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Chapt( ( 
Dissectionn of allergen and irritan t properties of 
chemicalss in human skin cultures. 

Submittedd for  publication as: 
J.J.L.. Jacobs, Keith D. A. Cammans, P.K. Das, G.R. Elliott. 
Assessementt of contact allergens by dissociation of irritant and sensitizing properties. 
and d 
J.J.L.. Jacobs, Hitoshi Hasegawa, P.K. Das, G.R. Elliott. 
Langerhanss eel! migration and maturation caused by a skin irritant and a contact sensitizer 

Abstract t 
Thee human organotypic skin explant culture (hOSEC) model is a promising 
alternativee in vitro model for screening contact allergens. In this model, the 
chemical-inducedd migration of Langerhans cells (LCs) out of the epidermis 
iss used as a measure of sensitizer potential. However, skin irritants may give 
falsee positive results. Recently, we published that skin irritants cause 
epidermall  toxicity in the hOSEC model. Determination of LC migration 
afterr 24-hours, while excluding toxicity after a 48-hours' exposure period 
eliminatedd false positive results due to irritation, while maintaining true 
positives.. Next, we analysed cells emigrating out of hOSEC for markers of 
LCss (CDla), mature dendritic cells (DCs; CD83) and lymph node homing 
receptorr (CCR7). After exposure to an irritant, an increase of CDla+CD83+ 

LCss was found in the culture medium. After exposure to a sensitizer, CDla+ 

andd CD83+ skin emigrants were increased, but 43% of CDla+ LCs were 
CD83'' (immature). CCR7 was found on > 90% of all DC subpopulations of 
skinn emigrants, including immature LCs. Thus LC migration may occur 
withoutt LC maturation. In conclusion, the hOSEC model predicted 
allergenicityy in humans better than animal tests, i.e. guinea pig 
maximizationn test and local lymph node assay in mice. 
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6.11 Introductio n 
Exposuree to small molecular weight chemicals, often found in industrial, cosmetic and 
householdd products, can induce contact dermatitis. The mechanism involved can be either 
toxicc (irritant contact dermatitis) or immunological (type IV delayed type hypersensitivity 
reaction).. In both cases inflamed skin is infiltrated by activated memory T lymphocytes and 
otherr leukocytes 169. Since skin irritants and contact allergens are the major cause of contact 
dermatitis,, European Community (EC) regulations require that any new chemical must be 
screenedd for irritancy and / or allergenicity (sensitizing) properties before they are 
introducedd into products 143. Contact allergens are currently screened using animal models, 
suchh as the guinea pig maximization test (GPMT) and the local lymph node assay (LLNA ) 
inn mice. The assessment of the sensitization potential of a single chemical requires 24 to 32 
guineaa pigs or 16 to 30 mice. The accuracy of both the GPMT and the LLNA for predicting 
humann contact sensitizers are 73 and 72%, respectively 2. Possible causes of the relative 
loww efficiency of the LLNA and GPMT are differences between the skin of these animals 
andd human skin, immunological differences 85, and false positive reactions with (non-
sensitizing)) irritants". 
Neww EC regulations restrict the use of animals to identify irritant and allergenic chemicals 
forr ethical reasons. Consequently, several alternatives to replace animal use for identifying 
skinn sensitizers and irritants are being developed, based on the understanding of the 
chemistryy and immunobiology of skin sensitization l7°. Important features in skin 
sensitizationn are the skin barrier function and epidermal Langerhans cells (LCs). The 
humann organotypic skin explant culture (human OSEC; hOSEC) model is the only non-
animal,, non-volunteer alternative test that includes both. Epidermal LCs are a unique set of 
Dendriticc cells (DCs) 29, important and sufficient in sensitization to a contact allergen l3°. 
Immaturee DCs process antigen in the peripheral tissue, maturate and migrate to the draining 
lymphh node after activation by e.g. contact allergens 2U71<172. The CCR7 marker is 
importantt for homing of DCs to the lymph node 173~175. Mature DCs express CD83, and 
stimulatee hapten-specific naive T cells leading to antigen-specific sensitization 129130145. 
Thee elicitation phase (allergic contact dermatitis) is induced when the allergen is applied on 
too the skin of a sensitized animal  l9. 
Migrationn of epidermal LCs can be studied in hOSEC 80,81 where they migrate out of the 
skinn explants through lymphatic vessels 82. Applying contact sensitizers topically on 
hOSEC,, accelerates LC migration out of the epidermis, and compound-induced LC 
migrationn has been used as a predictive assay for contact allergens ' . However, the 
migrationn of human epidermal LCs can also be induced by skin irritants in vivo and in vitro 
3I"34.. Thus chemicals have to be screened for allergenicity at non-irritating concentrations. 
Thee threshold for skin irritancy may vary significantly depending on the individual tested; 
thee threshold concentration may differ up to 200-fold '7. This variation may be explained by 
differencess in composition of the human stratum corneum causing differences in skin 
penetrationn between individuals '8. Recently, we have developed a new method for 
assessingg irritancy using methyl-green pyronine (MGP) staining of OSEC to assess skin 
irritationn potential  l02176, in this test, moderate and weak irritants are defined by toxicity 
afterr 24 and 48 hours of OSEC, respectively. Twofold and fourfold dilutions of the lowest 
moderatee irritant concentration still induce LC migration of some non-sensitizers (and 
ourr unpublished data). In this study, the lowest weak irritant concentration (LWIC) is 
evaluatedd to serve as the irritancy threshold for discriminating between sensitizers and non-
sensitizers.. This leads to predictions that correspond better with human contact sensitizer 
dataa than results obtained using either the guinea pig maximization test or the local lymph 
nodee assay. 
Wee also studied the cells migrating out of the hOSEC after exposure to 10% SDS or 1% 
nickell  sulphate, as a model non-sensitizing skin irritant and a model non-irritating 
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sensitizer,, respectively. For this purpose we needed large pieces of skin (9 cm2) that were 
placedd in medium, and cultured for 24 hours, similar to the hOSEC of small biopsies. Skin 
immigrantss were collected and analysed for CD la, CD83 and CCR7 expression to verify 
andd study LC migration and maturation. 

