exposure. DPCP is an allergen for experimental use that is not found in the environment
contrary to nickel, which has a high occurrence in the environment. It is possible that the
regulatory T cells found in the nickel studies are dependent upon repeated low exposures
and hence cannot be found for other less prevalent allergens, this remains to be further
investigated.

Regulatory T cells have been found dysfunctional in suppressing auto-antigen specific
effector T cells in various autoimmune diseases (42-45), but their regulation of

environmental antigens were not investigated in these studies.

Psoriasis an autoimmune disease

In the sensitization study both psoriasis and diabetes type | was shown to affect the ability
to develop contact allergy. This finding is in line with our epidemiological study and other
recent epidemiological studies, showing an inverse relation between contact allergy and
the autoimmune diseases; Rheumatoid arthritis, Crohns disease and diabetes type | (54-
56). These autoimmune diseases, although clinically very different, appear in clusters and
share many features including susceptibility loci and immunological pathways (14-16).

It seems likely, theoretically, that the autoimmune diseases share an immunological milieu
that can interfere with the development/expression of contact allergy.

The importance of the Th1 cell in contact allergy is undisputed. Although IL-17 and Th17
cells have been demonstrated in allergic contact dermatitis in some studies, it is not
believed to play a dominant role (78-80) hence the evidence of Th17 cell dominance in
autoimmune diseases sets apart the autoimmune diseases from contact allergy and gives

rise to a possible explanation of the found inverse relation.

It could be hypothesized that the highly Th17 directed cytokine milieu in patients with
autoimmune diseases is interfering with the mounting of a contact allergic response.

The cytokine milieu is affecting the immune response in various ways: 1: Cytokines have
been demonstrated to enhance differentiation of one T helper subset, in addition to inhibit
the differentiation of other T helper subsets, thus favouring a specific immune response

(81). In this way the Th17 polarized cytokine milieu in autoimmune diseases could hinder
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the differentiation of naive T cells to become effector or memory T cells necessary for the
contact allergic immunological reaction. 2: Cytokines are suggested to regulate the
function of regulatory T cells (82). Interestingly, a Th17 related cytokine IL-21 has been
shown to render human CD4+CD25-, but not CD8+ T cells, resistant to the suppressive
effects of regulatory T cells (83) and to induce apoptosis of antigen-specific CD8+ T cells
(84). 3: Cytokines is believed to control APC function, which is pivotal for the contact
allergic response. Brandt et al. demonstrated in a murine study, that short-time incubation
of in vitro generated DC with IL-21 significantly reduced their potential to induce an

antigen-specific CD8+ T cell proliferation (85, 86).

In a study by Cumberbatch et al., the uninvolved skin of psoriatic patients were associated
with a normal amount of Langerhans cells (LC) that, however, displayed considerable
impairment of mobilization. The authors hypothesised that this could be due to disease
progression characterized by systemic changes that affect LC function (87). The systemic
changes could very well be due to a Th17 skewed milieu found not only in patients with

psoriasis but also in patients with other autoimmune diseases.
The found inverse relation between contact allergy and psoriasis is undoubtedly complex

and not easily explained, but an immunological mechanistic understanding lie ahead when

further research continue to unravel the pathogenesis of the two inflammatory diseases.
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5. CONCLUSION AND PERSPECTIVES

The conclusions to be drawn from this phD thesis regarding contact allergy and psoriasis

are:

l. Psoriasis and contact allergy are inversely related.

Il. Patients with psoriasis have a reduced sensitization ratio towards DPCP
compared with healthy controls.

[I. The reduced sensitization ratio in patients with psoriasis is not due to down-

regulatory mechanisms in the elicitation phase.

The finding of an inverse relation between contact allergy and psoriasis/autoimmune
diseases is not only intriguing, it is of clinical importance. Research on finding new
treatments for inflammatory diseases are today focused on molecular mechanisms in the
inflammatory system, hence intensive knowledge on the complexity of these mechanisms,
and how a disease process can affect the cause of another, are needed in order to avoid

harmful side effects.
Research on the biological mechanisms behind the inverse relation between contact

allergy and psoriasis can contribute to a more thorough understanding of the pathogenesis

of both diseases and thereby, hopefully, lead to new, better and safer treatments.
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6. SUMMERY

6.1 Summery in English

Allergic contact dermatitis (ACD) and psoriasis are the two most prevalent skin diseases in
the western world. ACD is the clinical manifestation of contact allergy. Contact allergy and
psoriasis are both due to inflammatory mechanisms involving the innate and adaptive
immune system. Psoriasis is conceived to be an autoimmune disease. Recent studies
have suggested an inverse relation between contact allergy and autoimmune diseases.
The association between contact allergy and psoriasis could reveal mechanistic insights

into both inflammatory processes.

The overall aim of this PhD study was to investigate the association between contact
allergy and autoimmune disease, with focus on psoriasis. The work was done in three
study parts. Part | Epidemiological studies. Part Il Sensitization study and Part Il

Experimental studies.

In part | the association between contact allergy and psoriasis was investigated in two
conceptually different epidemiological studies, a patient register-based study and a
population-based study. A significant inverse relation between contact allergy and
psoriasis was found in both studies with odds ratio for a person with a psoriasis diagnosis
of having a positive patch-test of 0. 58 (Cl 95% 0. 49 - 0.68) and 0.64 (Cl 95% 0.42 - 0.98)

respectively.

Part Il was undertaken in order to investigate the potential of hapten sensitization and
reactivity to challenge in patients with autoimmune disease. In a sensitization study using
the strong hapten Diphenylcyclopropenone (DPCP) five groups of patients were induced
and challenged: psoriasis, diabetes type |, mono-allergy, poly-allergy and healthy controls.
Sensitisation ratios of patients with psoriasis and diabetes type | were significantly lower
than healthy controls, with odds ratios of 0.18 (Cl 95% 0. 039 - 0.85) P=0.031 and 0.74
(95% CI 0.548 — 1.008) P= 0.056 respectively. Sensitisation ratios of mono-allergic, poly-

allergic and healthy controls were equal.
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A trend towards a lower reactivity in the psoriatic group and a higher reactivity in the poly-
allergic group was found. A significantly lower challenge threshold was found in the poly-
allergic group compared to the healthy and mono-allergic group, with p=0.005 and

p=0.037 respectively.

In part Il mechanisms behind the reduced reactivity seen in patients with psoriasis were
investigated. Using biopsies from challenge sites, the possibility of down-regulatory events
in the elicitation phase was investigated. No regulatory FoxP3+ T cells were found in
challenge sites from non-responders on immunohistochemical staining and no significant
changes in mMRNA expression were found with microarray analysis. This indicates that
non-responding was not due to an active down-regulation at the challenge site in patients

with psoriasis or healthy controls.

In conclusion the studies have contributed with evidence to support the theory that
autoimmune diseases are inversely related to contact allergy. The studies have
demonstrated that patients with autoimmune diseases have a reduced sensitization

potential and suggest that this is not due to down-regulatory events in the elicitation phase.
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6.2 Summery in Danish

Allergisk kontakt eksem og psoriasis er de to mest praevalente hud sygdomme i den
vestlige verden. Allergisk kontakt eksem er den kliniske manifestation af kontakt allergi.
Kontakt allergi og psoriasis er begge forarsagede af inflammatoriske mekanismer, der
involvere bade det innate og det adaptive immune system. Psoriasis opfattes desuden
som en autoimmun sygdom. Nylige studier har peget pa en invers relation mellem kontakt
allergi og autoimmune sygdomme. Kendskab til associationen mellem kontakt allergi og
autoimmune sygdomme som psoriasis vil kunne give indblik i sygdoms specifikke

mekanismer for begge inflammatoriske processer.

Det overordnede mal med dette phD studie var at undersgge forholdet mellem kontakt
allergi og autoimmune sygdomme med fokus pa psoriasis. Arbejdet blev gennemfart i tre
studie dele. Del | epidemiologiske studier, del || Sensitiserings studier og del Ill

eksperimentelle studier.

| del | blev forholdet mellem kontakt allergi og psoriasis undersagt i to konceptuelt
forskellige epidemiologiske studier; et patient register-baseret studie og et befolknings
studie. En signifikant invers relation mellem kontakt allergi og psoriasis blev fundet i begge
studier, med odds ratio for at en person med en psoriasis diagnose havde en positive
lappeprave pa 0. 58 (CI 95 % 0, 49 - 0,68) and 0,64 (Cl 95 % 0,42 — 0,98) respektivt.

