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Cytokines are low-mol.-mass (glyco) proteins which
are produced transiently by almost any eukarvotic
cell, and which act via specific cell-surface receptors.
Cytokines have multiple overlapping activities (10);
they may induce cach other or influence the expres-
ston of their receptors, and thus they can atfect cell
function in a synergistic. additive, or antagonistic

way. This suggests the existence of a network of

interacting evtokines called the cytokine cascade.
T'he evtokine family consists of interleukins (I1L).
chemokines (CK). tumor-necrosis factors (TNF).
colony-stimulating factors (CSF), interferons (IFN),
growth factors, and suppressor factors. This review
will mainly focus on eytokines of special significance
for the regulation of cutaneous immune and inflam-
matory responses, and most other mediators will be
mentioned only briefly.

Nonspecific proinflammatory cytokines
Tmerleukin-1 (1L-1)

Two different subtypes of IL-1 named % and B have
been described which share the same broad spec-
trum of biologic activities and bind to common re-
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ceptors (22, 28). Moreover, a physiologic antagonist
belonging to the IL-1 gene family has been identified.
Because its structure is like that of IL-1. it competes
with the binding of the natural ligand to the recep-
tor. but does not have IL-1 activity: thus, it is called
the IL-1 receptor antagonist {IL-1RA) (24).

The biologic activities of 1L-1 include thymocyte
costimulation. induction of cytokine and growth fac-
tor release. IL-2 receptor expression and chemotaxis
of T cells. enhancement of the effects of B-cell
stimulatory factors, and augmentation of cytotoxic
activity by macrophages. The effects of IL-1 on
hematopoietic stem cells include costimulation of
colony-stimulating factor (CSF) activities (22).
Moreover, IL-1 is an important inflammatory me-
diator: it induces fever, as well as production of
acute-pnase proteins. and causes an inflammatory
infiltrate when injected into the skin (23). Endothe-
lial cells stimulated by IL-1 produce cytokines and
express surface molecules such as intercellular ad-
hesion molecule (ICAM-1), as well as the endothe-
lial cell leukocyte adhesion molecule (ELAM-1),
which are important in endothelial cell leukocyte in-
teractions in vasculitis (22). Recently, IL-1 was also
found to participate in neuroendocrine immune in-



teractions by stimulating the release of hypothalamic
and pituitary gland hormones such as proopiomel-
anocortin (POMC)-derived peptides (93).

IL-1o has been shown to be a cofactor sup-
porting Langerhans’ cell viability in culture, and
membrane-bound IL-12 serves as a costimulatory
factor for Langerhans’ cell antigen presentation to
Th2, but not Th1, lymphocytes (90). Moreover, I1L-1
appears to be a significant chemoattractant for
Langerhans’ cells, because injection of IL-1 into the
cornea, which usually does not harbor Langerhans’
cells, results in a significant influx of Langerhans’
cells into the corneal epithelium (75). Recently, it
was shown that injection of IL-1B into murine skin
induces the same morphologic and functional alter-
ations of Langerhans’ cells as topical application of
contact allergens, i.e., retraction of Langerhans’ cell
dendrites, emigration of Langerhans’ cells out of the
epidermis into the draining lymph nodes, and rapid
and dramatic upregulation of MHC class II mol-
ecules on the surface of epidermal Langerhans’ cells
(29). These activities appear to be specific for IL-1B,
because IL-1a did not exert these effects when ad-
ministered in comparable doses, but led to a down-
regulation of Langerhans’ cell antigen-presenting
function (29, 37). These data indicate that IL-1% and
IL-1B may have differential effects for the regulation
of cutaneous immune responses such as contact
hypersensitivity (CHS). Because IL-12 and IL-1B
bind to both types of IL-1 receptors, these observa-
tions suggest functional differences in signal trans-
duction via the type I or type I IL-1 receptor. The
in vivo relevance of these findings is supported by the
fact that injection of anti-IL-1B antibodies com-
pletely blocks the sensitization phase of CHS (29).
Moreover, in patients with allergic rhinitis, the clini-
cal course of cutaneous allergic late-phase response
after intradermal injection of a relevant allergen was
inhibited by immediate subcutaneous application of
soluble IL-1R (73).