6.22 Materials and methods 
Chemicals.Chemicals. Chemicals used are Dulbecco's phosphate buffered saline (DABS), acetone, 
cobaltt (II) chloride, croton oil, 1-chloro 2,4-dinitrobenzene (DNCB), eugenol, mineral oil, 
nickell  sulphate, nonanoic acid, potassium dichromate and sodium dodecyl sulphate (SDS). 
Testt chemicals were preheated to 37°C, prior to application onto the skin. The following 
dilutionss of the test chemicals were used, SDS (0.1, 0.2, 0.5, 1, and 2%), Cobalt chloride 
(0.2,, 0.5, 1, and 2%), potassium dichromate (0.05, 0.1, 0.2, 0.5, and 1%), Neomycin 
sulphatee (5, 10, 20, and 40%), Nickel chloride (0.5, 1, 2, 5, and 10%), all as aqueous 
solutions,, and croton oil (0.02, 0.05, 0.1, 0.2, 0.5, and 1%), nonanoic acid (0.5, 1, 2, 5, and 
10%),, DNCB (0.05, 0.1, 0.2, and 0.5%) and eugenol (0.5, 1, 2, and 5%), all dissolved in 
minerall  oil. Methyl green was obtained from Sigma-Aldrich Fine Chemicals BV, 
Zwijndrecht,, The Netherlands; pyronine was obtained from Merck KGaA, Darmstadt, 
Germany;; collagenase D was obtained from Boehringer Mannheim, Germany. 
HumanHuman organotypic skin explants cultures (human OSEC, hOSEC), Human breast skin was 
obtainedd as a waste product of cosmetic surgery with informed consent of the patient. 
Sterilee biopsies were cut of approx. 0.25 cm2 each for routine experiments, or 9 cm2 when 
skinn emigrants were isolated. The biopsies were dermal-side down incubated in DMEM : 
F122 (3:1) medium supplemented with 10% foetal calf serum.102 Test chemicals were 
appliedd on top of the epidermis, using a cotton tip. Human organotypic skin explants were 
culturedd for 24 or 48 hours at 37°C in a humid incubator under 5% C02. Each experiment 
wass performed in triple using skin from at least three different donors. After the incubation, 
thee culture medium was removed, and the cultured skin biopsies were embedded in Tissue-
Tek®® (OCT compound, Sakura Finetek Europe BV, Zoeterwoude, The Netherlands), frozen 
inn liquid nitrogen, and stored at -70°C. 
Methyl-greenMethyl-green pyronine (MGP) staining of frozen sections. The MGP staining of cryostat 
sectionss was performed as previously described l02J76. in brief, air-dried five CJm thick 
cryostatt sections were incubated for 20 minutes at room temperature in a fresh MGP-
stainingg solution (0.5% methyl green, 0.1% pyronine in a 0.2 mM sodium-acetate buffer, 
pHH 4.0). Subsequently, the MGP was poured off the sections and the sections were washed, 
driedd and embedded in pertex. Absence of pyronine (RNA) staining in the epidermis was 
regardedd to be a toxic effect. 
AnalysisAnalysis of skin emigrants. Skin emigrants were isolated as described before 80. Briefly, 
afterr 24 hours of culture, the skin explants were taken out and the culture medium was 
incubatedd for another hour at 37°C in the presence of collagenase D. The cells (skin 
emigrants)) were collected, washed and stained with antibodies for flow cytometry. 
Antibodiess used for flow cytometry were FITC- and PE-labelled isotype controls and 
CDD la, PE-labelled CD 14, and FITC-labelled CD83 and anti-mouse IgGl and the 
CCR7.6B33 mouse IgGl monoclonal antibody 177. Flow cytometry was performed with the 
FACScann (BD). The cells were gated for leukocytes using forward and sideward scatter 
characteristics. . 
Immunohistochemistry.Immunohistochemistry. Immunohistochemistry was performed using standard methods on 
cryostatt sections of hOSEC using antibodies for MHC II (HLA-DR), CD la. The Lag 
antibodyy against LC's Birbeck granules 28 was a kind gift from Dr. Kozo Yoneda, Dept. of 
Dermatology,, Faculty of Medicine, Kyoto University. Secondary a antibodies were rabbit-
anti-mousee conjugated with horseradish peroxidase (HRP), goat-anti-mouse conjugated 
withh Alkaline Phosphatase (AP), rat monoclonal antibodies against mouse IgGl (AP 
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labelled)) and IgG2b (biotin labelled), and avidin-HRP. Staining with fast blue base (FBB) 
revealedd antibody binding for AP and staining with 3,3-amino-9-ethyl carbazole (AEC) 
showedd HRP. After staining, slides were embedded in glycerin gelatin and examined within 
66 months. 
AutomatedAutomated quantification of epidermal LCs. LC numbers were measured using the Leica 
QWinn image processing and analysis system version 2.2a (Leica Imaging Systems Ltd, 
Cambridge,, England) with two macros, Lag-blue.Q5R and Lag-red.Q5R, to count FBB and 
AEC-stainedd objects, respectively 157. The Leica QWin macros generate data on the number 
off  epidermal LCs (eLCs/mm) and LC in the basal epidermal area (bLCs/mm). The 
chemical-inducedd effects are calculated by comparing the chemical values with the solvent 
values.. Migration index (MI) is defined as changes in eLCs/mm counts of solvent treated 
skinn compared with chemical treated skin: MI = (('solvent' - 'chemical') / 'solvent') * 100%. 
Basal-Suprabasall  Distribution of LCs (BSD) is calculated by dividing bLCs/mm by 
sbLCs/mm.. Basal Accumulation (BA) is calculated comparing the BSD values of chemical 
withh solvent treated skin: BA = ('chemical' / 'solvent') * 100%. Cutaneous Immune 
Modulatingg Activity (CIMA) index of a chemical concentration is calculated as follows: 
CIMAA index = 10*  MI + BA, with a defined maximum score of 10. 

