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Psoriasis is characterized by epidermal hyperplasia, altered
epidermal maturation, and local accumulation of acute and
cEronic inflammatory cells. Keratinocyte hyperplasia in pso-
riasis may be explained in part by overproduction of growth
factors or cytokines which stimulate epidermal proliteration
and by altered metabolism of growth-factor receptors in af-
fected skin. Psoriatic epidermis displays overproduction of
TGF-alpha and interleukin-6 (IL-6), factors produced by
keratinocytes and other cell types in psoriatic skin. TGF-
alpha and IL-6 are mitogens for normal human keratinocytes
and act via specific receptors. The TGF-alpha receptor (EGF
receptor) is overexpressed in psoriatic epithelium and its al-
tered expression could be caused in part by gamma interferon

soriasis is characterized histologically by several concur-

rent abnormalities including epidermal acanthosis, kera-

tinocyte hyperplasia, an abnormal differentiation se-

quence of keratinocytes in affected epidermis, and the

accumulation of leukocytes within the epidermis and
dermis of lesional skin. The combination of epidermal hyperplasia
with epidermal leukocyte accumulation segregates psoriasis from
other epidermal hyperplasias on histopathologic grounds. The
pathogenesis of psoriasis is thus linked, at least in part, to processes
which regulate leukocyte trafficking and inflammation. Psoriatic
keratinocytes express HLA-DR [1], gamma-IP-10 [2], and ICAM-1
[3], immune-related molecules which are not produced by keratino-
cytes in normal skin. HLA-DR and ICAM-1 molecules regulate
antigen presentation and lymphocyte adherence on immune-de-
rived cells and they have been proposed to serve equivalent func-
tions in psoriatic epidermis. The presence of these molecules could
thus stimulate a local immune reaction and provide signals for leu-
kocyte migration into psoriatic epidermis [3,4]. Synthesis of each of
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which prevents normal receptor down-regulation in re-
sponse to EGF binding. Several phenotypic features of the
psoriatic keratinocyte, including growth activation and ex-
pression of HLA-DR, gamma-IP-10, ICAM-1, and other
molecules, are best explained as resulting from the combined
effects of TGF-alpha, IL-6, and gamma interferon (and possi-
bly other cytokines) on epidermal keratinocytes. The multi-
ple histologic features of psoriasis, including epidermal hy-
perplasia and accumulation of acute and chronic
inflammatory cells, may be mediated by defined growth fac-
tors and cytokines that are produced in psoriatic skin and
affect the function of diverse cell types. J Invest Dermatol
94:1355- 1408, 1990

these molecules can be induced in keratinocytes by exposure to
gamma interferon, a product of activated T lymphocytes [3,5]. Der-
mal infiltrates in psoriasis have an abundance of T3+ lymphocytes
and many of these express HLA-DR, IL-2 receptors, or other activa-
tion antigens [4]. Gamma interferon produced by these activated T
lymphocytes could induce HLA-DR, ICAM-1, and gamma IP-10
expression in psoriatic keratinocytes and thereby further contribute
to immune activation and epidermal leukocyte accumulation.

Although these findings might explain some features of immune
activation in psoriasis, they do not directly explain the profound
epidermal hyperplasia which is typical or psoriasis. Gamma inter-
feron inhibits the growth of keratinocytes and numerous other cell
types [6]. Gamma IP-10 is a member of the gro family of proteins,
and might have mitogenic properties, but its bioactivity has not
been determined in keratinocytes [2,5]. Normal keratinocytes pro-
duce several growth factors or cytokines including TGF-alpha,
IL-1, IL-3, IL-6, GM-CSF, and TGF-beta [7]. Several of these fac-
tors stimulate the proliferation of cultured keratinocytes and might
be involved in the pathogenesis of epidermal hyperplasia in psoriasis
[8,9]. Cytokines such as IL-1, IL-3, IL-6, or GM-CSF might also
contribute to immune activation or leukocyte accumulations in pso-
riasis because these factors regulate the function of multiple im-
mune-derived cell types [7].

