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ABSTRACT

Background: The nervous system has been implicated
in several inflammatory skin disorders based on evidence
such as the role of stress in inducing lesions, symmetry of
lesions, and sparing of denervated skin. Interleukin 12
(IL- 12) is a cytokine recently shown to promote cellular
immune responses characterized by delayed-type hyper-
sensitivity and production of the THI-lymphokine, in-
terferon--y.
Materials and Methods: Using immunohistochemis-
try, IL-12 immunoreactivity was identified in cryostat
sections of normal and diseased human skin samples,
and in the peripheral and central nervous system of
rodents and human tissue samples. IL-12 p35 and p40
mRNAs were detected using reverse transcriptase-poly-
merase chain reaction in tissue samples and cultured
cells. IL- 12 protein levels were also examined by ELISA
and quantitative bioassay utilizing an IL-12-dependent
cell line.

Results: By immunostaining IL- 12 was detected in free
nerve ending in the epidermis of normal and diseased
skin samples, and also in the dermal nerve fibers. Strong
reactivity was detected in axonal processes and in vari-
ous glial cell types. In addition, IL- 12 protein and mnRNA
were contained within cutaneous peripheral nerves and
spinal cord tissues, and functional levels of IL-12 were
produced by cultured Schwann cells.
Conclusions: It is likely that IL- 12 is important in initi-
ating or propagating selected inflammatory skin lesions
and in determining the pattern of disease that will de-
velop. The presence of IL-12 in neural tissue suggests a
mechanism whereby the nervous system can modify or
amplify cutaneous and perhaps other immune re-
sponses.

INTRODUCTION
Substantial evidence indicates a cellular and mo-

lecular basis for communication between the
nervous system and the immune system (re-
viewed in Ref. 1). In the case of the skin, psori-
asis is an autoimmune T cell-mediated disorder
characterized by exacerbation in response to
stress and displays a striking symmetry in the
distribution of lesions which is similar to patterns
of innervation (2). Compounds of neural origin
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such as substance P and calcitonin-gene related
protein (CGRP) have been localized to skin le-
sions and implicated in the pathogenesis of this
disease (3-5). Interleukin 12 (IL- 12), a cytokine
produced by antigen-presenting cells, has
pleiotrophic effects on natural killer (NK) and T
cells, including enhancement of cytotoxicity and
interferon-y (IFNy) production (6). In vivo and
in vitro, IL- 12 supports the generation of a TH- 1
immune response characterized by cell-mediated
immunity and delayed-type hypersensitivity (7).

We were initially interested in examining
IL-12 expression in psoriasis, since this disorder
is characterized by a cellular immune reaction
featuring TH-1 type lymphocytes (8). Here we
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report that IL- 12 is contained within peripheral
nerves, including cutaneous sensory nerve end-
ings in the upper dermis and epidermis of normal
and diseased skin samples. In addition, IL- 12
immunoreactivity was observed in neuronal cells
of dorsal root and sympathetic ganglion, the sur-
rounding satellite cells, in peripheral nerve ax-
onal processes and Schwann cells of the sciatic,
femoral, and sural nerves, and within oligoden-
droglial cells of the spinal cord. IL- 12 was not
identified in anterior horn cells. Identical immu-
nostaining profiles were obtained with different
anti-IL- 12 antibodies in both human and rodent
tissue samples. Using reverse transcription-poly-
merase chain reaction (RT-PCR) to detect the
inducible-p40 (heavy chain) mRNA of IL- 12,
transcripts were detected in various rodent tis-
sues including skin, sympathetic ganglion, sciatic
and sural nerves, and spinal cord. Examination
of purified cell types in culture revealed p40
mRNA production in oligodendroglial cells, mi-
croglial cells, and Schwann cells, but not neuro-
nal cells, astrocytes, or fibroblasts. IL- 12 released
from these neural cell types needs to be consid-
ered as additional non-bone marrow-derived
sources of IL- 12, and may be important in local
inflammatory and immunological responses ini-
tiated through exogenous or endogenous neural
stimulation.

