CO S M ET I C S
C Y TO K I N E

The rate of IL-1 alpha production in skin
depends on intrinsic and extrinsic factors. Chronological aging decreases IL-1
alpha production in skin (16-18). Cortisol suppresses constitutive expression of
IL-1 alpha in human keratinocytes (19).
Recombinant human IL-1 alpha enhances
expression of new IL-1 alpha molecules
in human keratinocytes in autocrine manner (19). Ultraviolet radiation augments
IL-1 alpha gene expression in keratinocytes (20). Glycolic acid, a chemical peeling agent, up-regulates production of
IL-1 alpha in skin (21).
Thus, IL-1 alpha is cytokine that is produced almost exclusively in skin epidermis on a whole body production basis
and the rate of such production could be
modulated by intrinsic or extrinsic factors.
 Dermal Fibroblasts are Primary

Target of Interleukin-1 Alpha
Dermal fibroblasts are paracrine target
of keratinocyte-derived IL-1 alpha. IL-1
alpha induces proliferation of dermal
fibroblasts (22). At picomolar concentrations IL-1 alpha stimulates dermal fibroblasts to produce a cascade of autocrine
and paracrine regulators, extracellular
matrix components, enzymes, and other
molecules required for epidermis and
dermis regeneration.

The significance of the IL-1 action for
epidermal regeneration has been confirmed by: (i) inhibition of KGF release
and keratinocyte proliferation by interleukin-1 receptor antagonist and IL-1neutralizing antibodies; and (ii) restoration of impaired epidermal morphogenesis by stimulation with IL-1 [25].
 Interleukin-1 Alpha Stimulates

Collagen Turnover in Dermis
IL-1 alpha stimulates dermal fibroblasts
to produce precursors of collagen synthesis, procollagen type I and III, and
PGE2, an inhibitor of procollagen conversion to collagen (22, 28). In parallel,
IL-1 alpha stimulates production of collagenase and the collagenase inhibitor
TIMP (tissue inhibitor of metalloproteinase) (22, 29). Taken together, it indicates that IL-1 alpha orchestrates collagen turnover in dermis through complex
regulation of both collagen synthesis
and degradation pathways. Integrally,
IL-1 alpha-stimulated collagen production is described by a bell-shaped dosedependent curve with maximal response
at about one picomole of IL-1 alpha (22).
At this concentration, IL-1 alpha stimulates 1.7-fold the collagen production,
about 2-fold the synthesis and accumu-

lation of type I procollagen chains, 8fold the collagenase production and 7fold the TIMP production, while remains
unaltered the relative rate of intracellular collagen degradation.
Interestingly, the effect of IL-1 alpha
on collagen production/degradation is
distinct of that is produced IL-1 beta, a
monocyte-derived IL-1 isoform. Although
IL-1 beta dramatically stimulates collagenase production by dermal fibroblasts,
it has no significant effect on TIMP production. It suggests that IL-1 beta is involved predominantly in degradation
rather than collagen synthesis (22).
Thus, IL-1 alpha orchestrates turnover of
collagen in dermis by tight regulation of
both collagen synthesis and degradation
pathways (Fig. 2).
 Interleukin-1 Alpha Effects on

Other Extracellular Matrix
Components of Dermis
IL-1 alpha does not stimulate noncollagenous protein synthesis, e.g. fibronectin
and beta-actin (22), and even suppresses fibronectin production when taken at
high concentrations (29). IL-1 alpha stimulates dermal fibroblasts to produce glycosaminoglycans, particularly hyaluronic acid (29, 30).

 Interleukin-1 Alpha Plays a

Role in Normal Epidermal
Morphogenesis
It is well-documented that IL-1 alpha is
a primary inductor of epidermis renewal
(23-27). IL-1 alpha does not stimulate
keratinocyte growth directly, but induces
it indirectly through a double paracrine
regulatory mechanism (Fig. 1). Keratinocyte-derived IL-1 alpha stimulates dermal fibroblasts to express and release a
set of growth factors critical for basal
keratinocyte proliferation and differentiation. These growth factors, in turn,
stimulate keratinocyte proliferation and
differentiation in a paracrine manner.
Such growth factors are granulocytemacrophage colony stimulating factor
(GM-CSF), hepatocyte growth factor (HGF),
and keratinocyte growth factor (KGF).
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Fig. 1 Scheme of a double paracrine regulatory mechanism of epidermis renewal.
Keratinocyte-derived IL-1 alpha stimulates dermal fibroblasts to express and release a set of growth factors, e.g. KGF, GM-CSF, and HGF. These factors, in turn,
stimulate keratinocyte proliferation and differentiation in a paracrine manner
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 Interleukin-1 Alpha Effects

 Conclusions and Perspectives

on Melanogenesis
IL-1 alpha inhibits melanocyte proliferation and melanogenesis (31). The IL-1
alpha effect on melanocyte proliferation
is reversible and cytostatic rather than
cytotoxic. At picomolar concentrations,
IL-1 alpha inhibits activity of tyrosinase,
the key enzyme of melanin production
(Fig. 3).
IL-1 alpha may activate melanogenesis
through stimulation of melanogenesis
activators and their receptors on melanocytes. IL-1 alpha induces expression of
proopiomelanocortin (POMC), a precursor
for adrenocorticotropic hormone (ACTH),
melanocyte-stimulating hormones (MSH),
beta-lipotropic hormone (beta LPH), and
beta endorphin, potent activators of
melanocyte proliferation and melanogenesis (32). IL-1 alpha induces about
12-fold increase in secretion of endothelin-1 (ET-1), the potent activator of melanogenesis, from human keratinocytes (33).
IL-1 alpha up-regulate expression of the
MC-1 gene and of functional cell surface
MSH receptors in normal melanocytes
(34).
 Interleukin-1 Alpha Plays a Role

in Regulation of Skin Barrier
Function
Growing evidence suggests that IL-1 alpha plays a role in keeping skin barrier
function in norm (Fig. 4). Age-related
abnormalities of IL-1 alpha production
and action may contribute to the decline
of permeability barrier function. Acute
disruption of the barrier by either acetone or tape stripping increases the epidermal levels of IL-1 alpha mRNA (35).
Aged epidermis modulates both IL-1 alpha production and IL-1 receptor expression abnormally following barrier
perturbation (36). Intracutaneous administration of IL-1 alpha accelerates
epidermal permeability barrier recovery
in both young and aged skin, with more
significant improvement in aged skin.
This effect is achieved through an enhancement of lipid synthesis and normalization of lammelar bilayer structure
in epidermis (37).
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Comprehensive bibliography highlights
the role of Interleukin-1 alpha as the
master regulator of skin architecture and
functions. Keratinocyte-derived IL-1 alpha represents isolated from other body

pool of biologically active IL-1 alpha. It
orchestrates epidermal morphogenesis
and dermis remodeling, and plays a role
in keeping in norm skin barrier function.
Interleukin-1 alpha is the epidermal cytokine that is produced constitutively in
epidermis in biologically active form. IL1 alpha production and action in skin
may be affected by extrinsic or intrinsic
factors, e.g. chronologic aging or cortisol action. Excessive cortisol activity is
frequently accompanied with metabolic
syndrome and obesity, widely distributed
in western countries. Cortisol is produced by fat cells in response to estrogens and may contribute to skin abnormalities caused by excessive accumulation of regional fat in women, e.g. under
cellulite. It provides a basis for the use of
recombinant human interleukin-1 alpha
as an active ingredient in dermatologic
and cosmetic applications with focus on
anti-age and anti-cellulite products
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