Interleukin-6 (11.-6)

IL-6 is a pleiotropic cytokine released by almost any
cell upon appropriate stimulation. There is evidence
of a high frequency of restriction fragment polymor-
phism in the IL-6 gene, but it is not yet known
whether this has any biologic implications (103).
High-affinity IL-6 receptors are expressed on vari-
ous cells and cell lines including keratinocytes (107,
117). Several cytokines such as leukemia-inhibitory
factor (LIF), oncostatin M, ciliary neurotropic
factor, and interleukin-11 share a common signal-
transducing receptor (gp130) and thus have IL-6-
like activities (76, 118).

IL-6 is an important inflammatory mediator; it
activates the production of acute-phase proteins, in-
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hibits the secretion of albumin, and induces fever.
The involvement of IL-6 during systemic inflamma-
tion is supported by the finding of elevated IL-6
serum levels in patients with inflammatory or auto-
immune diseases. IL-6 mediates in the final differ-
entiation of B cells into immunoglobulin-secreting
plasma cells and induces the proliferation of certain
transformed B-cell lines (3, 103). The role of IL-6 in
tumor development is controversial because IL-6
may stimulate or inhibit differentiation and prolif-
eration, depending on the tumor type (103). IL-6 can
also function as an accessory signal required for
thymocyte and T-cell proliferation. Moreover, it 1s a
differentiation factor for cytotoxic T cells and stimu-
lates the activity of natural killer (NK) cells (58,
100). IL-6 synergizes with colony-stimulating fac-
tors, in the stimulation of the proliferation and dif-
ferentiation of hematopoietic stem cells (44). The
crucial i vivo role of 1L-6 in immunity and inflam-
mation is shown by the impaired immune and acute-
phase responses in IL-6-deficient mice (53).

In addition to keratinocytes, cultured, but not
freshly isolated. epidermal Langerhans’ cells have
been shown to express large amounts of IL-6 mRNA
and protein (51, 96). The significance of the upreg-
ulation of IL-6 production in cultured Langerhans’
cells for antigen presentation is still unclear. How-
ever, it was recently shown that IL-6 in vivo may
suppress both the induction and the effector phase
of delayed-type hypersensitivity (DTH) (67).

Tumor necrosis factor-alpha (TNF-2)

TNF-2 was originally described as a macrophage-
derived cytokine which mediates tumor necrosis and
cachexia; thus, it was called “cachectin™. Another
cvtotoxic factor released by lymphocytes was ini-
tially named “lymphotoxin™ and is now called
“TNF-B”. Although TNF-2 and TNF-§ are anti-
genically distinct proteins, they exhibit similar bio-
logic activities and bind to common receptors (1).
Two different types of TNF receptors (TNFR) bind
TNF-» and TNF-B with high affinity, but are differ-
entially expressed on many cells. As shown for other
receptors, soluble TNFR, still retaining their binding
capacity, have been found in body fluids and cell-
culture supernatants (1). TNF receptors belong to a
receptor-gene superfamily of cellular and viral pro-
teins termed “'the TNF-receptor superfamily™, which
comprises at least 12 members. Among the pleiotro-
pic biologic effects of ligands, they share the unique
ability to induce apoptosis (104).

TNF-a is secreted by various cells and has a broad
spectrum of biologic activities. It induces fever and
activates inflammatory cells, including neutrophils,
eosinophils, and macrophages. Endothelial cells re-
spond to TNF-x with proliferation, production of
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cytokines, and expression of adhesion molecules
such as ICAM-1. Morcover, TNF-» induces MHC
class 1 and 11 antigen expression on various cells and
costimulates T and B cells, as well as hematopoietic
stem cells (1. 23). Keratinocytes which were found
to express only TNFRII respond to TNF-x with
increased expression of ICAM-1, possibly being of
importance in T-cell-keratinocyte interactions (110).