Del Il blev gennemfart for at undersgge potentialet for hapten sensitisering og reaktion pa
challenge hos patienter med autoimmune sygdom. | et sensitiserings studie med
anvendelse af det steerke hapten Diphenylcyclopropenone (DPCP) gennemgik fem
grupper af patienter induktion og challenge: psoriasis, diabetes type |, mono-allergi, poly-
allergi og raske kontroller.

Sensibiliserings ratioer for patienter med psoriasis og diabetes type | var signifikant lavere
end raske kontroller, med odds ratioer pa 0,18 (Cl 95 % 0, 039 - 0,85) P=0,031 og 0,74
(95 % CI 0,548 — 1,008) P= 0,056 respektive. Sensibiliserings ratioer for mono-allergikere,

poly-allergikere og raske kontroller var ens.
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Der fandtes en trend mod lavere reaktivitet i psoriasis gruppen og hgjere reaktivitet i
gruppen af polly-allergikere, der desuden fandtes at have en signifikant lavere challenge
teerskel sammenlignet med den raske kontrol gruppe og gruppen af mono-allergikere
p=0,005 and p=0,037 respektivt.

| del Il undersggtes mekanismer bag den fundne lavere reaktivitet hos psoriasis patienter.
Hud biopsier fra challenge reaktionerne blev undersggt for mulige ned-regulerende forhold
i elicitationsfasen. Ved immunhistokemisk farvning fandtes der ingen regulatoriske
FOXP3+ T celler i challenge reaktionerne fra deltagere med negative reaktioner ej heller
signifikante aendringer i mMRNA ekspression med microarray analyse. Dette indikerer, at
negativ reaktion ikke var grundet en aktiv nedregulering i challenge omraderne hos

patietner med psoriasis eller raske kontroller.

Studierne bidrager samlet set med evidens til at stotte teorien om at kontakt allergi og
autoimmune sygdomme er invers relaterede og demonstrere at patienter med autoimmune
sygdomme har et nedsat potentiale for udvikling af kontakt allergi. Flere studier er

ngdvendige for at kortlaegge arsagen til denne sammenheeng.
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Background An inverse association between contact allergy and autoimmune dis-
eases has been suggested. Psoriasis is an autoimmune disease and it has been
debated whether contact allergy is less prevalent among patients with psoriasis.
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16 May 2009 Objectives To examine a possible association between contact allergy and psoriasis

in two conceptually different epidemiological studies.
Key words
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Patients and methods Two study populations were included: (i) a clinic-based register
linkage study population, achieved by record linking information from the Dan-

. . ish National Hospital Registry identifying patients with psoriasis with information
Conflicts of interest

None declared on contact allergy from a comprehensive patch test database of 15 641 patients;

and (ii) a population-based cross-sectional study population organized in 1990,
DOI 10.1111/].1365-2133.2009.09314.x 1998 and 2006 and obtained by random samples from the Danish Central Per-
sonal Register. Information was obtained by questionnaire and patch testing of
4989 subjects.
Results An inverse association was found between a psoriasis diagnosis and a posi-
tive patch test in both studies. The odds ratio for a person with a psoriasis diag-
nosis of having a positive patch test was, adjusted for sex and age, 0-58 [95%
confidence interval (CI) 0-49-0-68] and 064 (95% CI 0-42—0-98), respectively,
in the two studies.
Conclusions The finding of an inverse association between psoriasis and contact
allergy may express opposite immunological mechanisms and calls for additional
research in this field.

Contact allergy and psoriasis are prevalent inflammatory skin
diseases affecting 15-20% and 2—3%, respectively, of the gen-
eral population.’"” Tt has been debated whether contact allergy
is less prevalent among patients with psoriasis. One epidemi-
ological study found that contact allergy was three times less
frequent among patients with psoriasis than among patients
with a nonpsoriatic skin disease.’> The overall prevalence of
contact allergy in patients with psoriasis has been investigated
previously and revealed that around 20-25% of patients with
psoriasis had contact allergy;*® however, in one study, the
frequency was as high as 68%.” The conflicting results show
that there are a number of difficulties in conducting such
studies. These difficulties can be attributed to insufficient sam-
ple size, inaccuracy of the psoriasis diagnosis, differences in
patch testing and reading of results, alongside confounding
factors such as ultraviolet (UV) exposure and systemic treat-

© 2009 The Authors

ment. In an experimental study with standardized parameters
and limited potential confounding factors, Moss et al.® found
that untreated patients with psoriasis were significantly less
responsive to sensitization with dinitrochlorobenzene (DNCB)
than healthy controls. Comparable results were found in a
similar study by Obalek et dl.,” who furthermore showed that
the impairment of reactivity was inversely related to the activ-
ity of psoriasis. The low sensitivity could relate to accelerated
epidermal turnover as seen in psoriasis, or to functional altera-
tions in the immune status in psoriasis. Psoriasis is generally
considered to be an autoimmune disease, which shares many
features, including pathological pathways and therapeutic tar-
gets, with other inflammatory autoimmune diseases such as
rheumatoid arthritis and Crohn disease.' %"

An inverse association between autoimmune diseases and
contact allergy has previously been identified.'*'* This
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finding suggests that a shared autoimmune immunological
milieu may interfere with the mounting of a contact allergic
response. This study investigated the association between con-
tact allergy and psoriasis by linking information from two
large patient databases and by using patch test and question-
naire data from the largest cross-sectional patch test study ever
performed in the general population.

Patients and methods

Study populations

The study was based on two study populations.

Clinic-based register linkage study population

At the Department of Dermato-Allergology, Gentofte Hospital,
University of Copenhagen, Denmark, all patch test results,
along with the tested patients’ demographic data, have been
consecutively registered in a comprehensive, computerized
database. Data for the current study was obtained from this
database for the period 1985-2006.

The Danish National Hospital Registry (DNHR) holds infor-
mation on all discharges from Danish hospitals since 1977; out-
patients have been included in the register since 1 January
1995. The register includes information on discharge diagno-
ses, hospital, department and day of discharge for both in- and
outpatients. Discharge diagnoses are classified in the DNHR
according to a Danish version of the International Classification
of Diseases (ICD). ICD8 was used from 1977 to 1993 and
ICD10 from 1994 onwards. Psoriasis is registered with ICD8
codes 69609, 69610, 69619 and ICD10 code DL40.

Information from the patch test database and the DNHR
were linked by means of the unique civil registry number
given to all Danish citizens at birth.

Age was defined as the age at the first positive patch test; if
there was no positive patch test, the age at the date of first
patch testing was used. The patients were stratified into five
age groups: 0-15, 16-30, 31-50, 51-70 and > 70 years.

Population-based cross-sectional study population

In 1990, 1998 and 2006, three consecutive cross-sectional
studies were organized by the same investigators (T.M.,
N.H.N. and A.L.). Danish adults (with Danish citizenship and
born in Denmark) living in one of the same 11 municipalities
of the Copenhagen County were invited to participate in a
general health examination including patch testing. Study
populations were random samples obtained from the Danish
Central Personal Register, Ministry of Internal Affairs. Partici-
pants completed a postal questionnaire asking the question:
‘Has your doctor ever told you that you suffer from psoriasis?’
The Ethical Committee of Copenhagen County approved all
studies.

Between February 1990 and January 1991, 1112 (77:5%)
of 1435 invited subjects aged 15—69 years participated in a

health examination and 1056 (73:6%) were patch tested.
Between January and November 1998, 482 (53:4%) of 902
invited subjects aged 15—41 years participated and of these
473 (52°4%) were also patch tested. Finally, from June 2006
to May 2008, 3471 (43:7%) of 7931 invited subjects aged
18-69 years accepted the invitation to a health examination
and of these subjects 3460 (43:6%) were also patch tested.
For practical reasons, persons below the age of 18 years were
not invited in 2006 as an informed, written consent from the
parents is now mandatory in Denmark. The characteristics of
participants and nonparticipants in the 1990, 1998 and 2006

studies have previously been described in more detail."*”"’

Patch testing

In the clinic-based register linkage study, all patients were patch
tested with the European baseline series recommended at the
time of testing. The European baseline series contains the most
prevalent contact allergens in the environment for continental
Europe. Patch testing is performed, according to international
standards, on the upper back using Trolab allergens (Hermal,
Reinbek, Germany) and Finn chambers for occlusion (Epitest,
Tuusula, Finland). Occlusion time is 48 h and patches are read
on days 2, 3 or 4 and 5 or 7 in accordance with international
criteria from the International Contact Dermatitis Research
Group (ICDRG).'®'” A positive allergic reaction is defined as
being at least grade 1+ according to ICDRG.

