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Induction and Localization of Cutaneous Interleukin-1b
mRNA during Contact Sensitization. Kermani, F., Flint, M. S.,
and Hotchkiss, S. A. M. (2000). Toxicol. Appl. Pharmacol. 169,
31–237.

Chemical allergens that induce contact sensitivity cause
hanges in levels of epidermal cytokines. In mice one of the earliest
pidermal cytokines to be upregulated following sensitization is
nterleukin-1b (IL-1b). The present study investigated the kinetics

and in situ localization of induced IL-1b expression in mouse skin
ollowing topical exposure to the contact allergen oxazolone. Mice
ere exposed topically to 1% oxazolone, with control mice exposed

o vehicle (acetone:olive oil 4:1) alone, and at various times there-
fter skin was excised for IL-1b mRNA and protein determination

by in situ hybridization and enzyme-linked immunosorbant assay
(ELISA), respectively. IL-1b mRNA was found to be expressed
constitutively at low levels in skin from naı̈ve (untreated) and
vehicle-treated mice, with mRNA localized in some hair follicles
and sebaceous glands; no IL-1b mRNA was detected in the epi-
dermis of control animals. Following topical exposure of mice to
oxazolone for 5–15 min, upregulation of IL-1b mRNA was ob-
served in the epidermis, dermis, hair follicles, and sebaceous
glands; at 90 min and beyond the pattern of IL-1b mRNA expres-
ion declined toward control. Analysis of whole skin homogenates
y ELISA demonstrated cutaneous IL-1b protein to be present

constitutively in both vehicle-treated and naı̈ve mice. Following
exposure to oxazolone, cutaneous IL-1b protein expression was
levated at 30 min, decreased at 1 h, and fell below the limit of
etection of the assay at 2 h before returning to constitutive levels
t 4 and 24 h. IL-1b protein levels in vehicle-treated mice, naı̈ve
ice, and mice treated with the respiratory allergen trimellitic

nhydride were unchanged over this time period. The present
tudy demonstrated that IL-1b mRNA expression was upregu-
ated rapidly and transiently in well-defined regions of mouse
pidermis and dermis during contact sensitization, and was
ucceeded by an elevation in IL-1b protein. This early highly
ocalized upregulation of IL-1b lends further support to the
ypothesis that this cytokine plays a key role in the initial
tages of skin sensitization. Such information will enhance our
nderstanding of the molecular processes involved in allergic
ontact dermatitis and may provide a mechanistic basis for
esigning refined animal and in vitro alternatives to existing
odels of skin sensitization. © 2000 Academic Press
231
n situ hybridization.

Chemical allergens that induce contact sensitivity c
changes in levels of epidermal cytokines. In mice one o
earliest epidermal cytokines to be selectively upregulated fo
ing sensitization is interleukin-1b (IL-1b):1 Langerhans cell-de
ived IL-1b mRNA is increased within 15 min following prima

topical exposure of mice to contact allergens but not irritants
and Katz, 1992a,b; Enket al.,1993). It has been postulated t
this selective upregulation of IL-1b may provide a useful mark
for detecting sensitizing chemicals and distinguishing them
skin irritants. Epidermal cells, both Langerhans cells and ke
ocytes, are important sources of cellular cytokines (Luger
Schwarz, 1990; Matsueet al.,1992). During the induction pha
of contact sensitization, Langerhans cells migrate from the
dermis (Knightet al.,1985; Kripkeet al.,1990; Macatoniaet al.,
986), undergo maturation (Larsenet al., 1990; Ozawaet al.,
996), and accumulate as dendritic cells in the draining ly
odes where they present antigen to T cells (Knightet al.,1985;
ripke et al., 1990). Freshly isolated Langerhans cells are

