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scientist into the world of patients. 

ratory.

possible.
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Malene Barré Pedersen (née Hansen).
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ABBREVIATIONS

Cpm: Counts per minute

MET: Minimal Eliciting Threshold
MHC: Major Histocompatibility Complex
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1.1  ENGLISH SUMMARY

 

thesis was to characterise different aspects of allergic contact 

In study I, we performed dose response studies in order to 

cm2

dermatitis and leather exposure was exposed to a selection of 

study demonstrated that an extended exposure period might 

transcripts suitable as in vit

population indicated that the differential gene expression 
in 

vitro
in vitro assay 

on allergic contact dermatitis. 
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1.2  RESUMÉ 
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2.1  ALLERGIC CONTACT DERMATITIS

2.1.1    Clinical Features 

2.1.2    Sensitizing Molecules, Haptens

theory, a hapten is too small itself to initiate an immune 

hapten must bind to proteins thereby forming antigenic hap

Ni2+

proposes that Ni2+

sing independent pathway where Ni2+

2.1.3    Immunological Mechanisms 

of cell maturation. Crucial for this maturation is the presence 

ting from the epidermis through the dermis into the afferent 

are drawn into the circulation.
During the elicitation phase, the effector T cells are re

has accumulated to suggest that CD8+ cells also play a major 

of the functional subsets.

2.2  ALLERGIC CONTACT DERMATITIS TO 
CHROMIUM

2.2.1    Chromium - in General 

because of the many different colours characteristic of its 
th element on the periodic 

Cr2 4 4

97443)*+0%(",/
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chromium mined goes into metallurgical applications inclu

include the use of chromium in leather tanning, as a wood 

2.2.2    Chromium as a Hapten

as pH and temperature.

transition metals present as cations. In the higher oxidation 

4 2

lic groups capable of reacting with electrophilic haptens 

dichromate ions do not bind the organic substances in 

 

becoming captured in the stratum corneum and epidermis. 

2.2.3    Diagnosing Chromium Allergy

In vitro assays detecting contact allergies without exposing 

2.2.4    Sensitization Studies

 

animal models only, the two most widely recognised models 
being the guinea pig maximisation test and the local lymph 

Fig. 1 4
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reactions, i.e. inducing with one compound and challenging 
with another, were reported in both studies.

2.2.5    Elicitation Studies

Threshold concentrations for elicitation of chromium derma

In general, the eliciting threshold concentration of an allergen 

threshold concentration for a particular patient is typically not 

In Table I, the results from three dose response studies 

at least one patient in any of the three studies are between 

2

response studies, MET concentrations were not calculated 

in the majority of the patients, much higher concentrations 

reactions.

2.2.6    Epidemiology of Chromium Allergy

Cr(VI) con

patch test

 Cr(III) 

patch testNumber of reacting patients
n

Number of reacting patients
n

440

220

89 2340

28 89
9

Total number of  par
ticipants 38

Total number of par
ticipants

Table I. Dose response studies with Cr(VI) (potassium dichromate) and Cr(III) (chromium trichloride). The concentration of Cr(III) and 
Cr(VI) is given as concentration of elemental Cr. The number and percentage of patients for whom the given concentration of chromium is 
the lowest eliciting a positive reaction is given for each study. NR: Not reacting to the highest concentration.
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2.2.7   Exposure to Sensitizing Chromium Compounds

cement has been a major cause of chromium dermatitis. The 

2 3

epidemiology and the clinical picture of chromium dermatitis 

be more prone to leach out of the leather thereby coming in 
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Study I
tients.

Study II

Study III

Study IV
mium.
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the local ethical committee.

4.1   STUDY I

Patients

n = 2; ++: n

2Cr2

Patch test solutions

3

In addition, three solutions containing combinations of 

concentrations were also applied in separate patch tests. The 

test with synthetic sweat was used.

Analyses of patch test solutions

The test solutions were chemically analysed for the stabi

solutions used.

Patch testing

®

laboration with experienced nurses. The reactions were scored 

detailed description was made of reactions less prominent 

Data analysis

s
i

ii

study with other dose response studies, we also constructed 

4.2   STUDY II

Patients

Leather analysis - comparing laboratories and analytical 
methods

<7441)2$%').!4),/41$2;(/!
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absorption spectrometry.

