
Background: Previous reports indicate that IL-12 may be
involved in the development of chronic atopic dermatitis. How-
ever, the cellular source of this cytokine in the skin and its
expression during successful treatment of the skin lesions are
not known.
Objective: Our purpose was to delineate the precise in situ
localization of IL-12 and its modulation under topical treat-
ment with corticosteroids.
Methods: Skin biopsy specimens were obtained from nonle-
sional, lesional, and treated skin of patients with atopic der-
matitis and from healthy skin of nonatopic control subjects.
IL-12 was investigated by real-time quantitative reverse tran-
scriptase–PCR and immunohistochemistry.
Results: Expression of IL-12 p40 mRNA was significantly
enhanced in lesional skin from atopic dermatitis and strongly
down-regulated after treatment with topical corticosteroids for
9 to 10 days. In contrast, similar levels of IL-12 p35 transcripts
were found in all the samples without any significant differ-
ences after treatment. In addition, a strong enhancement of
IL-12 immunoreactivity was observed on the mononuclear cell
infiltrate in the lesional skin samples, which was also markedly
reduced after treatment. IL-12 immunoreactivity was mainly
located in the cytoplasm of dermal dendritic cells and
macrophages as well as some Langerhans cells.
Conclusion: Our data suggest that the enhanced local produc-
tion of IL-12 in dendritic cells and macrophages may be
responsible for up-regulating production of IFN-γ in chronic
lesions and strengthen the idea that IL-12 may have a pivotal
role in promoting inflammation in atopic dermatitis.
(J Allergy Clin Immunol 2000;106:941-7.)
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Atopic dermatitis (AD) is a chronic inflammatory skin
disease that often begins in infancy. It is characterized by

extreme pruritus, typically distributed eczematous skin
lesions, and a personal or family history of atopic dis-
eases.1 Current knowledge suggests that a dysregulation
of T cells and an imbalance in the cytokine network are
important pathogenic factors in the development of this
skin disease.2,3 Analysis of the cytokine pattern of AD
lesions has demonstrated the predominance of T-helper
lymphocytes with a type-2 cytokine profile (IL-4, IL-5,
IL-13) during the initial phase of skin inflammation,
whereas both type-2 cytokines (ie, IL-5) and type-1
cytokines (ie, IFN-γ) are up-regulated in chronic
lesions.3-6 Although the precise mechanisms leading to
the appearance of T-helper cells with a type-1 cytokine in
chronic AD have remained unresolved, recent evidence
suggests that IL-12 may be involved in this process.3,5

IL-12 is composed of two subunits, a light chain (p35)
and a heavy chain (p40), which form the heterodimer
p70.7 It is predominantly secreted by phagocytic (mono-
cytes-macrophages) and antigen-presenting cells (den-
dritic cells [DCs]). Furthermore, various other cell types,
such as polymorphonuclear leukocytes, mast cells, ke-
ratinocytes, and neuronal and glial cells have also been
reported to express this cytokine. IL-12 is a key factor in
the activation of cytotoxic lymphocytes, the regulation of
IFN-γ production, and the generation of TH1 cell-media-
ted immune responses.7 The expression of IL-12 p35 and
p40 transcripts and the precise localization of this
cytokine, particularly after treatment of chronic AD
lesions, have not been elucidated so far. The current
study was therefore designed to investigate the in situ
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expression of IL-12 mRNA and protein in chronic AD
skin lesions before and after treatment with topical corti-
costeroids with use of a real-time quantitative reverse
transcriptase (RT)–PCR and immunohistochemistry.

MATERIAL AND METHODS

Subjects and skin specimens

The ethical committee of the medical faculty of the University of
Bern approved the study. Eighteen white patients (8 women and 10
men, age range 16-55 years) with moderate to severe chronic AD
were included in the study after their informed consent was
obtained. AD was diagnosed according to the criteria of Hanifin and
Rajka.8 The clinical severity of AD was documented by the scoring
atopic dermatitis (SCORAD) index as described previously.9 The
SCORAD index ranged between 30 and 80 in the patients with AD.
Punch biopsy specimens of 5 mm diameter were taken from chron-
ic eczematous skin lesions (n = 6) in the large joint flexures and
from nonlesional skin (NL) located about 10 cm from a chronic
eczematous skin lesion (n = 6). These patients did not receive any
systemic corticosteroids or topical treatment with corticosteroids at
the site where biopsy specimens were obtained for at least 3 weeks
before the investigation. In six additional patients biopsy specimens
were taken from a previously chronic eczematous skin lesion in the
large joint flexures, which had successfully been treated with a top-
ical corticosteroid (mometasone ointment 0.1%) for 9 to 10 days.
These lesions still showed a varying degree of lichenification but no
signs of inflammation. The SCORAD index ranged between 15 and
25 in these patients. Healthy skin (NS) from 6 nonatopic control
subjects was obtained from patients undergoing reconstructive
surgery. The material was snap-frozen with or without tissue-
embedding medium with isopentane precooled in liquid nitrogen
and stored at –70°C.