stimulators of T cells (Schüleret al., 1985) and must undergo
cytokine-mediated maturation process before they can stimu
cells (Heufleret al., 1992; Witmer-Packet al., 1987). Certain
epidermal cytokines, particularly IL-1b (Heufler et al., 1992;
Ozawaet al.,1996), granulocyte macrophage colony stimula
factor (GM–CSF) (Witmer-Packet al.,1987), and tumor necros
factor-a (TNF-a) (Kimber and Cumberbatch, 1992) are belie
to play a key role in the induction of contact sensitization. TNa
and IL-1b are major stimuli for Langerhans cell migration (Cu
berbatchet al., 1997; Kimber and Cumberbatch, 1992), w
Langerhans cell maturation has been linked to the cyto
GM–CSF (Ozawaet al.,1996) and IL-1b (Ozawaet al.,1996; Xu
t al.,1995). The induction of IL-1b in the epidermis enhances

antigen presenting cell function of Langerhans cells by upr

1 Abbreviations used: IL-1b, interleukin-1b; ISH, in situ hybridization
LISA, enzyme-linked immunosorbant assay; TNF-a, tumor necrosis fac

or-a; DNCB, 2,4-dinitrochlorobenzene; DNFB, 2,4-dinitrofluorobenz
TNCB, 1,3,5-trinitrochlorobenzene; TMA, trimellitic anhydride; AOO, a
tone/olive oil.
0041-008X/00 $35.00
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232 KERMANI, FLINT, AND HOTCHKISS
class II and co-stimulatory molecules such as intercellular a
sion molecule-1 (ICAM-1), B7-1, B7-2, and CD40 on Langerh
cells (Ozawaet al., 1996), and also stimulates keratinocyte
produce TNF-a which induces Langerhans cell migration (Cu
berbatchet al.,1997; Junghanset al.,1998).

Previously, we have demonstrated that the induced ex
ion of TNF-a mRNA is tightly controlled, both temporal

and spatially, following topical application of mice to t
contact allergen oxazolone, and that a similar pattern of TNa
mRNA expression is induced by intradermal injection of ILb
protein (Flintet al., 1998). It was suggested that the area
TNF-a mRNA expression were coincident with sites wh
Langerhans cells were induced, by interaction with con
allergen, to synthesize and secrete IL-1b mRNA and protein
(Flint et al.,1998). In the present study, the kinetics of ind
tion and in situ localized expression of IL-1b mRNA and
protein were investigated in mouse skin during sensitiza
with oxazolone. Information from this study will enhance
understanding of the molecular processes involved in all
contact dermatitis and may provide a mechanistic basi
designing refined animal andin vitro alternatives to existin

odels of skin sensitization.

MATERIALS AND METHODS

Animals. Female BALB/c strain mice (6–8 weeks old) were obta
from Harlan Olac (Bicester, UK) and maintained on a diet of Biosure C
pellets (Manea, Cambs, UK) and waterad lib.

Chemicals. Oxazolone (4-ethoxymethylene-2-phenyloxazol-5-one)
obtained from Sigma Chemical Co. (St. Louis, MO). Trimellitic anhyd
(TMA) was obtained from Aldrich (Gillingham, UK). These chemicals w
dissolved in acetone/olive oil (AOO), 4:1 (v/v) (Sigma, Poole, UK).

Skin sensitization. Four mice per time interval for each treatment gr
were used. Groups of mice received 100ml of 1% oxazolone (contact alle

en), 10% TMA (respiratory allergen), or an equal volume of vehicle (A
lone, on the dorsum of the shaved flanks. In some experiments, mice re
5 ml of the same concentration of oxazolone on the dorsum of both

Additional control mice (n 5 3) were left untreated.

Processing of skin samples.At various times (0–24 h) following trea
ent, mice were killed and the application sites excised. The samples
ivided into two halves, each approximately 1 cm2. For subsequent analysis
ytokine mRNA byin situ hybridization, one half of the sample was place
% paraformaldehyde (w/v). The remaining sample was used for the me
ent of cytokine protein by enzyme-linked immunosorbant assay (EL
he samples for ELISA were finely chopped on ice, weighed and homoge

n RPMI 1640 culture medium (Gibco Ltd., Paisley, Renfrewshire,
upplemented with 5% fetal calf serum (FCS), 2 mM glutamine, 400 un
enicillin, and 400mg/ml streptomycin (RPMI–FCS). The homogenates w
nap frozen in liquid nitrogen, brought rapidly to room temperature,
onicated for 15 s (50 Hz). Supernatants were collected by centrifug
2000g,5 min) and stored at270°C until analysis.