Recently, it has been shown that incubation of
peripheral blood mononuclear cells (PBMC) in the
presence of granulocyte/macrophage CSF (GM-
CSF)and IL-4 resulted in the outgrowth of a cell line
with an antigen-presenting capacity like that of im-
mature dendritic cells (DC). Treatment of this DC
line with TNF-x resulted in an increased T-cell stim-
ulatory capacity in the mixed lymphocyte reaction
(MLR). but in a decreased presentation of soluble
antigen (92). TNF-% also has been found to be criti-
cally involved in the elicitation phase of CHS and
DTH responses. Accordingly, injection of TNF-x
into the skin induces CHS-like effects, and the elici-
tation of CHS could be blocked effectively by injec-
tion of TNF-% antibodies (80. 106). Moreover. the
release of TNF-7 by epidermal cells upon UV ex-
posure causes UV-induced suppression of the abil-
ity to induce CHS responses in UVB-irradiated skin
(106). The important role of TNF- in the effector
phase of CHS is further supported by the recent
observation that the xanthine derivative pentoxifyl-
line. which blocks the production of TNF-2. can
suppress CHS reactions in man and mice (99, 101).

There appear to be genetically determined differ-
ences in susceptibility to the immunosuppressive
effects of UVB in both mice and man. The UVB
sensitvity of mice with regard to the suppression of
the induction phase of the CHS response may be
linked to a polymorphism within the TNF-z gene
locus (100). Consequently. it has been postulated
that TNF-x exerts its suppressive effect during the
sensitization phase of CHS by immobilizing epider-
mal Langerhans” cells within the epidermis for a sig-
hificant period of time (105). Accordingly. antigen-
bearing. epidermal Langerhans™ cells cannot migrate
into the draining lymph nodes, where they interact
with naive T cells. leading to sensitization. More-
over, the enhancement of the elicitation phase of
CHS by UVB may also be explained either by the
direct proinflammatory and vasodilatory effect of
TNFEF-2. orby an immobilization of epidermal Langer-
hans® cells within the epidermis. where they ulti-
mately lead to increased antigen presentation to
primed T cells during the elicitation phase of CHS
(81).
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Chemokines (CK)

The term “chemokines™ (CK) comprises a super-
gene family of proinflammatory and chemotactic
cytokines characterized by the presence of four con-
served cysteines (97). One subfamily contains mem-
bers characterized by the presence of a single amino
acid between cysteines 1 and 2 (C-X-C family).
These mediators are chemotactic preferentially for
neutrophils and include IL-8 and melanoma-growth-
stimulating activity/growth-related gene product
(MGSA/GRO). The second group in which the
amino acid between the cysteines is lost (C-C fam-
ily) comprises mediators which are not chemotactic
for neutrophils, but which attract other leukocytes.
Members include monocyte chemotactic activating
factor/monocyte chemotactic protein 1 (MCAF/
MCP-1). MCP-3, RANTES (regulated on activa-
tion, normal T expressed, and secreted), murine
macrophage inflammatory protein 1% (MIP 1), and
MIP-1B and their human equivalents LD 78 and
PAT 744 (9, 65, 97).

Many different cells, including keratinocytes, can
serve as a source for IL-8, which stimulates chemo-
taxis and enzyme release of neutrophils, and which
is chemotactic for basophils, lymphocytes, and
keratinocytes (97). Increased amounts of 1L-8 were
found in “neutrophilic dermatoses™ such as psoria-
sis and palmoplantar pustulosis. High-affinity recep-
tors for 1L-8 proteins are expressed on neutrophils
and on myelocytic cell lines (97).

MCP-1, which belongs to the C-C-family, is re-
leased by monocytes. fibroblasts, endothelial cells,
and keratinocytes. The last-named were found spon-
tancously to express MCP-1 mRNA and to secrete
the protein after stimulation by IFN-y (11, 36).
MCP-1 is chemotactic for monocytes, as well as
basophils, and stimulates histamine release by ba-
sophils and mast cells (534). Moreover. C-C chemo-
kines have been found to be activated and to be
chemotactic for eosinophils. MCP-3 stimulates his-
tamine release by basophils and. as RANTES, is
chemotactic for both eosinophils and basophils (97).
Recently, it has been shown that MIP-1%, another
member of the C-C-family, is produced by murine
Langerhans’ cells (9, 64). This appears to be of spe-
cial interest because MIP-1x inhibits the prolifera-
tion of keratinocytes and stem-cell differentiation.
Moreover, MIP-1% is chemotactic for memory T
cells, whereas MIP-1B functions as a chemoattrac-
tant for naive T cells (97).