CONTROL OF KERATINOCYTE PROLIFERATION BY
AUTOCRINE GROWTH FACTORS AND CYTOKINES

Psoriasis is characterized by disregulation of keratinocyte growth
with profound epidermal hyperplasia. Proliferation of eukaryotic
cells is generally controlled through cellular expression of growth-
factor receptors and subsequent exposure to ligands for these recep-
tors. Epidermal hyperplasia in psoriasis may be related to increased
expression of growth tactors or their receptors. It is therefore essen-
tial to identify specific growth factors or growth-promoting cyto-
kines which regulate the proliferation of normal keratinocytes and
which could be involved in the pathogenesis of psoriasis through
aberrant expression.
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EGF and TEG-Alpha Epidermal growth factor (EGF) purified
from mouse maxillary glands produces marked epidermal acan-
thosis when injected intradermally in mouse skin [10]. EGF is es-
sential for sustained growth of human keratinocytes in several types
of in vitro culture systems. Transforming growth factor-alpha
(TGF-alpha), a peptide factor homologous to EGF, can replace the
EGF requirement in tissue culture, and may be slightly more active
on a molar basis [11]. EGF and TGF-alpha regulate cellular prolifer-
ation through interaction with a single 180-kD cell-surface recep-
tor, called the EGF-receptor for historical reasons [12]. Ligand bind-
ing to the extracellular domain of the EGF-receptor activates a
tyrosyl-kinase activity in an intracellular domain of the receptor.
The receptor-ligand complex is subsequently removed from the cell
surface by internalization via pinocytosis resulting in EGF-receptor
“down-regulation” by EGF, TGF-alpha, or a related vaccinia virus
growth factor (VVGF). Mitogenic activation of cells after EGF-
receptor-ligand binding is mediated by tyrosyl-kinase activation, by
receptor internalization, or by several other biochemical events
triggered by ligand binding [13]. Molecular events following mito-
genic stimulation of cells with EGF or TGF-alpha are discussed in
more detail below in relation to biochemical changes in psoriatic
skin.

TGF-alpha is an excellent candidate for an autocrine regulator of
epidermal proliferation. TGF-alpha is produced by keratinocytes in
normal human epidermis and Iliy cultured normal keratinocytes
[14,15]. The transcription of TGF-alpha mRNA by keratinocytes is
increased by binding of EGF or TGF-alpha to its receptor and is
followed by increased release of TGF-alpha from stimulated cells
[15]. TGF-alpha production by keratinocytes can also be increased
by phorbols, suggesting a possible mechanism for epidermal hyper-
plasia induced by TPA and related phorbols [16]. As normal epi-
dermis requires consistent keratinocyte proliferation for its renewal,
TGEF-alpha produced locally by keratinocytes could be an important
autocrine or paracrine regulator of normal epidermal growth.

Cytokine Growth Factors Human keratinocytes synthesize a
nuniber of cytokines which have the potential to regulate epidermal
growth. Specific mRNA transcripts or biologic activities of several
interleukins (IL-1, IL-3, IL-6), colony-stimulating factors (GM-
CSF), and transforming growth factor-beta (TGF-beta) have been
detected in cultured keratinocytes [7]. IL-1, IL-3, IL-6, and GM-
CSF have been shown to stimulate keratinocyte proliferation,
whereas TGF-beta appears to inhibit keratinocyte growth [8,9].
Figure 1 shows a comparison of keratinocyte proliferation induced

KBM KBM KBM KBM KBM KGM

+IL=1 +IL—6 4+EGF  #IFN-y

Figure 1. Effects of growth factors or cytokines on the proliferation of
human keratinocytes in defined medium. KBM is basal medium without
growth factors added. Purified IL-1 (1 ng/ml), rIL-6 (10 ng/ml), recombi-
nant interferon-gamma (20 ng/ml), or purified EGF (10 ng/ml) were added
to KBM and growth was assessed after 24 h by *H-thymidine incorporation.
For comparison, rapid growth of keratinocytes is attained in KGM, a com-
plete growth medium containing EGF, insulin, hydrocortisone, and bovine
pituitary extract added to KBM.
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Figure 2. Specific binding of '#I-rIL-6 to human keratinocytes maintained
in keratinocyte growth medium (KGM). Non-specific binding assessed with
100-times excess of unlabeled rIL-6 has been subtracted from total binding
to quantitate specific binding.