Exposing patients to leather samples

control leather sample were selected for 48 h patch testing 

2 ® 

tape. In addition, one of the leather samples was also selected 

exposure study, the leather was designed as a bracelet to put 

prolonged exposure study.

Cr(III) and Cr(VI) solutions

ded to the highest concentrations measured in the leather 
samples used for patch testing. 

Test reactions

The clinical reactions were scored according to the scale 
used in study I.

4.3   STUDY III

Patients

2004. 

Patch test solutions

 
The stability of the chromium trichloride solution was ana

Patch testing

reactions.

Recording of supplemental data

Statistical analyses

4.4   STUDY IV

Subjects

included in the study. 

were included. 

Cell cultures

mononuclear cells were collected and grown for lymphocyte 
proliferation tests and gene expression studies. 

Cell cultures for lymphocyte proliferation test

3 4

grown for 3–4 days and cells stimulated with CrCl3 4 

3

Cell cultures for gene expression cultures

Cultures were grown for 24 h with CrCl3 4 or media 
alone.

Microarray technology
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genes. 

Analysis of microarray data

Chips were obtained using the robust multiarray analysis 

comparing patients and controls, the expression measures 
in the unstimulated cell cultures were subtracted from the 

q
q

Real-Time RT PCR

sion before comparing patients and controls using unpaired 
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5.1   STUDY I

their minimal eliciting threshold concentration. 

i ii
allergic reaction including erythema only and single follicles, 

None of the patients reacted to the placebo patch test con

ppm potassium dichromate, not reproduced. 

rs p < 0.01

we recorded these reactions in our dose response study as, 

=744%$!".2!4),/4/'!*"!!'(,

Fig. 2
ries.

Table II. The minimal eliciting threshold (MET) concentration was 
recorded for each patient. The MET is given for both the concen-
tration needed to elicit a positive reaction and a doubtful/follicular 
reaction.

for positive reactions for very weak allergic* 
reactions 

2
2
3
4

99
443
443 2

8 443
9 443 99

443 2 99

2

!"#$%&"'$()"(**$%+,-"%$(-.,/01",0-*23$1"$%&.4$5("/0*&"(03"1,0+*$"
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s = 0.8, p < 0.01
s = 0.48, p < 0.05

allergic reactions.
Based on the threshold concentration data for the 

 or 
MET

The MET concentrations in Table III, demonstrate that, 

population of patients allergic to potassium dichromate, will 

In addition to the dose response studies, patch testing with 

corresponding single solutions. The mixed solutions were 
prepared in synthetic sweat in order to better simulate the 

out of leather by patient perspiration. No difference in the 

considered to be of less importance. This is due to the fact 

potent hapten eliciting a reaction at a concentration as low as 

chromium dermatitis. This is in contrast to other dose response 

Fig. 4

allergic reaction plotted against the log 
concentration of chromium.  

Fig. 3

more than one patient.
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not enhance the response to adjacent lower concentrations of 

concentrations to which they reacted. 

used and therefore single follicles and erythema in response to 

by gradually decreasing strength of the allergic reactions 

been shown mainly to be associated with petrolatum whereas 

effect of the combined solutions.

affecting the results.

lergic reactions, the MET

2

MET
MET
MET 89
MET

Table III. The minimal eliciting threshold (MET) concentration for 
Cr(III) and Cr(VI) given as the concentration (ppm) and  the amount 
of Cr(III)/Cr(VI) per unit area per time (!g/cm2/2 days)
Reprinted with permission from Contact Dermatitis (Hansen et 
al., 2003).

the lowest concentration to which the patients reacted and should 
therefore be interpreted with precaution. 
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5.2   STUDY II

report a relation between different leather items, especially 

 in the leather. 

Leather analysis

leather samples. The results from the two different laborato

method for the analysis of the leather samples used for patch 

from the lowest to the highest measured were selected for 

leather was included. 

Patch testing with leather samples

in at least one patient and 4 patients reacted to at least one 
leather sample. The leather sample eliciting a reaction in 

sample

2
3 3.0
4

8
9 9.2 4.9

. Comparison of a) two Cr(VI) determination methods: the DS/EN 420 and the DIN 
53314 method, measured by Force Technology, and b) two laboratories (Force Technology,  
Denmark and Lederinstitut, Gerberschule, Reutlingen, Germany) measuring the Cr(VI) content 
(DIN 53314) in the same 4 leather samples.
Reprinted with permission from Contact Dermatitis (Hansen et al., accepted for publication).