6.33 Results 
AssessingAssessing the lowest weak irritant concentration (LWIC). Weak irritants are defined as 
causingg epidermal cytotoxicity after 48 hours of hOSEC. This concentration differs 
considerablyy depending on the donor skin. Epidermal cytotoxicity, measured as a decrease 
inn epidermal keratinocyte RNA using a modified methyl-green pyronine (MGP) staining 
proceduree was used to detect irritancy 102!27!76 i n Table 6.1, the ranges of cytotoxic 
concentrationss for nine test chemicals are shown, after 48-hours exposure. SDS, nonanoic 
acidd and potassium dichromate show differences in the minimal cytotoxic concentration of 
att least four-fold. This underlines the need to determine skin irritancy per donor skin. The 
LWIC ss are set to 1 for each donor in order to allow comparison of LC migration caused by 
differentt concentrations in different donors. Relative irritancy is defined as the 
concentrationn relative to the LWICs. 

Tablee 6.1. Lowest weak irritant concentrations (LWICs) of chemicals used in skin derived from 
threee different donors. 

Chemicall  (solvent) Donor 1 Donor 2 Donor 3 

Crotonn oil (min.) 0.1% 0.05% 0.1% 
Nonanoicc acid (min.) 2% 1% < 0.5% * 
SDS(aq.)) 1% 2% 0.2% 
CoC12(aq.)) 2% 2% 2% 
DNCB(min.)) 0.5% 0.5% 0.2% 
Eugenoll  (min.) 2% 2% 5% 
K2Cr207(aq.)) 0.2% 0.1% 0.5% 
Neomycinn sulphate (aq.) >40%** 40% > 40% 
NiS04(aq.)) 5% 5% 10% 

Weakk irritants are defined by toxicity after 48-hours hOSEC. The lowest concentration being a weak 
irritantt is named the lowest weak irritant concentration (LWIC). * < lowest concentration tested was 
toxic.. **  > highest concentration tested was non-toxic. 

CutaneousCutaneous Immune Modulating Activity (CIMA) index. Figure 6.1 shows examples of LC 
disappearancee out of the epidermis (MI), and LC redistribution (BSD); these effects are 
usedd to calculate the CIMA index. CIMA indexes are plotted against the relative irritancy 
comparedd to the LWICs (Figure 6.2). Concentrations of all nine chemicals that were 
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assessedd as being weak irritant concentrations or higher (LWIC > 1) had a significantly 
increasedd CIMA index (Table 6.2). At non-irritant concentration (LWIC < 1), non-
sensitizerss had CIMA index < 1.4. Sensitizers had a CIMA index > 4.4, and > 3.5 at LWIC 
== 0.5 and 0.2, respectively (Table 6.3). The threshold for CIMA index was set at 3 and the 
CIMAA index at 50% of the LWIC was used to assess allergenicity of compounds tested 
(Tablee 6.4). 