MATERIALS AND METHODS
Tissue Samples
Punch biopsies of human skin were obtained
either from normal, healthy individuals (n = 5)
or from untreated lesions of patients with vari-
ous dermatological disorders including psoriasis
(n = 5), challenge phase of allergic contact der-
matitis (rhus dermatitis; n = 4), cutaneous T cell
lymphoma (CTCL; n = 4). All biopsies were per-
formed after informed consent and approval of
the Human Subjects Committee. Samples of hu-
man sural nerve, femoral nerve, and spinal cord
(n = 3) were obtained from autopsy material
within 2 hr of death. Rodent tissue used for all
experiments except splenocytes in this study in-
cluded neonatal and adult BB-Wistar rats, and
consisted of foot pad skin, sural and sciatic
nerves, dorsal and sympathetic ganglion cells,
spinal cord, and brain. Tissue samples were im-
mediately snap frozen in isopentane chilled by
liquid nitrogen and stored at -80°C.

Tissue Culture

SCHWANN CELLS: Sciatic nerves dissected from
neonatal rat pups were dissociated with trypsin,
and the single cell suspension was plated in Dul-
becco's modified Eagle's medium (DMEM) sup-
plemented with 10% heat-inactivated fetal bo-
vine serum (FBS; Sigma Chemical Co., St. Louis,
MO, U.S.A.). Fibroblasts were eliminated with
an antimitotic and by complement-mediated ly-
sis (9). The Schwann cell population was ex-
panded with 2 mM forskolin and 5 gg/ml of glial
growth factor purified from bovine pituitary
glands by carboxymethylcellulose chromatogra-
phy (9). Schwann cells were used after four to
five passages and small glass coverslips (12 mm
in diameter) included in the culture dishes to
assess the purity of the cell population by indirect
immunofluorescence staining as previously de-
scribed (10). Schwann cell cultures contained
less than 1% contaminating fibroblasts as iden-
tified with antibodies to Thy 1.1 (hybridoma
TI 1D7e2; American Type Culture Collection,
Rockville, MD, U.S.A.). Mitogens were removed
from the medium at least 5 days before treat-
ment or harvest.

Conditioned medium was collected from rat
Schwann cells which were seeded at a density of
106 cells/10-cm dish. The feeding medium was
replaced with 5 ml of serum-free N2 medium
(Gibco-BRL, Gaitherburg, MD, U.S.A.) after 24
hr, and the conditioned medium was collected
48 hr later. After centrifugation at 3,000 X g for
5 min at 4°C to remove debris, aliqouts were
stored at -800C until analysis.

FIBROBLASTS: Perineurial fibroblasts were puri-
fied from neonatal rat sciatic nerves by serial
subculture in DMEM containing 20% FBS. Pure
cultures were obtained after four passages, and
the serum concentration was reduced to 10% 1
week before harvest. Absence of Schwann cell
was confirmed by indirect immunofluorescence
for S-100 (Dakopatt, Carpinteria, CA, U.S.A.).

DORSAL ROOT GANGLIA NEURONS: Ganglia were dis-
sected from 15-day-old rat embryos, dissociated
in 0.25% acetylated trypsin, and seeded onto 10
g/ml of poly-L-lysine coated with plastic dishes.
Neurons were maintained in Eagle's minimum
essential medium (MEM) with 1.32 g/l glucose,
10% human placental serum, and 50 ng/ml 2.5S
nerve growth factor (Collaborative Research),
while contaminating Schwann cells and fibro-
blasts were removed by two to three cycles of

691



692 Molecular Medicine, Volume 1, Number 6, September 1995

antimitotic treatment with 2 mM fluorode-
oxyuridine (1 1). Cultures were grown in serum-
free N2 medium containing NGF for 14 days to
allow extensive neurite outgrowth. The presence
of contaminating cells was apparent by phase
contrast microscopy without immunostaining,
and cultures containing >98% neurons were
used in these experiments.

