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Novel approaches for the
treatment of psoriasis

Daniel DiSepio, Roshantha A.S. Chandraratna and Sunil Nagpal

Psoriasis is a common skin disease affecting ~2% of
the population. For those who contract the disease it
is usually recurrent and sometimes very debilitating.
The cause of psoriasis is unknown, although it ap-
pears to be an autoimmune disease with a likelihood
for genetic predisposition. Past topical treatments
such as emollients, coal tar and dithranol have been
messy, cosmetically unacceptable and of low efficacy,
while systemic therapies such as methotrexate, cy-
closporin and acitretin have suffered from significant
side effects. New therapies based on medicinal chem-
istry and an increased understanding of psoriasis have
brought us closer to the goal of safe and efficacious
treatment of the disease. The authors review some of

these new topical and systemic therapies currently in

use or in development.

soriasis is a recurrent inflammatory skin disorder

affecting ~2% of the population. Annually, 1.5 mil-

lion patients in the USA are seen by physicians for

psoriasis with the associated outpatient health care
costs estimated to be between $1.6-3.2 billion!. According
to the National Psoriasis Foundation, there are
150,000-260,000 new cases reported each year with the
median age of onset being 28 years (see the National
Psoriasis Foundation Web site, http://www.psoriasis.org).
In addition, ~5-10% of patients will develop psoriatic
arthritis, with inflammation and swelling in the hands, feet
and large joints.

The pathogenesis of psoriasis is varied, with a range of
morbidity from mild to severe. Each year, ~400 people die
from psoriasis-related causes. There are five recognized
forms of psoriasis: plaque (also called psoriasis vulgaris),
guttate, inverse, erythrodermic and pustular. A patient
might exhibit one or more of the forms at the same time
and the disease can shift from predominantly one form to
another. While the appearance can vary, each form is char-
acterized by epidermal keratinocyte hyperproliferation, ab-
normal keratinocyte differentiation and immune-cell infil-
tration. The commonest and most studied form is plaque
psoriasis. At the molecular and histological level, plaque
psoriasis is characterized by marked keratinocyte hyper-
proliferation with rete pegs. There is a loss of the granular
layer with the accompanying loss of loricrin and filaggrin
expression®?, There is overexpression of other differenti-
ation markers such as involucrin, and TGase I, as well as
expression of genes such as migration inhibitory factor
related protein-8 (MRP-8) and skin-derived antileukopro-
teinase (SKALP) not found in normal epidermis*’. The ex-
pression of the normal suprabasal keratins K1 and K10 are
inhibited and replaced by the expression of the hyperpro-
liferative keratins K6 and K16 (Refs 8,9). Related to this hy-
perproliferation, there is an increased expression of the
interleukin 8 (IL-8) receptor!”, cytokines IL-1, IL-6 and IL-8
(Refs 10-12), the epidermal growth factor receptor (EGF-
R and its ligands, transforming growth factor a (TGF-)
and amphiregulin'®'>. There is a large T-cell infiltration in
the affected regions of the skin, with CD4* lymphocytes in
the dermis and CD8* lymphocytes in the epidermis. These
lymphocytes secrete the cytokines IL-2, interferon y (IFN-y)
and tumor necrosis factor a (TNF-a), which alter keratino-
cyte proliferation and differentiation?®.

To date, there is still no firm understanding of what
causes psoriasis. There are several lines of evidence sug-
gesting that it has at its roots both an autoimmune and a
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genetic component. Data for both arguments have their
merit, and a full disclosure of this information is beyond
the scope of this review. Arguments for a genetic predispo-
sition include a third of psoriasis patients having at least
one afflicted family member and a 65% concordance for
psoriasis in monozygotic twins'’. In addition, there is an as-
sociation of the psoriatic phenotype with the HLA antigens
HLA-Cw6 and HLA-DR7 (Ref. 17). These data would sug-
gest that a defect resides in the keratinocyte, which, when
triggered (potentially by wounding or abrasion), causes the
release of cytokines responsible for the recruitment of in-
flammatory cells. However, there is ample evidence sug-
gesting that psoriasis is caused by a defect in the immune
system. There is the presence of CD4" and CD8* lympho-
cytes in psoriatic lesions. T cells isolated from lesions are
clonal®® of the T helper 1 (ThD-type cytokine subset, and
release growth factors and cytokines that cause keratinocyte
hyperproliferation. In addition, there is evidence suggesting
a role for bacterial superantigens in the pathogenesis of the
disease!. Of significance is the fact that therapies aimed at
suppressing the immune system or anti-inflammatory
agents targeting T cells or their derived growth factors are
effective in treating the disease. This review will cover the
newer topical and systemic treatments for psoriasis and dis-
cuss the emerging immunomodulatory agents and cell
proliferation inhibitors currently in clinical trials.

