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2. Discuss research studies of interleukin 10, the T-cell receptor mimic peptide, and CTLA4Ig.
3. Review the efficacy and safety information for infliximab, etanercept, efalizumab, and alefacept.
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This article, the second in a 2-part series, will
review interleukin 10 (IL-10) administration, the
T-cell receptor mimic peptide, and CTLA4lg. We
also will review 4 of the most promising thera-
pies currently being investigated for the treat-
ment of psoriasis: infliximab, etanercept,
efalizumab, and alefacept.

Interleukin 10
An interleukin (IL) that has been explored for
application in the treatment of psoriasis is IL-10.!

VOLUME 68, DECEMBER 2001 367



BIOLOGIC THERAPY FOR PSORIASIS

IL-10 is one of the cytokines that is released by
helper T (Ty) cells, subtype 2 (Ty2). Once
secreted, IL-10 affects many cell types, including
another major subtype of Ty cells known as the
Tyl class.

Inflammatory and somatic cells are among the
other cell types that IL-10 affects. One such
somatic cell type is the vascular endothelium. IL-10
causes the expression of E-selection molecules on
the surface of these cells.? One of the immune sys-
tem cell populations that IL-10 regulates is B cells.
In this case, IL-10 acts as a signal for the upregula-
tion of antibody production and B-cell clonal
expansion.>* IL-10 also has been shown to affect
various antigen-presenting cells by downregulating
their ability to present antigen to effector and
Ty cells.”® The final inflammatory cell class that
IL-10 affects is the macrophages. IL-10 affects their
ability not only to produce certain cytokines that
cultivate the inflammatory response but also to
hinder their ability to function as antigen-
presenting cells.”!®

Many successful studies have been conducted
using recombinant IL-10. In one 7-week study
reported in 1999,'* 10 patients were given subcuta-
neous administrations of recombinant IL-10 at
either 8 or 20 pg/kg. The patients who received
8 wg/kg were given daily doses, and those who
received 20 pg/kg were given doses 3 times a week.
Upon conclusion of the study, 9 of the 10 patients
responded favorably to the treatment. Their aver-
age Psoriasis Area and Severity Index (PASI) score
improvement was 55%, with improvements as great
as 90% in 3 patients. The patients who received
treatment 3 times a week had a mean improvement
of 65%, and the group who received daily doses had
a mean improvement of 45%. These results include
the patient who was a nonresponder.'*

Upon cessation of treatment, 7 patients had
slight recurrences of their psoriasis. Recurrences
were more common and pronounced among the
low-dose group'* but were gradual and did not start
immediately after cessation of treatment. One bene-
fit noted by all patients was the complete relief of
the pruritus associated with their condition.™

Various side effects resulted from this therapy,
none of which were lasting or severe. The first was
an overall dampening of delayed hypersensitivity in
6 patients, 4 of whom became completely anergic.
The nonresponding patients had the same side
effect, which reversed itself 2 weeks following cessa-
tion of treatment in all the affected patients. One
patient reported mild flulike symptoms, and 2 other
patients reported more severe symptoms, with ele-
vated temperatures of 102°, headache, and fatigue.'
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T-Cell Receptor Mimic Peptide

Another methodology in the treatment of psoriasis
is to interrupt the signaling pathway of the T-cell
receptor (TCR). The TCR is composed of 2 disulfide-
linked transmembrane protein subunits. Proper
alignment will initiate the transmembranous signal-
ing pathway and stimulate the T cell.’®

Within the transmembrane region of the TCR,
there is a sequence of 8 amino acids, which is ultra-
conserved across species. It has been shown that this
region is the noncovalent binding region between
the TCR and a subunit of the CD3 complex.!*!8 An
octapeptide was created to mimic this region. Addi-
tion of this mimic sequence, both in vitro and in lab
rats, led to an interruption of the transmembranous
signaling process.!

The cellular efficacy of the mimic TCR peptide
was shown in murine and human cells in in vitro
studies, as well as in in vivo testing using murine
models. These tests showed that although prolifera-
tion of CD4 and CD8 cells was depressed in both
murine and human cell cultures containing the
mimic peptide, the addition of an anti-CD3 anti-
body led to the restoration of a normal population
expansion rate of stimulated T cells. These cultures
also showed that application of the mimic peptide
has no cytotoxic effects in vitro.?%-?!