 
 

 
 

a ?
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the highest number of patients, was the one with the lowest 
C/"

a reaction in 2 patients. In general, no pattern between the 

ned by other allergies among the participating patients.

concentration measured in the leathers used for patch testing 

patients reacting to at least one of the leather samples would 

and leather is due to the low concentrations used.  

Prolonged leather exposure

o

in theory, other chemical compounds may cause the obser

The results from the prolonged exposure study demonstrate 

straps, in particular, are often worn regularly for long periods 

exposure source. 

5.3   STUDY III

sample
No of patients 

reacting

3
2 93
3
4

200
8 2
9 90 2

4.3
2

9.2

209

 The patients were patch-tested with 14 chromium-tanned 
leather samples (1–14) and 1 vegetable-tanned control leather (15). 
Only 5 of the leather samples gave rise to an allergic reaction in at 
least one patient. Reprinted with permission from Contact Dermatitis 
(Hansen et al., accepted for publication).

Fig. 5. Elicitation of dermatitis at the wrist due to exposure to a 
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Patch test reactivity

March 2002 and December 2004.

Foot dermatitis and Cr(III) reactivity

Leather exposure

Other contact allergies

dichromate. Zachariae et al. also found a predominance of 

Table VI. Reactivity to Cr(VI) and Cr(III) among the 2211 Cr(VI)/ Cr(III) tested patients (A). In (B), the Cr(VI) positive reactions are 
subdivided into 1+ and 2+ reactions.
a

2.5–32). Reprinted with permission from Contact Dermatitis (Hansen et al., 2006).

Cr(III)
+? Neg Total

Cr(VI)

22 71

   +? 0 22 216

    Neg 0 1924

    Total 31 66 2114 2211

!"#$$$%
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the study by Zachariae et al, the present study, found that 

based on clinical examination and the history of the patient. 

staff record anamnestic information, the registration of leather 

lergens may be important confounding factors. 

may be caused by patient related factors. 

5.4   STUDY IV

in vitro test system would 

luated as such in vitro assays for identifying and diagnosing 

in vitro

in vitro. In addition, 

n

2.0a 

2b

c

12.8d

(1.3 - 125)
18e

(1.3 - 256)
f

5.6g

(1.7 - 18.7 )
4.2h

(1.1-15.9)
i

 Odds ratio (OR) for foot dermatitis in Cr(VI) 1+ patients 
with : 
a1+/2+ reaction or bdoubtful reaction to Cr(III) compared to cCr(VI) 
1+ patients with no reaction to Cr(III). 
OR for foot dermatitis in Cr(VI) 2+ patients with : d1+/2+ reaction 
or edoubtful reaction to Cr(III) compared to fCr(VI) 2+ patients with 
no reaction to Cr(III).
OR for foot dermatitis in Cr(VI) 1+/2+ patients with :
 g1+/2+ reaction or hdoubtful reaction to Cr(III) compared to iCr(VI) 
1+/2+ patients with no reaction to Cr(III).
Reprinted with permission from Contact Dermatitis.
(Hansen et al., 2006)
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Lymphocyte proliferation test

whether i
ii

of chromium and iii

measures the degree of cell proliferation by the incorporation 

in vitro

analysis using the microarray technology. 

The microarray study

the microarray technology, we analysed the expression of 

was downregulated in the patients compared with the controls 

in the allergic patients compared with the controls subjects 

with control subjects. The gene expression seemed to corre

controls could be differentiated, we analysed the expression 

for patients compared to controls for any of the three genes. 

expression between patients and controls at the 24 h time 

/6";KLMB"'(1"(*1/"/?1$%:$3",0".4$"0,-)$*N1.,52*(.$3"0,-)$*N
(**$%+,-"9(.,$0."-/59(%$3"',.4".4$"F"-/0.%/*1"<O,+7"B>7

P(0&"1.23,$1"4(:$"?$$0"92?*,14$3Q"%$+(%3,0+".4$"3$:$N
*/95$0."/6"!"#$!%&'"3,(+0/1.,-".$1.1"6/%""K;R"

of the in vitr

P1 P2 P5 C1 C2 C3 C4
SI

 4 28 2 8
SI

4 22 44 2 ND 3 3

Cr(III)- and PHA-induced lymphocyte DNA synthesis in PBMC cultures. The subjects indicated in bold were included in the 

the mean cpm in unstimulated cells. Reprinted with permission from Contact Dermatitis. (Hansen et al., 2005).