Vitamin D, analogs

1,25 Dihydroxyvitamin D, also called calcitriol, is the bio-
logically active form of vitamin D. It exerts its biological
activity through the nuclear vitamin D, receptor (VDR),
which is a member of the steroid hormone receptor super-
family, and through non-nuclear signaling mechanisms
that are as yet ill defined. Vitamin D was initially used in
high doses orally to treat psoriasis in the 1930s with the as-
sumption that it was the metabolite that helped clear pso-
riasis after exposure to sunlight. The treatment lost favor,
however, owing to a lack of efficacy and hypercalcemic
side effects. Subsequent observations demonstrating that
keratinocytes and dermal fibroblasts contain vitamin D, nu-
clear receptors®®, and that calcitriol inhibits keratinocyte
proliferation and induces differentiation?!, renewed interest
in the use of vitamin D for psoriasis. Then there was the
observation in a patient showing improvement in psoriasis
during a clinical trial using 1a(OH)-D; for the treatment of
osteoporosis??. Promising results were obtained in two
subsequent studies using oral 1a(OH)-D, (1 mg day™") in
seven patients (complete remission in four patients)?® and
topical treatment with calcitriol in 19 patients (84% clear-
ance or marked improvement)?*,
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Two recent studies by Perez et al?>*° demonstrated that
calcitriol is an effective and relatively safe treatment for
plaque psoriasis. Improvement was seen in 96% of patients
(n = 84) treated topically for ten weeks, and 91% showed
improvement in a continued long-term 12-month follow up
study (1 = 22)%. The drug showed little topical irritation
and no statistically significant difference in urinary or serum
calcium levels was observed. Similarly, 88% of patients (72 =
85) showed improvement using oral calcitriol 0.5-3.0 pg
day~! over a period of up to three years®. By contrast with
the topical treatment, oral calcitriol in this study caused a
148% increase in urinary calcium excretion and an increase
in serum calcium concentrations, although both were con-
sidered to be within the normal range for most patients.
Interestingly, in a 1990 pilot study with ten patients suffer-
ing from psoriatic arthritis, seven showed statistically signifi-
cant improvement in their tender joint count®.

VDR agonists
Medicinal chemists have tried to modify the structure of
calcitriol to develop a VDR agonist that exhibits decreased
hypercalcemic activity. Several such analogs now exist, in-
cluding calcipotriol, tacalcitol and KH1060. The most
widely used of such analogs is calcipotriol (MC903, cal-
cipotriene, Dovonex), which has been modified to be
metabolized very quickly in systemic circulation and is,
therefore, 100-200 times less potent than calcitriol in
hypercalcemic activity®. In comparative clinical trials, the
efficacy of topical calcipotriol ointment was generally bet-
ter compared with two potent topical steroids, betametha-
sone 17-valerate and fluocinomide (Lidex)*73°. In clinical
studies using twice-daily treatment, significant improve-
ment was noted in most patients (50-70%), with 10-26%
showing complete clearing. A side effect reported with cal-
cipotriol use is topical irritation. This generally occurs in
~20% of patients, but it is usually well tolerated and pa-
tient drop-out rates are only 2-3% (Ref. 31). Even though
calcipotriol is modified to reduce systemic side effects,
there are reported side effects including increases in serum
and urinary calcium levels if large amounts of the drug
(200 g week™) are used to treat extensive disease3*33,
Tacalcitol (1,24 dihydroxyvitamin D) is a high-affinity
VDR ligand that is very effective in inhibiting keratinocyte
proliferation and promoting differentiation, exhibits low
hypercalcemic side effects, and appears to be better tol-
erated than calcipotriol, with only 1% of patients show-
ing irritation as compared with the 20% reported for
calcipotriol3+3,

The exact mechanism of VDR agonist action in inhibiting
the psoriatic phenotype remains unclear. Vitamin D, and
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Figure 1. Molecular mechanisms of vitamin D
receptor (VDR) agonist action in psoriasis. The VDR
Jforms a heterodimer with the retinoid X receptor
(RXR); agonist binding to the VDR moiety of the
RXR-VDR beterodimer results in either activation or
inbibition of expression of vitamin D, responsive genes
in skin. EGF-R, epidermal growth factor receptor;
GM-CSE, granulocyte-macrophage colony-stimulating
[factor; IEN-y, interferon vy, IL, interleukin; IL-10R,
interleukin-10 receptor; TNF-a, tumor necrosis

Jactor a; VDRE, vitamin D, response elements.

its synthetic analogs modulate gene expression through
nuclear and non-nuclear mechanisms. Moreover, it is
highly doubtful that the regulation of a single gene can ac-
count for the effects related to the hormone; rather, it is
most likely the regulation of many genes whose concerted
action account for the suppression of psoriasis seen in pa-
tients. Many of the biological effects of vitamin D, and its
analogs occur through the VDR, a ligand-dependent tran-
scription factor belonging to the steroid hormone receptor
superfamily?’. VDR can form homodimers or heterodimers
with the retinoid X receptor (RXR), which then bind to
vitamin D, response elements (VDRE) present in the pro-
moters of responsive genes3® (Fig. 1). With the exception
of p21"4*cir! most of the genes known to contain VDREs
are involved in calcium metabolism and have no known
role in psoriasis. However, p21"%4%.¢P1 has been shown to
play a role in keratinocyte differentiation® and is induced
by vitamin D, through a VDRE in the p21 promoter
(Fig. 1.