Real-time quantitative RT-PCR analysis

Skin biopsy specimens were homogenized and total RNA was
extracted from NS of nonatopic control subjects (n = 6), NL (n = 6),
lesional skin (LS) (n = 6), and treated AD skin (n = 6) with use of
an SV40 total RNA isolation kit (Promega, Madison, Wis). The
RNA isolation method included a digestion step for DNA. RNA iso-
lated from EBV-transformed B-lymphocyte cells (kindly provided
by K. Frutig, Institute of Immunology and Allergology, Inselspital,
Bern, Switzerland) was used to standardize the amplification reac-
tion. The total amount of RNA was quantitated by spectrophotome-
try. Equal amounts of RNA (200 ng) were reverse transcribed and
cDNA was synthesized with avian myeloblastosis virus RT and ran-
dom primers (Roche Diagnostics, Basel, Switzerland).

Amplification reactions were performed with the TaqMan
method (Perkin Elmer Applied Biosystems, Foster City, Calif). The
sequences of the primers and TaqMan probes used in the study are
listed in Table I. The primers for IL-12 p35 and p40 were designed
on the basis of the published sequences of the human IL-12 cDNA10

and do not show any significant homology with other human cDNA
sequences. Amplification of 7S RNA was monitored as an internal
control for quantification.11 Primers and TaqMan probes were syn-

thesized by Perkin Elmer and were used at the final concentration
of 300 nmol/L each.

Reaction mixtures of 25 µL were carried out in 1× TaqMan Uni-
versal PCR master mix and contained 25 ng of cDNA. Real-time
PCR was performed with the ABI Prism 7700 Sequence Detection
System (SDS). The PCRs were done in a 96-well MicroAmp opti-
cal plate with caps (Perkin Elmer Applied Biosystems), and data
were analyzed by the SDS software. Thermal cycler parameters
included 2 minutes at 50°C, 10 minutes at 95°C, and 50 cycles of
15 seconds at 95°C, and 1 minute at 60°C. PCR with total RNA as
template to check for DNA contamination revealed no amplifica-
tion. The data obtained were analyzed as described previously.12

The results are shown as the ratio of the copy number of IL-12 p35
or p40 mRNA divided by that of 7S RNA in each tissue.

Immunohistochemistry

Immunostaining of skin sections from NS of the nonatopic con-
trol subjects (n = 6), NL (n = 6), LS (n = 6), and treated skin of the
patients with AD (n = 6) was performed by use of the alkaline phos-
phatase–antialkaline phosphatase (APAAP) method as described
previously.13 Briefly, 6-µm cryostat tissue sections were fixed in 2%
formaldehyde. After application of normal rabbit serum the sections
were incubated with one of the following monoclonal anti-human
antibodies: anti-IL-12 p35/p70 (50 µg/mL, clone G161-566,
PharMingen/Beckon Dickinson, Mountain View, Calif), anti-IL-12
p40/p70 (50 µg/mL, clone B-P24, Diaclone Research, Besançon,
France), and anti-IL-12 p70 (50 µg/mL, clone 24945.11, R&D Sys-
tems, Minneapolis, Minn). Substitution of the primary antibody
with isotype-matched IgG and omission of the primary antibody
were used as negative controls. After washing, the sections were
incubated with a rabbit anti-mouse antibody (dilution 1:30; Z259;
DAKO, Glostrup, Denmark) and the APAAP complexes (dilution
1:50; D651; DAKO). To enhance the signal, the incubation with the
rabbit anti-mouse antibody and the APAAP complexes was repeat-
ed. Finally, the sections were developed in new fuchsin-naphtol and
counterstained with hematoxylin.