Figuree 6.1. Epidermal LCs are double-stained with lag and CD la, and are shown in hOSEC as 
exampless of (A) no morphological change; (B) basal accumulation of LCs; (C) migration of LCs. 
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0.01 1 0.11 1 
Lowestt Weak Irritan t Concentration 

Figuree 6.2. Lowest Weak Irritant Concentration versus CIMA index for non-sensitizers (open 
squares)) and sensitizers (closed squares). Group averages are indicated by grey bares connected 
throughh a striped line (non-sensitizers) and black bars connected through a closed line (sensitzers). 

Tablee 6.2. CIM A at weak irritan t and higher  concentrations 

Crotonn oil 

Nonanoicc acid 

SDS S 

CoCl, , 
DNCB B 

Eugenol l 

K 2Cr207 7 

Neomycinn sulphate 
NiS04 4 

relativee irritancy 
20 0 
10 0 
4 4 
2 2 
1 1 

20 0 
10 0 
4 4 
2 2 
1 1 

10 0 
4 4 
2 2 
1 1 

1 1 
2 2 
1 1 
2 2 
1 1 

10 0 
4 4 
2 2 
1 1 
1 1 
2 2 
1 1 

CIMA A 
10.0 0 
10.0 0 
10.0 0 
7.8 8 
2.7 7 

10.0 0 
9.9 9 
9.9 9 
7.5 5 
3.5 5 

10.0 0 
10.0 0 
6.2 2 
1.2 2 

9.9 9 
10.0 0 
9.0 0 

10.0 0 
9.5 5 

10.0 0 
10.0 0 
8.0 0 
6.2 2 

10.0 0 
10.0 0 
7.4 4 

SD D 
0.0 0 
0.0 0 
0.0 0 
2.0 0 
1.9 9 
0.0 0 
0.1 1 
0.2 2 
2.4 4 
0.9 9 
0.0 0 
0.0 0 
0.7 7 
1.1 1 

0.1 1 
0.0 0 
0.9 9 
0.0 0 
0.4 4 
0.0 0 
0.0 0 
3.4 4 
2.8 8 
0.0 0 
0.0 0 
1.3 3 

n n 
1 1 
3 3 
3 3 
3 3 
3 3 
1 1 
2 2 
3 3 
3 3 
3 3 
1 1 
1 1 
2 2 
3 3 

3 3 
1 1 
3 3 
2 2 
3 3 
1 1 
2 2 
3 3 
3 3 
1 1 
2 2 
2 2 

CIMAA index of sensitizers and non-sensitizers at weak and more irritating concentrations. Relative 
irritancyy = concentration relative to the lowest weak irritating concentration, which is set as 1. CIMA-
avg.. = average CIMA index. CIMA-SD = standard deviation of CIMA. n = number of donors. 

64 4 



Chapterr  6 - Dissection of allergen and irritan t properties of chemicals in human skin cultures 

Tablee 6.3. CIM A at non-irritan t concentrations 

0.5xx PBS 
lxPBS S 
2xPBS S 
Crotonn oil 

Nonanoicc acid 

SDS S 

CoCl2 2 

DNCB B 

Eugenol l 

K2Cr207 7 

Neomycinn sulphate 

N1SO4 4 

relativee irritancy 
nonnon irritant 
nonnon irritant 
nonnon irritant 

0.5 5 
0.2 2 
0.5 5 
0.2 2 
0.5 5 
0.2 2 
0.1 1 

0.5 5 
0.2 2 
0.1 1 
0.5 5 
0.2 2 
0.3 3 
0.5 5 
0.2 2 
0.1 1 
0.05 5 
0.5 5 
0.2 2 
0.1 1 
0.5 5 
0.2 2 
0.1 1 
0.05 5 
0.5 5 
0.2 2 
0.1 1 
0.05 5 

CIMA A 
0.0 0 
1.2 2 
0.6 6 
0.2 2 
0.1 1 
1.4 4 
0.5 5 
0.5 5 
0.0 0 
0.2 2 

6.8 8 
6.5 5 
3.7 7 
5.3 3 
3.5 5 
1.3 3 
5.2 2 
5.3 3 
5.6 6 
7.5 5 
5.7 7 
5.0 0 
1.9 9 
4.6 6 
6.6 6 
1.5 5 
0.6 6 
4.4 4 
4.5 5 
5.4 4 
3.6 6 