Vitamin D, inhibits the expression of IL-2, IL-8, IL-6
(in cultured keratinocytes as well as in patients), TNF-q,
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IFN-y, EGF-R, MYC (also known as c-myc) and granulo-
cyte—macrophage colony-stimulating factor (GM-CSF)
(Fig. 1), all of which play a role in inflammation and
proliferation of keratinocytes and T cells?~%. Many of
these genes are negatively regulated through VDR by
ligand-dependent inhibition of AP-1/NF-AT activity*!44547,
while GMCSF is inhibited through a direct binding of a
VDR monomer to a region of the gene’s promoteri. VDR
agonists have also been shown to increase the expression
of the receptor for the anti-inflammatory cytokine IL-10
(Ref. 48; Fig. 1). Modulation of these genes could account
for some of the therapeutics effects seen with vitamin D,
and its analogs.

Interestingly, in addition to the nuclear signaling mecha-
nisms, vitamin D, seems to exert some biological effects
by signaling from the cell membrane as well. For example,
cycloheximide resistant-increases in intracellular calcium
levels occur in keratinocytes within 90 s of calcitriol treat-
ment*. This results from inositol triphosphate activation,
release of intracellular calcium stores and the opening of
cation channels, which allow the influx of additional extra-
cellular calcium. Further, calcitriol treatment results in acti-
vation of protein kinase C (PKC) pathways at physiological
concentrations with an EC,, = 16 nM (Ref. 50). Finally,
VDR appears to activate the Ras signaling pathway in a
ligand-dependent manner by associating with the adaptor
proteins Shc and Src (Refs 51,52). This increase in calcium
levels and the activation of PKC and the Ras pathways
is a plausible mechanism by which vitamin D, halts
keratinocyte proliferation and promotes differentiation,
thereby slowing the hyperproliferation and abnormal dif-
ferentiation processes associated with psoriasis. Many of
the effects, then, are probably the result of inhibition
of cytokine expression and the promotion of keratinocyte
differentiation.

Vitamin A analogs; agonists, antagonists, anti-AP1
specific
Retinoic acid and its synthetic analogs bind to two families
of nuclear hormone receptors, the retinoic acid receptors
(RARa, B and 7y) and the retinoid X receptors (RXRa, B
and ). Retinoids positively regulate gene transcription by
binding to the RAR-RXR heterodimer, which binds directly
to a retinoic acid response element (RARE) in the pro-
moter of an activated gene. Retinoids also negatively regu-
late the transcription of other genes by antagonizing the
enhancing action of transcription factors such as AP-1 and
NF-IL6 (Refs 53-57).

Initial studies in psoriasis using either topical or
oral retinoic acid were not very promising because of

DDT Vol. 4, No. 5 May 1999



therapeutic focus

unacceptable toxicity and lack of efficacy. Second and
third generation aromatic (etretinate and acitretin) and
arotinoid (Ro136298 and Ro137410) retinoids were effec-
tive orally, but were ineffective topically for the treatment
of psoriasis®>?. These drugs also had the disadvantage of
high levels of toxicity and were contraindicated in women
of child-bearing age because of the teratogenicity associ-
ated with systemic dosing. Some fourth-generation
retinoids, AM80, CD271 (adapalene) and AGN190168
(tazarotene, Tazorac, Zorac), have been shown to be effec-
tive treatments topically for plaque psoriasis or acne.
Adapalene is used in the clinic for topical treatment of
acne but has not been shown to be effective in treating
psoriasis, while tazarotene is approved for topical treat-
ment of psoriasis and acne.

Tazarotene

Tazarotene {6-[2-(4,4-dimethylthiochroman-6-yDethynyl]
nicotinate} is a prodrug of the free acid form, tazarotenic
acid, which is specific for the RARs and binds all three re-
ceptors, but transactivates selectively through the B/vy sub-
types®. It is effective in treating mild to moderate plaque
psoriasis. In double-blind, multicenter, placebo-controlled
studies, 0.05% and 0.1% topical tazarotene gel adminis-
tered once or twice daily resulted in significant improve-
ment as early as one week®-%, Treatment success, defined
as >50% improvement or complete clearing, ranged from
63-70%, including the usually difficult knee and elbow le-
sions. Importantly, the clinical improvement was main-
tained for 8-12 weeks post-treatment. Recently, a pharma-
coeconomic study was conducted comparing the cost
effectiveness of fluocinomide, calcipotriene and tazarotene
to determine the total cost of achieving a disease-free day.
Tazarotene 0.1% was determined to be the most cost-effec-
tive, with an expected cost of $49.46 for once daily treat-
ment, compared to $57.74 for tazarotene 0.05%, $91.73 for
fluocinomide and $120.56 for calcipotriene®. As with other
topical retinoids, local irritation is the most common ad-
verse effect, including mild to moderate pruritis, erythema,
burning and desquamation®. Systemic absorption of
tazarotene appears to be very low, leading to no systemic
side effects®.

