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Chemical allergens that induce contact sensitivity cause
changes in levels of epidermal cytokines. In mice one of the earliest
epidermal cytokines to be upregulated following sensitization is
interleukin-18 (IL-1B). The present study investigated the kinetics
and in situ localization of induced IL-18 expression in mouse skin
following topical exposure to the contact allergen oxazolone. Mice
were exposed topically to 1% oxazolone, with control mice exposed
to vehicle (acetone:olive oil 4:1) alone, and at various times there-
after skin was excised for IL-18 mRNA and protein determination
by in situ hybridization and enzyme-linked immunosorbant assay
(ELISA), respectively. IL-18 mRNA was found to be expressed
constitutively at low levels in skin from naive (untreated) and
vehicle-treated mice, with mRNA localized in some hair follicles
and sebaceous glands; no IL-18 mRNA was detected in the epi-
dermis of control animals. Following topical exposure of mice to
oxazolone for 5-15 min, upregulation of IL-18 mRNA was ob-
served in the epidermis, dermis, hair follicles, and sebaceous
glands; at 90 min and beyond the pattern of IL-18 mMRNA expres-
sion declined toward control. Analysis of whole skin homogenates
by ELISA demonstrated cutaneous IL-18 protein to be present
constitutively in both vehicle-treated and naive mice. Following
exposure to oxazolone, cutaneous IL-1B protein expression was
elevated at 30 min, decreased at 1 h, and fell below the limit of
detection of the assay at 2 h before returning to constitutive levels
at 4 and 24 h. IL-1B protein levels in vehicle-treated mice, naive
mice, and mice treated with the respiratory allergen trimellitic
anhydride were unchanged over this time period. The present
study demonstrated that IL-18 mRNA expression was upregu-
lated rapidly and transiently in well-defined regions of mouse
epidermis and dermis during contact sensitization, and was
succeeded by an elevation in IL-1B protein. This early highly
localized upregulation of IL-18 lends further support to the
hypothesis that this cytokine plays a key role in the initial
stages of skin sensitization. Such information will enhance our
understanding of the molecular processes involved in allergic
contact dermatitis and may provide a mechanistic basis for
designing refined animal and in vitro alternatives to existing
models of skin sensitization. © 2000 Academic Press
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Chemical allergens that induce contact sensitivity caus
changes in levels of epidermal cytokines. In mice one of tr
earliest epidermal cytokines to be selectively upregulated follo
ing sensitization is interleukingl (IL-18):* Langerhans cell-de-
rived IL-18 mRNA is increased within 15 min following primary
topical exposure of mice to contact allergens but not irritants (Er
and Katz, 1992a,b; Enét al., 1993). It has been postulated that
this selective upregulation of ILBLmay provide a useful marker
for detecting sensitizing chemicals and distinguishing them frol
skin irritants. Epidermal cells, both Langerhans cells and kerati
ocytes, are important sources of cellular cytokines (Luger a
Schwarz, 1990; Matsuet al., 1992). During the induction phase
of contact sensitization, Langerhans cells migrate from the e
dermis (Knightet al., 1985; Kripkeet al.,1990; Macatoniat al.,
1986), undergo maturation (Larsen al., 1990; Ozaweet al.,
1996), and accumulate as dendritic cells in the draining lymg
nodes where they present antigen to T cells (Kneghdl., 1985;
Kripke et al., 1990). Freshly isolated Langerhans cells are pot
stimulators of T cells (Schiilest al., 1985) and must undergo a
cytokine-mediated maturation process before they can stimulat
cells (Heufleret al., 1992; Witmer-Paclet al., 1987). Certain
epidermal cytokines, particularly ILEL (Heufler et al., 1992;
Ozawaet al., 1996), granulocyte macrophage colony stimulatin,
factor (GM—CSF) (Witmer-Pacét al.,1987), and tumor necrosis
factor« (TNF-«) (Kimber and Cumberbatch, 1992) are believet
to play a key role in the induction of contact sensitization. T&NF-
and IL-18 are major stimuli for Langerhans cell migration (Cum-
berbatchet al., 1997; Kimber and Cumberbatch, 1992), while
Langerhans cell maturation has been linked to the cytokin:
GM-CSF (Ozawat al.,1996) and IL-B (Ozaweet al.,1996; Xu
etal.,1995). The induction of IL-& in the epidermis enhances the
antigen presenting cell function of Langerhans cells by upreg