In situ hybridization. Glass slides were soaked for 1 h in 1% v/v Dec
rinsed in distilled water, and air-dried. Slides were then dipped successiv
70% v/v ethanol, 95% v/v ethanol and 3-aminopropyltriethoxysilane (2%
in acetone, Sigma, Poole, UK) and rinsed in 0.1% v/v diethylpyrocarb
(Sigma) in water. Sections (5mm) were cut of paraffin wax-embedde
paraformaldehyde-fixed skin and were mounted onto the slides.

In situhybridization was performed as described by Flintet al.(1998), using
a method adapted from that of Howieet al. (1992). Sections were depar
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alcohols, and pretreated for 1 h at 37°C with 1mg/ml proteinase K (Sigma
The reaction was terminated by washing with phosphate-buffered saline
pH 7.4) and refixing in 4% paraformaldehyde. Slides were prehybridize
1 h at 37°C with 60ml of hybridization buffer (final concentrations: 0.6
sodium chloride, 0.1% v/v sodium pyrophosphate, 50 mM Tris–HCl, 0.2%
polyvinylpyrrolidone, 5 mM EDTA, 0.2% w/v Ficoll, 10% w/v dextran sulfa
10% v/v single-stranded salmon DNA, and 50% w/v deionized forma
(Sigma)). The buffer was drained from the slide and was replaced withml

f the hybridization buffer containing 10 ng of the biotin-labeled oligonu
tide probe (R & D Systems Europe, Abingdon, UK). The probe used w
ntisense mouse IL-1b cocktail, containing equimolar ratios of probes to ex

5, 6, and 7 of murine IL-1b. Controls included no probe, RNase prior
hybridization, and antisenseb-actin (R & D Systems), as published previou
(Flint et al., 1998).

The slides were covered with Gelbond (Sigma) and incubated overni
37°C in a humid atmosphere. The sections were then washed four times
increasingly stringent conditions in sodium saline citrate solution followe
washing twice in Tris–saline buffer (pH 7.5) and blocking for 30 min with
normal goat serum (Vector Laboratories, Peterborough, UK). Strepta
alkaline phosphatase conjugate (Eugene, OR) diluted 1:800 in 3% norm
serum (containing 0.1% v/v levamizole, Eugene) was added for 5 h at
temperature. The slides were then washed and treated overnight with Sig
nitrobluetetrazolium/bromo-4-chloro-indolyl phosphate (NBT/BCIP) con
ing 0.1% levamizole. The next day, the slides were washed thoroug
distilled water, counterstained with 1% malachite green in distilled w
washed under a running tap, dried for 1 h at 37°C, and mounted
Aquamount aqueous mountant (Merck Ltd.). Sections were examined u
standard light microscope with camera attachment (Leica, Milton Keynes
and photographs were taken.

The in situ hybridized sections were assessed using a visual scoring s
to determine NBT/BCIP staining intensity (absence, weak, moderate,
tense) which correlated with levels of expression of mRNA for IL-1b. Sup-
plementary assessment of the sections was undertaken by observers w
blind to thein situ hybridization procedure.

Measurement of cutaneous IL-1b protein by ELISA. IL-1b protein lev-
els in murine whole skin homogenates were measured using a comm
sandwich ELISA (Genzyme, West Malling, UK). Plastic microtitre pla
(Genzyme) were coated with 2mg/ml monoclonal hamster anti-mouse IL-b
antibody (Genzyme) in 0.1 M carbonate buffer (pH 9.5) (Sigma) by over
incubation at 4°C. The plates were washed four times with wash buffer
pH 7.3, containing 0.05% Tween 20) (Sigma) and blocked by treatmen
PBS containing 4% bovine serum albumin (Sigma) for 2 h at 37°C. Aliq
(100ml) of tissue homogenates and murine IL-1b standards were added to
plates for 1 h at 37°C, following which the plates were washed four time
incubated for 1 h at 37°C with 0.8mg/ml biotinylated rabbit anti-mous
econdary antibody (Genzyme). Following a further washing step the
ere incubated with 1:1000 dilution of HRP-conjugated streptavidin (
yme) for 15 min at 37°C. Enzyme substrate (tetramethyl benzidine/pero
Genzyme) was added and the reaction terminated within 30 min b
ddition of 1 M sulfuric acid (Merck Ltd.). The concentration of IL-1b in test
amples was calculated from a standard curve derived with murineb

(range 0–500 pg/ml). The limit of detection of IL-1b was 20 pg/ml.