It has been shown that tazarotene has effects on the three
major epidermal manifestations of psoriasis, namely kera-
tinocyte hyperproliferation, abnormal differentiation and im-
mune cell infiltration. Several genes have been identified that
are highly or abnormally expressed in psoriatic kera-
tinocytes, including those encoding ornithine decarboxylase
(ODC), MRP-8, SKALP, IL-6 and the hyperproliferation kera-
tins K6 and K16. In addition, spinous cell differentiation
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Cellular effect Activated RARE Inhibited
genes genes
Normalization TIG1, TIG2 MRP-8, SKALP,
of differentiation TGase |, spr-2,
K6, K16
Anti-proliferation TIG3, p21 ODC, EGF-R
Cell adhesion Collagen IV

Anti-inflammation Stromelysin-1,

MRP-8, IL-6

Figure 2. Molecular mechanisms of tazarotene
action in psoriasis. The retinoic acid receptor (RAR)
can form a beterodimer with the retinoid X receptor
(RXR). Agonist binding to the RAR moiety of the
beterodimer results in either induction of expression
of RARE-containing genes or inhibition of expression
of other genes by antagonism of transcription factors
AP-1 or NF-ILG6. The antagonism of transcription
Jfactors appears to involve competition for limiting
co-factors. EGF-R, epidermal growth factor receptor;
K6 and K16, hyperproliferative keratins; MRP-8,
macrophage migration inhibitory factor related
protein 8; ODC, ornithine decarboxylase; SKALP,
skin-derived anti-leukoproteinase; spr-2, small
proline-rich protein-2; TGase I, transglutaminase I;
TIG, tazarotene-induced gene.

markers, such as transglutaminase I (TGase ) and involucrin,
are overexpressed in psoriasis, while expression of granular
cell differentiation markers, such as loricrin and filaggrin, are
repressed. This abnormal pattern of gene expression is due
to the highly proliferative state of the epidermis caused by
the growth factors and cytokines produced by infiltrating im-
munocytes or activated keratinocytes in the psoriatic skin.
Tazarotene inhibits the expression of ODC, TGase I, involu-
crin, SKALP, MRP-8 and K6 and K16 (Fig. 2), and normalizes
the expression of filaggrin in psoriasis as well as in various
in vitro systems®08
to inhibit the expression of the adhesion molecules ICAM-1

. Topical tazarotene has also been shown

225



REVIEWS

and HLA-DR, both thought to contribute to the psoriatic
phenotype by recruiting T cells to the epidermis®”%. The
inhibition of these genes occurs by either directly antag-
onizing the effects of transcription factors such as AP-1
and NF-IL6 (Refs 53,57), or indirectly by normalizing the
keratinocyte differentiation pathway. In addition to its ef-
fects on abnormal differentiation and hyperproliferation,
tazarotene also affects the inflammatory response in the
skin by antagonizing the action of the proinflammatory
proteins TNF-a, IL-2 and IFN-y (Refs 67,70).

Tazarotene also induces the expression of several novel
genes (tazarotene-induced genes, TIGs) in the epidermis and
in psoriasis, namely TIG1, -2 and -3 (Fig. 2). Subtractive
hybridization was used to identify TIGs 1 and 2 as induced
genes in skin-raft cultures treated with tazarotene’72. TIG1
might function as a cell adhesion molecule because it has
signature motifs suggesting that it is a transmembrane pro-
tein, and it possesses a large extracellular domain with a hy-
aluronic acid-binding motif. TIG2 has no homology with any
known proteins, but contains motifs suggesting that it func-
tions as a soluble or secreted protein. TIG3 was identified
by differential display PCR as a gene induced by tazarotene
in keratinocyte cultures’. The following lines of evidence
suggest that TIG3 is a class Il tumor suppressor gene’>:

e Tt displays significant homology to the previously identi-
fied rev107 tumor suppressor

e It is expressed in a variety of normal tissues but not in
cell lines derived from those tissues

e Its expression is reduced in some primary human tu-
mors compared to the adjacent normal tissue

e Forced expression in cell lines reduces their growth rates

e Tt is localized to chromosome 11q23, a frequently trans-
located region known to contain several putative tumor
Suppressors

Given the proposed functions for these three genes,
their induction might help to explain some of the antipro-
liferative effects of tazarotene in psoriasis.