SD D 
0.0 0 
1.2 2 
0.9 9 
0.4 4 
0.1 1 
0.2 2 
0.0 0 
0.9 9 
0.0 0 
0.3 3 

2.5 5 
3.0 0 
1.5 5 
2.1 1 
1.2 2 
0.8 8 
2.5 5 
0.3 3 
2.5 5 
0.0 0 
1.1 1 
2.4 4 
0.0 0 
1.8 8 
1.2 2 
1.3 3 
0.9 9 
1.1 1 
1.1 1 
1.2 2 
0.0 0 

n n 
3 3 
3 3 
3 3 
3 3 
2 2 
2 2 
1 1 
3 3 
2 2 
2 2 

3 3 
3 3 
3 3 
3 3 
3 3 
2 2 
3 3 
2 2 
2 2 
1 1 
3 3 
2 2 
1 1 
3 3 
3 3 
3 3 
2 2 
3 3 
3 3 
3 3 
1 1 

CIMAA index of sensitizers and non-sens itizers at non-irritating concentrations. Relative irritancy = 
concentrationn relative to the LWIC = 1. CIMA-SD = standard deviation of CIMA. n = number of 
donorss used to calculate the average. 

Tablee 6.4. Comparison of contact sensitization potential as determined by different tests 

CIMAA index animal tests 
Chemicall  value classification human guinea pig mouse 
Crotonn oil 0.2 - - n.d. + 
Nonanoicc acid 1.4 - - n.d. + 
SDSS 0.5 - - + 

CoC12 2 
DNCB B 
Eugenol l 
K2Cr207 7 
Neomycin n 
NiS04 4 

6.8 8 
5.3 3 
4.4 4 
5.7 7 
4.6 6 
4.4 4 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 

Onlyy CIMA of the highest non-irritating concentration is shown, average of n=3, except for nonanoic 
acidd (n=2). Compounds are classified as a sensitizers if the CIMA index > 3. Human data combined 
fromm HMT or HPTAs 2. guinea pig, tested with GPMT or Buehler Test (BT) 2. Mouse, tested with 
LLNA ,, data from 238'39. 
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AnalysingAnalysing skin emigrants. In order to show that disappearing LCs had migrated, and to 
analysee the skin emigrants, we used larger pieces of skin. These pieces were painted with a 
solventt (aqua), an allergen (1% NiS04) or an irritant (10% SDS). After 24 hours hOSEC, 
thee skin was removed, attached cells were loosened with collagenase, and the medium was 
collected.. After collection, the cells in the medium (skin emigrants) were analysed using 
floww cytometry. Skin emigrating cells were stained for CDla and CCR7, a chemokine 
receptorr involved in cell migration to lymph nodes. CDla is a unique marker for LCs in the 
skin.. More than 90% of the CDla+ cells in the medium were also positive for CCR7 (Figure 
6.3d-f).. CD83 is a maturation marker of DCs. Also more than 90% of the CD83+ cells in 
thee medium were positive for CCR7 (Figure 6.3g-i). Since both CDla and CD83 are 
markerss of DC subpopulations, all these DCs were CCR7+. Calculating the percentage 
CCR7++ cells in skin emigrants, a small increase was found in medium below skin treated 
withh either an allergen or an irritant (Table 6.5). A small allergen- or irritant-induced 
increasee was found for the number of CDla+ LCs (Table 6.5). The number of CD83+ 

maturee DCs was quite low in solvent-treated skin, but was 3.5 and 4.5 times increased for 
mediumm from skin treated with an allergen or an irritant, respectively. (Table 6.5). 
Initiall  experiments showed that some CD83+ cells appeared to be CDla" (data not shown). 
Inn order to distinguish between CD83+ cells that are true CDla" and those that are CDladim, 
wee stained with a higher concentration of CDla. In these experiments we found no CDla" 
CD83++ cells. Almost all CD83+ emigrants from solvent- and irritant-treated were CDla+, 
butt in allergen-treated skin many were CDladm (Figures 6.3J-1, 6.4d). CDla+ CD83+ cells 
weree only marginally increased due to an allergen, but greatly increased under irritant-
treatedd skin (Table 6.5). Only a few cells were CDla+ CD83" in irritant-treated skin, but a 
higherr number of these cells were found in medium from solvent and allergen-treated skin 
(Tablee 6.5). The number of DCs (CDla+ or CD83+ cells) in the medium was doubled in 
bothh allergen and irritant-treated skin compared to solvent treated skin (Table 6.5). 