Statistics. IL-1b protein levels determined by ELISA were compa
sing the Dunnett Multiple Comparisons test and whereP , 0.05 were

considered significantly different from controls.

RESULTS

IL-1b mRNA Expression Following Exposure to Oxazolon

In situ hybridization analysis revealed that IL-1b mRNA
as expressed constitutively at low levels in skin from n¨ve

untreated) and vehicle (AOO)-treated mice, with localiza
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233INDUCTION OF IL-1b DURING CONTACT SENSITIZATION
in some hair follicles and sebaceous glands and in ce
dermal cells; no constitutive expression was observed i
epidermis of these animals (Figs. 1a and 1b). Following e
sure of mice to oxazolone, cutaneous IL-1b mRNA was up
egulated rapidly and transiently in both the epidermis an

FIG. 1. In situ hybridization analyses of IL-1b mRNA expression in m
aı̈ve (untreated) mice. (b) Constitutive expression of IL-1b mRNA in skin e

mRNA in skin excised from mice treated with the contact allergen, at
xpression of IL-1b mRNA 15 min following exposure to oxazolone. (f) Ex

or IL-1b mRNA in mouse skin in the absence of antisense IL-1b probe. Sc
in
he
o-

e

ermis (Figs. 1c–1f). Increased expression of IL-1b mRNA
was first observed 5 min following exposure to oxazolone (
1c), was maximal between 10–15 min (Figs. 1d and 1e)
declined to background levels thereafter (Fig. 1f). No si
was observed in tissue sections that had undergonein situ

e flank skin. (a) Constitutive expression of IL-1b mRNA in skin excised from
sed from mice treated with acetone:olive oil vehicle. (c) Expression ofb
in. (d) Expression of IL-1b mRNA 10 min following exposure to oxazolone.
ssion of IL-1b mRNA 90 min following exposure to oxazolone. (g) Lack of sig
bar, 50mm.
ous
xci

5 m
pre
ale
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234 KERMANI, FLINT, AND HOTCHKISS
hybridization in the absence of the IL-1b antisense probe (Fi
1g) or pretreatment with RNase prior to hybridization (data
shown). In untreated skin from naive animals,b-actin mRNA
(positive control) was ubiquitously distributed throughout
epidermis and dermis (data not shown), as published p
ously (Flint et al., 1998). The level ofin situ expression o
IL-1b mRNA, assessed using a visual scoring system, is
ented in Table 1.

L-1 b Protein Expression Following Exposure to Oxazolo

ELISA analysis showed that IL-1b protein was prese
onstitutively in whole skin from naı̈ve (untreated) m

Visual Scoring of Staining Intensity of IL-1b mRNA Expression
in Mouse Skin Determined by in Situ Hybridization

Epidermis Dermis
Hair follicles and
sebaceous glands

Naı̈ve (untreated) 2 1 1
Vehicle (AOO)-treated 2 1 1
5 Min oxazolone 11 11 111
10 Min oxazolone 11 111 111
15 Min oxazolone 11 111 111
90 Min oxazolone 2 1 11

Note.The in situ hybridization sections (Figs. 1a–1g) were analyzed u
a visual scoring system, whereby the NBT/BCIP staining intensity was s
as follows:2, absence of staining;1, weak staining;11, moderate staining
111, intense staining for IL-1b mRNA. Assessment of each section w

ndertaken on three separate occasions by observers who were blind tin
itu hybridization procedure.