In addition to lymphocytes and antigen-presenting
cells, mast cells, basophils, and eosinophils are criti-
cally involved in hypersensitivity reactions. Because
of their activating and chemotactic capacities, C-C
chemokines can be regarded as crucial signals for
the accumulation of these effector cells in inflamma-



tory and particularly allergic diseases. Moreover,
cytokines released by Th2 cells, such as IL-3, IL-4.
1L-5, and GM-CSF, have been shown to be of im-
portance in priming basophils and eosinophils for
the release of their mediators. This priming phenom-
enon, resulting in an amplification of the effects of
chemokines, may play an important role in allergic
diseases and explain the increased sensitivity ob-
served in patients upon repeated allergen exposure
or in the case of an infection associated with in-
creased cytokine production (9).

Cytokines affecting lymphocyte functions
Interleukin-2 (IL-2)

The discovery of IL-2, which was originally de-
scribed as T-cell growth factor (TCGF). had a major
impact in immunology because it enables the growth
of T cells in culture and consequently the study of
their functions (91). 1L-2 is produced by T cells in
response to activation by antigens or mitogens. It
initiates the proliferation of T cells via binding to
specific, high-affinity IL-2 receptors which are not
expressed on resting T cells, but which rapidly appear
after stimulation. Upon elimination of the stimulus,
the transcription of IL-2 and IL-2 receptor genes is
downregulated, followed by cessation of T-cell pro-
liferation (115). IL-2 augments T-cell cyvtotoxicity,
enhances the activity of NK cells, and induces the
expansion of tumor-specific cytotoxic cells. Further-
more, activated B cells expressing the IL-2-receptor
B-chain can be driven into differentiation by IL-2
(108). There is also evidence that keratinocytes ex-
press IL-2 receptors although the potential effects of
IL-2 on keratinocytes are not vet clear (25).

Interleukin-4 (1L-4)

B-cell-stimulating factor 1, which later was renamed
interleukin-4 (IL-4), turned out to have a broad
spectrum of effects not only on B but also on T cells.
The major source of 1L-4 is Th2 cells. a subset of
CD4 + lymphocytes (78). There is also recent evi-
dence that keratinocytes under certain circumstances
may express IL-4. showing for the first time produc-
tion of 1L-4 by nonhematopoietic cells (6). IL-4 ex-
erts its biologic effects via high-affinity receptors
which are present on T and B cells. mast cells,
macrophages, stem cells. fibroblasts, epithelial cells,
and Langerhans’ cells (16, 78, 90). In addition to
being a B-cell growth factor, IL-4 induces the ex-
pression of class I MHC molecules, as well as of the
low-affinity receptor for IgE, and acts as a potent
stimulant of IgG1 and IgE secretion by B cells. It
also has been found to upregulate the expression of
MHC class 11 molecules as well as all three types of
Fc,-receptors on human Langerhans’ celis (14, 15).

Cytokines in inflammation

Furthermore, 1L-4 upregulates 1L-4 receptors and is
a growth factor for some T cells and mast cells. It
also activates macrophages and acts on multiple
hematopoietic cell lineages (46. 78). Several effects
of 1L-4 on B cells and macrophages, but not on T
cells, can be inhibited by 1FN-v. Suppressive func-
tions of IL-4 include an antagonistic effect on 1L.-2,
and in vivo 1L-4 appears to have an antitumor effect
by enhancing host-mediated immune mechanisms
(78).

Interleukin-5 (IL-5)

IL-5 was described as a T-cell-derived mediator en-
hancing IgA synthesis by B cells and was therefore
originally named “T-cell-replacing factor™ (TRF). It
induces IgM, IgG, and IgE: stimulates the growth of
activated normal B cells or B-cell lymphomas; aug-
ments some IL-4-induced effects such as IgE syn-
thesis and Fc -receptor expression; and induces
functional receptors for IL-2 on B cells (21). In sep-
arate studies, IL-5 has been shown to stimulate the
proliferation of eosinophilic precursors, as well as
the activity of eosinophils in virro. Recently, the 1L-5
receptor was characterized: it is composed of two
subunits with different affinities termed the - and
B-chains. The B-chain is shared by the IL-3 and
GM-CSF receptor (109).

Interleukin-7 (1L.-7)

IL-7 was first isolated from bone-marrow-culture-
derived stroma cells (42). However, both human and
murine keratinocytes recently were found to release
IL-7 (43). It is a growth factor for precursor B cells,
induces T-cell I1L-2 production and IL-2-receptor
expression, and stimulates the proliferation, cyto-
toxic activity. and generation of cytotoxic T cells, as
well as lymphokine-activated killer (LAK) cells (5).
Receptors binding 1L-7 with low and high affinity
were detected on lymphoid and myeloid cells and are
similar to the extracellular domain of other cytokine
receptors (5).