6.44 Discussion 
LCLC migration. LC migration was assessed by the disappearance from the epidermis of the 
immunohistochemistryy markers CDla and Lag. Both markers can be used to quantify the 
numberr of epidermal LCs in a reliable manner 157. All LCs were CDla+ Lag+, and in 
untreatedd skin, LCs reside in the epidermis, mostly in between suprabasal keratinocytes. 
Afterr culture of treated-treated hOSECs, Lag+ CDla+ LCs were often found in the basal 
partt of the epidermis and in the dermis, suggesting LC migration. The relocation of the LC 
markers,, Lag and CDla, within the dermis has also been found after inducing LC migration 
inin vivo I34. CDla+ LCs have been found in the culture medium due to spontaneous or 
induced-inducedd migration (Figures 6.3d-f,j-l, Table 6.5)80'81. The number of DCs (CDla+ 

orr CD83+) in the medium of skin treated with an allergen or an irritant was much higher 
thann the number of DCs in solvent treated skin (Figures 6.3d-i, Table 6.5). These data 
confirmm that LCs disappearing from the epidermis, migrate out of the skin. In the lymph 
node,, mature LCs stimulate or regulate the immune response, while the absence of LCs in 
thee skin causes a local immunosuppression in the skin l78. Hence, we prefer the terminology 
Cutaneouss Immune Modulating Activity (CIMA). The CIMA index is increased due to skin 
irritationn or the application of a contact allergen. 
Thee presence of CCR7, the chemokine receptor involved in lymph node homing, on virtual 
alll  DCs suggests that these are equipped to migrate to the draining lymph node (Figure 
6.3a-i).. CCR7 is likely to be expressed on all cells migrating to the lymph node. Besides 
CDla++ LCs, these cells include CDla" non-LC DCs, other skin leukocytes that migrate to 
thee lymph node, and lymphocytes that may be present in the blood vessels of the skin 
explants.. Since CDla and CD83 are rare markers in blood cells, it is unlikely that blood 
leukocytess increased the fractions of CDla+ or CD83+ we found. Most spontaneously 
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migratingg CDla+ LCs from hOSEC were CD83", indicating an immature phenotype. 
Migrationn of immature CDla+ CD83" LCs has recently been shown to occur in vivo in 
humann dermatopatic lymphadenitis '79. Our results confirm the data from Geissmann's key 
paperr that brought a definite resolution to a long-awaited issue, namely is maturation 
requiredd for LC migration 4j. In skin treated with allergen or irritant, also a large number of 
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Figuree 6.3. FACS staining of skin emigres from solvent- (A,D,G,J), allergen- (B,E,H,K) and irritant-
(C,F,I,L)) treated hOSEC. Staining is performed with isotype controls (A,B,C), CDla and CCR7 
(D,E,F),, CD83 and CCR7 (G,H,I) and CD83 and CDla (J,K,L). 

67 7 



OSECC TO IDENTIFY SKIN IRRITANTS AND CONTACT ALLERGENS 

Tablee 6.5. Phenotype of skin emigrants 

CCR7++ CDla+ CD83+ CDla"83+ CDla+83+ CDla+83" CDla+/83' 

Solvent t 
Allergen n 
Irritant t 

30.1% % 
43.0% % 
41.0% % 

6.3% % 
9.0% % 
10.3% % 

2.3% % 
8.2% % 
10.9% % 

0.1% % 
4.8% % 
1.8% % 

2.2% % 
3.4% % 
9.0% % 

4.1% % 
5.6% % 
1.2% % 

6.4% % 
13.8% % 
12.1% % 

Solventt is aqua; allergen is 1% nickel sulphate; irritant is 10% SDS. Percentages are the fractions of 
alll  skin emigrants with this phenotype. Clarification of the phenotypes: CCR7+, lymph node homing 
marker;; CDla\ LCs; CD83\ mature DCs; CDla"83+ (CDla" CD83+) non-LC (?) mature DCs; 
CDla+83++ (CDla+ CD83+) mature LCs; CDla+83" (CDla+ CD83 ) immature LCs; CDla+/83+(CDla+ 

and/orr CD83+) skin emigrants that are either LCs and/or mature DCs. 