FIG. 2. ELISA analysis of IL-1b protein levels in whole mouse ski
acetone:olive oil (AOO) vehicle (n 5 4) (dotted line), respiratory allergen T
One group of mice (n 5 3) was left untreated (naı̈ve) (dashed line). At var
prepared for analysis of IL-1b protein by ELISA. Results are expressed as
0.05, thevalue was considered statistically significantly different from c
statistically significantly different from control, but since it was below the
and is not marked with an asterisk.)
t

e
vi-

e-

xposed to vehicle (AOO) alone (33.16 1.9 pg/ml, mean6
EM, n 5 4 mice).
In oxazolone-treated mice cutaneous IL-1b protein levels
ere elevated significantly (P , 0.05) at 30 min(77.06 2.9
g/ml), decreased at 1 h (48.16 17.8 pg/ml), and fell below

the detection limit (20 pg/ml) of the assay at 2 h, be
returning to constitutive levels at 4 h (32.66 9.0 pg/ml) and
24 h (45.36 10.8 pg/ml) (Fig. 2). Oxazolone-induced levels
L-1b protein at 2 h were statistically significantly differe
from control, but since they were below the limit of detec
of the assay this was not considered to be of biological
vance. In untreated mice and mice treated with the ve
(AOO) or with the respiratory allergen TMA, IL-1b protein

as not elevated above control levels at any time up to
Fig. 2).

DISCUSSION

The data presented here demonstrate that there is ear
transient upregulation of IL-1b mRNA in the epidermis an

ermis of mouse skin in response to topical treatment wit
ontact allergen oxazolone. IL-1b mRNA was not prese

constitutively in the epidermis, but was upregulated from
15 min following exposure to oxazolone and was not appa
in the epidermis at times thereafter. Such a rapid inducti
important for a key proinflammatory cytokine such as ILb
which upregulates MHC class II and co-stimulatory molec
to transform immature Langerhans cells into mature den
cells capable of efficient antigen presentation to T cells in

g
ed

e

omogenates. Groups of mice were exposed on the shaved dorsumml
(n 5 4) (solid line), or the contact allergen oxazolone (dotted and dashed
times following exposure, the application site was excised and homoge

eanSEM and compared by the Dunnett Multiple Comparisons test. WhereP ,
ol and is marked with an asterisk. (The value for oxazolone treatment
it of detection of the assay this was not considered to be of biological
n h
MA

ious
m6

ontr
lim
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235INDUCTION OF IL-1b DURING CONTACT SENSITIZATION
996) and to stimulate TNF-a production from keratinocytes
nduce Langerhans cell migration from the epidermis (C
erbatchet al., 1997; Enk and Katz, 1992; Junghanset al.,
998). The rapid induction in IL-1b mRNA expression is i

agreement with the studies by Enk and Katz (1992a,b)
observed induction of IL-1b mRNA at 15 min in epidermal ce
suspensions from the skin of mice treatedin vivo with the
contact allergens TNCB, DNFB, and DNCB using RT–P
However, this article elucidates this mechanism furthe
defining for the first time the precise localization and distr
tion of the mRNA for this cytokine within the skin at vario
times during the induction phase of contact sensitization.

The present study has shown that the localized upregu
of IL-1b mRNA is rapid in murine skin and precedes t

bserved for TNF-a mRNA in previous studies (Flintet al.,
1998). In situ hybridization analyses revealed IL-1b mRNA

as increased as early as 5 min following exposure to
zolone whereas TNF-a mRNA was not elevated until 10 m
nder the same exposure conditions (Flintet al.,1998). Thes

data support the findings of Enk and Katz (1992a,b) u
RT–PCR: following treatment of mice with contact allerge
cutaneous IL-1b mRNA was increased at 15 min, preced
the increase in TNF-a mRNA at 30 min. The temporal diffe
ence between IL-1b and TNF-a was also observed at t
protein level: IL-1b protein was elevated at 30 min followi

xposure to oxazolone in the present study while TNF-a was
ncreased at 1 h under the same exposure conditions (Fet
l., 1998). These observations all support the hypothesis

L-1b is one of the earliest cytokines to be induced du
contact sensitization and that following its release, IL-1b acts
o stimulate TNF-a production. Presumably the release
IL-1b from Langerhans cells stimulates neighboring kera
cytes, in a paracrine manner via the IL-1 type I rece
(Kupperet al.,1988), to produce TNF-a which then acts on th