Double immunostaining was performed by combining two indi-
rect staining methods with two unlabeled primary antibodies of
mouse (IL-12 p40/p70 [clone B-P24] and goat (anti-CD1a [clone C-
19, Santa Cruz Biotechnology, Santa Cruz, Calif] or anti-CD68
[clone N-19, Santa Cruz Biotechnology]) origin. Slides were initially
incubated with the primary antibodies overnight, followed by alkaline
phosphatase–conjugated rabbit anti-mouse (dilution 1:20; DAKO)
and peroxidase-conjugated rabbit anti-goat Igs (dilution 1:400; Jack-
son ImmunoResearch Laboratories, West Grove, Pa). Sections were
then developed with new fuchsin-naphtol and diaminobenzidine,
which revealed red and brown staining, respectively, and finally were
counterstained with hematoxylin. The specificity of the reaction was
confirmed by omitting the primary antibodies and by using irrelevant
isotype-matched antibodies as negative controls.

Evaluation of sections

The slides were analyzed with a Leitz Dialux 20EB microscope by
two independent investigators. In each section staining was assessed
on 10 to 15 fields at ×400 magnification. Cells displaying a strong

TABLE I. Sequences of primers and TaqMan probes

mRNA IL-12 p35 IL-12 p40 7S RNA

Sense primer 5´-GTTCCCATGCCTTCACCACT-3´ 5´-GCCCAGCTGCTGAGGAGAGT-3´ 5´-ACCACCAGGTTGCCTAAGGA-3´
(nt305-nt324) (nt609-nt628) (nt150-nt169)

Reverse primer 5´-TGTCTGGCCTTCTGGAGCA-3´ 5´-TGGGTGGGTCAGGTTTGATG-3´ 5´-CACGGGAGTTTTGACCTGCT-3´
(nt355-nt373) (nt709-nt728) (nt198-nt217)

TaqMan probe 5´-CCAAAACCTGCTGAGGGCCGTCA-3´ 5´-ACGGCATCCACCATGACCTCAATG-3´ 5´-TGAACCGGCCCAGGTCGGAAAC-3´
(nt326-nt348) (nt657-nt680) (nt174-nt195)
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cytoplasmic staining were considered to be positive. The positive
cells were counted with a 0.063-mm2 grid and the number of positive
cells (mean ± SEM) per square millimeter was determined. Only pos-
itively stained cells with a nucleus were included in the counting.

Statistical analysis

Statistical analysis was performed by the Kruskal-Wallis non-
parametric ANOVA test and subsequently by the Mann-Whitney U
test (with Bonferroni’s correction). A P value less than .05 was con-
sidered statistically significant.

RESULTS

IL-12 p40 mRNA is significantly enhanced in

AD skin lesions and down-regulated after

topical corticosteroid treatment

To analyze the expression of IL-12 p35 and p40
mRNA in the skin of nonatopic control subjects and
patients with AD, real-time quantitative TaqMan RT-PCR
analysis was performed. The results are summarized in
Fig 1. Low levels of mRNA encoding the p40 subunit
were measured in NS of the nonatopic controls and in NS
from patients with AD. A significant enhancement in the
expression of p40 was observed in LS samples, which
was reduced to normal levels on treatment with topical
corticosteroids for 9 to 10 days. In contrast, the level of
p35 expression was similar in all of the samples without
any significant differences after treatment.

IL-12 immunoreactivity is mainly located in

macrophages and DCs

Immunostaining for IL-12 was performed with use of
3 mAbs recognizing different epitopes of IL-12 (ie,
p35/p70, p40/p70, and p70). Representative stainings
with these antibodies and quantification of the positive
cells in NS of the nonatopic control subjects, NL, LS,
and treated skin of the patients with AD are shown in
Figs 2 and 3. In contrast to NS and nonlesional AD skin,
a significant enhancement of IL-12 immunoreactivity

was found in lesional AD skin, which was again signifi-
cantly diminished in the treated lesions. The staining pat-
tern was similar with all of the antibodies, with the dif-
ference that the antibody-recognizing p70 was expressed
weaker than the other two. No positive staining was
observed when the primary antibody was substituted
with an isotype-matched IgG (not shown).

IL-12 immunoreactivity was predominantly observed
in the cytoplasm of mononuclear cells scattered through-
out the dermis and particularly in the dense perivascular
infiltrate. The staining pattern was mostly granular. The
morphologic features and location of the stained cells as
shown in Fig 4, a and b, strongly suggest that
macrophages, dermal DCs, and Langerhans cells (LCs)
express IL-12 in AD skin lesions. In addition, double
immunostaining experiments confirmed that CD68+

macrophages as well as CD1a+ DCs express IL-12 (Fig
5, a and b). Furthermore, as shown in Fig 4, a and c, ke-
ratinocytes focally also stained positive for IL-12.
Immunostaining was located in the cytoplasm of the ke-
ratinocytes and showed a more diffuse staining pattern.