In the population-based cross-sectional studies, patch testing
was performed by using panels 1 and 2 from the standard-
ized, ready to apply, Thin-layer Rapid Use Epicutaneous
(TRUE)-Test (supplied by ALK-Abell6 A/S, Horsholm, Den-
mark in 1998 and Mekos Laboratories, Hillerod, Denmark in
2006). Directions to apply the patch test panels to the upper
back 2 days before examination were mailed along with the
patch tests. Patch tests were read and photographed 1-1%: h
after removal. The photos were reviewed by N.H.N. and T.M.
in 1990, by N.H.N,, TM. and AL in 1998 and by T.M,,
N.H.N., AL and J.P.T. in 2008. This was done to ensure that
the ICDRG criteria were used consistently over time. Contact
sensitization was defined as a positive (at least grade 1+
according to ICDRG) patch test to at least one allergen or
mixes of haptens). If the patch had no skin contact upon
patch test reading, or if the subject had removed it prior to
testing as a result of known contact sensitization, it was
regarded as missing data.

Statistical analysis

In both studies, the association between contact allergy
and psoriasis was explored by using a ¥’ test and by using
logistic regression analyses. The outcome of patch testing was
used as the dependent variable and psoriasis, sex and age as
the independent variables. Results were expressed as odds
ratios (OR) with 95% confidence intervals (CI). All data analy-
sis was performed using spss version 12 (SPSS, Chicago, IL,
USA).

© 2009 The Authors
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Results

Clinic-based register linkage study

Between 1985 and 2006, 15 641 patients were patch tested at
Gentofte Hospital, University of Copenhagen, Denmark. More
females than males were tested in this period (63:7% vs.
36:3%). The age, defined as the age at the first positive patch
test or the first patch test if all negative, spanned from 4 to
99 years, with a median of 47-0 years; 9463 patients had patch
tests with a positive outcome (35:6%). There were more posi-
tive outcomes among females than males (41-1% vs. 26:0%).

Of the 15 641 patients 806 had an ICD code for psoriasis
(ICD8 69609, 69610, 69619 or ICD10 DL40). An outline of
the linked register data is shown in Table 1.

An inverse association was found between a psoriasis diag-
nosis and a positive patch test. The crude OR for a person
with a psoriasis diagnosis of having a positive patch test was
0-58 (95% CI 0-49—-0-68). The result did not change when
adjustment for sex and age was applied (Table 2).

Population-based cross-sectional study

Between 1990 and 2006, 4989 (98:5%) of 5065 participants
were patch tested; 616 (12:3%) of these had a positive patch
test reaction to at least one allergen; 301 (6:1%) of 4989
respondents reported that their doctor had at some point told
them that they suffered from psoriasis. By use of a logistic
regression model we explored the association between psoria-
sis and contact allergy. Crude data analysis revealed an inverse
association between self-reported psoriasis and a positive patch
test reaction to at least one allergen with an odds ratio of 0:67
(95% CI 0-44-1-00). After adjustment for sex and age group
the OR was 0:64 (95% CI 0:42—0-98) (Table 3).

Discussion

We found an almost identical and inverse association between
psoriasis and contact allergy in two conceptually different
studies. The association was significant for patients from a der-
matological department as well as for subjects in the general
population. Thus our data strongly support that these two
skin disorders are inversely related. Reports on the relation
between contact allergy and psoriasis from such epidemi-
ological studies have never been presented before. It was only
possible due to the collection of large patient populations and
the unique identifier system in Denmark, which makes a link-
age possible between such registers.

Table 1 Overview of contact allergy in the patch test register

Table 2 Results from the logistic regressions on the clinic-based study
with contact allergy as the response variable and psoriasis as the
independent variable

P Odds ratio 95% CI
Psoriasis < 0-0001 0-581 0:494—-0684
Psoriasis adjusted < 0-:0001 0-581 0-492-0-685

for sex and age

Table 3 Results from the logistic regressions on the population-based
cross-sectional study with contact allergy as the response variable and
psoriasis as the independent variable

P Odds ratio 95% CI
Psoriasis 0-049 0-67 0-44-1-00
Psoriasis adjusted 0-038 0-64 0-42-0-98

for sex and age

The association of psoriasis and contact allergy has previ-
ously been investigated using different approaches. Using a
large database of dermatological patients, Henseler and Christ-
ophers investigated disease concomitance in psoriasis. Contact
allergy was found to be three times less frequent in patients
with psoriasis compared with a control group of patients with
nonpsoriatic skin diseases.” The patients were not patch tested
and it could be argued that some of the patients with psoria-
sis may have had undiagnosed contact allergy. Conflicting
results have been presented in studies, in which patch testing
of patients with psoriasis have been compared with control
groups. Fedler and Stromer patch tested 552 adults, 88 of
whom had psoriasis, with standard allergens and found that
patients with psoriasis had significantly less nickel allergy than
healthy controls but found no difference in the overall preva-
lence of contact allergy.® Barile et al. patch tested 305 patients
with psoriasis and 96 patients with dermatological diseases,
other than allergic contact dermatitis and psoriasis, and found
no difference in responsiveness to patch testing between the
groups.* In a recent study from Vojvodina, 56 patients with
psoriasis and a control group was patch tested with the
European baseline series.® No overall difference was found;
however, male patients with psoriasis were found to have a
lesser reaction than healthy males, although the difference
was on the margin of significance. The different results
reveal, as previously mentioned, difficulties in conducting
such patient studies.

Negative patch test (n = 10 069)

Positive patch test (n = 5572)

Age (years) 0-15 16-30 31-50 51-70
Psoriasis 10 79 206 234
Not psoriasis 213 2096 3129 2719

>70 0-15 16-30 31-50 51-70 > 70
77 0 18 73 81 28
1306 51 941 2039 1622 719

© 2009 The Authors
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In our study a few potential biases also need to be
addressed. The identification of patients with psoriasis in the
clinic-based study was based on data from the DNHR. This
register has been validated in several studies for other diagno-
sis and found to be between 66% and 99% accurate.”® Out-
patients were not included in the DNHR until 1 January 1995.
This could result in under-registration of patients with psoria-
sis, typically the milder cases. However, patients registered as
outpatients from 1995 were all accounted for as inpatients.
This supports the notion that being followed in a hospital
department as an outpatient will lead to admission at some
point; hence the lack of outpatient registrations in the first
period is regarded as being of minor importance to the result,
although the issue of sampling bias has to be considered. Mild
cases of psoriasis are not included as they are not being fol-
lowed in a hospital centre and therefore not identified in the
registry. This, however, is not the case in the population-
based study design in which all degrees of psoriasis severity
are likely to be represented. The similar results from the two
studies indicate that the found inverse relation is evident for
all mild as well as severe cases of psoriasis.

In the population-based study, the diagnosis of psoriasis was
obtained by using a questionnaire. The prevalence of psoriasis
in the dataset was relatively high (6%), suggesting that most
people with the diagnosis of psoriasis are accounted for.
Dermatitis is a prevalent skin disorder associated with contact
allergy. It is possible that some participants incorrectly reported
psoriasis instead of dermatitis. However, this would tend to
underestimate an inverse association between psoriasis and con-
tact allergy. The prevalence of a positive patch test reaction to
at least one allergen was 12:3%, which is relatively low com-
pared with previous reports from the general population. It has
been estimated that approximately 18-29% of positive patch
test reactions to nickel are missed when patch test readings are
performed on day 2 only and not also on day 4.>' Patch test
readings in the study were done on day 2, which may account
for the low prevalence. However, this is not likely to have
influenced the inverse association found between psoriasis and
contact allergy. Patients with psoriasis are often treated with
UV light or systemic immunosuppressant medication, which
could suppress a positive reaction at the patch testing. How-
ever, these treatments are as standard discontinued at least
4 weeks before testing and are therefore unlikely to have inter-
fered with the result in any of the two studies.

A difference in the pattern of referral to patch testing, for
patients with psoriasis compared with that of chronic derma-
titis patients, could result in a bias in the register-based study.
If such a difference exists it would be assumed to be more
restricted for patients with psoriasis than for patients with
chronic dermatitis, which would lead to a negative rather than
a positive association and so would make the found negative
association even stronger.

A well-known epidemiological variation in psoriasis exists,
with relatively high prevalences in Northern Europe.”” The
variation in contact allergy is not elucidated in a similar way
and will depend on exposure patterns. Theoretically patients

with psoriasis could have a specific pattern of exposure to
allergens; however, the relative distribution of allergies in
patients with psoriasis in our material does not differ from the
rest of the patients, which argues against a different exposure
pattern for patients with psoriasis.