Interleukin-9 (I1L-9)

IL-9 is produced by CD4 + T cells and originally
was described in the murine system as P40, TCGF
111, and mast-cell-growth-enhancing activity (MEA)
(26). The 1L-9 receptor is a 35-kDa protein which
was identified on IL-9-dependent T-cell lines (26, 83).
IL-9 is a growth factor for T-helper cells and mega-
karyoblastic leukemic cells, stimulating the develop-
ment of erythropoietic colonies. In addition, IL-9 is
a growth factor for mast-cell lines and stimulates the
production of IL-6 (83). It has also been shown to
enhance IL-4-induced IgE production by human B
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cells (27). Recently, IL-9 transcripts were detected
in HTLV-1-transformed human T cells, Hodgkin’s
lymphomas, and large cell anaplastic lymphomas
(83).

Interleukin-11 (1L-11)

IL-11 was originally detected in murine bone-marrow
stromal cells, and the human ¢cDNA was cloned
from a fibroblast cell line (74, 79). Recently. IL-11
has also been detected in normal human skin (57).
IL-11 stimulates T-cell-dependent development of B
cells and synergizes with 1L-3 in supporting murine
megakaryocyte colony formation. In addition to
being a lymphopoietic and hematopoietic cytokine,
IL-11 stimulates the synthesis of hepatic acute-phase
proteins and is identical with a murine adipogenesis
inhibitory factor (74, 79). The IL-11 receptor belongs
to a family of cytokine receptors which includes the
receptors for 1L-6. leukemia inhibitory factor, on-
costatin. M, and ciliary neurotropic factor, which
interact with the same signal-transducing receptor,
epl30 (76, 118). In preclinical models, 1L-11 was
found to be effective in the treatment of thrombo-
cytopenia and neutropenia (74).

Interleukin-12 ¢i1.-12)

11.-12 is a heterodimer consisting of two covalently
linked chains, p35 and p40, and was initially de-
scribed as cyvtotoxic lymphoceyte maturation factor
(CMLF), or natural killer-celi-stimulating factor
(NKSF) (40, 116). In addition to B cells and macro-
phages. keratinoeyvtes have recently been shown to
produce this multifunctional, immunomodulating

evtokine (7). TL-12 enhances the cytotoxic activity of

T cells. NK cells. LAK cells, and macrophages, as
well as their surface molecule and eytokine receptor
expression. Moreover. it acts as a synergistic factor
for hematopoictic stem cells (19, 111). In addition,
I-12 can selectively induce a Thl-type immune re-
sponse because it supports the development of Thi
cells from naive T cells (62, 111). Recently. it was
found that treatment of Th-cell precursors with 1L-12
resulted in a stable priming for IFN-v. Moreover,
established Th2 clones responded to TL-12 with a
transient. low-level expression of ITFN-y (61). 1L.-12
also induces the production of other cytokines such
as 1L-10 and inhibits IgE secretion (19). A defective
production of IL-12 may explain disease states. such
as atopy. associated with a predominance of Th2
cells. In animal models, a significant effect of IL-12
against Leishmania and Toxoplasma, as well as a
potent antitumor effect. has been reported (19).
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Interleukin-14 (1L-14)

IL-14 is a recently characterized T-cell-derived
cytokine, which originally was named high-mol.-wt.
B-cell growth factor. Accordingly, IL-14 induces the
proliferation of activated B cells and inhibits
immunoglobulin secretion by mitogen-stimulated B
cells (4).

Interleukin-15 (I1L.-15)

Recently, a new cytokine that stimulates the prolif-
eration of T cells via interaction with the B-chain of
the 1L-2 receptor has been isolated and designated
[L-15. Itis distinct from IL-2 but shares many of the
biologic activities of 1L-2 and is produced by many
different cells (39).