by several cytokines and EGF using defined tissue-culture medium
lacking serum or other exogenous growth factors. A complete
growth medium containing EGF, insulin, hydrocortisone, and bo-
vine pituitary extract (KGM, Clonetics Corp.) produced an 8.6-
times increase in *H-thymidine incorporation compared to basal
medium without growth factors. EGF (10 ng/ml) added to basal
medium produced a 2.1-times increase in DNA synthesis; human
TGF-alpha prepared by in vitro synthesis also produced only a two-
fold increase in DNA synthesis when added in concentrations from
1 to 100 ng/ml [17]. Longer-term growth experiments using de-
fined MCDB 153 medium with EGF addition have shown little
EGF-related mitogenic activity in human keratinocytes [8]. In con-
trast, several cytokines have shown potent growth-stimulating ac-
tivity in defined media [8,9,17]. In tEe experiment shown in Fig 1,
IL-1 (1 ng/ml) produced a ninefold increase in DNA synthesis and
IL-6 produced a sixfold increase, comparable to results described
previously [8]. Gamma-interferon has well described growth-inhib-
iting activity in keratinocytes [6,8] and it produced no growth stim-
ulation in defined medium (Fig 1). Thus two cytokines which are
produced by keratinocytes (IL-1, IL-6) are more potent keratinocyte
mitogens than equimolar amounts of TGF-alpha or EGF in defined
culture systems. IL-1 and IL-6 could be important factors regulating
the normal growth of keratinocytes in epidermis [9,17]. The mito-
genic activity of GM-CSF, IL-3, and other cytokines in keratino-
cytes suggests they could also function to regulate normal epidermal
growth [8]. The relative roles of TGF-alpha and growth-stimulat-
ing cytokines in controlling epidermal proliferation is unknown at
present. It also remains to be determined whether EGF or TGF-
alpha require additional factors for full mitogenic effects in keratin-
ocytes. In fibroblasts, EGF may serve as a cell-cycle “progression”
factor in combination with PDGF or other “competence™ factors
[18]. Many details of mitogenic signalling in normal human kerat-
inocytes and epidermal tissue remain to be determined.

KERATINOCYTES EXPRESS IL-6 RECEPTORS

We have analyzed human keratinocytes for a specific IL-6 receptor
using binding of 12*1-IL-6 to keratinocyte monolayers. In the exper-
iment shown in Fig 2, we observed increasing specific binding of
125].]L-6 to keratinocytes over the concentration range of 0 to
400 pM. Binding of IL-6 to keratinocytes at concentrations greater
than 400 pM could not be accurately quantified without a higher
(srcciﬁc activity '[-IL-6 preparation. Scatchard analysis of these

ata showed 6100 receptors (binding sites) per cell with K, of
1.3 nM for IL-6. Analysis of keratinocyte EGF receptors under
identical growth conditions showed 190,000 receptors per cell with
a K4 of 0.7 nM for EGF. Fewer keratinocyte receptors for IL-6 are
compatible with growth stimulation by IL-6 at lower molar con-
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centrations than stimulation by EGF or TGF-alpha [9,17]. Both
EGF-receptors and IL-6 receptors on keratinocytes show high-
afhnity binding for their appropriate ligands.

EXPRESSION OF GROWTH FACTORS, GROWTH-
ACTIVATING CYTOKINES, AND THEIR RECEPTORS
IN PSORIASIS

Psoriasis is a cyclic discase in many individuals with “flares” in
activity often confined to localized areas of skin. Psoriasis can be
exacerbated by external factors including sun exposure, infections,
and medical therapies such as corticosteroid or beta-blocker use.
The cyclic nature of psoriasis, as well as its often remarkable re-
sponse to medical treatments, suggests that psoriatic changes in
“normal” skin may be induced by growth-promoting or inflamma-
tion-inducing factors produced or released locally in active psoriatic
skin. Epidermal hyperplasia in psoriasis may be directly related to
growth factors, growth-promoting cytokines, and related receptors
expressed locally in psoriatic skin.