Our studies do not indicate the direction of causality of the
found inverse association. Unlike contact allergy psoriasis has
a strong genetic background but is likely to appear between
the age of 15 and 30 years.”® This is the same age that onset
of many contact allergies are seen, which makes it difficult to
assess the causality in the found inverse relation. The possibil-
ity that contact allergy influences the immune system, and
thereby reduces the risk of psoriasis, cannot be ruled out from
these studies; however, in a study with sensitization Moss
et al.® found untreated patients with psoriasis to be signifi-
cantly less responsive to DNCB than healthy controls. Compa-
rable results were found in a similar study by Obalek et dl.,’
who furthermore showed the impairment of reactivity to be
inversely related to the activity of psoriasis.

These studies support the concept of psoriasis as an immuno-
dysregulatory process that interferes with the mounting of an
immune response to haptens. Some investigators have attributed
the low incidence of contact allergy in patients with psoriasis to
accelerated epidermal turnover in psoriasis; others believe it to
be due to functional alterations in T cells in psoriasis.”

In previous studies, using the same clinic-based register
study design, we have found inverse relations between contact
allergy and the autoimmune diseases type 1 diabetes, Crohn
disease and rheumatoid arthritis.'*'* These autoimmune dis-
eases have in epidemiological studies been shown to be asso-
ciated with psoriasis more frequently than expected and to
share genetic susceptibility loci.'®'" Although the disorders
represent separate entities they appear to follow overlapping
pathogenic pathways. In the past 3 years the importance of
T-helper (Th) 17 cells in the pathogenesis of organ-specific
autoimmune inflammation, including psoriasis, has been dem-
onstrated through multiple areas of research, as reviewed by
Steinman’* and the cytokine signature of Th17 cells interleu-
kin (IL)-17, IL-23, IL-22, IL-6 and IL-21 has been found to
play a key role in the pathogenesis of several autoimmune dis-
eases. 233 Apart from this, alterations of dendritic cell, regula-
tory T cell and cytokine homeostasis have been implicated in
various human autoimmune diseases.**** We believe that an
immunological explanation for the inverse relation between
contact allergy and psoriasis is to be found in the immuno-
logical milieu shared between the autoimmune diseases. The
Th17 dominance in autoimmune diseases is only one of many
factors that could play a role. Contact allergy is traditionally
thought to be a Thl-mediated inflammatory disease, but
recently Th17 cells have also been found to play a role in
allergic contact dermatitis,”® demonstrating the complex
immunological nature of the inflammatory diseases. An exact
explanation of how the autoimmune milieu can interfere with
the induction and/or elicitation phase of the T-effector cell-
mediated immune response in contact allergy or vice versa
remains to be further elucidated.

© 2009 The Authors
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In conclusion this study demonstrates an inverse relation
between psoriasis, an autoimmune disease, and contact
allergy. The relation is undoubtedly complex and it
seems unlikely that a single approach will be found to
describe it. Expanding our understanding of the immuno-
logical complexity is of major importance when considering
therapeutic targets and further studies in these fields are
required.
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Susceptibility and reactivity in polysensitized
individuals following controlled induction
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Background: 1t is uncertain whether polysensitized patients acquire multiple allergies only because of a
high degree of exposure to environmental allergens, or because of being highly susceptible to developing
contact allergy.

Objectives: The aim of this study was to investigate and compare susceptibility and reactivity in
polysensitized and monosensitized individuals, and in healthy controls.

Patients/methods: We sensitized 66 adult individuals (21 polysensitized, 22 monosensitized, and 23
healthy controls) with diphenylcyclopropenone and assessed challenge responses with visual scoring and
ultrasound. We compared sensitization rates using a chi-square test and logistic regression analyses, and
calculated linear regression lines of the elicitation responses for each individual. The mean values of the
slopes and the intercepts for each group were used to measure the strength of the elicitation response,
and were compared using the Mann—Whitney test.

Results: Sensitization ratio was equal in the three groups: 57% for the polysensitized, 59% for the
monosensitized, and 65% for the healthy control group. There was a lowered elicitation threshold in the
polysensitized group compared with that in the monosensitized and healthy control groups and, although
not statistically significant, a stronger elicitation response was observed in the polysensitized group.

Conclusion: Increased reactivity was found in the polysensitized group, demonstrated by a lowered
elicitation threshold, compared with that in the monosensitized and healthy control groups.

Key words: contact allergy; elicitation thresholds; polysensitivity; sensitization study. © John Wiley &
Sons A/S, 2010.
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Many questions regarding skin sensitization remain
unanswered. Why do some people become sensi-
tized to allergens that most people tolerate, and why
do some people develop multiple allergies? Poly-
sensitization has been defined as contact allergy
to three or more unrelated allergens, as suggested
in two recent reviews (1, 2). Prevalence studies
have reported polysensitization in 1 in 6 sensi-
tized patients in hospital-based studies (3—5) and
1 in 21 sensitized patient in a general popula-
tion (6), indicating that polysensitized patients more
often have chronic severe eczema requiring hospital
attention; moreover, polysensitization is also asso-
ciated with a long duration of disease (7), but not

more generalized dermatitis (8). Polysensitization is
encountered more often than would be expected by
chance (6, 9). These patients more often develop
new positive reactions compared with patients with
one or two contact allergies when tested additional
times (10). Moreover, polysensitized patients have
been shown to produce greater induction and elicita-
tion responses when experimentally exposed to dini-
trochlorobenzene (9). Therefore, some regard this
group of patients as belonging to a special entity,
whereas others regard it a part of a sensitization
spectrum resulting from multiple exposures. The
objective of this study was to evaluate susceptibil-
ity to sensitization, and to evaluate the elicitation
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reaction with regard to intensity and variability in
thresholds, related to a strong allergen under con-
trolled conditions of exposure.

Material and Methods
Subjects

A total of 66 adult patients were included in
the study: 21 polysensitized patients (17 women
and 4 men, mean age 51.2 years), 22 monosensi-
tized patients (14 women and 8 men, mean age
48.2 years), and 23 healthy controls (14 women and
9 men, mean age 34.6 years).

Patients were recruited from the Department of
Dermato-allergology, Gentofte Hospital, University
of Copenhagen, Denmark, and healthy controls via
advertisements.

All patients had been patch tested in the depart-
ment with the European baseline series and, if
relevant, additional series dependent on exposure.
Patients with positive reactions to three or more
allergens on the patch test were allocated to the
polyallergic group. Patients with a positive reaction
to one allergen on the patch test were allocated to
the monoallergic group. Only allergens that were
not chemically/structurally related were regarded as
new allergies.

Inclusion criterion was 18-65 years of age.
Exclusion criteria were as follows: (i) women who
were either pregnant or breast-feeding; (ii) use of
corticosteroids or other immunosuppressive drugs;
(iii) exposure to sunlight 2 weeks before the start of
the study; (iv) a history of atopy; (v) occupational
contact allergy; (vi) allergy caused by topical treat-
ment; (vii) previous exposure to diphenylcyclo-
propenone; and (viii) current malignancy or a
history of malignancy.

Some of the patients had chronic eczema, but
none in an active form and not on the test sites.

The study was approved by the local Ethics
Committee, and all subjects gave written informed
consent prior to enrollment.

Sensitization and challenge

The sensitization protocol is shown in Fig. 1.
All subjects were sensitized with diphenylcyclo-
propenone in acetone on buttock skin. Petrolatum-
backed 11-mm filter discs were soaked in 50 pl
of 0.0625% diphenylcyclopropenone in acetone
(25 ng/50 pl). Each filter disc was mounted inside
a 12-mm aluminium Finn chamber® and taped to
the skin (Scanpor®; Epitest OY, Tuusula, Finland).
The discs were left for 48 hr.

Challenges were carried out on the upper inner
arm 3 weeks after sensitization, using four con-
centrations of diphenylcyclopropenone in acetone

Week 1 Day 1 Day 3
Sensitization Patch removed
Allergen applied to buttock skin
Patch left dry for 48 h

Week 4 Day 22 Day 24

Challenge Elicitation resp

- 5 challenge sites marked Visual assessment
on upper inner arm Assessment of skin thickness with
- Skin thickness assessed with ultrasound

ultrasound

- 4 incremental doses of allergen

and acetone control applied

- Patches left dry for 6 h

d

Fig. 1. Diphenylcyclopropenone sensitization protocol.

(0.39, 0.78, 1.56, and 3.125 pg/15 pl) and one
acetone control on 7-mm filter discs in 8-mm Finn
chambers®. The discs were left for 6 hr. The chal-
lenge sites were all marked with a surgical skin
marker for evaluation 48 hr later.