! Abbreviations used: IL-8, interleukin-18; ISH, in situ hybridization;
ELISA, enzyme-linked immunosorbant assay; TNFtumor necrosis fac-
tor-a; DNCB, 2,4-dinitrochlorobenzene; DNFB, 2,4-dinitrofluorobenzene
TNCB, 1,3,5-trinitrochlorobenzene; TMA, trimellitic anhydride; AOO, ace-
tone/olive oil.
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lating the expression of major histocompatibility complex (MHCjjnized in xylene (Merck Ltd., Lutterworth, UK), rehydrated in ascending
class Il and co-stimulatory molecules such as intercellular adf§&©hols, and pretreated for 1 h at 37°C witfu@/ml proteinase K (Sigma).

- _ _ ~ ~ The reaction was terminated by washing with phosphate-buffered saline (PE
sion molecule-1 (ICAM-1), B7-1, B7-2, and CD40 on I‘angemanp 7.4) and refixing in 4% paraformaldehyde. Slides were prehybridized fc

cells (Ozaweet al., 1996), and also stimulates keratinocytes @ p at 37°C with 60ul of hybridization buffer (final concentrations: 0.6 M

produce TNFe: which induces Langerhans cell migration (Cumsodium chloride, 0.1% v/v sodium pyrophosphate, 50 mM Tris—HCI, 0.2% v/

berbatchet al., 1997; Junghanst al., 1998). polyvinylpyrrolidone, 5 mM EDTA, 0.2% w/v Ficoll, 10% w/v dextran sulfate,
Previously, we have demonstrated that the induced expré%% v/v single-stranded salmon DNA, and 50% w/v deionized formamid

. — (Sigma)). The buffer was drained from the slide and was replaced wijd 10
sion of TNFa mRNA is tightly controlled, both temporally of the hybridization buffer containing 10 ng of the biotin-labeled oligonucle:

and spatially, following topical applica_tio_n of mice to theytige probe (R & D Systems Europe, Abingdon, UK). The probe used was :
contact allergen oxazolone, and that a similar pattern of ®dN\Fantisense mouse ILglcocktail, containing equimolar ratios of probes to exons

mRNA expression is induced by intradermal injection of |-1 5, 6, and 7 of murine IL-g. Controls included no probe, RNase prior to
protein (FIint et al., 1998). It was Suggested that the areas 5f/br|d|zat|on, and antisenggactin (R & D Systems), as published previously

. A . . Flint et al., 1998).
TNF-a mRNA expression were coincident with sites Wherg The slides were covered with Gelbond (Sigma) and incubated overnight

Langerhans cells were induced, by interaction with CONtagtoc in a humid atmosphere. The sections were then washed four times un
allergen, to synthesize and secrete [B4hRNA and protein increasingly stringent conditions in sodium saline citrate solution followed b
(Flint et al., 1998). In the present study, the kinetics of inducwvashing twice in Tris—saline buffer (pH 7.5) and blocking for 30 min with 3%

tion andin situ localized expression of ILA mMRNA and normal goat serum (Vector Laboratories, Peterborough, UK). Streptavid
IU}(aline phosphatase conjugate (Eugene, OR) diluted 1:800 in 3% normal g

protein were investigated in mouse skin during SenSItlzatI@erum (containing 0.1% v/v levamizole, Eugene) was added for 5 h at roc

with OvaO|_0ne- Information from this StUdy_ will enha_mce OUfemperature. The slides were then washed and treated overnight with Sigma
understanding of the molecular processes involved in allergiiobluetetrazolium/bromo-4-chloro-indolyl phosphate (NBT/BCIP) contain
contact dermatitis and may provide a mechanistic basis fog 0.1% levamizole. The next day, the slides were washed thoroughly

designing refined animal arid vitro alternatives to existing distilled water, counterstained with 1% malachite green in distilled wate
. s . washed under a running tap, dried for 1 h at 37°C, and mounted und
models of skin sensitization.