24          Malene Barré Pedersen

in vitro 
in vitro detection of allergic 

from patients compared with controls. The analysis of three 
selected genes showed that the differential gene expression 

and controls when including patients not reacting proliferati

of three selected genes was reproduced only in proliferating 

S$9%,0.$3"',.4"9$%5,11,/0"6%/5";/0.(-."
R$%5(.,.,17"<T(01$0"$."(*7"FUUH>7
EI: Expression Index.

CISH        CASP8        ETS2

V=
J

F

@

Fig. 7

mulation, the biggest difference between patients and controls was 

V=W"VX9%$11,/0",03$X7

Fig. 6
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combination of expression changes for numerous candidate 
genes may enable reliable discrimination between allergics 

expressed genes should be analysed in order to identify the 

patients and controls. 

GenBank
Accession No

Gene name Gene Symbol Direction of 
regulation

Fold
Change

2.09
2.03

Cell Growth/ maintenance
NM_002438

NM_005239 v-ets erythroblastosis virus E26 oncogene homologue 2 ETS2 2.23

Apoptosis
2.23

NM_001228 Caspase 8, apoptosis-related cysteine protease CASP8 -2.10
Metabolism and synthesis

3.03
2.92

2.88
2.80
2.00

NM_003032

Cell Communication / signal transduction 
NM_145071 Cytokine inducible SH2-containing protein CISH 4.20

3.80

2.22

patients compared with healthy controls. The genes have a fold change equal to or higher than 2. The genes are segregated into 5 func-
tional groups according to the Gene Ontology Consortium (http://geneontology.org). Reprinted with permission from Contact Dermatitis. 
(Hansen et al., 2005).
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microarray technology is based on the analysis of the gene 

will be successful only if there is a subtle stimulation of the 

would be pointless.

mal in vitro

in vitro diagnostics 

in vitro

in vitro test 

relation between the in vitro and the in vivo response should 
be established. 

In this study, we use the microarray technology for the 
analysis of gene transcripts for use in in vitro diagnostic tests 

to mechanistic studies in order to gain insight into the pathoge

increased understanding of the disease and possibly identify 
new therapeutic targets. 
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of the responsibility being put on the patient, appropriate 
legislation should be implemented, securing that the majority 
of the patients will not be exposed to allergen concentrations 

artefact caused by the analytical method itself. 

on the release

appropriate regulation of the content of chromium in leather 
should state that i
and ii

patients.

appropriate studies simulating the true exposure situation. 

only the newly produced leather should meet the demands: 

normal usage. 

 
chromium based tanning methods could be a solution. HowN

be a promoter in such a project considering the small number 

as a reduction in the amount of problematic waste and the 

>7440$,$%).4/'!*"!!'(,4),/4#$%!#$*2'&$!



28          Malene Barré Pedersen

Study I

2 2

Study II 

Study III 

Study IV 

three selected genes indicated that the differential gene expression was related to the degree of proliferation 
in vitro 

assay on allergic contact dermatitis.   

?7444*(,*."!'(,!
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animals with simple chemical compounds. J Exp Med 

lergic contact dermatitis. Int Immunopharmacol 2002; 2: 

2002. 

@7444%$5$%$,*$!
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lergic contact dermatitis through the addition of ‘cyto

proliferation test as a diagnostic aid in chromium contact 

of allergenic potency using the local lymph node assay. 

aspects of contact allergy to chromium and exposure 

ing powders on minimal eliciting patch test concentra

contact allergy: an estimation of morbidity employing the 

turing prefabricated building units. Contact Dermatitis 
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cocyte migration inhibition test in allergic chromate ec

4.

cols: Methods in Molecular Biology. Totowa: Humana 

test with a product containing formaldehyde releaser. 

patch test reactions to metal salts. Contact Dermatitis 

before and since addition of ferrous sulfate to Danish ce

 