Visual assessment

The elicitation responses were assessed using a
visual score, as suggested by Cooper et al. (11):
1 = no reaction, 2 = mild, macular erythema, 3 =
moderate erythema, occasionally with papules, 4 =
strong erythematous reaction (including vesicular
changes), and 5 = extreme or spreading reaction
(including bullous or ulcerative reaction). The final
evaluation of the visual clinical assessment was cal-
culated as the sum of scores at the four diphenyl-
cyclopropenone challenge sites of subjects with at
least one positive reaction. A visual score of 2 or
above was considered a positive reaction.

Ultrasound assessment of skin thickness

Increase in dermal thickness, measured with ultra-
sound, has been shown to correlate well with the
strength of an elicitation reaction (12). In addition
to the visual scoring, dermal thickness of each elic-
itation site was determined using a high-frequency
ultrasound scanner (Dermascan, Cortex technology,
Horsens, Denmark), and 12-mm scanned images
were recorded pre-challenge and post-challenge.
Five dermal thickness measurements were taken
from each pre-challenge and post-challenge scan at
fixed distances of 2, 4, 6, 8, and 10 mm along the
horizontal length of the scanned image. A mean per-
centage increase in dermal thickness was calculated
for each elicitation site. A mean percentage increase
in dermal thickness of 10% or more was considered
a positive reaction.

Statistical Analysis

Positive elicitation reaction measured with either
visual clinical score or ultrasound was categorized a
positive sensitization. Group sensitization ratios were
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compared using a chi-square test and logistic regres-
sion analyses. The outcome of challenge, whether
positive or negative, was used as the dependent vari-
able, and allergy status, sex, and age were used as
the independent variables. Results were expressed as
odds ratios with 95% confidence intervals.

Strength of reactions in the three groups were
analysed with both the visual scores and the ultra-
sound data. The Mann—Whitney two-sample rank
sum test was used to compare the sum clinical scores
in the groups. Using the ultrasound data, linear
regression analysis of the elicitation responses was
carried out for each individual, and the mean values
of the slopes and the intercepts, used as parame-
ters for strength of the elicitation reaction, for each
group were compared using the Mann—Whitney test,
as recommended for serial measurements. P-value
<0.05 was considered to be statistically significant.

Threshold concentration was defined as the weak-
est concentration giving a positive response, with
either visual clinical score or ultrasound, in a con-
tinuous line of positive reactions starting from the
highest concentration, and was compared between
the groups with the Mann—Whitney test.

All data analyses were performed using SPSS®
version 12 (SPSS, Chicago, IL, USA).

Results

Overall sensitization ratio was equal across the three
groups: 57% (12/21) for the polysensitized patients,
59% (13/22) for the monosensitized patients, and
65% (15/23) for the healthy control group (Fig. 2).

The percentage increase in dermal thickness cor-
related well with the dose-dependent clinical scores,
based on the visual assessment, and a linear dose-
dependent increase in response to diphenylcyclo-
propenone was observed in all sensitized individu-
als. Overall, strength of the elicitation responses was

Sensitization ratio

Sensitization %

Control

Poly Mono

Fig. 2. Sensitization ratio of polysensitized, monosensitized,
and healthy control groups.

4+ I Polyallergy
Monoallergy
3 [ Control
24 I :|:
AN
04
0.39 0.78 1.56 3.125

Diphenylcyclopropenone (pg)

Fig. 3. Response to four incremental challenge doses of
diphenylcyclopropenone as assessed by visual clinical scores.
Group mean = standard error of the mean is indicated.

stronger in the polysensitized group compared with
those in the monosensitized and healthy groups;
however, this difference was not evident when anal-
ysed statistically. In Fig. 3, the mean visual clinical
scores of elicitation reactions at all four diphenylcy-
clopropenone doses are depicted separately for the
three groups. For all four diphenylcyclopropenone
doses, the mean strength of the elicitation responses
is higher in the polysensitized group compared with
that in the other two groups.

Using the ultrasound data, we compared mean
slope and intercept for the groups of the indi-
vidual regression lines obtained for the elicita-
tion responses to diphenylcyclopropenone. Mean
slope and intercept were higher in the polysensi-
tized group compared with that in the monosen-
sitized group: 21.8 versus 18.3 and 45.8 versus
28.1, respectively, but were not statistically different
when the Mann—Whitney test was applied, P = 0.5
and 0.07, respectively.

Threshold data for the groups are shown in Fig. 4.
There was a significantly lower median elicitation
threshold dose in the polysensitized group (0.39 ug)

Elicitation threshold

3.124 (X X ) (Y XY}
5 _
2 4
o
N .
3
g 1.56- ° —0-000—  —0C0CO—
c _
o
zu 078 eee eeeo (X
O 0.39- -eseeeee- oo o000
0.00 T T T T
Poly Mono Control

Fig. 4. Elicitation thresholds, defined as the weakest concen-
tration giving a positive response in polysensitized, monosensi-
tized, and healthy control groups. Group median is indicated.
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compared with that in the monosensitized (1.56 |1g)
and healthy control groups (1.56 pug), with P =
0.005 and 0.037, respectively. The challenge doses
used did not show any irritant response in the
unsensitized individuals.

Discussion

In this study, we evaluated the sensitization and elic-
itation potential in polysensitized individuals, and
compared it with that of monosensitized and healthy
controls using an experimental sensitization design.
We found no difference in the overall sensitization
ratio or statistical difference in the strength of elici-
tation, but we found a lowered elicitation threshold
in the polysensitized group compared with that in
the monosensitized and healthy control groups.

In 1985, Moss et al. experimentally sensitized
polysensitized, nickel allergic and healthy individ-
uals with dinitrochlorobenzene (9). Induction was
conducted with three different doses and challenge
with four incremental doses of dinitrochloroben-
zene. The sensitization ratio increased with the
induction dose in all groups. No difference in
overall sensitization ratio was found between the
groups. Using the strongest induction dose, sensitiz-
ing 100% of allergic individuals, Moss et al. further-
more found the response to challenge to be greater in
the polysensitized group compared with that in the
other two groups. Within the lower induction doses,
the challenge data were less clear and interpretation
was hampered by the small number of participants.

In accordance with Moss et al., we found no
difference in the overall sensitisation ratio between
the groups. Sensitizing a relatively large group
of individuals with an induction dose sensitizing
around 60% of healthy individuals, we found a trend
towards greater responses to challenge doses only in
the polysensitized group.

Environmental factors are crucial in developing
allergy but are not the sole drivers; various studies
have pointed to the role of genetic factors in
developing contact allergy (13—15). There is no
evidence to clarify the relative influence of inherited
susceptibility and environmental exposure on the
development of contact allergies.

Using an experimental allergen with a sensitiza-
tion potential higher than most allergens encoun-
tered in the environment, we did not find a higher
sensitization ratio in a large group of polysensi-
tized individuals compared with that of monosen-
sitized and healthy controls. This finding seemingly
contradicts the hypothesis that polysensitized indi-
viduals are polysensitized because of an increased
susceptibility to developing allergy. However, the
relative influence of inherent susceptibility and envi-
ronmental exposure on developing contact allergy

may vary with the induction dose and type of
allergen. This is indicated by a study by Walker
et al. in which children were sensitized to dini-
trochlorobenzene regardless of sensitization status
of their parents; however, using the comparatively
weaker allergen N-nitrosodimethylamine, it was
found that children of parents who were sensitized
to N-nitrosodimethylamine were sensitized signifi-
cantly more than children of parents who were not
sensitized to N-nitrosodimethylamine (16). The use
of a strong allergen in our study may have hampered
our ability to detect differences in overall sensitiza-
tion potential between the test groups.

Nevertheless, we found a significantly lower
threshold to diphenylcyclopropenone challenge in
the polysensitized group compared with that of
both monosensitized and healthy controls, indi-
cating a greater reactivity in the polysensitized
group. In a recent work, using the allergens nickel,
methyldibromo glutaronitrile, and p-phenylene-
diamine, no significant difference in elicitation
response could be demonstrated between polysensi-
tized and single/double sensitized individuals (17);
however, the study carried some inherent limita-
tions in methodological design and test size and
the results were regarded only as an exploratory.
One limitation that is likely to have influenced the
results was the lack of controlled induction. It is
well established that the strength of the elicitation
response correlates with the induction dose (9, 18).
In our study, the induction dose was controlled and
equal for all participants; however, the conclusions
of our study represent an extrapolation from just
one allergen.