Aguamount agueous mountant (Merck Ltd.). Sections were examined unde
standard light microscope with camera attachment (Leica, Milton Keynes, Ul
MATERIALS AND METHODS and photographs were taken.
Thein situ hybridized sections were assessed using a visual scoring syst
Animals. Female BALB/c strain mice (6—8 weeks old) were obtainedo determine NBT/BCIP staining intensity (absence, weak, moderate, or i
from Harlan Olac (Bicester, UK) and maintained on a diet of Biosure CRNgNse) which correlated with levels of expression of mRNA for B.-Sup-
pellets (Manea, Cambs, UK) and watt lib. plementary assessment of the sections was undertaken by observers who \

Chemicals. Oxazolone (4-ethoxymethylene-2-phenyloxazol-5-one) wadind to thein situ hybridization procedure.

obtained from Sigma Chemical Co. (St. Louis, MO). Trimellitic anhydride Measurement of cutaneous IL- protein by ELISA. IL-1 protein lev-
(TMA) was obtained from Aldrich (Gillingham, UK). These chemicals wereels in murine whole skin homogenates were measured using a commer
dissolved in acetone/olive oil (AOO), 4:1 (v/v) (Sigma, Poole, UK). sandwich ELISA (Genzyme, West Malling, UK). Plastic microtitre plates
Skin sensitization. Four mice per time interval for each treatment grougGenzyme) were coated with 2g/ml monoclonal hamster anti-mouse 113-1
were used. Groups of mice received 1@00f 1% oxazolone (contact aller- antibody (Genzyme) in 0.1 M carbonate buffer (pH 9.5) (Sigma) by overnigf
gen), 10% TMA (respiratory allergen), or an equal volume of vehicle (Aodycubation at 4°C. The plates were washed four times with wash buffer (PB
alone, on the dorsum of the shaved flanks. In some experiments, mice receRfgd’-3, containing 0.05% Tween 20) (Sigma) and blocked by treatment wi

25 pl of the same concentration of oxazolone on the dorsum of both eaRBS containing 4% bovine serum albumin (Sigma) for 2 h at 37°C. Aliquot
Additional control mice § = 3) were left untreated. (100 wl) of tissue homogenates and murine IB-4tandards were added to the
plates for 1 h at 37°C, following which the plates were washed four times ar

P i f ski les.At vari ti 0-24 h) following treat- . - o : )
rocessing of skin samples.Al various imes ( . ) following trea incubated for 1 h at 37°C with 0.8g/ml biotinylated rabbit anti-mouse
ment, mice were killed and the application sites excised. The samples were

divided into two halves, each approximately 1°ciRor subsequent analysis of secondary ant|boqy (G_enzyme_). Followmg a further washing step t_he plat
cytokine mRNA byin situ hybridization, one half of the sample was placed iwere incubated with 1:1000 dilution of HRP-conjugated streptavidin (Ger

o C zyme) for 15 min at 37°C. Enzyme substrate (tetramethyl benzidine/peroxid
4% paraformaldehyde (w/v). The remaining sample was used for the meast( enzyme) was added and the reaction terminated within 30 min by
ment of cytokine protein by enzyme-linked immunosorbant assay (ELISA

The samples for ELISA were finely chopped on ice, weighed and homogenlz%eqpmon of 1 M sulfuric acid (Merck Ltd.). The concentration of I|3-In test

in RPMI 1640 culture medium (Gibco Ltd., Paisley, Renfrewshire, UK amples was calculated fr(_)m a standa_rd curve derived with muringg |L-1
supplemented with 5% fetal calf sferum (FCS), 2 mM glutamine, 400 units/mf"9¢ 0-500 pg/ml). The limit of detection of IL5iwas 20 pg/ml.

penicillin, and 400ug/ml streptomycin (RPMI-FCS). The homogenates were Statistics. IL-18 protein levels determined by ELISA were compared
snap frozen in liquid nitrogen, brought rapidly to room temperature, att$ing the Dunnett Multiple Comparisons test and where< 0.05 were
sonicated for 15 s (50 Hz). Supernatants were collected by centrifugatig@nsidered significantly different from controls.

(2000g,5 min) and stored at-70°C until analysis.