skinn emigrants were positive for the DC maturation marker CD83 (Figures 6.3g-i, Table 
6.5).. Unexpectedly, we also found CDla" or CDladim cells that were CD83+ (Table 6.5). We 
cannott exclude that these cells are mature LCs that have down regulated their expression of 
CDla.. However, it is not unlikely, that these cells are matured dermal DCs, which stain 
CDlaa or CDladim. The migration of mature dermal DCs has been suggested to play a role 
inn the induction of contact allergy in mice 18°. 
LCLC migration at irritating concentration. At moderate irritating concentrations, as assessed 
byy MGP, essentially all LCs disappeared, as is clear from e.g. loss of MHC II, CDla and 
Lagg staining (compare Tables 6.1 and 6.2; data not shown), and in the case of 10% SDS we 
detectedd LCs in the culture medium (Figure 6.3; Table 6.5). Moderate irritant 
concentrationss correspond with EC classification R38 102176. Even at most weak irritating 
concentrations,, significant LC migration could be found with all chemicals (Table 6.2). 
SDSS has been shown to induce human LC migration to the draining lymph node 34 and 
humann epidermal LC numbers were decreased after application of nonanoic acid 181. LC 
migrationn is required for the induction of, and directly related to the amount of cell 
proliferationn in the local lymph node assay (LLNA ) 182. Local lymph node cell proliferation 
iss induced by irritating concentration of non-sensitizers, such as SDS, croton oil and 
nonanoicc acid 35"39. Our finding of CD83+CCR7+ DCs in the hOSEC medium suggests that 
thesee mature DCs can migrate to the draining lymph node and stimulate lymphocyte 
proliferation.. Skin inflammation parameters, such as cytokines and cellular influx, are very 
similarr in case of allergic and irritant contact dermatitis 18j. The immunology of skin 
inflammationn includes the T-helper cell marker CD4 !84 and the costimulatory molecules 
CD800 ,85 and CD28 186. Our findings confirm that both irritants and allergens can induce 
LCC maturation and migration, and thus may stimulate immune reactions. However, the 
precisee role of antigen-specific immunity in irritancy is unclear, as irritation-induced 
inflammationn occurs rapidly and similarly in previously unsensitized subjects 18j. 
LCLC migration at non-irritating concentrations. Contact sensitizers caused LC migration at 
non-irritatingg concentrations, but non-sensitizing compounds did not (Figure 6.2; Table 
6.3).. The range of dilutions causing LC migration, however, differed between sensitizers. 
Somee sensitizers, like nickel and eugenol, still caused an increase in CIMA at a 20-fold 
dilutionss of the lowest weak irritant concentration, while other sensitizers, like DNCB, 
potassiumm dichromate and neomycin, had a smaller window of non-irritating concentration 
thatt induced LC migration. But all sensitizers showed LC migration at 0.2 and 0.5 times the 
LWICs,, while no non-sensitizers showed LC migration at these concentrations (Figure 6.2; 
Tablee 6.3). Previous studies showed a dose-response relation between contact sensitizer 
dosee and LC migration in hOSEC 84. However, we could not confirm this dose-response 
relationn for LC migration induced by contact sensitizers at sub-irritating concentrations 
(Figuree 6.2; Table 6.3). But we found a dose-response relation for LC migration at weakly 
andd more irritating concentrations (Figure 6.2; Table 6.2). Comparing Pistoor's data 84 with 
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ourr LWICs determined by MGP staining 176, suggests that Pistoor and coworkers most 
likelyy used weak irritant concentrations. LC migration is sufficient for sensitization 13° and 
sub-irritatingg concentrations of sensitizers can induce sub-clinical sensitization l8?. It is 
temptingg to speculate that sub-irritating concentrations of sensitizers that induce LC 
migration,, also can induce sub-clinical sensitization. The fact that both CD83+ and CD83" 
LCss were present suggests that both subclinical sensitization as well as subclinical 
tolerizationn might be possible. 
ComparisonComparison of tests for assessing human contact sensitizers. The CIMA index predicted 
correctlyy all six contact sensitizers, identified by the human maximization test (HMT) and 
inn human patch test allergens (HPTAs) (Table 6.4). Only four were detected in the mice 
(LLNA )) and five of these six in guinea pigs (GPMT) 2. Both these rodents do not react 
significantlyy to neomycin, while mice do not react to nickel sulphate too. In the HPTA, 
bothh nickel (12.8-14.2%) and neomycin sulphate (2.6-13.1%) are among the most frequent 
observedd contact allergens in Europe and North America 124-188

j indicating that some 
importantt human sensitizers are not detected by these animal tests, but they are detected by 
thee CIMA indexes determined in hOSECs. All three frequently used irritants that have not 
beenn reported to be a sensitizer in HPTAs, had low CIMA index values at non-irritant 
concentration.. SDS was a non-sensitizer in both the HMT and GPMT, while the other two 
compoundss were not reported in maximization assay studies. In contrast, all three non-
sensitizerss induced significant lymph node cell proliferation in the LLNA  2'38>39. It is 
temptingg to speculate that LCs migrating to the lymph node due to skin irritation cause the 
false-positivee reactions in the LLNA, since LC migration is directly related to cell 
proliferationn in the LLNA  182. 
PotencyPotency of contact sensitizers. Allergic contact dermatitis differs from most other immune 
reactionss by its strict dose dependency during the elicitation phase 189,190. This dose 
dependencyy can be circumvented by the addition of an irritant45. The dose dependency for 
allergenss is somewhat ambivalent in sensitized humans; some people react to extreme low 
doses,, while other need almost irritating concentrations to develop contact dermatitis 19L. 
Noo differences in CIMA indexes were found between compounds known as strong, 
moderatee and weak sensitizers. The potency of sensitizers in the elicitation phase in vivo is 
dose-dependent,, i.e. a lower concentration is a less potent sensitizer, but also a less potent 
irritant.. Skin irritation can be regarded as epidermal toxicity n and is strictly dose 
dependent,, in contrast to most immune-related events. Thus differences in contact sensitizer 
potencyy may be due to differences in skin irritation potency. Indeed, MGP staining suggests 
chemicalss known as strong sensitizers in human patch tests (0.5% DNCB; 0.5% K2Cr207) 
havee stronger irritancy potential than weaker sensitizers (Table 6.6). This is in agreement 
withh primary irritancy data from 0.25% DNCB in unsensitized humans 192. Sensitizers that 
aree considered to be weaker in human patch test (5% NiS04, 1% CoCl2, 20% neomycin 
sulphate,, 1% eugenol) showed less or no irritancy effects when applied at hOSEC (Table 
6.6).. When comparing data for chemicals at human patch test concentrations, we found 
correlationss between the % positive individuals in the HMT and the irritancy of these 
concentrationn as assessed by MGP (R2 = 0.77) and also with the CIMA at patch test 
concentrationn (R2 = 0.85). No clear correlation between the HMT and any other test was 
found,, including the five true positives in the GPMT (R2 = 0.50) and EC3 (three-fold cell 
proliferationn index) value of the four true positives in the LLNA (R2 = 0.45) (data not 
shown).. These data indicate that assessment of sensitizer potency is related to potency of 
irritation. . 
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Tablee 6.6. Comparison of quantification of contact sensitization potential by different methods 