Interferon-gamma (IFN-7)

IFN-v is produced by activated T cells of the Thl
type and, unlike IFN-B and IFN-x, has a central role
in modulating the immune response. IFN-« and -
share a common receptor, while IFN-y binds to a
distinct molecule (34). IFN-y inhibits Th2-cell pro-
liferation; upregulates MHC molecule expression on
Langerhans® cells. keratinocytes, and endothelial
cells: and increases the expression of various types
of adhesion molecules on these cells. Furthermore,
IFN-y upregulates cytotoxic T-celi and NK cell
functions, and acts as an immunostimulatory cyto-
kine in various types of T-cell-dependent immune
responses i viro (33). However, IFN-y has also
been found to induce suppressor-cell formation and
to inhibit antigen presentation for both induction
and elicitation of CD4+ lymphocyte-dependent,
T-cell-mediated immune responses (33. 72). Because
of its inhibitory effects on Th2 cells and IgE pro-
duction, IFN-y has been used for the treatment of
atopic dermatitis with some success (41, 60). In ad-
dition to its immunomodulatory functions, IFN-v is
a potent antineoplastic and antiproliferative agent
capable of inhibiting the proliferation of fibroblasts
and normal and neoplastic keratinocytes, as well as
mast cells (33, 34).

Granulocyte/ macrophage-colony stimulating factor
(GM-CSF)

GM-CSF, like IL-3, is a multilineage CSF which
also stimulates the function of neutrophils, eosino-
phils, and macrophages, and is a growth factor for
myeloleukemic cells. Moreover, GM-CSF inhibits
the migration of neutrophils; induces phagocytosis,
eicosanoid production, and antibody-dependent
cytotoxicity (ADCC); and stimulates tumoricidal
and antimicrobial effects, as well as cytokine pro-



duction of macrophages (55, 95). The GM-CSF re-
ceptor is similar to the IL-3 receptor and is expressed
on several myeloid and nonmyeloid cells (109).

GM-CSF production within the skin has been
shown both at the mRNA and the protein level in
keratinocytes, fibroblasts, mast cells, macrophages,
and endothelial cells (100). Upon various stimuli
such as antigen or irritant application, IL-1, and
UVe-irradiation, or during inflammatory skin dis-
eases, keratinocytes respond with enhanced GM-
CSFrelease (95, 100). GM-CSF receptors have been
found on epidermal Langerhans’ cells, macrophages,
and dendritic cells (90). GM-CSF appears to play
an important role in cutaneous immunity; it main-
tains Langerhans’ cell viability during short-term
in vitro culture, but also induces profound alterations
of Langerhans’ cell function when investigated
in vitro. It is essential to the ability of epidermal
antigen-presenting cells to sensitize naive unprimed
T cells, although upregulation of MHC class 11 mol-
ecules on Langerhans’ cells during in vitro culture
appears to be independent of GM-CSF (12, 90). The
functional changes of Langerhans’ cells induced by
GM-CSF can be antagonized by TNF-x (90). More-
over, GM-CSF appears to be involved in immuno-
surveillance of neoplastic growth, because effective
sensitization against tumor antigens was found to be
greatly upregulated by GM-CSF (38). In addition to
its effects on Langerhans’ cells, GM-CSF may also
be a growth-promoting factor for other resident or
recruited cells within the skin (49).

Cytokines with antiinflammatory activity
Interleukin-10 (IL-10)

IL-10 originally was described as a cytokine which
is produced by Th2 cells and which inhibits the re-
lease of cytokines by Thl cells (50). Meanwhile, it
became clear that IL-10 is produced not only by T
cells, but also by a various other cells, including B
cells and keratinocytes (31, 70, 85). 1L-10 produc-
tion in the skin is found to be enhanced upon ap-
plication of contact allergens, while tolerogens or
irritants have no effect (30). Moreover, UVB light
upregulates IL-10 production in murine keratino-
cytes, and there is good evidence that keratinocyte-
derived 1L-10 is involved in UVB-induced systemic
immunosuppression (85. 86). In contrast to human
IL-10 (hIL-10), murine IL-10 (mIL-10) is species
specific and affects only murine cells (70). Recently.
the IL-10 receptors (IL-10R) have been cloned; h1L-
10R binds only human IL-10, whereas mIL-10R
binds both human and murine 1L-10. Because both
human and murine IL-10R are structurally related to
the IFNR, they belong to the class Il subgroup of
cytokine receptors (45, 56).