As stated, a major mechanism of action of the retinoic
acid receptors is the antagonism of transcription factors
AP-1 and NF-IL6. Synthetic retinoids that inhibit the action
of these transcription factors, yet fail to transactivate RARs,
might serve as effective anti-inflammatory agents with re-
duced side effects. BMS189453 is a synthetic retinoid that
is an antagonist at all three RARs, yet exhibits anti-AP1 ac-
tivity’4, Preliminary results have shown that BMS189453 is
able to suppress the TPA (12-O-tetradecanoylphorbol-13-
acetate)-induced expression of IL-8 in monocytes with an
EC, of 0.5 pM and to reduce edema and myeloperoxidase
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activity in inflammatory skin models. These data suggest
that anti-AP1 specific retinoids might be useful anti-inflam-
matory agents with potential use in psoriasis.

Immunosuppressives

Cyclosporin

Cyclosporin is a powerful immunosuppressive originally
used in heart, liver and kidney transplant patients. The ef-
fects of oral cyclosporin in psoriasis were initially discov-
ered in 1979 (Ref. 75), and subsequently confirmed in sev-
eral clinical trials. It was these effects that identified the
immune system as a key player in the pathogenesis of pso-
riasis. Cyclosporin acts by inhibiting the action of the tran-
scription factors NF-AT (nuclear factor of activated T cells),
AP-3 and NF-kB on the promoter of the gene encoding IL-
2 (Ref. 76). These are key transcription factors needed for
the early events in antigen-mediated T-cell activation and
the production of IL-2. This cyclosporin-mediated block in
T-cell activation inhibits the expression of IL-2, IL-4, GM-
CSF (granulocyte—macrophage colony-stimulating factor)
and IFN-y (Ref. 77), and probably accounts for the re-
duced number of CD4" and CD8" cells in the epidermis’®.
In addition, it appears that IFN-y released by intralesional
T cells promotes overexpression of psoriatic markers such
as HLA-DR, ICAM-1, Cdw60, IP-10 (IFN-y-inducible protein
10) and MRP-8 in keratinocytes®®”, and also causes
keratinocytes to release cytokines, which serve to activate
additional T cells and increase the local inflammation.
Cyclosporin, therefore, acts by inhibiting both the acti-
vation of T cells and the subsequent activation of
keratinocytes by cytokines. Topical cyclosporin is not ef-
fective in psoriasis treatment, probably owing to its large
size (1202 Da) and lack of bioavailability®.

Because of the potential side effects associated with long-
term systemic cyclosporin use, treatment is usually reserved
for severe, widespread or erythrodermic psoriasis, or pa-
tients who did not respond to other conventional therapies.
Dosage is usually in the 2.5-5 mg kg™ day™! range, with
higher doses given initially and then decreased during main-
tenance until the lowest effective dose is found®8!. Most
patients achieve remission in their psoriasis [75% reduction
in the PASI (psoriasis area and severity index)] within eight
weeks of treatment. Limiting side effects, however, include
nephrotoxicity, neurological effects and hypertension. These
effects tend to be dose and time dependent, and careful
monitoring is recommended to keep potential adverse ef-
fects to a minimum. Unfortunately, patients tend to relapse
very quickly after cessation of treatment. In one recent
study, 86% of patients given high-dose cyclosporin (5 mg
kg™ day™)) for 16 weeks showed a 70% or more reduction
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in involved body surface area®!. Those that responded to
treatment were randomized and entered into a 24-week
maintenance phase where they received placebo, 1.5 mg
kg™ day™! or 3.0 mg kg™ day~! of cyclosporin. The treat-
ment involving 1.5 mg kg™ day~! did not show much ben-
efit over the placebo group, however, 58% of patients re-
ceiving 3.0 mg kg™ day™! controlled their psoriasis for the
six-month period of the study. The mechanism of action of
immunosuppressive agents is depicted in Fig. 3.

FK506 (tacrolimus, Prograf)

FK506 is an immunosuppressive that is very similar to cyclo-
sporin in its mechanism of action. It blocks the production
of IL-2 and T-cell activation by inhibiting the action of the
NF-AT transcription factor. Like cyclosporin, it inhibits the
activity of a peptidyl-prolyl cis-trans isomerase, although
the isomerase (FK506 binding protein, FKBP12) is distinct
from that inhibited by cyclosporin®?. Initial clinical results
were with four transplant patients with psoriasis and three
non-transplant patients with severe psoriasis®. All received
high doses of FK506 (0.2-0.4 mg kg™ day™) and all had
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complete remission within four weeks. Unfortunately, as with
cyclosporin treatment, nephrotoxicity and hypertension were
observed as side effects. The latest published clinical trial re-
sults are from a Phase II double-blind, placebo-controlled
study in which patients with severe plaque psoriasis were
given oral tacrolimus (nz = 27) or placebo (n = 23) for
nine weeks®. The initial dosage was 0.05 mg kg™' day™;
this was adjusted upwards to 0.1 mg kg™ day ! at the end
of three weeks and 0.15 mg kg™ day ™!
there were no adverse effects. The response rate was 44%
for the group treated with tacrolimus at nine weeks, versus
13% for the placebo group, and at these low doses,