NF type 2 receptor (TNF-R2) on Langerhans cells (Larre
t al., 1996) to induce their migration (Cumberbatchet al.,

1997).
The induced expression of IL-1b mRNA was succeeded b

n elevation in IL-1b protein. At the protein level IL-1b was
present constitutively in whole skin homogenates and
upregulated twofold within 30 min following exposure to
azolone. The rapid induction of IL-1b protein could be th
onsequence of transcriptional upregulation of the IL-1b gene
ollowed by rapid translation of IL-1b mRNA into protein an
tabilization of the protein product, as reported for lipopoly
haride-induced IL-1b mRNA and protein in human periphe

blood mononuclear cells (Schindleret al., 1990). The kinetic
are in line with other studies: when the murine macrophage
line P388D1 was grown in a 1:1 mixture of DMEM and Ham

12 cell culture media, IL-1b protein precursor synthesis co
e detected as early as 30 min after completion of the
ulture protocol while between 3 and 19 h the mature 18
orm was detected and the 33-kDa precursor decreased (Get
l., 1985).
-
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LISA used in the present study (Genzyme), the anti-ILb
antibody raised against the mature form of IL-1b had 13%
ross-reactivity with IL-1b precursor. Therefore, some of
rotein detectable by ELISA in the present study was like
e the precursor form of IL-1b. This is a limitation of currentl

available commercial ELISA kits as antibodies specific to
precursor or mature forms of IL-1b are not yet available. I
support of the approach taken in these studies, Dinarello (1
stated that it is important to measure the synthesis of bot
primary translational IL-1b precursor product as well as t
processed mature form of IL-1b as this reflects the translation
control of the IL-1b gene under the pathological condit
eing studied.
The rapid downregulation of IL-1b mRNA in the presen

tudy, whereby the expression of the cytokine mRNA decl
ssentially to control levels within 90 min, is of poten

oxicological significance in limiting the local effects of t
roinflammatory cytokine. The mechanism of downregula
ould involve mRNA destabilization which has been show
ccur for other transiently expressed cytokines such as
SF (Shaw and Kamen, 1986). The 39 untranslated regions
RNA coding for a number of proinflammatory cytokin

ncluding IL-1b, contain an adenine- and uridine-rich seque
which targets mRNA for rapid turnover (Kruyset al., 1989;
Shaw and Kamen, 1986). The half-life of GM–CSF mRNA
T cells stimulated with lectins was determined to be less
30 min and this was linked to the presence of these ade
and uridine-rich sequences within the GM–CSF mRNA (S
and Kamen, 1986). It has been demonstrated that whe
human monocyte cell line THP-1 is stimulated with lipopo
saccharide there are at least two kinetically distinct popula
of IL-1b mRNA produced (Fentonet al., 1988). It is no
nown if these mRNA populations are due to distinct ge
lternative message processing, or to a subpopulatio
RNA that the cell has made unavailable to degradation (

on et al., 1988). Similar mechanisms of selective cytok
RNA degradation due to conserved adenine- and uridine

equences in the 39region have been shown for TNF-a mRNA
Brown and Beutler, 1990) and interferon-b (IFN-b) mRNA
Kruys et al., 1989).

In the present study, the decline in IL-1b mRNA was fol-
lowed by a decline in IL-1b protein, with protein levels fallin
rom their maximum at 30 min to below constitutive at 2 h. T
echanism by which IL-1b protein is downregulated m

nvolve suppression, either at the transcriptional level as
iated by glucocorticoids (Lewet al., 1988) or at the transl

ional level as mediated by prostaglandins (Dinarello, 1
auviel et al., 1991). Alternatively, levels of IL-1b protein

could be reduced by binding to naturally occurring soluble
receptors (Giriet al., 1994). Elevated levels of soluble IL
ype II receptors have been demonstrated in sepsis an
ostulated to modulate the effects of IL-1 during such infl
atory conditions (Giriet al.,1994). Effective downregulatio
f IL-1b at the mRNA and/or protein level is required as ILb