ASTROCYTES, MICROGLLAL, AND OLIGODENDROCYTES: Cer-
ebellar regions dissected from neonatal rat brains
were digested in 0.25% acetylated trypsin, and
the cell suspension was seeded into 75-mm cul-
ture flasks. Mixed glial cultures were grown to
confluence (10-14 days) in DMEM with 10%
FBS, and the various cell types were separated as
previously described (11). Cultures enriched in
microglia were obtained by shaking the flasks at
260 rpm for 1.5 hrs at 37°C and replating the
cells in 6-cm plastic dishes. When cultures were
harvested 7 days later, astrocytes were the major
contaminating cells (approximately 10%) as de-
termined by indirect immunofluorescent stain-
ing with monoclonal antibodies to glial fibrillary
acidic protein (GFAP; Boehringer-Mannheim,
Indianapolis, IN, U.S.A.).

To obtain oligodendrocytes, fresh medium
was added to the flasks and the shaking was
continued for 18 hr. The detached cells were
preplated on plastic for 20 min and the nonad-
herent cells were seeded onto poly-lysine-coated
dishes. The growth medium was replaced 24 hr
later with N2 medium containing 0.5% FBS to
promote oligodendrocyte differentiation, and the
cultures were maintained for 18-21 days. The
cultures contained .70% oligodendrocytes at
harvest, which were identified by staining with
anti-galactocerebroside antibodies (Advanced
Immunochemicals, Los Angeles, CA, U.S.A.).
Nearly all of the contaminating cells were GFAP-
positive astrocytes.

The cells remaining in the flask after two
successive shake-offs were replated and grown
for 7 days in DMEM with 10% FBS. These cul-
tures contained .94% astrocytes as determined
by GFAP immunoreactivity.

Immunostaining
Cryostat sections of skin and nervous tissue 4 ,um
thick underwent immunohistochemical staining
using a highly sensitive avidin-biotin peroxidase
technique (Vectastain Kit, Vector Laboratory,
Burlingame, CA, U.S.A.) as previously described
(5). After immunostaining, tissue sections were

incubated with the chromogen 3 amino-4-ethyl
carbazole (Aldrich Chemical Co., Milwaukee, WI,
U.S.A.) producing a positive red reaction product,
and counterstained with hematoxylin prior to cov-
erslipping.

The anti-human IL- 12 monoclonal antibody
(mAb) was a murine IgGI mAb (12H1/8.2.1)
raised against recombinant human IL-12 (ob-
tained from Stanley F. Wolf, Genetics Institute,
Cambridge, MA, U.S.A.). This mAb has been well
characterized and immunoprecipitates the p40
and p70 components chains of IL- 12. Specificity
for staining included the usage of an irrelevant
pool of murine IgGI Abs (Coulter Corp, Hialeah,
FL, U.S.A.). All Abs were used at a final concen-
tration of 10 ,ug/ml. To verify Ab specificity,
blocking studies were performed in which the
anti-IL-12 Ab solution was preincubated with
excess recombinant human IL-12 (gift of S.
Wolf) for 24 hr at 4°C prior to staining. This
preincubation with excess antigen completely
abrogated all immunoreactivity for detection of
human IL- 12 within both skin and nervous sys-
tem tissues. Rat tissue samples were immuno-
stained using a sheep anti-murine antibody
(G28A,PB2-obtained from Dr. S. Wolf) raised
against murine IL-12 p40 chain. The staining
procedures used for rat tissues were identical to
those used for human tissues. Controls were ob-
tained by omitting the first and/or second anti-
body and were all negative.

Rat IL-12 p40 Partial cDNA Clone
Total RNA was isolated by the method of Chom-
czynski and Sacchi (12): The whole spleen from
a Fisher rat was minced and the red blood cells
lysed by brief suspension in distilled water. The
splenocytes were resuspended at 2 x 106 cells/ml
and were stimulated for 24 hr in ConA (Sigma)
at S,ug/ml in RPMI containing 10% FBS> Con
A-stimulated splenocytes of a Fisher rat. An
821 -bp cDNA fragment of rat IL- 12 p40 was
synthesized from the RNA using MMLV reverse
transcriptase and an oligo-dT primer at 420C fol-
lowed by PCR with Taq polymerase (Boehringer-
Mannheim Biochemicals) as described (13), us-
ing redundant mouse/human IL-12 p40 primers
specific for a conserved region of the molecule
sense primers contain the probable initiation
codon at position 17, the antisense primer in-
cludes the codon for amino acid 268 of the
mouse protein. Purified cDNA fragments were
cloned and sequenced. The nucleic acid sequence
shares 94% identity with the corresponding seg-
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ment of the mouse IL-12 p40 mRNA (14) and
the translated product shares 92% identity with
the same region of the mouse protein. The rat
sequence has been deposited in GenBank under
accession number U 16674. Primers for use in the
RT-PCR analysis for both rat and mouse IL-12
p40 were designed from identical regions of this
sequence and span a region of 484 bases internal
to the cloning primers.