A strength in our study is the large and highly
selected group of polysensitized individuals. In
theory, some polysensitized individuals may not
have an increased, inherent susceptibility, but have
been exposed to high concentrations of allergens for
so long that allergy development was inevitable. To
account for this, individuals with occupational aller-
gies and allergies resulting from topical treatment,
including leg ulcer patients, were excluded from our
study. Furthermore, to account for possible cluster-
effects, only allergens that were not chemically/
structurally related were regarded as new allergies.
None of the participants in the study had a history
of atopy.

The reason behind the lower elicitation thresholds
in polysensitized patients can only be hypothesized.
One explanation could be a shared genetic back-
ground, and another could be that the immunological
milieu has changed with multiple allergies, whereby
an elicitation response is more easily evoked. What-
ever the reason, the finding is in accordance with the
clinical fact that polysensitized patients have clinical
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manifestations in the form of allergic contact der-
matitis more often than monosensitized patients and
have longer lasting dermatitis (7). This knowledge
is important when guiding and informing the poly-
sensitized patients in the clinic.

To conclude, we found no difference in the sensi-
tization ratio, and a stronger trend in the strength
of elicitation and a lowered elicitation threshold
in polysensitized patients compared with that of
monosensitized and healthy controls. Overall, envi-
ronmental exposure is the most important factor in
developing contact allergy. Without environmental
exposure, contact allergy cannot be induced; how-
ever, seemingly an increased reactivity lowers the
threshold for elicitation. The study contributes to
the evidence of polysensitization as a phenotype for
inherent, increased reactivity.
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Abstract

An inverse relation between contact allergy and autoimmune diseases is suggested
from epidemiological studies. We demonstrate in a controlled experimental sensitiza-
tion study impaired senisitization to a strong hapten Dipheylcyclopropenone in 23
patients with psoriasis and 22 patients with diabetes compared to 23 healthy con-
trols. All were sensitized on buttock skin and challenged on the upper arm three
weeks later. The sensitization ratios were 26%, 36% and 65% for the psoriatic, dia-
betic and healthy group respectively. Logistic regression analysis gave an odds ratio
for a person with psoriasis or diabetes type | of being sensitized to 0.18 (Cl 95% 0.
039 - 0.85) P=0.031 and 0.74 (95% CI 0.548 — 1.008) P= 0.056, respectively. Skin
biopsies taken from challenged skin were investigated for presentation of FOXP3+
regulatory T cells with immunohistochemistry. A high degree of FOXP3+ cells were
found in positive elicitation reactions but only limited numbers in negative elicitation
reactions. Skin biopsies from challenged skin were investigated for down regulatory
mechanisms with gene expression profiles using microarray technology. No specific
MRNA expression was found in the challenged skin of negative elicitation reactions,
indicating no sign of active down regulation. The study adds strongly to the evidence
of a decreased susceptibility to develop contact allergy in individuals with autoim-

mune diseases, such as psoriasis.



INTRODUCTION

Interestingly recent epidemiological studies have shown that an inverse relation ex-
ists between contact allergy and the autoimmune diseases; psoriasis, diabetes type |,
rheumatoid arthritis and inflammatory bowel diseases (2-5). Two experimental sensi-
tization studies have shown reduced reactivity to challenge in patients with psoriasis
(6, 7), but the ability to become sensitized was not investigated. One study has found
reduced sensitization ratio among patients with rheumatoid arthritis (8), but sensitiza-
tion ratio and reactivity of patients with other autoimmune diseases have never been
investigated and the mechanisms behind the apparent impairment in contact allergy
remain unknown.

Contact allergy is highly regulated, in part due to regulatory T cells playing a role in
diminishing collateral damage and helping in the resolution of ACD. Regulatory T
cells may even help in preventing ACD all together, indicated by recent studies show-
ing that in non-allergic individuals antigen-specific regulatory T-cells are activated
and found in the challenge sites of non-allergic individuals (9, 10), thus an active
down regulation is taking place.

It was the aim of our study firstly to investigate in a controlled human sensitization
study the ability of becoming sensitized among patients with two different autoim-
mune diseases, psoriasis and diabetes type |. Secondly to identify whether or not
down-regulatory events was present in the elicitation phase, by investigating skin
biopsies taken from elicitation sites with immunohistochemistry and mRNA expres-

sion profiles with microarray analysis.



RESULTS

Sensitisation outcome

23 patients with psoriasis, 22 patients with diabetes and 23 healthy controls were
sensitized on buttock skin with DPCP and challenged on the upper arm three weeks
later. Challenge responses were evaluated with a visual clinical score and ultra-
sound. A visual score of 2 or above or a mean percentage increase in dermal thick-
ness of 10% or more was considered a positive reaction.

Sensitisation ratios were lower in both the psoriatic and diabetic group compared with
the healthy group of subjects. The sensitization ratio was 26% (6/23) for the psoriatic
group, 36% (8/22) for the diabetic group and 65% (15/23) for the healthy control
group (Fig 1).The logistic regression analysis gave an odds ratio for a person with
psoriasis of being sensitized to 0.18 (Cl 95% 0. 039 - 0.85) P=0.031, when adjusted
for sex and age. The crude odds ratio for a person with diabetes type | of being sen-
sitized was 0.74 (95% Cl 0.548 — 1.008) P= 0.056.

The percentage increase in dermal thickness, measured by ultrasound correlated
well with the dose-dependent clinical scores of the visual assessment, and a linear
dose-dependent increase in response to DPCP was seen in all positively sensitized
individuals. The overall strength of the elicitation responses of positively sensitized
individuals is summarized in table 1. For sensitized individuals there were no statisti-
cally significant differences in strength of elicitation between the groups.

The challenge-doses used did not show any irritant response in unsensitized indi-

viduals.



Sensitization ratio

Sensitization %

1 1 1
Control Diabetes type | Psoriasis

Fig.1. Sensitization ratios of healthy controls (n=23), patients with diabetes type | (n=22) and
patients with psoriasis (n=23).

Group Sens. Sum Clinical Score UL regression line UL regression line
Mean +/- s.d mean slope +/- sd mean intercept +/-sd
Healthy 15 9.7 +/-4.4 23.1 +/-14.3 59.0 +/- 54.9
Psoriasis 6 8.0+-1.4 22.8 +/-13.2 30.3 +/-12.6
Diabetes type | 8 9.9 +/-4.0 15.9 +/- 8.1 51.6 +/- 53.8

Tabl.1 Strength of positive elicitation responses



Immunohistochemistry

Biopsies from challenge sites were investigated for cell infiltration including FOXP3+
regulatory T cells. Biopsies were taken from 11 individuals: six patients with psoria-
sis, two of whom had a positive elicitation reaction and five healthy controls, three of
whom had a positive elicitation reaction. The biopsies were prepared for immunohis-
tochemistry and incubated with anti-CD4, anti-CD8 and anti-FOXP3 antibodies. The
degree of infiltration of positively stained cells was scored semi quantitatively using a
5-point scale (grade 0-4).

In all five biopsies from subjects with a positive elicitation reaction, including healthy
controls and patients with psoriasis, a typical histological pattern of allergic contact
dermatitis was present. Apart from one single outlier all five biopsies had a grade 4
infiltration of CD4+, CD8+ and FOXP3+ cells, demonstrated in fig. 4. CD4+ cells and
FOXP3+ were mainly distributed in the dermis, with only scattered cells in epidermis.
CD8+ cells were also mainly found in dermis, but with a higher degree of infiltration in
the epidermis. The outlier was a healthy subject with a severe clinical reaction; her
biopsies were with a grade 4 infiltration of CD8+ cells, but with very few CD4+ or
FOXP3+ cells. The 6 biopsies from subjects with negative elicitation reactions all
showed a histological picture of healthy skin; hence there were no sign of subclinical
reactions. All had a grade 1-2 degree of CD4+ cells, but no CD8+ cells and only a
limited number of FOXP3+ cells.

No distinction between biopsies from healthy controls and patients with psoriasis
could be made from the infiltration of T cells neither in patients with a positive nor a

negative elicitation reaction.



A positive elicitation reaction

A negative elicitation reaction

Fig.4. Immunhistochemistry showing a positive elicitation reaction in the same subject A)

CD4+ positive cells B) CD8+ positive cells C) FOXP3+ positive cells and immunohistochem-
istry of a negative elicitation reaction in another subject D) CD4+ positive cells E) CD8+ posi-

tive cells F) FOXP3+ positive cells



Gene expression profiles

In order to investigate possible differences in challenge responses between patients
with psoriasis and healthy controls, biopsies from both groups with and without posi-
tive challenge reactions were selected for gene expression analysis.