In situ hybridization. Glass slides were soaked for 1 h in 1% v/v Decon, RESULTS
rinsed in distilled water, and air-dried. Slides were then dipped successively in
70% vlv ethanol, 95% v/v ethanol and 3-aminopropyltriethoxysilane (2% v/ . .
in acetone, Sigma, Poole, UK) and rinsed in 0.1% v/v diethylpyrocarbonal\tre'll3 MRNA Expression Following Exposure to Oxazolone

(Sigma) in water. Sections (wm) were cut of paraffin wax-embedded, . S .
paraformaldehyde-fixed skin and were mounted onto the slides. In situ hyb”dlzatlon analyS|S revealed that Il,BJmRNA

In situ hybridization was performed as described by Féinal.(1998), using Was expressed constitutively at low levels in skin froniveal
a method adapted from that of How al. (1992). Sections were deparaf- (Untreated) and vehicle (AOO)-treated mice, with localizatio
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FIG. 1. In situ hybridization analyses of IL{ mRNA expression in mouse flank skin. (a) Constitutive expression ofdIlfRNA in skin excised from
naive (untreated) mice. (b) Constitutive expression of LARNA in skin excised from mice treated with acetone:olive oil vehicle. (c) Expression oBIL-1
mRNA in skin excised from mice treated with the contact allergen, at 5 min. (d) Expression @ lhRINA 10 min following exposure to oxazolone. (e)
Expression of IL-B mRNA 15 min following exposure to oxazolone. (f) Expression of | fiRNA 90 min following exposure to oxazolone. (g) Lack of signal
for IL-18 mRNA in mouse skin in the absence of antisense fLptobe. Scale bar, 5am.

in some hair follicles and sebaceous glands and in certalarmis (Figs. 1c—1f). Increased expression of B4HhRNA
dermal cells; no constitutive expression was observed in thas first observed 5 min following exposure to oxazolone (Fi
epidermis of these animals (Figs. 1a and 1b). Following expbe), was maximal between 10-15 min (Figs. 1d and 1e), a
sure of mice to oxazolone, cutaneous IB-lnRNA was up- declined to background levels thereafter (Fig. 1f). No sign:
regulated rapidly and transiently in both the epidermis and thas observed in tissue sections that had undergonstu
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TABLE 1 (36.3 £ 0.9 pg/ml, mean= SEM, n = 3 mice) and in mice
Visual Scoring of Staining Intensity of IL-18 mRNA Expression  exposed to vehicle (AOO) alone (331 1.9 pg/ml, mean*-
in Mouse Skin Determined by in Situ Hybridization SEM, n = 4 mice).

o In oxazolone-treated mice cutaneous IB-protein levels
Hair follicles and 06 glevated significantlyP(< 0.05) at 30 min(77.0 + 2.9

Epidermis _ Dermis sebaceous glands pa/ml), decreased at 1 h (484 17.8 pg/ml), and fell below
Naive (untreated) - + + the detection limit (20 pg/ml) of the assay at 2 h, befor:
Vehicle (AOO)-treated - + + returning to constitutive levels at 4 h (326 9.0 pg/ml) and
5 Min oxazolone ++ e o 24 h (45.3* 10.8 pg/ml) (Fig. 2). Oxazolone-induced levels of
ig m:: gzzzg:gzg o o o IL-1B protein at 2 h were statistically significantly different
90 Min oxazolone _ " it from control, but since they were below the limit of detectior

of the assay this was not considered to be of biological rel
Note. The in situ hybridization sections (Figs. 1a—1g) were analyzed usingance. In untreated mice and mice treated with the vehic
a visual scoring system, whereby the NBT/BCIP staining intensity was scor(e)qoo) or with the respiratory aIIergen TMA, ILA protein

as follows: —, absence of stainingt, weak staining;++, moderate staining; .
+++, intense staining for IL-8 mMRNA. Assessment of each section Waswa'S not elevated above control levels at any time up to 24

undertaken on three separate occasions by observers who were blindrio tl@:'g- 2).
situ hybridization procedure.