RT-PCR

Purified RNA was dissolved in sterile dH2O and
the concentration adjusted based on the O.D.
260 nm. Bulk RT reactions were performed with
each sample/dilution of RNA using oligo-dT (18
mer) and MMLV reverse transcriptase (Gibco-
BRL), at 42°C for 45 min (13). PCR reactions
were performed as described (13), using specific
primers for actin (15), mouse IL-12 p35 (16), rat
or mouse IL- 12 p40 (sense 5'-tggagtcataggctct
gga, antisense 5'-gatgaagaagctggtgctg, product
484 bp), human IL-12 p35, and human IL-12
p40 (17). PCR was done using an initial dena-
turation step of 94°C for 5', and temperature
cycling of 930C for 45 sec, 52°C for 45 sec and
72°C for 80 sec plus 1 sec/cycle. PCR was per-
formed for 25 cycles for a-actin or 38 cycles for
IL-12 p35 and IL-12 p40, following which 8 ml
samples of each product were electrophoresed in
agarose gels, blotted on nylon membranes, and
UV-crosslinked as described (15). Membranes
were hybrized with ddUTP-digoxigenin 3' end-
labeled specific oligonucleotide probe (actin 5'-
ggtcaggatgcctctcttg, mouse IL- 12 p35 5'-ctagtagc
caggcaactc, rat/mouse IL-12 p40 or human IL-12
probes as described (17), then with anti-digoxi-
genin-alkaline phosphatase, (Boehringer-Mann-
heim Biochemicals) before incubation with
chemiluminescentsubstrate (LumigenPPD, Boeh-
ringer-Mannheim Biochemicals). Hybridized
membranes were exposed to X-ray film (Fuji,
Inc.) for varied times. Images were recorded with
a video camera, with no enhancement.

IL-12 ELISA

To determine the presence and amount of IL- 12
in the tissue samples, frozen samples were
thawed with a PBS containing a cocktail of
protease inhibitors including 2 mM phenylmeth-
ylsulfonylfluoride, 1 ,tg/ml each of antipan,
aprotinin, leupeptin, and pepstatin A, and ho-
mogenized, sonicated, and centrifuged at 30,000
x g. The aqueous extracts were filtered through

1.2-,um filters (Gelman Sciences, Ann Arbor, MI,
U.S.A.) and analyzed using a specific IL-12
ELISA quantitated by a double ligand method as
previously described (16). The Ab used in this
procedure was a goat anti-human recombinant
IL-12 neutralizing Ab (R+D Systems, Minneap-
olis, MN, U.S.A.).

IL-12 Bioassay
To detect functional IL- 12 production, rat
Schwann cell conditioned medium was analyzed
using a bioassay system as previously described
(18), except a different IL- 12-dependent cell line
was used (KIT 225/K6) as described (19).

RESULTS
IL-12 Immunostaining of Normal
and Diseased Human Skin
In all normal skin samples, there was easily rec-
ognizable IL-12 immunostaining of the nerves,
both as individual free nerve fibers in the papil-
lary dermis (Fig. 1, arrows), and within nerves
that penetrated the basement membrane zone to
reach the epidermal compartment (Fig. 1, inset,
arrowhead), as well as in larger aggregates of
nerve bundles in the mid and deeper dermis
(data not shown). Nerve fibers within the pili
erector smooth muscle structures could also be
visualized as transversing between muscle fibers
in a spiraling fashion (Fig. 2). Occasional areas of
epidermal keratinocyte staining for IL- 12 was
observed, but this was not as consistent or as
intense as the staining of the nerve fibers. This
keratinocyte staining was judged to be nonspe-
cific since in our previous report p40 IL- 12
mRNA could not be detected under any culture
condition for human keratinocytes (17). An ir-
relevant IgG cocktail of abs served as another
control, and produced no positive staining of any
cell types in the skin samples except occasional
keratinocyte faint staining (data not shown).
IL- 12 immunoreactivity in the samples of vari-
ous skin diseases was similar to the normal skin
biopsies with respect to the nerve fibers. In ad-
dition to the consistent IL- 12 staining of nerve
fibers, vascular endothelial cells and occasional
dendritic cells in the dermis and epidermis dis-
played IL-12 immunoreactivity (data not shown).