Viral homologues of IL-10 are encoded by the

Cytokines in inflammation

Epstein-Barr virus (EBV) and the equine herpesvirus
type 2. The viral IL-10 (vIL-10), which is encoded
by the EBV homologue (BCRF-I), shares some, but
not all, biologic effects of IL-10 on mouse and human
cells (70, 89). Both IL-10 and BCRF-1 block IFN
synthesis, which inhibits the generation and out-
growth of EBV-transformed B cells; thus, EBV may
manipulate the immune response to virally infected
cells, consequently promoting survival of the virus
(71).

IL-10 inhibits the effector functions of Thl cells:
hence, it may play a role in determining the class of
immune response directed against the particular an-
tigen in the downregulation of DTH (70, 72). This is
further supported by recent findings indicating that
IL-10 suppresses the effector phase of CHS (98).
Subcutaneous injection of IL-10 before hapten ap-
plication was found to induce antigen-specific toler-
ance via inhibition of proinflammatory cytokines
such as IL-1, IL-2, TNF-x, IFN-v, and GM-CSF
(32). Moreover, an animal model showed that IL-10
prevents lethality to endotoxin by inhibition of TNF-x
secretion (35). Recently, IL-10 was found to be
chemotactic for CD8 + T cells, but to inhibit IL-8-
induced CD4+ T-cell migration (48). Moreover,
IL-10 costimulates thymocytes and mast cells and
inhibits the antigen-presenting function of macro-
phages and B cells by downregulating MHC class 11
antigen expression (70). In addition to being a growth
and differentiation factor for human B cells, IL-10
also was identified as a switch factor for IgG1 and
IgG3 (17). Because IL-10 upregulates the ex-
pression of adhesion molecules such as ICAM-]
and ELAM-1 on human dermal microvascular en-
dothelial cells, it appears to be one of the mediators
causing leukocyte accumulation in cutaneous inflam-
matory reactions (77. 112).

Interleukin-13 (1L-13;

IL-13 is a T-cell-derived factor which mainly affects
monocyte and B-cell functions. Its action spectrum
is similar to that of I1L-4 and includes upregulation
of MHC class I, CD23, and IL-1RA expression on
monocytes and B cells, as well as stimulation of their
antigen-presenting function (68, 82). 1L-13 also en-
hances the proliferation of preactivated B cells and
directs human B cells to switch to 1gG4 and IgE
synthesis (119). Moreover, IL-13 was found to in-
hibit human immunodeficiency virus replication in
monocytes (69). Unlike IL-4, TL-13 does not acti-
vate human T cells and is less potent than IL-4 in
inhibiting IFN-y production by NK cells. The pro-
duction of proinflammatory cytokines (IL-1, 1L-6,
TNF) and chemokines by macrophages and the
antibody-dependent cytotoxic activity is downregu-
lated by IL-13 (119). There is recent evidence of
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distinct receptors for IL-13 and IL-4, which may
share a common subunit (8). These preliminary
findings indicate that 1L-13. like IL-4 and IL-10, is
another T-cell-derived cytokine with potential anti-
inflammatory activities. However, further investiga-
tions on the in vivo effects of 1L-13 are required to
determine its actual role in immunologic and inflam-
MALOry processes.

Tranisforming growth fuctor-beta (TGF-f3)

The TGE-B family consists of at least five homo-
dimeric polypeptides which can influence diverse
biologic processes including cell growth, differentia-
tion, and morphogenesis (63). The major source of
TGE-B is activated platelets, but upon stimulation
TGE-B is secreted by many different cells, including
keratinocytes (66, 87). In addition to its effects on
cell growth, TGF-B has proved to be able to influ-
ence inflammatory responses: for example, it causes
adhesion and chemotaxis of leukocytes. and at higher
concentrations it stimulates T cells and monocytes
to release inflammatory mediators. TGF- also pro-
motes T-cell proliferation, is involved in the differ-
entiation of CD4 + Tho into CD& + Thl cells. and
regulates B-cell-antibody production (114).

On the other hand, TGF-B has proved to be cru-
cial in suppressing inflammatory reactions: it inhib-
its the function of differentiated macrophages and
blocks the proliferation of CD4 +  lymphocytes.
TGE-B suppresses 1gM and 1gG synthesis. but up-
regulates TgA production. It also inhibits 1L-1R ex-
pression, induces the synthesis of IL-1RA, and
modulates acute-phase protein production. Whether
activation or suppression oceurs appears to depend
on the state of ditterentiation of a cell (113).