DISCUSSION

hybridization in the absence of the Il3Zantisense probe (Fig.
19g) or pretreatment With.RNase pri'or to h.ybridiza.tion (data not The data presented here demonstrate that there is early
shown). In untreated skin from naive animglsactin MRNA 5 qjent upregulation of ILA MRNA in the epidermis and
(positive control) was ubiquitously distributed throughout thgamis of mouse skin in response to topical treatment with t!
epidermis and dermis (data not shown), as published preyjsiact allergen oxazolone. ILBLMRNA was not present
ously (Flintet al., 1998). The level ofin situ expression of ¢qnitutively in the epidermis, but was upregulated from 5 t
IL-18 mRNA, assessed using a visual scoring system, is PH5 min following exposure to oxazolone and was not appare
sented in Table 1. in the epidermis at times thereafter. Such a rapid induction
. . . important for a key proinflammatory cytokine such as IB-1
IL-1 B Protein Expression Following Exposure to OXaZOIOnsvhich upregulates MHC class Il and co-stimulatory molecule

ELISA analysis showed that ILA protein was present to transform immature Langerhans cells into mature dendrit
constitutively in whole skin from naive (untreated) miceells capable of efficient antigen presentation to T cells in tt
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FIG. 2. ELISA analysis of IL-B protein levels in whole mouse skin homogenates. Groups of mice were exposed on the shaved dorsurlto 1
acetone:olive oil (AOOQ) vehiclen(= 4) (dotted line), respiratory allergen TMA (= 4) (solid line), or the contact allergen oxazolone (dotted and dashed line
One group of micer{ = 3) was left untreated (naive) (dashed line). At various times following exposure, the application site was excised and homogenat
prepared for analysis of ILA protein by ELISA. Results are expressed as mea®EM and compared by the Dunnett Multiple Comparisons test. Wikere
0.05, thevalue was considered statistically significantly different from control and is marked with an asterisk. (The value for oxazolone treatment at 2
statistically significantly different from control, but since it was below the limit of detection of the assay this was not considered to be of biological rele
and is not marked with an asterisk.)
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draining lymph nodes (Hopkinst al., 1990; Ozawaet al., According to in-house data from the manufacturers of th
1996) and to stimulate TNE-production from keratinocytes to ELISA used in the present study (Genzyme), the anti{8L.-1
induce Langerhans cell migration from the epidermis (Cunantibody raised against the mature form of IB-bad 13%
berbatchet al., 1997; Enk and Katz, 1992; Junghaesal., cross-reactivity with IL-B precursor. Therefore, some of the
1998). The rapid induction in ILf24 MRNA expression is in protein detectable by ELISA in the present study was likely t
agreement with the studies by Enk and Katz (1992a,b) whe the precursor form of ILA. This is a limitation of currently
observed induction of IL-@ MRNA at 15 min in epidermal cell available commercial ELISA kits as antibodies specific to th
suspensions from the skin of mice treatedvivo with the precursor or mature forms of ILgLare not yet available. In
contact allergens TNCB, DNFB, and DNCB using RT-PCRsupport of the approach taken in these studies, Dinarello (19¢
However, this article elucidates this mechanism further Istated that it is important to measure the synthesis of both t
defining for the first time the precise localization and distribysrimary translational IL-B precursor product as well as the
tion of the mRNA for this cytokine within the skin at variousprocessed mature form of ILglas this reflects the translational
times during the induction phase of contact sensitization. control of the IL-18 gene under the pathological condition
The present study has shown that the localized upregulatioeing studied.
of IL-18 mRNA is rapid in murine skin and precedes that The rapid downregulation of ILfA mRNA in the present
observed for TNFe mMRNA in previous studies (Flingét al., study, whereby the expression of the cytokine mRNA decline
1998). In situ hybridization analyses revealed II3IMRNA essentially to control levels within 90 min, is of potential
was increased as early as 5 min following exposure to otoxicological significance in limiting the local effects of this
azolone whereas TNE-mRNA was not elevated until 10 min proinflammatory cytokine. The mechanism of downregulatio
under the same exposure conditions (Féhal., 1998). These could involve mRNA destabilization which has been shown t
data support the findings of Enk and Katz (1992a,b) usirugcur for other transiently expressed cytokines such as G\