IL-12 Immunostaining of Normal Rat Skin
Positive staining for IL- 12 was observed in axons
contained in small nerve fascicles of the dermis,
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as well as in the free nerve endings and plexa
surrounding sweat glands and in juxtaposition to
the basal cell layer of the epidermis, which could
at times be traced into the epidermis (data not
shown). Occasionally epidermal keratinocytes
showed diffuse faint immunostaining for IL-12
which was considered as nonspecific as men-
tioned above for human skin samples.

IL-12 Immunostaining of Human
Peripheral and Central Nervous System
IL- 12 immunoreactivity was seen within samples
of sural nerve and femoral nerve, and included
strong and diffuse staining within the axons
(Figs. 3 and 4). In cross-sections, it was obvious
that the axons were IL- 12 positive, and the sur-
rounding myelin sheath was completely devoid
of any staining. However, the Schwann cells cy-
toplasm was positive for IL-12 (Fig. 4, arrows).

Within dorsal root ganglia, occasional
perikaria of the ganglion cells were IL- 12 positive
(Fig. 5), whereas other ganglion cells were neg-
ative. Satellite cells were diffusely and strongly
positive for IL- 12 (Figure 5, inset). Similar posi-
tive and negative immunostaining results for
IL- 12 were observed for sympathetic ganglia
(data not shown). In the spinal cord, oligoden-
droglial cells were IL- 12 positive, but no staining
of anterior horn motor neurons or astrocyte cells
was observed (Fig. 6).

Localization of IL-12 in the Peripheral
and Central Nervous System in the Rat
Staining of rat nervous tissue for IL-12 revealed
similar results as for human tissue (data not
shown). In addition, in the rat brain, positive
IL- 12 staining was demonstrated in oligodendro-
glia cells of the white manner, whereas in the
cerebral cortex only occasional large pyramidal
cells showed strong immunostaining. Astrocytes
in both the spinal cord and brain were negative
for IL-12 immunoreactivity.

Detection of IL-12 p35 and p40 mRNAs
by RT-PCR

To assess the source and relative amounts of p40
mRNA in the neural crest-derived tissues and
cultured cell types, semiquantitative RT-PCR was
performed. For these studies, resting and acti-
vated splenocytes were used as controls. Figure 7
shows a composite RT-PCR result for dilution of
splenocyte RNA ranging from 0.25 to 0.0004 ,ug
RNA. IL- 12 p40 mRNA which was barely detect-
able in resting splenocytes, increased 50- to 100-
fold after Con A stimulation (middle panel).
Compared with splenocyte levels, the mouse and
rat tissues, as well as cultured rat cell of neural
origin, produced less IL- 12 p40 mRNA (Fig. 7).
Among mouse tissues, positive IL- 12 p40 mRNA
signals were observed for sympathetic ganglion,
dorsal root ganglion, and spinal cord. In rat tis-
sues, sympathetic ganglion, sciatic nerve, and

FIG. 1. IL-12 immunoreactivity in normal adult human skin
Within skin, dermal nerve fibers are positive (arrows), and at higher magnification (inset), free nerve endings
piercing the epidermal basement membrane zone (arrowhead) contain IL- 12 protein.
FIG. 2. Nerve fibers innervating pili erector smooth muscle bundles contain IL-12

FIG. 3. IL-12 immunoreactivity in large human peripheral nerves
Parallel section of sural nerve reveals almost every axonal process is IL-12 positive (arrows).

FIG. 4. Transverse section of femoral nerve confirms axons, but not surrounding myelin sheaths
(blue), are IL-12 positive (bright red)
Also note IL-12-positive Schwann cells (arrows).