nephrotoxicity and hypertension were not evident.
Potential topical applications are being evaluated for
tacrolimus that, if successful, will provide a great advan-
tage over systemic tacrolimus and cyclosporin treatment.
While there are no published results showing topical
FK506 efficacy in treating psoriasis, there is ample evi-
dence suggesting that it is readily absorbed through the
skin and can suppress local inflammatory reactions. A re-
cent trial testing the effectiveness of topical treatment for
atopic dermatitis showed a 67-83%

at six weeks if
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Figure 3. Mechanisms of action of immunomodulatory compounds in
psoriasis. FK506, SDZ281240 and SDZASM981 are topically applied agents
and FK500, cyclosporin, inosine-5’-monophosphate debydrogenase (IMPDH)
inbibitors, CTLA4-1g, anti-CD4, anti-CD11a and DAB  IL-2 are systemically
administered. These immunosuppressive agents inhibit either the activation
or proliferation of inactive T cells, or directly target activated T cells.

licles resulting in hair loss), a group
recently showed that topical FK506
was effective in reducing follicular in-
filtration at the site of application®.
Currently, there are no good treat-
ments for alopecia areata. In this study,
all treated rats re-grew hair within
14-21 days, suggesting that topical
FK506 could also be useful in treating
other human inflammatory diseases.

Dermis

~

SDz281240, SDZASM981, A86281

SDZ281240 and SDZASM981 are syn-
thetic derivatives of ascomycin. Both
compounds operate through mecha-
nisms similar to FK506, in that they
bind to FKBP12 and inhibit the phos-
phatase activity of calcineurin, result-
ing in loss of NF-AT activation and,
therefore, loss of IL-2 production and
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shown good results in topical dosing for the treatment of
allergic contact dermatitis®, while SDZ281240 has also
shown good results in a small clinical study for topical
treatment of psoriasis®. The study was a randomized,
double-blind, placebo-controlled microplaque assay using
1.8 cm Finn Chambers and preparations of SDZ281240,
0.1%, SDZ281240, 0.5%, clobetasol-17-propionate (CP),
0.05% or vehicle. Patient (7 = 15) plaques were treated
once daily for ten days and evaluations and punch bi-
opsies were taken on day 11. The application of both con-
centrations of SDZ281240 resulted in reduction of infil-
tration and erythema, and an almost complete reversion of
psoriatic epidermal hyperplasia. Expression of HLA-DR,
ICAM-1, ELAM-1/E-selectin, PECAM/CD31 and VCAM-1
was reduced, and there was a reduction of CD3%, CD4*
and CD8" intraepidermal and dermal lymphocytes.

Using the porcine allergic contact dermatitis model, topi-
cal SDZASM981 was as effective as the ultrapotent corti-
costeroid clobetasol-17-propionate (0.05%) at reducing
erythema and infiltration. Preliminary clinical studies in
patients with plaque psoriasis showed that topical
SDZASM981 (1%) was comparable with clobetasol-17-
propionate (0.05%) in reducing psoriasis scores?. Like
the SDZ compounds, A86281 (ABT281) is a synthetic as-
comycin analog. It was synthesized in a search for com-
pounds that are topically effective, but exhibit weak sys-
temic activities following absorption. A86281 and FK506
showed similar topical potency in swine contact hypersen-
sitivity assays, yet A86281 was cleared more rapidly and
was less potent when given systemically®!.

IMPDH inhibitors: mycophenolate mofenetil (VIMF,
CellCept®) and VX497

Inosine-5'-monophosphate dehydrogenase (IMPDH) is a
key enzyme in the de novo biosynthesis of guanosine nu-
cleotides. Without these nucleotides, B and T cells cannot
replicate their DNA. These lymphocytes are especially sen-
sitive to inhibition of IMPDH because they do not have
mechanisms to compensate for its loss, whereas other cells
have alternate enzyme pathways available. Mycophenolic
acid (MPA) is a potent, reversible inhibitor of IMPDH and,
therefore, blocks T- and B-cell proliferation. Promising ef-
fects of this drug in psoriasis were seen 20 years ago in
small studies, in which ~75% of treated patients achieved
good to excellent responses”?.

Mycophenolate mofenetil (MMF, CellCept®) is a prodrug
of mycophenolic acid, developed and approved for use in
renal transplant patients. At least one patient with severe
psoriasis treated for five weeks with oral MMF showed a
PASI score decrease of 50% (Ref. 93). VX497 is an IMPDH

228

therapeutic focus

inhibitor that was designed based on data obtained from
the X-ray crystal structure of mycophenolic acid bound
with its intracellular receptor?. VX497 is currently in Phase
I/1I trials for the oral treatment of psoriasis.