DISCUSSION

In this study we demonstrate that the in situ expression
of IL-12 is significantly increased in chronic AD lesions
and markedly reduced after successful treatment with
topical corticosteroids. By use of in situ hybridization
techniques, expression of IL-12 has previously also been
reported to be enhanced, particularly in chronic AD
lesions.5 Our data confirm and extend these results on the
expression of IL-12 in AD by use of real-time quantita-
tive RT-PCR and immunostaining techniques. In accor-
dance with Hamid et al we were also able to verify an
increased expression of IL-12 p40 in chronic compared
with acute AD lesions (data not shown).

Bioactive IL-12 p70 is composed of two covalently
linked subunits, p35 and p40.14 Previous studies have

FIG 1. IL-12 p40 mRNA expression is significantly increased in lesional AD skin and decreased after treat-
ment with topical corticosteroids. Total RNA extracted from NS of nonatopic controls (n = 6), NL (n = 6), LS
(n = 6), and treated skin (TS) (n = 6) of patients with AD and analyzed with use of the p35, p40, and 7S
primers described in Table I. IL-12 p35/7S and IL-12 p40/7S RNA ratios were measured by TaqMan RT-PCR
analysis as described in Material and methods. Mean values ± SEM.
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FIG 2. IL-12 immunoreactivity in NS and AD. Representative examples of NS from nonatopic control (a-c),

nonlesional (d-f), lesional (g-i), and treated skin (j-l) from AD are shown. Immunostaining was performed
with three different antibodies recognizing IL-12 p35/p70 (clone G161-566), IL-12 p40/70 (clone B-P24), and
IL-12 p70 (clone 24945.11). IL-12–positive cells were visualized with new-fuchsin (red). Box in h indicates
region shown in Fig 4 a. (Original magnification ×100.)

FIG 3. Quantification of IL-12–positive cells in NS (n = 5), NL (n = 6), LS (n = 6), and treated skin (TS) (n = 6).
Immunostaining was performed with three different antibodies recognizing IL-12 p35/p70, IL-12 p40/70, and
IL-12 p70. Mean values ± SEM.
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demonstrated that p35 is constitutively expressed in
various cells, whereas p40 is the inducible subunit.15,16

Thus secretion of IL-12 appears to be predominantly
regulated at the level of p40 chain transcription, which
correlates with the ability of the cells to produce the
biologically active p70 heterodimer.7,17,18 Accordingly,
up-regulation of IL-12 mRNA in this study was partic-
ularly found for the p40 subunit, whereas messengers
encoding the p35 subunit did not show any significant
differences. These findings are in agreement with previ-
ous studies demonstrating that p40 mRNA is expressed
in considerable excess to that of p35.7,18,19 Interesting-
ly, in contrast to the low p35 mRNA levels, a signifi-

cantly stronger immunoreactivity was observed for IL-
12 p35/p70 in lesional AD skin compared with the other
samples. Such differences between mRNA and protein
levels may be a consequence of transcriptional and
posttranscriptional modifications and result, for exam-
ple, from differences in their degradation. Indeed, sev-
eral copies of the adenine- and uracil-rich motif UUAU-
UUAU are present within the 3´ untranslated region of
the p35 transcripts and to a markedly lesser degree
within that of p40 mRNA. Such adenine- and uracil-
rich motifs have been shown to direct a rapid decay of
several cytokine messengers, including GM-CSF, TNF-
α, and IL-1320-22 and may explain the short half-life of

FIG 4. Localization of IL-12 immunoreactivity in chronic AD skin lesions. Immunostaining with use of an
antibody recognizing IL-12 p40/70 (clone B-P24) is shown as a representative example. The morphologic
features of the stained cells suggest that IL-12 is mainly expressed in macrophages and dendritic cells (a
and b). Positive immunoreactivity was also observed focally in the cytoplasm of the keratinocytes (c). IL-
12–positive cells were visualized with new-fuchsin (red). (a, Original magnification ×250; b and c, original
magnification ×1000.)