Seven patients with psoriasis, two of whom had a positive elicitation reaction and ten
healthy controls, five of whom had a positive elicitation reaction were recruited for
analysis for gene expression. RNA was extracted from the skin biopsies taken from
elicitation sites and a genome wide gene expression analysis carried out using Af-
fymetrix Human Gene 1.0 ST Array. The whole data set and subsets thereof were
subjected to Principle Component Analysis (PCA). Fig. 3 depicts a score plot of the
first two principal components of the PCA with DPCP-treated skin biopsies only. The
first two dimensions retained 22 and 11 % of the variation in the dataset respectively.
A clear separation of the biopsies along the first dimension is observed. Biopsies
from patients with negative clinical elicitation reaction are projected toward positive
values in the first dimension and biopsies from patients with clinical positive elicitation
reaction are projected towards negative values. Thus the first axis distinguishes the
skin from patients with clinical positive elicitation reaction from patients with negative
elicitation reactions. The group of patients with psoriasis could not be distinguished in
the PCA score plot from the healthy individuals regardless of clinical elicitation reac-
tivity.

To identify the probe sets that define the positive and negative directions of the axes
and identify significantly overrepresented annotation terms, an annotation analysis
was applied. Annotation terms are terms for biological processes defined by the

Gene Ontology Consortium. The annotation analysis revealed that terms for biologi-



cal processes related to immune response were overrepresented in the annotation
genes defining the negative direction of the first PC axis. Terms related to prolifera-
tion were overrepresented in the annotation of genes defining the positive direction of
the second PC axis. To further investigate whether or not elicitation reactions were
specifically down regulated in patients with psoriasis, probe sets from psoriasis pa-
tients as well as healthy individuals with a negative elicitation reaction were selected
for further analysis with t-test and subsequent correction for multiple testing with Bon-
ferroni adjustment. When comparing the two groups no significant difference in gene

expression was found.
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Fig.3. PCA plot, scores for the first and second axes. The projections of samples from sub-
jects with a positive o and negative A elicitation reactions respectively are indicated by cir-
cles.



MATERIAL AND METHODS

Subjects

68 adult patients were included in the study. 23 patients with psoriasis (13 women,
10 men, mean age 50.7), 22 patients with diabetes type | (10 women, 12 men, mean
age 40.0) and 23 healthy controls (14 women, 9 men, mean age 34.6).

Patients with psoriasis were recruited from the Department of Dermato-Allergology,
Copenhagen University Hospital, Gentofte, Denmark. Patients with diabetes were
recruited from Steno Diabetes Centre, Gentofte, Denmark and healthy controls via
advertisements.

Inclusion criteria were: (i) Age between 18 and 65 years of age. (ii) For patients with
psoriasis, a diagnosis of psoriasis clinically verified by a specialist in dermatology and
for patients with diabetes, a diagnosis of diabetes type I, insulin dependent. Exclu-
sion criteria were: (i) Women who were either pregnant or breast-feeding. (ii) Use of
corticosteroids or other immunosuppressive drugs. (iii) Exposure to sunlight for two
weeks. (iv) A history of atopy. (v) Previous exposure to DPCP. (vi) Current malig-
nancy or a history of malignancy.

The study was approved by the local ethics committee journal number: H-C-2007-

0123 and all subjects included gave written informed consent before enrolment.

Sensitisation
All subjects were sensitised with DPCP in acetone on buttock skin. Petrolatum-
backed 11mm filter disks were soaked in 50 pl of 0.0625% DPCP in acetone (25

pg/50 ul). Each filter disc was mounted inside a 12mm aluminium Finn chamber®
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and taped to the skin (Scanpor®; Epitest Oy, Tuusula, Finland). The disks were left
for 48 hours.

Challenges were carried out on the upper inner arm three weeks after sensitisation,
using four concentrations of DPCP in acetone (0.39, 0.78, 1.56, 3.125 pg/15 pl) and
one acetone control on 7mm filter discs in 8mm Finn chambers®. The discs were left
for six hours. The challenge sites were all marked with a surgical skin marker for
evaluation 48 hours later.

Sensitization as well as challenge was done on healthy skin.

Visual assessment

The elicitation responses were assessed using a visual score, as suggested by Coo-
per and co-workers (11): 1=no reaction, 2=mild, macular erythema, 3=moderate
erythema, occasionally with population, 4=strong erythematous reaction (including
vesicular changes), 5=extreme or spreading reaction (including bullous or ulcerative
reaction). The sum increase in clinical score was calculated as the sum of values at

the five challenge sites.

Ultrasound assessment of skin thickness

Increase in dermal thickness, measured with Ultrasound technique has been shown
to correlate well with strength of an elicitation reaction (12). In addition to the visual
scoring, dermal thickness of each elicitation site was determined using a high-
frequency ultrasound scanner (Dermascan, Cortex technology, Horsens, DK).12mm
scanned images were recorded pre-challenge and post-challenge. Five dermal thick-

ness measurements were taken from each pre-challenge and post-challenge scan at
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fixed distances of 2, 4, 6, 8 and 10mm along the horizontal length of the scanned
image. A mean percentage increase in dermal thickness was calculated for each

elicitation site.

Biopsies

Two 4 mm punch biopsies were taken from each patient, one from the challenge
area where the highest dose of DPCP (3,125 ug/15 pl) had been applied and one
from the area where acetone had been applied. The biopsies were taken 48 hours
after challenge. Biopsies were taken from 29 individuals, 11 were used for immuno-

histochemistry and 17 were used for the microarray study.

Immunohistochemistry

Biopsies taken from 11 individuals: six patients with psoriasis, two of whom had a
positive elicitation reaction and five healthy controls, three of whom had a positive
elicitation reaction were prepared for immunohistochemistry. These skin biopsies
were embedded in Tissue Tek OCT compound (Sakura Finetek, Zoeterwoude, the
Netherlands), instantly frozen in liquid nitrogen and stored at —80 ° C until use.
Specimens embedded in Tissue Tek and immediately frozen at -80°C in liquid nitro-
gen, were cut into 5-um-thick sections, air-dried and fixed in acetone for 5 minutes
and kept at -80°C. Endogenous peroxidase activity was blocked by incubation for 5
minutes in peroxidase block, diluted in 0.03% hydrogenperoxid in 95% ethanol. Fol-
lowing rinse with distilled water times three, 0.05 % TBS for 5 minutes and 1% BSA
in TBS for 10 minutes, the sections were incubated for 60 minutes at room tempera-

ture with the primary antibodies (mouse antihuman) diluted in 1% BSA/TBS in the
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following dilutions: anti-CD4 (clone 4B12 ; 1: 20) and anti-CD8 (clone 1AS; 1: 20) ob-
tained from Novocastra and anti-Foxp3 antibody (clone 236 A/E7;1: 50), obtained
from eBioscience. After rinsing with TBS, a secondary antibody (EnVision+ kit K4004,
DAKO) labeled with horseradish peroxidase was applied for 30 minutes at room tem-
perature. Enzymatic activity was revealed by a 5—10 minute incubation with 3, 3’-
diaminobenzidine (DAB) + substrate-chromogen (EnVision+ kit K4007, DAKO),
which results in a brown-colored precipitate at the antigen site. Counterstaining was
performed with aqueous Mayer's hematoxylin (Merck, Darmstadt, Germany).
Negative controls were performed with omission of the primary antibody.

The sections and antibodies were examined using an LSM 510 microscope (Carl

Zeiss Microlmaging, Oberkochen, Germany).

Preparation of Total RNA

Biopsies taken from 17 individuals: Seven patients with psoriasis, two of whom had a
positive elicitation reaction and ten healthy controls, five of whom had a positive elici-
tation reaction were prepared for the microarray study. Before taking these skin biop-
sies the skin was frozen using a liquid nitrogen spray to inhibit RNA degradation. The
skin biopsies were immediately placed in liquid nitrogen and transferred to a -80°C
freezer. For RNA extraction, the frozen skin biopsies were ground in liquid nitrogen,
transferred to lysis/binding buffer (Applied Biosystems, Rotterdam, Netherlands) and
homogenized with a rotor stator (Polytron PT3p00 Kinamatica AG, Buch & Holm A/S,
Denmark). Total RNA was then extracted using the mirVana™ Isolation Kit (Applied
Biosystems) following the manufacturer’s specifications. RNA concentration was de-

termined using a NanoDrop spectrophotometer (NanoDrop Technologies, Wilming-
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ton, DE, USA) and the RNA quality was assessed using an Agilent RNA 6000 nano
kit on a 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). The RNA

was stored at —-80°C.

DNA Microarrays

The microarrays used for this study were Human Gene 1.0 ST arrays (Affymetrix Inc,
Santa Clara, Calif) containing probe sets of approximately 26,000 genes.