RT-PCR: following treatment of mice with contact allergensCSF (Shaw and Kamen, 1986). Theuhtranslated regions of
cutaneous IL-B mRNA was increased at 15 min, precedingnRNA coding for a number of proinflammatory cytokines
the increase in TN MRNA at 30 min. The temporal differ- including IL-13, contain an adenine- and uridine-rich sequenc
ence between IL# and TNF« was also observed at thewhich targets mRNA for rapid turnover (Kruyet al., 1989;
protein level: IL-18 protein was elevated at 30 min followingShaw and Kamen, 1986). The half-life of GM—CSF mRNA ir
exposure to oxazolone in the present study while TdNWwas T cells stimulated with lectins was determined to be less the
increased at 1 h under the same exposure conditions @linB0 min and this was linked to the presence of these adenir
al., 1998). These observations all support the hypothesis tlaaid uridine-rich sequences within the GM-CSF mRNA (Sha
IL-18 is one of the earliest cytokines to be induced duringnd Kamen, 1986). It has been demonstrated that when 1
contact sensitization and that following its release, Bdcts human monocyte cell line THP-1 is stimulated with lipopoly-
to stimulate TNFe production. Presumably the release ofaccharide there are at least two kinetically distinct populatiol
IL-18 from Langerhans cells stimulates neighboring keratinef IL-13 mRNA produced (Fentoret al., 1988). It is not
cytes, in a paracrine manner via the IL-1 type | receptémnown if these mRNA populations are due to distinct gene
(Kupperet al.,1988), to produce TNFewhich then acts on the alternative message processing, or to a subpopulation
TNF type 2 receptor (TNF-R2) on Langerhans cells (LarregimaRNA that the cell has made unavailable to degradation (Fe
et al., 1996) to induce their migration (Cumberbateh al., ton et al., 1988). Similar mechanisms of selective cytokine
1997). MRNA degradation due to conserved adenine- and uridine-ri
The induced expression of ILBIMRNA was succeeded by sequences in the 8égion have been shown for TNEMRNA
an elevation in IL-B protein. At the protein level IL-& was (Brown and Beutler, 1990) and interfergn{IFN-B8) mRNA
present constitutively in whole skin homogenates and wésruys et al., 1989).
upregulated twofold within 30 min following exposure to ox- In the present study, the decline in II3IMRNA was fol-
azolone. The rapid induction of ILAL protein could be the lowed by a decline in IL-B protein, with protein levels falling
consequence of transcriptional upregulation of the f_.gene from their maximum at 30 min to below constitutive at 2 h. The
followed by rapid translation of IL-2@ mRNA into protein and mechanism by which IL2 protein is downregulated may
stabilization of the protein product, as reported for lipopolysa@ivolve suppression, either at the transcriptional level as m
charide-induced IL-® mRNA and protein in human peripheraldiated by glucocorticoids (Lewt al., 1988) or at the transla-
blood mononuclear cells (Schindlet al., 1990). The kinetics tional level as mediated by prostaglandins (Dinarello, 199¢
are in line with other studies: when the murine macrophage c®huviel et al., 1991). Alternatively, levels of IL-18 protein
line P3880 was grown in a 1:1 mixture of DMEM and Ham’scould be reduced by binding to naturally occurring soluble IL-:
F12 cell culture media, IL-3 protein precursor synthesis couldreceptors (Giriet al., 1994). Elevated levels of soluble IL-1
be detected as early as 30 min after completion of the cstpe Il receptors have been demonstrated in sepsis and
culture protocol while between 3 and 19 h the mature 18-kpmstulated to modulate the effects of IL-1 during such inflar
form was detected and the 33-kDa precursor decreasedetGinmatory conditions (Giret al.,1994). Effective downregulation
al., 1985). of IL-18 at the mRNA and/or protein level is required as IB-1
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is a multifunctional cytokine with diverse biological actiongepresent the source of the dermal IB-detected in the present
which, once the immune response has been initiated, mustsbedy. In human studies, the monocyte/macrophage cell poy
controlled to avoid prolonged stimulation (Dinarello, 1996)ation has been suggested as a potential dermal source ¢f IL-
IL-18 activates T lymphocytes and enhances production @flazudaet al.,1988) and it is possible that these cells may als
interleukin 2 (IL-2), stimulates the production of chemokinesepresent a dermal source of [|31n the mouse. The dermal
from fibroblasts and endothelial cells, upregulates adhesidistribution of constitutive IL-B mRNA in murine skin in the
molecules such as ICAM-1, and induces fever (Miligral., present study accords with that observed in human ski