One mimic TCR peptide study conducted
included 9 patients with an array of dermatoses,
including lichen planus, atopic dermatitis, and pso-
riasis.?! In this study, researchers compared the
application efficacy of the mimic peptide with that
of a control peptide. The patients were given a top-
ical cream containing the mimic peptide, which was
applied to a 1-cm? test area for 3 consecutive days.
The control peptide also was applied to a separate
1-cm? test area for the same period. The test areas
receiving the mimic peptide drastically improved or
cleared completely in 8 of the 9 patients. One of the
2 patients with psoriasis showed marked improve-
ment. The other did not respond to the course of the
mimic peptide.?!

The possible negative side effects of this treat-
ment have been shown exclusively in murine mod-
els. Humans who received the topical mimic peptide
reported no side effects from this treatment. How-
ever, results from an early murine experiment
showed that systemic administration of the mimic
peptide led to a prolonged immunosuppressed state
in mouse models."’

CTLAA4Ig

CTLAA4lg is a chimeric antibody that targets the
cellular membrane protein B7, which is found on
the cell surface of antigen-presenting cells. When



coupled with CD28 on Ty1 cells, this protein acts as
a costimulatory pathway, which is required for
proper activation and proliferation of Ty1 cells dur-
ing a T-cell-mediated inflammatory reaction.?** In
the past, studies have shown that the antibody
known as CTLA4Ig has successfully downregulated
the Ty1/T-cell response in transplant patients and
those suffering from certain autoimmune disorders
by interrupting the B7 and CD28 coupling.?>’

A series of studies have been performed to test
the effectiveness of a course of CTLA4lg in con-
trolling psoriasis. One such 26-week study divided
64 patients into various CTLA4lg dosage groups
(n=41) and a placebo group (n=23).>* Treatment
was administered intravenously on days 1, 3, 16, and
29. Within the CTLA4lg group, 19 patients showed
a greater than 50% improvement. It was further
found that 9 of the 11 patients in the 2 highest
dosage groups (25 mg/kg and 50 mg/kg, respectively)
showed this level of improvement compared with
only 1 of 9 patients in the 2 lowest dosage groups
(0.5 mg/kg and 1 mg/kg, respectively). One of the
patients in the higher dosage group experienced a
90% clearing, and improvement was sustained in
some patients for as long as 147 days after comple-
tion of the treatment.>*

Several histologic changes were noted after
studying the plaque biopsies of patients in the
CTLA4lg group. Among them was the reversion of
keratinocyte structure and maturation cycling
towards normal. Biopsy results showed a decrease in
the amount of angiogenic tissue present in the
biopsied area and a decrease towards normal in the
population of T cells at the dermal/epidermal junc-
tion during the study period.**

As the study progressed, researchers compiled a
side-effect profile for the study group, which
reported no detrimental effects or alterations to
either the B7 antigen-presenting cell populations or
the T-cell populations. In addition, none of the
patients who received CTLA4lg mounted an
immune response to this antibody, and none of the
patients experienced generalized suppression of the
baseline antibody production of the immune system.
The most commonly reported complaint, which
occurred in 7 patients, was an upper respiratory tract
infection. However, this side effect was not dose
related, as 5 of the 7 patients who experienced this
illness were in dosage groups of 2 mg/kg or less. No
other side effects were reported within the study
group throughout the duration of the study.**

Infliximab
Because tumor necrosis factor a (TNF-a) is thought
to have a role in the pathogenesis of psoriasis, a
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double-blind randomized trial to assess the clinical
benefit and safety of infliximab, a monoclonal anti-
body against TNF-a, was conducted.’® Thirty-three
patients with moderate-to-severe plaque psoriasis
were randomly assigned intravenous placebo
(n=11), infliximab 5 mg/kg (n=11), or infliximab
10 mg/kg (n=11) at weeks O, 2, and 6. Patients were
assessed at week 10 for the primary endpoint (score
on the physicians’ global assessment [PGA]).

Of the 33 patients enrolled, 3 dropped out. Nine
of 11 (82%) patients in the infliximab 5-mg/kg
group were responders (good, excellent, or clear
rating on PGA), compared with 2 of 11 (18%) in
the placebo group and 10 of 11 (91%) in the
infliximab 10-mg/kg group. The median time to
response was 4 weeks for patients in both inflix-
imab groups. There were no serious adverse
events, and infliximab was well tolerated. In
this controlled trial, patients receiving the
anti-TNF-a agent infliximab as monotherapy
experienced a high degree of clinical benefit and
rapid time to response in the treatment of moderate-
to-severe plaque psoriasis compared with patients
who received placebo. These findings suggest
that TNF-a has a pivotal role in the pathogene-
sis of psoriasis.*®