Generation of cDNA, biotin-labeled cRNA and GeneChip hybridization was per-
formed by the RH Microarry Centre at Rigshospitalet (Copenhagen, Denmark).
Samples were labeled according to manufactures guidelines using GeneChip Whole
Transcript Sense Target Labeling Assay (Affymetrix, Santa Clara, CA, USA). In short
100 nano grams of total RNA was transcribed into cDNA using T7-(N)s primers. Anti-
sense RNA is generated by in vitro transcription of the cDNA, which are used as
template to generate dUTP-containing sense cDNA fragments. Following the removal
of RNA fragments, the sense cDNA fragments were terminal labeled with biotin. The
labeled samples were hybridized to the Human Gene 1.0 gene ST array (Affymetrix,
Santa Clara, CA, USA). The arrays were washed and stained with phycoerytrin con-
jugated streptavidin (SAPE) using the Affymetrix Fluidics Station® 450, and the ar-
rays were scanned in the Affymetrix GeneArray® 3000 scanner to generate fluores-

cent images, as described in the Affymetrix Gene Chip® protocol.
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Data Analysis

Clinical data

Group sensitisation rates were compared by using a chi-square test and logistic re-
gression analyses. The outcome of challenge, whether positive or negative, was
used as the dependent variable and skin status, sex and age as the independent
variables. Results were expressed as odds ratios (OR) with 95% confidence intervals
(CI).

Strength of reactions in the three groups were analysed with both the visual scores
and ultrasound data. The Mann-Whitney two-sample rank sum test was used to
compare the sum clinical scores in the groups. With the ultrasound data linear re-
gression analysis of the elicitation responses were calculated for each individual and
the means of the slopes and the intercepts, used as parameters for strength of the
elicitation reaction, for each group were compared using a Mann-Whitney test, as
recommended for serial measurements. P-value < 0-05 was considered to be statisti-
cally significant.

All data analysis was performed using SPSS version 12 (SPSS, Chicago, IL, USA).

Immunohistochemistry data

The degree of infiltration of positively stained cells was scored semi quantitatively
using a 5-point scale 0 = none, 1=few positive, 2 =some positive, 3=many positive,
4=highly positive.

To detect significant differences between mean values of the groups the Mann—

Whitney U-test was applied. Significance was determined with a p value of less than
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0.05. All data analysis was performed using SPSS version 12 (SPSS, Chicago, IL,

USA).

Microarray data

A single log; scale expression measure for each probe set was attained from the low-
level data files (CEL files), using the robust multiarray analysis procedure with quan-
tile normalization (Irizarry reference) implemented in the Affymetrix library for the R
statistical environment.

Principle component analysis (PCA) was carried out with the prcomp R function. The
2.5% of the probe sets with the most extreme positive or negative loading values for
the first two principal components were extracted and used for analysis of overrepre-
sented GO terms using Fishers exact test for proportions with Bonferroni correction
for multiple test. Mapping of probe Ids to Go terms was performed with the annaffy
package from Bioconductor (13).

To further analyze the possible difference in gene expression between patients with
psoriasis and healthy controls, probe sets from psoriasis patients as well as healthy
individuals with a negative elicitation reaction were selected for further analysis with

t-test and subsequent correction for multiple testing with Bonferroni adjustment.

Discussion

In a controlled experimental sensitization study using the strong allergen DPCP, with
a sensitization potential stronger than most allergens encountered in the environ-
ment, we are the first to show significantly lower sensitization ratios in two large

groups of patients with psoriasis and diabetes type | respectively, compared with
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healthy controls. The result is supporting recent epidemiological studies showing an
inverse relation between contact allergy and several autoimmune diseases; psoria-
sis, diabetes type |, inflammatory bowel disease and rheumatoid arthritis (2-5).

In 1965 Epstein and Maibach sensitized 13 patients with psoriasis and 32 healthy
controls with the strong allergen Dinitrochlorobenzene (DNCB) and found a slightly
reduced sensitization ratio in the psoriatic group, but interpretation was hampered by
the small study sample (14). Two other experimental studies sensitizing psoriatic pa-
tients with DNCB have been conducted. Both studies used a high allergen dose for
sensitization, sensitizing nearly all participants and hence they focused on the degree
of challenge responses only. Moss et al. found reduced challenge reactions com-
pared to the healthy controls (6) and Obalek and co-workers reported a higher
threshold in patients with psoriasis compared to healthy controls (7). These results
strongly suggest changes in the elicitation phase of sensitization among psoriatic
patients. We only found a trend towards reduced reactivity in challenge responses,
this might be due to the use of a different allergen or more likely that the effect is de-
pendent upon the sensitization dose, which in our study was deliberately chosen
relatively low sensitizing only 65% of the healthy group in order to study differences
in sensitization potentials.

A low sensitization ratio of patients with diabetes type | compared with healthy con-
trols was found in this study, although on the border of statistically significance.

One study has demonstrated a reduced sensitization ratio in patients with Rheuma-
toid arthritis using DNCB (8) indicating that the impaired reactivity to hapten could be
common for autoimmune diseases. The autoimmune diseases psoriasis, diabetes

type |, rheumatoid arthritis and inflammatory bowel diseases have been linked
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through common clinical traits, genetic polymorphisms and immunological pathways
(15-17). Theoretically it seems likely, that the autoimmune diseases share an immu-
nological milieu that can interfere with the expression of a contact allergic response.
In contact allergy an individual becomes sensitized to a hapten, a low molecular
weight chemical, though a complex process involving integrated signals from the in-
nate and adaptive immune system, in which T cells during the induction phase are
primed in lymphoid organs and upon re-exposure to the hapten during the elicitation
phase are recruited to the skin, and mediate the clinical outcome; allergic contact
dermatitis. In murine studies regulatory T cells have been shown to play a regulatory
role in reducing the magnitude of the elicitation responses and in preventing priming
to haptens (18-20). In humans, specific CD4+CD25+ regulatory T cells capable of
inhibiting CD4+CD25- nickel specific effector T cells in vitro, have been demonstrated
in allergen challenged skin and blood of non-allergic individuals (9,10), indicating an
active down regulation. These findings led us to investigate the elicitation sites of the
participants in our sensitization study for down-regulatory mechanisms. With immu-
nohistochemical staining we found no difference in cell infiltration between healthy
skin and skin from challenge sites of non-responders after 48 hours, indicating that
the lack of response was not due to an active down-regulation. In agreement with
this, we did not find any significantly up or down regulation of gene expression in the
challenge sites of non-responders after 48 hours. Furthermore, mRNA expression in
elicitation responses of patients with psoriasis and healthy controls could not be dis-
tinguished, neither in the positive or negative reactions, indicating that the clinical
difference between the groups is not due to a difference in down regulation at the

elicitation site.
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Regulatory T cells have been found dysfunctional in suppressing auto-antigen spe-
cific effector T cells in various autoimmune diseases (21-24), but their regulation of
environmental antigens were not investigated in these studies.

The significance of a Th17 profile in autoimmune diseases is well established
through multiple areas of research, reviewed by Steinmann (25) and patients with
autoimmune diseases have been demonstrated to have higher than normal levels of
circulating Th17 cells and cytokines such as IL-17, IL-6, IL-21, IL-22 and IL-23 (26).
We hypothesize that the highly Th17 directed cytokine milieu in patients with auto-
immune diseases is interfering with the mounting of a contact allergic response. This
could be due to interference in the differentiation of naive T cells to become effector
or memory T cells necessary for the contact allergic reaction or due to regulation of
antigen presenting cells. Interestingly Brandt et al. demonstrated in a murine study,
that short-time incubation of in vitro generated DC with |IL-21 significantly reduced
their potential to induce an antigen-specific CD8+ T cell proliferation (27, 28). Antigen
presenting cells, especially Langerhans cells (LC), play a pivotal role in the sensitiza-
tion phase of contact allergy, as they are responsible for the processing, transport,
and presentation of allergens to naive T lymphocytes in the skin draining lymph
nodes. Cumberbatch et al. found that the function of epidermal Langerhans cells and
specifically LC mobilization and migration, is profoundly impaired in the uninvolved
skin of psoriasis patients compared with the skin of healthy volunteers (29). The
authors hypothesised that this could be due to disease progression characterized by
systemic changes that affect LC function. The systemic changes could very well be
due to a Th17 skewed milieu found not only in patients with psoriasis but patients

with other autoimmune diseases as well.
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In conclusion we found reduced sensitization ratios in patients with the autoimmune

diseases psoriasis and diabetes type | and suggest that the immunological back-

ground is not to be found in the elicitation, but more likely in the sensitization phase

of contact allergy.
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