TGF-alpha in Psoriasis TGF-alpha is overexpressed in psoriatic
epidermis as determined by immunohistochemistry with TGF-
arpha— ecific monoclonal antibodies in tissue [14] or by the abun-
dance ofPTGF-nIpha— speciic mRNA and protein in epidermal ex-
tracts [19]. Psoriatic keratinocytes in upper spinous layers show
strong staining for TGF-alpha compared to the predominant stain-
ing of basal and lower spinous keratinocytes in normal-appearing
skin of psoriatics or normal human skin [14]. Although TGF-alpha
is also detected in the dermis of lesional skin, the transcriptional
analysis of TGF-alpha mRNA suggests that a substantial portion of
TGF-alpha in psoriatic epidermis is produced by affected keratino-
cytes [19]. EGF-receptors are also overexpressed in hyperplastic
psoriatic epithelium as initially determined by binding of '25I-EGF
to psoriatic skin [20]. The overexpression of the EGF-receptor and
its ligand TGF-alpha in psoriatic skin suggests an obvious mecha-
nism for increased keratinocyte proliferation in psoriasis. It is some-
what curious, however, that EGF-receptors do not appear to be
“down-regulated” by bound TGF-alpha in psoriatic skin. Direct
mitogenic stimulation of psoriatic keratinocytes by TGF-alpha has
not been conclusively proved and its ability to induce psoriasiform
epidermal hyperplasia in human skin is untested.

Several observations suggest that the overexpression of TGF-
alpha or the EGF-receptor in psoriasis are not the sole causes of
epidermal hyperplasia or of psoriasis. Increased expression of TGF-
alpha is seen in epidermal hyperplasias unrelated to psoriasis by
clinical and histopathologic criteria. Figure 3 shows the expression
of TGF-alpha in normal epidermis compared to psoriatic epidermis
and in hyperplastic epidermis from wounded skin. In normal epi-
dermis, TGF-alpha is detected principally in basal keratinocytes
(Fig 34), whereas in growth-activated epithelium TGF alpha is
detected in all keratinocytes from basal to upper spinous epidermal
layers (Fig 3B,C). In hyperplastic epidermis from wounded skin,
EGF-receptors are also detected in upper spinous keratinocytes, sim-
ilar to increased EGF-receptor staining in psoriasis (not shown).
Injection of EGF into the dermis of mouse skin produces epidermal
acanthosis in a non-psoriasiform pattern without keratinocyte para-
keratosis [10]. However, these data do suggest that EGF or TGF-
alpha could regulate at least some features of epidermal hyperplasia
seen in psoriasis.