1997; Ozaweet al., 1996; Schrddeet al., 1990). Boehmet al. (1995) reported constitutive expression of IB-1
IL-18 protein levels in the present study only varied imRNA in human skin hair follicles and sweat glands usimg
response to the contact allergen oxazolone, remaining witu hybridization, while Ahmedet al. (1996) reported consti-
affected in skin from naive (untreated) mice, vehicle-treatedtive expression of IL-& mRNA in the inner root sheath cell
mice, and mice treated with the respiratory allergen TMAayer of human hair follicles and suggested that the cytokir
The observation that IL{ protein production was elevatedhad a role in hair growth. However, allergen-indudgedsitu
with the cutaneous allergen, but not the respiratory allergezhanges in the expression of IIBIMRNA in human skin have
is of interest and may be of biological and toxicologicahot been examined.
significance. Although only observed under the precise ex-In conclusion, the studies reported in this article have shov
perimental conditions described here using a single cherthat IL-18 mRNA is rapidly and transiently upregulated in
cal for each class, it is possible that other chemicals in th@ouse skin, in highly localized regions of the epidermis, de
same class could induce the same responses iBlptb- mis, hair follicles, and sebaceous glands, following topics
duction. This is in line with the fact that topical exposure oéxposure to the contact allergen oxazolone. This temporal a
mice to contact and respiratory sensitizers stimulates divepatial profile of induced IL-@ mRNA expression lends fur-
gent responses, presumably due to the selective activatioritedr support to the hypothesis that this cytokine plays a key rc
T helper 1 (Th1l) and T helper 2 (Th2) type cells, respedn the initial stages of skin sensitization. Such information wil
tively (Dearman and Kimber, 1991; Dearmahal., 1996). enhance our understanding of the molecular processes invol
IL-183 mRNA has been reported to be enhanced in mige allergic contact dermatitis and may provide a mechanist
specifically in response to contact allergens, unlike othbasis for designing refined animal amdvitro alternatives to
proinflammatory cytokines such as TNE-IFN-y (inter- existing models of skin sensitization.
feron-y), and GM—-CSF which are upregulated in response to
nonspecific stimuli, for example skin irritants (Enk and ACKNOWLEDGMENTS
Katz, 1992a,b). This observation lends mechanistic support
to the approach currently under examination in some laboWe are grateful to Dr. Gary Coulton, Imperial College, London, for helpfu
ratories of using specific IL{A cytokine upregulation as g discussions reggrding Fhe situ hybridizatio_n methodology, and to Dr. P_eter
marker of skin sensitization. Furthermore, it has been po Ig_rk, Dr. Cam'llla Smith, and Ms'. Connie Cheung for valuable assistan
. . uring preparation of the manuscript.
tulated that the selective upregulation of 13-by allergens,
but not irritants, may provide a useful marker for distin-
guishing skin sensitizing chemicals from skin irritants, al-
though in human skin lymph this would not appear to be th@med, A. A, Nordiind, K., Schultzberg, M., Brakenhoff, J., Bristulf, J.,
case (Brancet al., 1996). Novick, D., Svenson, S. B., Azizi, M., and Lidén, S. (1996). Immunohis
In addition to describing thé situ localization of induced  tochemical studies of proinflammatory cytokines and their receptors in h
IL-13 mRNA in the epidermis, the present study has allowedfollicles of normal human skinActa. Derm. Venereol/6, 348-352.
the examination oin situ changes in the dermis over a similaBékaid, Y., Jouin, H., and Milon, G. (1996). A method to recover, enumerat
time period. Thén situ hybridization data indicate constitutive :t'de;d;nfggggryomc?'C:nireriljn%rlles,\j;th'g dasrl‘s')gfllgr_nzn;émry dermal site: /
expression of IL-B mRNA in the dermis and certain hairg .. 1 yun 3 K., Sirohl, K. P., and Elmets, C. A. (1995). Messeng
follicles and sebaceous glands, with induction kinetics S"m'larRNAs for the multifunctional cytokines interleukinzlinterleukin-13 and
to that for epidermal IL-B mRNA, although to confirm thiS  tumour necrosis factos- are present in adnexal tissues and in dermis o
constitutive expression unequivocally a negative control usingiormal human skinExp. Dermatol 4, 335-341.
an irrelevant biotinylated anti-sense oligo should also be test&chnd, C. U., Hunziker, T., Yawalkar, N., and Braathen, L. R. (1996). IL-]
The significance of the constitutive expression and contacpeta proteinin r_u_Jman skin lymph does not discriminate allergic from irritar
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