Neuroendocrine hormones

There is increasing evidence that neuroendocrine
hormones not only selectively regulate the function
of the central and peripheral nervous system. but
also influence the activity of various immunocom-
petent cells (18). Many of these hormones are pro-
duced outside the brain by different cells. Within the
epidermis. POMC. the precursor of the melanocyte-
stimulating hormone (MSH) and adrenocorticotro-
pin (ACTH). was of particular interest. Accordingly,
it could be shown that epidermal cells such as mel-
anocyvtes and keratinocytes release x-MSH and
ACTH. The production of these POMC peptides by
Keratinocytes was upregulated both at the transcrip-
tional and translational level after treatment with
IL-1. UV light. or tumor promoters (PMA) (94).
POMC peptides are known to modulate immune
and inflammatory reactions (18). Accordingly, x-
MSH blocks particular functions of 1L-1, i.c., in-
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duction of thymocyte proliferation and prostaglan-
din (PG)E, release by fibroblasts. The ability of
either IL-1 or TNF-x to cause fever, leukocytosis,
and enhancement of plasma acute-phase proteins
was inhibited by the simultaneous administration of
%-MSH (20). Moreover, x-MSH reversed the sup-
pressive influences of 1L-1 or TNF-« on the effec-
tor phase of CHS in animals (88). Recently, x-MSH
was also found to downregulate the expression of
MHC class I antigens on mononuclear cells, but not
to affect class IT antigen or ICAM-1 expression (59).
In addition, x-MSH also appears to be a stimulator
of the activity of NK cells (52).

There is even more evidence of the immunomod-
ulatory ability of POMC-derived peptides because it
has been shown that x-MSH inhibits the production
of IFN-y by PBMC (59). Recent findings indicate
that x-MSH. in a dose-dependent manner, upregu-
lates the synthesis and release of IL-10 by human
PBMC. Most interestingly, only the C-terminal tri-
peptide of x-MSH appears to be required for its
immunomodulating effects (13). Moreover, ACTH
seems to be able to modulate 1L-4- and anti-CD40-
driven release of Igk by PBMC. ACTH at physi-
ologic concentrations increased IgE synthesis,
whereas higher doses of ACTH strongly inhibited
IgE synthesis by PBMC. Similarly, x-MSH affected
human Igk synthesis and also was found to down-
regulate IFN-y mRNA synthesis (2). Accordingly,
POMC may play a role in the pathogenesis of
allergic diseases and may represent the postulated
neuroendocrine arm in diseases such as atopic der-
matitis.

These findings raise new and important aspects
concerning cutaneous inflammation. Because a-
MSH can antagonize particular biologic activities of
the proinflammatory cytokine IL-1, it may play a
crucial role in the downregulation of inflammatory
reactions within the skin (59). For more insights into
these mechanisms. the signals influencing the release
of x-MSH by keratinocytes need to be studied. In
particular, the influence of UV irradiation on the
release of x-MSH by keratinocytes appears to be
relevant, because keratinocytes are the main target
of UV light. which is known to cause local as well
as systemic immunosuppression. Recently, it was
found that epicutaneous application of x-MSH sup-
presses both the sensitization and elicitation limbs of
cutaneous immune response to potent contact sen-
sitizers (84, 88). UV light is well known to suppress
the induction of CHS (47). Thus, the UV-induced
production of 2-MSH by keratinocytes may be in-
volved in mediating the suppressive effect on the
epicutaneous sensitization response. This agrees
with previous studies in which mediators released
from keratinocytes inhibited CHS when injected i.v.
into test animals (102).



Conclusion

There is now clear evidence of a complex network
of interacting mediators including cytokines, hor-
mones, and others which function as crucial regula-
tory elements in the pathogenesis of skin diseases.
Any cell within the epidermis and dermis after ap-
propriate stimulation can release these factors as
well as express the respective receptors. Moreover,
there is a high degree of redundancy among differ-
ent cytokines and other mediators because they have
overlapping activities and may use similar signal-
transducing pathways. Therefore, it is of major im-
portance to elucidate further the cytokine cascade;
such elucidation will offer new insights into the patho-
mechanisms of inflammatory and immune reactions
and perhaps will allow the development of new
therapies for skin diseases.
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