cone,, chemical 

Crotonn oil 
Nonanoicc acid 
SDS S 

0.5%% DNCB 
0.5%% K2Cr207 

5%% NiS04 

l%CoCl2 2 

20%% Neomycin 
2%% Eugenol 

incidence e 
HPTA A 

EC C 

(-) ) 
(-) ) 
0% % 

(-) ) 
4.6% % 

12.9% % 
4.7% % 
2.6% % 

10.2%* * 

HPTA A 
N-A A 

(-) ) 
(-) ) 
(-) ) 

(-) ) 
2.8%# # 

14.2%# # 

9.0% % 
13.1% % 
11.7%* * 

potency y 
HMT T 

(-) ) 
(-) ) 
(-) ) 

100% % 
100% % 
48% % 
40% % 
28% % 
n.d. . 

GPMT T 

n.d. . 
n.d. . 
0% % 

100% % 
10-100% % 
10-60% % 
n.d.** * 
--
0-60% % 

LLNA A 
EC3 3 

- 1 % % 
-35% % 

- 5% % 

0.08% % 
0.1% % 
--

<0.5% % 
--

14.5% % 

hOSECC data 
CIMAA index 

(LWIC) ) 

0.2 2 
1.4 4 
0.5 5 

5.3 3 
5.7 7 
4.4 4 
6.8 8 
4.6 6 
5.2 2 

(PTC) ) 

n.d. . 
n.d. . 
n.d. . 

9.5 5 
8.2 2 
6.5 5 
6.8 8 
6.2 2 
7.8 8 

MGP P 
(PTC) ) 

n.d. . 
n.d. . 
n.d. . 

2.0 0 
1.0 0 
0.6 6 
0.0 0 
0.0 0 
0.7 7 

Cone,, concentration in patch test; HMT, % individuals sensitized in the human maximization test; 
HPTA,, incidence in human patch test allergen; EC = data from European Community 124; N-A is data 
fromm North America 188; GPMT % animals sensitized in the guinea pig maximization test Assay 
238,39;; EC3, minimal sensitizing concentration in the LLNA; PTC, data given for patch test 
concentration;; (-) frequent topically used chemicals for which HMT or HPTA are not formally 
performed,, but negative results are anticipated; #, concentration used is halve of given patch test 
concentration;; *, data from fragrance mix. **  n.d. = not determined. 

GeneralGeneral impact of our results. The combined screening for skin irritant effects by MGP and 
compound-inducedd LC migration provides a novel and powerful tool to assess contact 
sensitizers.. In clinical practice, skin reactions can be due to irritation in all persons, and due 
too contact allergens in sensitized individuals. Both skin irritants and contact allergens cause 
LCC migration, and induce skin immune responses. Our finding of mature CD83+ DC in the 
hOSECC medium supports this. Non-immunogenic compounds, that do not cause dermatitis, 
doo not accelerate LC migration. LC migration was not always accompanied by their 
maturation.. Regardless of the cause of migration, LCs in the hOSEC medium, whether 
maturee or immature, were CCR7+. This indicates that these skin emigrants have the 
potentiall  to migrate to the draining lymph node in vivo. 
LCC migration and maturation are essential for development of contact sensitization. 
Assessmentt of the sensitization potential of a chemical by determining LC migration, in the 
absencee of any irritation, is valid from both an immunological and a dermatological point of 
view.. Therefore, research for sensitizers should rule out irritancy. Our findings may also be 
importantt for other tests assessing skin allergens, especially the LLNA, in which skin 
irritantss often produce false positives 2. Moreover, our results highlight the influence of 
bothh immunologic (hapten-mediated) and toxic effects (irritation), on the activation of the 
immunee system (dendritic cells). 
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