Etanercept

Etanercept, another TNF inhibitor, has shown
efficacy in the treatment of rheumatoid arthritis.
Psoriatic arthritis and psoriasis are diseases in
which TNE a proinflammatory cytokine, is pres-
ent in increased concentrations in the joints and
the skin. Therefore, it was postulated that psori-
atic arthritis and psoriasis may be appropriate
therapeutic targets for etanercept. In a randomized,
double-blind, placebo-controlled, 12-week study,
the efficacy and safety of etanercept (25 mg twice-
weekly subcutaneous injections) or placebo in
60 patients with psoriatic arthritis and psoriasis
was assessed.*

Psoriatic arthritis endpoints included the propor-
tion of patients who met the Psoriatic Arthritis
Response Criteria and the American College of
Rheumatology preliminary criteria for improve-
ment. Psoriasis endpoints included improvement in
the PASI score and improvement in prospectively
identified individual target lesions. In this study,
26 (87%) of patients treated with etanercept met
the criteria compared with 7 (23%) of placebo-
controlled patients. Of the 19 patients in each treat-
ment group who could be assessed for psoriasis (23%
body surface area), 5 (26%) patients in the etaner-
cept group achieved a 75% improvement in the
PASI compared with none in the placebo group
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(P=.015). The median PASI improvement was 46%
in the etanercept group versus 9% in the placebo
group; similarly, median target lesion improvements
were 50% and 0%, respectively. These results sug-
gest that etanercept was well tolerated.?

Efalizumab

CDl1a and CDI18 comprise subunits of leukocyte
function-associated antigen-1, a T-cell surface
molecule important in T-cell activation, T-cell
emigration into skin, and cytotoxic T-cell func-
tion. Gottlieb et al’” explored the immunobiologic
and clinical affects of treating moderate-to-severe
psoriasis vulgaris with a single dose of humanized
monoclonal antibody against CD11la (hull24).
This was an open-label study with a single 0.03- to
10-mg/kg dose of hull24. Clinical (PASI) and
immunohistologic parameters (epidermal thick-
ness, epidermal and dermal T-cell numbers, and
keratinocyte intercellular adhesion molecule-1
expression) were followed.

[t was found that treatment with hull24 at
doses higher than 1.0 mg/kg (group 3), completely
blocks CD11a staining for at least 14 days in both
blood and psoriatic plaques. At 0.3 to 1.0 mg/kg,
T-cell CDIl1a staining was completely blocked;
however, blockade lasted less than 2 weeks (group
2). Only partial saturation of either blood or
plaque cellular CDlla was observed at doses
between 0.01 and 0.1 mg/kg (group 1). This phar-
macodynamic response was accompanied by
decreased numbers of epidermal and dermal CD3*
T cells, decreased keratinocyte and blood vessel
expression of intercellular adhesion molecule-1,
and epidermal thinning. Statistically significant
decreases in PASI scores compared with baseline
were observed at weeks 3 and 4 in group 2 patients
and at weeks 2 through 10 in group 3 patients. No
significant decrease in PASI scores was observed in
group 1 patients.*’

Adverse events were mild at doses of 0.3 mg/kg
or less and included mild chills, abdominal dis-
comfort, headache, and fever. At a single dose of
0.6 mg/kg or higher, headache was the most com-
mon dose-limiting toxicity observed. The investi-
gators concluded that targeting CDlla may
improve psoriasis by inhibiting T-cell activation,
T-cell emigration into the skin, and cytotoxic
T-cell function.’

Alefacept

Psoriatic plaques are characterized by infiltration
with CD4*, CD45RO*, CD8*, and CD45RO*
memory-effector T lymphocytes. The recombinant
protein alefacept binds to CD2 on memory-effector
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T lymphocytes, inhibiting their activation. In a
multicenter, randomized, placebo-controlled, double-
blind study, Ellis et al*® evaluated alefacept as a
treatment for psoriasis. Two hundred twenty-nine
patients with chronic psoriasis received intravenous
alefacept (0.025, 0.075, or 0.150 mg/kg of body
weight) or placebo weekly for 12 weeks, with follow-
up for 12 additional weeks. Before treatment, the
median PASI scores were between 14 and 20 in all
groups (0 denotes no psoriasis and 72 the most
severe disease possible).

In the study, alefacept was well tolerated and
nonimmunogenic. The mean reduction in the
PASI score 2 weeks after treatment was greater in
the alefacept groups (38%, 53%, and 53% in the
groups receiving 0.025, 0.075, and 0.150 mg/kg,
respectively) than in the placebo group
(21%)(P<.001). Twelve weeks after treatment,
28 patients who had received alefacept alone were
clear or almost clear of psoriasis. Three patients in
the placebo group were clear or almost clear; all
3 had received additional systemic therapy for pso-
riasis. Alefacept reduced peripheral blood memory-
effector T lymphocyte (CD45RO*) counts, which
correlated with the improvement in psoriasis. The
investigators concluded that treatment with ale-
facept for 12 weeks is associated with improvement
in chronic plaque psoriasis. Alefacept selectively
targets CD45RO* memory-effector T lymphocytes,
suggesting that they have a role in the pathogene-
sis of psoriasis.