Interaction of TGF-alpha with abundant EGF-receptors in psori-
asis could explain numerous biochemical alterations detected in
psoriatic skin. Molecular events associated with EGF-induced mito-
genic signaling have been studied in a wide variety of cell types.
Ligand binding by the EGF-receptor is associated with sequential
tyrosine-kinase activation of the receptor, increased activity of
phospholipase C (PLC), hydrolysis of membrane lipids to yield
diacylglycerols and inositol-triphosphate, increased calcium entry
into cells, and activation of protein kinase C (PKC) with associated
membrane translocation [13]. In psoriatic epidermis, altered protein
tyrosine kinase, PLC, and PKC activities have been detected [21-
23]. These changes could be due to chronic EGF-receptor activation
by TGF-alpha or to activation by other growth factors or pathways.
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Interleukins in Psoriasis Growth-promoting cytokines may
have an important role in the pathogenesis of epidermal hyperplasia
in psoriasis. We have recently studied the expression of IL-6 in 35
patients with active psoriasis [9]. Skin from active psoriatic plaques
showed increased IL-6 protein in epidermal keratinocytes and in
inflammatory dermal cells compared to normal-appearing, non-le-
sional skin in the same patients. The IL-6 detected in psoriatic
cpidermis is produced at least in part by affected keratinocytes be-
cause mRNA specific for IL-6 was detected by in situ hybridization
in psoriatic epidermis [9]. IL-6 protein expression was also detected
in a higher percentage of keratinocytes cultured from psoriatic epi-
dermis compared to keratinocytes cultured from normal-appearing
skin [9]. Increased IL-6 mRNA and protein in psoriatic skin have
been recently reported by another group [24]. The high level of
IL-6 found in psoriatic epidermis, combined with its growth-pro-
moting activity in human keratinocytes, suggests it may contribute
to epidermal hyperplasia in psoriasis. Future experiments will need
to address the bioactivity of keratinocyte-derived IL-6 and its ability
to directly affect epidermal growth in vivo. Expression of the IL-6
receptor in psoriatic keratinocytes compared to normal keratino-
cytes remains to be investigated.
Several other cytokines, including IL-1, IL-3, and GM-CSE, are
roducts of keratinocytes or immune cells which stimulate human
Ecratinocytc proliferation. These factors are additional candidates
for cytokines which might be involved in the pathogenesis of psori-
asis. IL-1-beta mRNA is increased in psoriatic epidermis, but IL-1-
beta protein is present as a biologically inactive precursor form. The
total IL-1 bioactivity in psoriatic epidermis is decreased from nor-
mal skin, which is due in part to the presence of an IL-1 inhibitor in
psoriatic skin [25], Although the quantitative expression of 1L-1
receptors in psoriasis is unknown, IL-1-receptor expression in ke-
ratinocytes is increased by gamma-interferon and might cherefore
be increased in psoriasis [26]. Products of T-cell clones isolated from
soriatic skin are growth stimulatory to keratinocytes, but the cyto-
Einc(s) responsible for this activity have not been characterized [27].
Little is known about the expression of other growth-promoting
cytokines in psoriatic tissue at present.

Roles for Gamma-Interferon in Psoriasis Gamma-interferon
may play an especially important role in the pathogenesis of psoria-
sis. HLA-DR expression by keratinocytes is induced specifically by
this cytokine. ICAM-1 can be induced by several cytokines in endo-
thelial cells, fibroblasts, and immune-derived cells, but its induction
in keratinocytes is also specific for gamma-interferon [3,28]. Ex-
pression of the protein gamma-IP-10 is highly associated with the
epidermal phenotype in psoriasis [2]. We have investigated whether
IL-1, a betay-interferon, or cytokines other than gamma-interferon
may induce its expression in cultured keratinocytes. In the experi-
ment shown in Fig 4, we used rabbit antibodies specific for gamma-
IP-10 to immunoprecipitate it from radiolabeled keratinocytes
which were exposed to gamma-interferon, IL-6, IL-1, GM-CSF, or
TPA. Only gamma-interferon induced synthesis of this protein in
human keratinocytes. Thus gamma-interferon produced by acti-
vated T lymphocytes in psoriatic skin may induce expression of
HLA-DR, ICAM-1, and gamma-IP-10 in psoriatic epidermis.

GAMMA-INTERFERON MODULATES EGF-RECEPTOR
METABOLISM IN KERATINOCYTES

Treatment of keratinocytes with gamma-interferon affects normal
down-regulation of the EGF-receptor after ligand binding. In the
experiment shown in Fig 5, normal keratinocytes were treated with
recombinant gamma-interferon or recombinant IL-6 for 24 h in
EGF-deficient medium. EGF-containing medium was added to
some cultures for 1 h and cells were acid washed to remove recep-
tor-associated EGF. The quantity of EGF receptors was then as-
sessed in cells not exposed to EGF (open bars) and in cells after
ligand-induced receptor down-regulation (solid bars). Exposure of
cells to gamma-interferon prevented full receptor down-regulation,
whereas IL-6 had no effect compared to control cultures (Fig 4). In
subsequent experiments, we found that BSA, which is used as a
carrier to stabilize gamma-interferon, also had an effect of prevent-
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Figure 3. Identification of TGF-alpha in tissue sections with monoclonal
A1.5 antibodies. Sections are (A4) normal skin, (B) psoriatic })laquc, and (C)