FIG 5. Double immunostaining confirmed that IL-12 is located in CD68+ macrophages and CD1a+ LCs.
CD68+– (a) and CD1a+– (b) positive cells were determined with diaminobenzidine (brown), IL-12 with new-
fuchsin (red). Thin arrow, Single staining; thick arrow, double staining. (Original magnification ×1000.)
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the p35 mRNA. Thus the p35 subunit may also be a
rate-limiting factor in determining the level of IL-12
p70 production and thereby help controlling the secre-
tion of bioactive IL-12.23,24

IL-12 production has been reported to be mediated by
various pathways, including T-cell independent and
dependent mechanisms.7 T cell–independent mechanisms
include stimulation by bacteria such as Staphylococcus
aureus cowan I strain and bacterial products such as
lipopolysaccharides and superantigens. S aureus and its
exotoxins are thought to be an important pathogenic factor
in AD.25-27 Because the skin of patients with AD is highly
colonized with S aureus, it is feasible that these factors
may have contributed to the up-regulation of IL-12 in situ.
Furthermore, superantigens have also been reported to
induce the expression of cutaneous leukocyte antigen on T
cells by an IL-12–dependent mechanism.28 Thus these
factors may sustain cutaneous inflammation by increasing
the population of memory T cells capable of migrating
into the skin. Production of IL-12 is also up-regulated by
a T cell–dependent mechanism involving CD40-CD40L
interactions between macrophages or DCs and T cells. As
ascertained by the morphologic features of the cells and
double immunostaining, CD68+ macrophages and CD1a+

DCs were found to be the major source of IL-12 in the der-
mis and epidermis of the skin lesions. Interactions
between macrophages or DCs and T cells in the cutaneous
infiltrate could therefore also explain the enhanced in situ
expression of IL-12 in AD. Such interactions may also be
important in other inflammatory skin diseases such as pso-
riasis and contact dermatitis, in which an enhanced expres-
sion of IL-12 has been reported previously.5,13,19

A further notable finding of this study was the focal
localization of IL-12 immunoreactivity in the cytoplasm
of some keratinocytes. Positive immunostaining was par-
ticularly enhanced when the antibodies recognizing
p35/p70 and p40/p70 were used and to a lesser degree
with those recognizing p70. Because low amounts of IL-
12 have been reported to be produced by keratinocytes in
vitro,29,30 it is possible that keratinocytes indeed also
produce this cytokine in vivo. However, the focal local-
ization may suggest that further stimulatory factors such
as the presence of other proinflammatory cytokines such
as IFN-γ are necessary for the optimal production of IL-
12 by keratinocytes in situ.

In recent years a biphasic model in the generation and
maintenance of AD lesions has been proposed.3 Thereby
TH2-predominated responses have been suggested to be
crucial for the initiation of AD, whereas TH1-predominated
responses are thought to be more important in the chronic
phase of the disease. The increased penetration of bacteria
and bacterial products during the eczematous skin reaction
together with the enhanced influx and presence of DCs and
macrophages capable of IL-12 production could induce a
change in the local skin microenvironment and favor IFN-
γ production by T cells. Because IFN-γ, in turn, also aug-
ments IL-12 secretion, these cytokines may comprise a
positive feedback system that could play an essential part in
maintaining chronic cutaneous inflammation. Furthermore,

our observations showing a significant down-regulation of
IL-12 together with the remission of the skin lesions after
successful treatment add further evidence for a significant
role of this cytokine in the development of AD.

Besides stimulation of IFN-γ production, IL-12 is also
known to be a potent stimulatory and maturational factor
for cytotoxic lymphocytes.7 Interestingly, it has been sug-
gested that cytotoxic lymphocytes are mandatory for the
elicitation of contact hypersensitivity reactions.31 In view
of the enhanced in situ production of IL-12 in AD and as
also shown previously in contact dermatis,13 this cytokine
may therefore play a decisive role in activating cytotoxic
lymphocytes in inflammatory skin diseases. Further evi-
dence for this is provided by the increased presence of
perforin- and granzyme B–containing cells in AD lesions
and contact dermatitis (manuscript in preparation). Acti-
vation of such cytotoxic lymphocytes in the skin may
contribute to tissue damage and again act to maintain
chronic skin inflammation. Finally, the enhanced IL-12
expression in AD skin lesions may also initiate a cascade
of dysregulated immune responses (ie, failure of periph-
eral tolerogenic mechanisms or even generation of autoin-
flammatory processes). These assumptions are substanti-
ated by recent data showing an enhancement of peripheral
tolerance after neutralization of endogenous IL-12.32

Such mechanisms may particularly perpetuate AD
lesions, even when the initiating allergens are absent.

In conclusion, our data show that the expression of IL-
12 is up-regulated in AD skin lesions and significantly
reduced during improvement of skin inflammation. These
findings provide further evidence that IL-12 may repre-
sent a key cytokine in the generation of inflammatory skin
diseases and suggest IL-12 receptor antagonists as poten-
tial candidates especially for therapy of chronic AD.
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help. We also thank Dr Gillmann, Institute of Social and Preventive
Medicine, Bern, for his help with statistical analysis.
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