Conclusion

Biologic therapy is one of the most rapidly expand-
ing experimental areas in the treatment of psoria-
sis. Perhaps in the future, through continued
research, one of the aforementioned therapies will
become the sole treatment for psoriasis or will be
used in conjunction with one of the currently
approved therapies. As our understanding of the
pathways and interactions that lead to this disease
become clearer, we will be able to move closer
toward the overall goal of improved, and perhaps
even total, control of psoriasis.

References

1. Asadullah K, Friedrich M, Hanneken S, et al. Effects of sys-
temic interleukin-10 therapy on psoriatic skin lesions: his-
tologic, immunohistologic, and molecular biology findings.
J Invest Dermatol. 2001;116:721-727.

2. Vora M, Romero LI, Karasek MA. Interleukin-10 induces
E-selection on small and large blood vessel endothelial
cells. J Exp Med. 1996;184:821-829.

3. Uejima Y, Takahashi K, Komoriya K, et al. Effect of
interleukin-10 on anti-CD40- and interleukin-4-induced



10.

11.

12.

13.

14.

15.

16.

17.

immunoglobulin E production by human lymphocytes. Int
Arch Allergy Immunol. 1996;110:225-232.

Pistoia V. Production of cytokines by human B cells in
health and disease. Immunol Today. 1997;18:343-350.

. Enk AH, Angeloni VL, Udey MC, et al. Inhibition of

Langerhans cell antigen-presenting function by IL-10:
a role for IL-10 in induction of tolerance. J Immunol.
1993;151:2390-2398.

Mitra RS, Judge TA, Nestle FO, et al. Psoriatic skin-
derived dendritic cell function is inhibited by exoge-
nous IL-10: differential modulation of B7-1 (CD80)
and B7-2 (CD86)
1995;154:2668-26717.

expression. J  Immunol.

. Jenkins JK, Malyak M, Arend WP. The effects of

interleukin-10 on interleukin-1 receptor antagonist
and interleukin-1 beta production in human mono-
cytes and neutrophils. Lymphokine Cytokine Res.
1994;13:47-54.

Fiorentino DF, Zlotnik A, Vieira P, et al. IL-10 acts on
antigen-presenting cell to inhibit cytokine production
by Thl cells. ] Immunol. 1991;146:3444-3451.
D’Andrea A, Aste-Amezaga M, Valiante NM, et al.
Interleukin 10 (IL-10) inhibits human Iymphocyte
interferon gamma-production by suppressing natural
killer cell stimulatory factor/Il-12 synthesis in accessory
cells. J Exp Med. 1993;178:1041-1048.

Hart PH, Hunt EK, Bonder CS, et al. Regulation of sur-
face and soluble TNF receptor expression on human
monocytes and synovial fluid macrophages by IL-4 and
IL-10. J Immunol. 1996;157:3672-3680.

de Waal Malefyt R, Haanen ], Spits H, et al. Inter-
leukin 10 (IL-10) and viral IL-10 strongly reduce
antigen-specific human T cell proliferation by diminishing
the antigen-presenting capacity of monocytes via
downregulation of class II major histocompatibility
complex expression. ] Exp Med. 1991;174:915-924.
Fiorentino DF, Zlotnik A, Mosmann TR, et al. IL-10
inhibits cytokine production by activated macrophages.
J Immunol. 1991;147:3815-3822.

de Waal Malefyt R, Abrams ]S, Zurawski SM, et al.
Interleukin 10 (IL-10) inhibits cytokine synthesis by
human monocytes: an autoregulatory role of IL-10 pro-
duced by monocytes. ] Exp Med. 1991;174:1209-1220.
Asadullah K, Docke WD, Ebeling M, et al. Interleukin
10 treatment of psoriasis: clinical results of a phase 2
trial. Arch Dermatol. 1999;135:187-192.

van Leeuwen JE, Samelson LE. T cell antigen-receptor sig-
nal transduction. Curr Opin Immunol. 1999;11:242-248.
John S, Banting GS, Goodfellow PN, et al. Surface
expression of the T-cell receptor complex requires
charged residues within the alpha chain transmem-
brane region. Eur ] Immunol. 1989;19:335-339.
Blumberg RS, Alarcon B, Sancho ], et al. Assembly
and function of the T cell antigen receptor: require-
ment of either the lysine or arginine residues in the

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

BIOLOGIC THERAPY FOR PSORIASIS

transmembrane region of the alpha chain. J Biol Chem.
1999;265:14036-14043.