FIG. 5. IL-12 immunoreactivity in the human dorsal root ganglia
Occasional gangliocytes are IL-12 positive (arrow), whereas other neuronal nuclei were negative. Satellite cells
were diffusely and strongly IL-12 positive (arrows) as highlighted in the inset which palisade around IL-12 nega-
tive gangliocytes.

FIG. 6. IL-12 immunoreactivity in human spinal cord showing anterior column white matter with
positive IL-12 immunoreactivity of oligodendroglial cells (arrows)
Note negative staining of myelin and axons.
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skin all contained detectable p40 transcripts
(Fig. 7, left panels). IL-12 p40 mRNA was also
detected in cultures of rat oligodendrocytes and
microglial which was not due to contaminating
astrocytes since these cells were negative for this
transcript (Fig. 7, right panel). From the periph-
eral nervous system, IL- 12 p40 mRNA was found
in cultures of rat Schwann cells but not perineur-
ial fibroblasts or dorsal root ganglia neurons.

IL-12 p40 mRNA isolated from freshly dissected
rat sciatic nerves, sciatic nerve explants, and en-

riched cell cultures (oligodendrocytes, microglial,
and Schwann cells) was present at one 5th to
one 50th the level found Con A stimulated rat
splenocytes.

IL-12 p35 mRNA was present in many tis-
sues at one 5th to one 200th the concentration
found in Con A stimulated splenocytes (data not
shown). The mRNA was detected in human and
mouse tissues including sciatic, sural, sympa-

thetic nerves, dorsal root ganglia, spinal cord,
skin, and brain. As the rat sequence is not
known, the concentration of IL- 12 p35 mRNA in
rat tissues could not be determined. Since a func-
tional ELISA to detect rat IL- 12 protein does not
exist, it was not possible to quantitate the corre-

sponding levels of protein actually secreted using
ELISA although a functional bioassay was used
for rat Schwann cell conditioned medium (see
the last section).

Detection of IL-12 by ELISA in Human
Tissue Samples

Using a sensitive and specific ELISA, homoge-
nates of human tissue extracts were found to
contain IL-12. The amount of IL-12 present in
4-mm punch biopsies of human skin was 114 ±

26 ng/ml, whereas in approximately equivalent
amounts (by wet weight) of spinal cord there
was 266 49 ng/ml, and in 3-cm segments of
sural nerve 899 ± 78 ng/ml of IL-12 was mea-

sured.

Detection of Functional IL-12 Produced by
Cultured Schwann Cells Using A Bioassay

Using a sensitive bioassay procedure representa-
tive bioactivity levels detected in the conditioned
medium of rat Schwann cells was 0.23 ± 0.07
ng/ml. The lower limit of detection was 0.01
ng/ml, and there was no IL-12 bioactivity de-
tected in the medium alone.

DISCUSSION
IL- 12 is predominantly regarded as being pro-
duced by activated monocytes as a heterodimeric
protein (constitutive p35 chain and inducible
p40 chain), which promotes T cell growth and
cytokine release (20,21). In this report, we ob-
served IL-12 immunoreactivity in neuronal and
glial cells, and confirmed that in culture, non-
bone marrow-derived glial cells can produce the
inducible p40 chain mRNA. At the present time,
the function of the IL-12 present either in the
skin or at extracutaneous tissue sites is un-
known. We can speculate that these neuronal
processes and glial-derived sources of IL- 12 may
serve a reservoir function containing preformed
cytokines that can be released rapidly following
neurogenic stimulation, and act in a paracrine
fashion targeted locally at adjacent immunocom-
petent cells.