hyperplastic cpithelium adjacent to skin ulceration. Small arrows in each
photomicrograph identify specific reaction of TGF-alpha antibodies with
basal keratinocytes in normal skin and with keratinocytes in the upper
spinous layers of psoriatic or hyperplastic skin. A membrane staining pattern
for TGF-alpha is seen in spinous layer keratinocytes. Nuclear and granular
layer staining in sections is demonstrated by a hematoxylin counter stain. In
normal epithelium (A) and hyperplastic epithelium (C), “G” identifies
granular layer keratinocytes. In psoriatic epidermis, “P" identifics parakera-
totic scale (magnification X 350).
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Figure 4. Effects of the cytokines IL-6 and gamma-interferon on EGE-re-
ceptor “down-regulation” induced by EGF binding in normal human kerat-
inocytes. Keratinocytes were maintained for 24 h in basal medium (KBM) or
KBM supplemented with IL-6 (10 ng/ml) or gamma-interferon (20 ng/ml).
Binding of '**I-EGF to control or treated cultures was quantitated before
(open bars) or after (solid bars) exposure to EGF for 1 h. Decreased binding of
'*I-EGF after ligand treatment reflects removal of EGF receptors from the
cell surface by pinocytosis, or “down-regulation” of receptors. Gamma-
interferon prevents normal down-regulation of EGF receptors in human
keratinocytes.
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Figure 5. Induction of gamma-IP-10 synthesis in human keratinocytes by
cytokines. Human keratinocytes were treated for 24 h with IL-6, IL-1,
GM-CSF, gamma-interferon, or the phorbol TPA and radiolabeled with
¥§-cysteine. Gamma-I1P-10 was immunoprecipitated from culture superna-
tants and analyzed by SDS-PAGE and autoradiography. Gamma-interferon
was detected only in culture supernatants of human keratinocytes exposed to
gamma-interferon, even after prolonged exposure of this gel.
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ing full recepror down-regulation. The effect of carrier-free
gamma-interferon on receptor down-regulation could not be as-
sessed due to its inherent instability in the absence of carrier. Psoria-
tic keratinocytes overexpress cell-surface EGF-receptors and this
could be mediated in part by the effects of gamma-interferon on
psoriatic cells preventing normal receptor down-regulation after
ligand binding. Gamma-interferon can stimulate keratinocyte syn-
thesis of TGF-alpha in normal keratinocytes and might also influ-
ence the overproduction of TGF-alpha seen in psoriatic epidermis
[17].

THE PSORIATIC PHENOTYPE MAY BE CAUSED BY
THE EFFECTS OF MULTIPLE FACTORS ON
EPIDERMAL KERATINOCYTES

The epidermal or keratinocyte phenotype in psoriasis is character-
ized by a combination of features related to growth activation and
inflammation or immune-activation, As discussed above, individual
features can be ascribed to the effects of defined growth factors or
cytokines acting on keratinocytes or immune-derived cells, but no
single factor can explain all features. The combination of pheno-
typic changes in psoriatic skin which define psoriasis in histopatho-
logic terms may be best explained by the simultaneous effects of
different growth factors and cytokines on psoriatic epidermis.
Gamma-interferon may induce the expression of immune-activa-
tion molecules in psoriatic epidermis and modulate expression of
the EGF-receptor and its ligand TGF-alpha, but it probably does not
directly stimulate keratinocyte proliferation. TGF-alpha and IL-6
produced by psoriatic keratinocytes could induce keratinocyte pro-
liferation in autocrine or paracrine modes. IL-6, but not TGF-alpha,
could stimulate accumulation or proliferation of lymphocytes lo-
cally in psoriatic skin and thereby further increase the local produc-
tion of immune-derived cytokines which affect keratinocyte func-
tions. Increased plasma IL-6 seen in some psoriatic patients could
mediate systemic inflammation or fever seen in severe psoriasis. The
ability of IL-6 and other cytokines to regulate growth of both kerat-
inocytes and leukocytes may directly connect epidermal hyperplasia
with tissue inflammation in psoriasis. Future treatments for psoriasis
might be directed towards decreasing the local production of eyto-
kines/growth factors or interrupting mitogenic signal transduction
mediated by specific receptors.
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