is a multifunctional cytokine with diverse biological actions
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which, once the immune response has been initiated, mu
controlled to avoid prolonged stimulation (Dinarello, 199
IL-1b activates T lymphocytes and enhances productio
nterleukin 2 (IL-2), stimulates the production of chemoki
rom fibroblasts and endothelial cells, upregulates adhe
olecules such as ICAM-1, and induces fever (Milleret al.,
997; Ozawaet al., 1996; Schröderet al., 1990).
IL-1b protein levels in the present study only varied

esponse to the contact allergen oxazolone, remaining
ffected in skin from naı̈ve (untreated) mice, vehicle-tre
ice, and mice treated with the respiratory allergen TM
he observation that IL-1b protein production was elevat
ith the cutaneous allergen, but not the respiratory aller

s of interest and may be of biological and toxicolog
ignificance. Although only observed under the precise
erimental conditions described here using a single ch
al for each class, it is possible that other chemicals in
ame class could induce the same responses in IL-1b pro-

duction. This is in line with the fact that topical exposure
mice to contact and respiratory sensitizers stimulates d
gent responses, presumably due to the selective activat
T helper 1 (Th1) and T helper 2 (Th2) type cells, resp
tively (Dearman and Kimber, 1991; Dearmanet al., 1996).
IL-1b mRNA has been reported to be enhanced in m
pecifically in response to contact allergens, unlike o
roinflammatory cytokines such as TNF-a, IFN-g (inter-

eron-g), and GM–CSF which are upregulated in respons
onspecific stimuli, for example skin irritants (Enk a
atz, 1992a,b). This observation lends mechanistic sup

o the approach currently under examination in some l
atories of using specific IL-1b cytokine upregulation as
arker of skin sensitization. Furthermore, it has been

ulated that the selective upregulation of IL-1b by allergens
ut not irritants, may provide a useful marker for dis
uishing skin sensitizing chemicals from skin irritants,

hough in human skin lymph this would not appear to be
ase (Brandet al., 1996).
In addition to describing thein situ localization of induce

L-1b mRNA in the epidermis, the present study has allo
the examination ofin situ changes in the dermis over a sim
time period. Thein situ hybridization data indicate constituti
expression of IL-1b mRNA in the dermis and certain h
ollicles and sebaceous glands, with induction kinetics sim
o that for epidermal IL-1b mRNA, although to confirm th
constitutive expression unequivocally a negative control u
an irrelevant biotinylated anti-sense oligo should also be te
The significance of the constitutive expression and co
allergen-induced upregulation of IL-1b mRNA in murine der

is, hair follicles, and sebaceous glands is unclear. De
endritic cells, equivalent to Langerhans cells in that
xpress MHC class II antigens as well as the dendritic m
EC-205, have been reported in murine skin (Lenzet al.,
993; Belkaidet al., 1996). These dermal dendritic cells
elieved to be a resident population in the dermis and c
be
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study. In human studies, the monocyte/macrophage cell p
lation has been suggested as a potential dermal source ofb
(Hazudaet al.,1988) and it is possible that these cells may
represent a dermal source of IL-1b in the mouse. The derm
distribution of constitutive IL-1b mRNA in murine skin in th
resent study accords with that observed in human
oehmet al. (1995) reported constitutive expression of IL-b

mRNA in human skin hair follicles and sweat glands usinin
situ hybridization, while Ahmedet al. (1996) reported cons
tutive expression of IL-1b mRNA in the inner root sheath c
layer of human hair follicles and suggested that the cyto
had a role in hair growth. However, allergen-inducedin situ
changes in the expression of IL-1b mRNA in human skin hav
not been examined.

In conclusion, the studies reported in this article have sh
that IL-1b mRNA is rapidly and transiently upregulated
mouse skin, in highly localized regions of the epidermis,
mis, hair follicles, and sebaceous glands, following top
exposure to the contact allergen oxazolone. This tempora
spatial profile of induced IL-1b mRNA expression lends fu
her support to the hypothesis that this cytokine plays a key
n the initial stages of skin sensitization. Such information
nhance our understanding of the molecular processes inv

n allergic contact dermatitis and may provide a mechan
asis for designing refined animal andin vitro alternatives t
xisting models of skin sensitization.
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