The distribution pattern of mRNA and pro-
tein suggest a possible neurotrophic role for
IL- 12 similar to that for ciliary neurotrophic fac-
tor (CNTF) and related hematopoetic cytokines
including IL-6 and lymphocyte inhibitory factor
(LIF). IL- 12 was localized to neuronal cell bodies
and processes, and to myelin-forming glial cells
which are in direct contact with neurons. How-
ever, mRNA was detected in the glial cells but
not neuronal cells in vitro, suggesting that only
glial cells synthesize and release IL- 12 which
might be taken up and transported retrogradely
by neurons. Although we have no direct evi-
dence that IL-12 has neurotrophic activity, the
presence of IL-12 in subpopulations of sensory
and sympathetic neurons in the periphery and
large pyramidal cells in the cerebral cortex mark
these cells as potential targets. Myelin-forming
glia have been previously shown to synthesize
CNTF and LIF (22-24) in addition to a family of
neurotrophins (25,26). Most of these factors
have trophic activity on neurons in sensory and
sympathetic ganglia, and may be acting indepen-
dently on unique subsets of cells or in combina-
tion on overlapping cell populations (27).

The specificity of trophic influence by a par-
ticular factor depends not only on the sites of
synthesis and release but on the expression of
high affinity receptors by the target cells. CNTF,
LIF and IL-6 act on neurons via a shared signal-
ing pathway that involves a multicomponent re-
ceptor complex (28). A common 1 30-kD compo-
nent (gpl 30) is required for high-affinity binding
dimerization, and signal transduction, while var-
ious low-affinity binding components confer li-
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Mouse Rat
tissues tissues Rat splenocytes Cultured rat cells
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FIG. 7. Composite IL-12 p40 and actin mRNA
levels as determined by RT-PCR in mouse and
rat tissues (left panel); Con A stimulated rat
splenocytes (middle panel); and in cultured rat
cells (right panel) (see Materials and Methods
for details)

gand specificity. The p40 subunit of IL- 12 resem-
bles the soluble form of the low-affinity receptors
for IL-6 and CNTF, which has led to the concept
that IL-12 is produced as a preformed complex
between a soluble receptor (p40) and a cytokine
(p35). Based on analogy with IL-6/LIF/CNTF, a
gpl30-like molecule was predicted to form part
of the IL- 12 receptor (8). Indeed, a cDNA encod-
ing a molecule with strong homology to gpl30
has recently been cloned (29). However, IL-12
binds to this receptor with low affinity and
dimerization appears to be ligand independent.
An additional protein has been found in associ-
ation with the gp130-like IL-12 receptor that
could be a subunit required for high-affinity
binding and functional activity (30). Identifica-
tion of the high-affinity converter for IL-12 re-
ceptor is crucial for defining target cell popula-
tions for IL- 12 both within and outside the
nervous system.

IL-12, by virtue of its anatomic location in
neural tissue, may also participate in immune
responses associated with infectious and nonin-
fectious inflammatory disease processes within
the nervous system and skin. IL-12 induces the
differentiation of T lymphocytes to T helper 1
cells which initiates cell-mediated immunity (8).
In patients with viral encephalitis or multiple
sclerosis, T cells infiltrate brain tissue and the
release of IL-12 by oligodendrocytes could con-
tribute to the development of immune responses
or autoimmune reactions. CD4+ T-helper- 1 clones

have been isolated from the cerebrospinal fluid
of patients with multiple sclerosis, and activated
CD4+ T cells have been shown to secrete factors
that induce lysis of oligodendrocytes (31,32). The
levels of IL- 12 detected in the conditioned me-
dium obtained from the cultured Schwann cells
is sufficient to activate a T cell response either to
Mycobacterium avium (33) or bacterial-derived
superantigen (17).

In a common T cell-mediated skin disease
such as psoriasis, we have recently demonstrated
that the cytokine network present in untreated
lesions closely resembles the T helper type 1
immunological response (8). The present finding
that cutaneous nerves contain IL- 12 suggests
that neural stimulation might provide a source of
IL- 12 which is important in generating or main-
taining a Th- 1 response, and in this way might be
able to influence the nature of a local immune
response in the skin. Such a pathway would also
provide a potential mechanism for the long-de-
scribed connection between neural influences
and psoriasis. However, we would caution that a
direct link has not yet been established, and that
IL- 12 staining patterns were similar in both nor-
mal and diseased skin. Nonetheless, our findings
that IL- 12 is contained within peripheral and
central nervous tissue indicate that additional
studies are warranted to determine whether tar-
geting neuronal cells and their release of IL- 12
will be of therapeutic value in inflammatory/
immune-mediated disorders.
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