DAB,IL-2

Unactivated T cells express low-affinity IL-2 receptors on
their surface comprising B and y subunits. Upon activation
by an antigen, T cells express IL-2 and the a subunit of the
receptor. This subunit combines with the 3 and y subunits,
and the trimer becomes a high-affinity receptor, binding
IL-2 and stimulating T-cell growth in an autocrine fashion.
The DAB,IL-2 molecule is a fusion protein generated by
combining the enzymatic and membrane-translocating do-
mains of the diphtheria toxin with the complete IL-2 pro-
tein®. This molecule binds to cells containing IL-2 recep-
tors with a 10-1000-fold preference for cells expressing the
high-affinity receptor (activated T cells), and is internalized
by endocytosis. Once internalized, the enzymatic activity
of diphtheria toxin is stimulated, resulting in inhibition of
protein synthesis and cell death.

A small pilot study with ten moderate to severe psoriatic
patients receiving low doses (2-9 mg kg™ day™) of
DAByq,
treated intravenously for five consecutive days and the out-
come monitored for 23 days. This was repeated at least once
for each patient. Eight of ten patients showed some im-
provement in their PASI scoring, with four showing clear-
ing of some or all of their plaques. The results of a larger,
recent trial, however, were less encouraging. This study
was designed to study the safety and efficacy in patients
receiving higher and more frequent doses of DAB,TL-2
(Ref. 97). Patients received placebo (n = 12), 5 (n = 11),
10 (7 = 10) or 15 (n = 8) mg kg™' day™" of DAB,IL-2 for
three consecutive days each week, for four consecutive
weeks. The outcome was followed for an additional four
weeks. The fusion protein was significantly more effective
than placebo (p = 0.04), with 41% of patients treated with
DAB
their PASI score, compared with 25% achieving this score for
the placebo group. Unfortunately, this would only be con-
sidered a moderate effect and this dosing of DAB,IL-2 ap-
peared to have some toxicity. Fever and chills were reported
in 76% of patients treated with DAB,IL-2, and two patients
experienced treatment-related infections, which were treated
with antibiotics. In all, 34% of the patients receiving
DAB,IL-2 discontinued treatment owing to adverse events.
Although DAB,
activity, dosing and treatment schedules must be worked
out to achieve the highest efficacy with the least toxicity.

IL-2 showed promising results®. Patients were

IL-2 achieving a 50% or greater improvement in

IL-2 seems to exhibit some anti-psoriatic
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CTLA4-Ig

Antigen-presenting cells (APCs) express a molecule on
their surface termed B7, which binds with high affinity to
the CTLA4 (CD28) receptor on the T cell to stimulate T-cell
proliferation. CTLA4-Ig (BMS188667) is a fusion protein
containing the extracellular domain of CTLA4 and the Fc
domain of human IgG, which serves to increase serum
half-life. This molecule functions as an immunosuppres-
sant by binding to the B7 molecule and blocking the
B7-CTLA4 interaction and, thereby, preventing activation
of T cells by APCs. Currently, CTLA4-Ig is being developed
for transplant rejection and diseases such as rheumatoid
arthritis and psoriasis. In a small Phase I safety study in-
volving patients with moderate to severe psoriasis, im-
provement of 50% or more was seen in five of six patients
treated with four doses of 25 mg kg™ per dose and in
three of five patients given doses of 4 mg kg™! per dose®.

Anti-CD4, anti-CD11a and anti-IL-8

Several antibody therapies are currently under develop-
ment that target key cytokines or cell-surface molecules
important for T-cell activation. Because cyclosporin and
FK506 act mainly on the activated CD4*% T cells, it was
thought that antibodies directed against CD4 would be ef-
fective immunosuppressants in psoriasis. Early trials with
mouse anti-CD4 monoclonal antibodies were promising,
but the antibodies elicited a humoral response against the
antibody itself and resulted in CD4" T-cell depletion”. In
order to address these issues, a humanized non-depleting
monoclonal antibody (mAb) to CD4, OKTcdr4a, was de-
veloped from the murine mAb OKT4a. There have been
mixed results as to the efficacy of this antibody in treating
psoriasis. Initial promising results were obtained in a small
clinical trial with six patients: four showed a 50% or
greater improvement in their PASI score four weeks after
treatment with 1 mg kg™ day~! every other day for a total
of three injections!®. A more recent, slightly larger trial
with 28 patients showed less promising results. Patients re-
ceived a low dose of 225 mg, a high dose of 750 mg or
placebo infusions, divided into three infusions over five
days. Those who did not respond to the first treatment
after five weeks (n = 20) were given a second course.
This repeat treatment resulted in a mean decrease in PASI
score of 35% two weeks after the second dose!®L.

LFA-1 is another cell surface molecule of T cells that is
important in activation and adhesion to vascular endo-
thelium and keratinocytes. It is composed of two subunits,
CD11a and CD18. Patients with moderate to severe plaque
psoriasis (17 = 31) were treated with a single low (<0.3 mg
kg™ or a single high (20.6 mg kg™ dose of humanized
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mAb (hul124) directed against CD11a. While PASI scores
decreased in both groups (9/16 low group and 13/15 high
group), the mean decrease of those who improved was
33%. In addition, mild to severe adverse events were re-
ported, including fever, chills and headache!®%.

As stated earlier in this review, IL-8 is an important
chemotactic and proinflammatory cytokine in psoriasis. It
attracts and activates neutrophils and T cells and acts as a
mitogen for keratinocytes. The expression of IL-8 is in-
creased in psoriatic plaques and its receptor is highly ex-
pressed on psoriatic keratinocytes. An anti-IL-8 mAb (ABX-
IL8) has been produced from a mouse that has been
genetically engineered to produce fully human antibodies.
This antibody is currently in a Phase I/II multicenter,
placebo-controlled trial for treatment of moderate to se-
vere psoriasis (C.G. Davis, pers. commun.).

New therapies on the horizon

In addition to the approaches mentioned above, there are
several therapies in preclinical development that might
offer additional hope to those suffering from psoriasis.
ZK158252 is a leukotriene B, (LTB,) antagonist that in-
hibits neutrophil infiltration at the site of inflammation.
LTB, is a chemoattractant and is highly expressed in pso-
riatic skin, suggesting that it contributes to the pathology
of the disease. In guinea pig inflammation models, topical
ZK158252 was able to block hyperproliferation, edema
and neutrophil infiltration completely after topical adminis-
tration of LTB, or a Ca**-ionophore'®. EGF binds to the
epidermal growth factor receptor (EGF-R) and transduces
a proliferative signal in keratinocytes via a tyrosine kinase
cascade. SU5271 is a small synthetic molecule that specifi-
cally inhibits the EGF-R tyrosine kinase cascade and might,
therefore, inhibit the hyperproliferative phenotype of pso-
riatic keratinocytes!. PKC regulates normal growth and dif-
ferentiation in keratinocytes and its dysregulation is sus-
pected to be involved in the inflammation and abnormal
differentiation observed in psoriasis. SCH47112 is another
kinase inhibitor that interacts with the catalytic domain of
PKC and has been shown to inhibit TPA-induced inflam-
mation in a hairless mouse model as well as TPA-induced
differentiation in cultured human keratinocytes!®*. Other
applications include the possible use of the anti-inflamma-
tory cytokines IL-10 and IL-11 (Refs 105,100), as well as T-
cell-receptor peptide vaccines currently in Phase II trials.

Conclusions

The efficacy of different types of drug in the treatment of
psoriasis and the multifactorial etiology of the disease sug-
gests that psoriasis can be managed therapeutically by
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agents that either modulate the immune system or normal-
ize the differentiation program of psoriatic keratinocytes.
Calcipotriol and tazarotene are significant additions to the
topical anti-psoriatic armamentarium of dermatologists.
Because they represent the first generation of topical vita-
min D,- and vitamin A-based drugs, there is room for im-
provement with newer drugs. In addition, further research
into the use of these agents in combination with other
therapeutic regimens is required. The former objective can
be achieved by the systematic synthesis of the next gener-
ation of receptor- or function-selective vitamin D, or
retinoid-based compounds. For example, in the case of
retinoids, the activity through RARy is desirable because it
constitutes >90% of the RAR repertoire in skin. Therefore,
RARy-selective retinoids might show an improved thera-
peutic index. Alternatively, function-selective retinoids —
for example, dissociated retinoids with only anti-AP1 activ-
ity or inverse agonists — might exhibit less toxic effects.
Recently, tazarotene has been tried in combination with
steroids and UVB phototherapy. Tazarotene in combi-
nation with mid- or high-potency steroid showed signifi-
cantly greater efficacy and decreased incidence of adverse
effects!?1%, In combination with phototherapy, tazarotene
increased the efficacy of UVB treatment!®. Therefore, it
appears that we need to treat psoriasis with combination
regimens in a manner similar to the treatment of other
hyperproliferative diseases.

As retinoids, steroids, vitamin D, (deltanoids) and im-
munomodulatory agents affect psoriasis by different
mechanisms, a combination of some of these agents has
theoretical appeal and such a regimen might exhibit syner-
gistic therapeutic effects. The implementation of modern
genomics approaches to the understanding of the patho-
genesis of diseased skin is likely to lead to the identifi-
cation of novel molecular targets and novel therapeutics for
the treatment of psoriasis. These approaches have identi-
fied MRP-8, SKALP, TIG1, TIG2 and TIG3 as the molecular
targets of retinoid action in the psoriatic skin. It remains to
be seen whether other small chemical entities affecting the
expression of some of these genes would also be useful in
the treatment of psoriasis. We believe that an increased
understanding of the biology of the lesions, along with the
elucidation of the mechanisms of action of various thera-
peutic agents, is likely to lead us into a new era of psoria-
sis therapy. For now, the wait for a ‘cure’ for psoriasis by
2% of the population continues.
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