Manolios N, Letourneur F, Bonifacino JS, et al. Pair-
wise, cooperative and inhibitory interactions describe
the assembly and probable structure of the T-cell anti-
gen receptor. Embo J. 1991;10:1643-1651.

Manolios N, Collier S, Taylor J, et al. T-cell antigen
receptor transmembrane peptides modulate T-cell func-
tion and T-cell-mediated disease. Nature Med.
1997;3:84-88.

Gollner GP, Muller G, Alt R, et al. Therapeutic appli-
cation of T cell receptor mimic peptides or cDNA in
the treatment of T cell-mediated skin diseases. Gene
Ther. 2000;7:1000-1004.

Enk AH, Knop J. T cell receptor mimic peptides and
their potential application in T-cell-mediated disease.
Int Arch Allergy Immunol. 2000;123:275-281.

Larsen CP, Ritchie SC, Hendrix R, et al. Regulation of
immunostimulatory function and costimulatory
molecule (B7-1 and B7-2) expression on murine den-
dritic cells. J Immunol. 1994;152:5208-5219.
Symington FW, Brady W, Linsley PS. Expression and
function of B7 on human epidermal Langerhans cells.
J Immunol. 1993;150:1286-1295.

Nestle FO, Turka LA, Nickoloff BJ. Characterization of
dermal dendritic cells in psoriasis. J Clin Invest.
1994;94:202-209.

Sayegh MH, Turka LA. The role of T-cell costimula-
tory activation pathways in transplant rejection.
N Engl ] Med. 1998;338:1813-1821.

Lenschow DJ, Zeng Y, Thistlethwaite JR, et al. Long-
term survival of xenogeneic pancreatic islet grafts
induced by CTLA4Ig. Science. 1992;257:789-792.

Lin H, Bolling SE Linsley PS, et al. Long-term
acceptance of major histocompatability complex
mismatched cardiac allografts induced by CTLA4Ig
plus donor-specific transfusion. J Exp Med.
1993;78:1801-1806.

Sayegh MH, Akalin E, Hancock WW, et al. CD28-B7
blockade after alloantigenic challenge in vivo inhibits
Th1l cytokines but Th2. ] Exp Med.
1995;181:1869-1874.

Kirk AD, Harlan DM, Armstrong NN, et al. CTLA4-

Ig and anti-CD40 ligand prevent renal allograft

spares

rejection in primates. Proc Natl Acad Sci USA.
1997;94:8789-8794.

Reiser H, Stadecker MD. Costimulatory B7 molecules
in the pathogenesis of infectious and autoimmune
diseases. N Engl ] Med. 1996;335:1369-1377.

Finck BK, Linsley PS, Wofsy D. Treatment of murine
lupus with CTLA4Ig. Science. 1994;256:1225-1227.
Cross AH, Girard TJ, Giacoletto KS, et al. Long-term
inhibition of murine experimental autoimmune
encephalomyelitis using CTLA-4-Fc supports a key role

for CD28 costimulation. J Clin Invest. 1995;95:2783-2789.

VOLUME 68, DECEMBER 2001 371



BIOLOGIC THERAPY FOR PSORIASIS

33. Webb LMC, Walmsley M], Feldmann M. Prevention and ~ 36. Mease PJ, Goffe BS, Metz ], et al. Etanercept in the treat-
amelioration of collagen-induced arthritis blockade of ment of psoriatic arthritis and psoriasis: a randomised trial.
the CD28 co-stimulatory pathway: requirement for both Lancet. 2000;356:385-390.

B7-1 and B7-2. Eur J Immunol. 1996;26:2320-2328. 37. Gottlieb A, Krueger JG, Bright R, et al. Effects of adminis-

34. Abrams JR, Lebwohl MG, Guzzo CA, et al. CTLA4Ig- tration of a single dose of a humanized monoclonal anti-
mediated blockade of T-cell costimulation in patients with body to CD11a on the immunobiology and clinical activity
psoriasis vulgaris. ] Clin Invest. 1999;103:1234-1252. of psoriasis. ] Am Acad Dermatol. 2000;42:428-435.

35. Chaudhari U, Romano P, Mulcahy LD, et al. Efficacy and ~ 38. Ellis CN, Krueger GG. Treatment of chronic plaque psori-
safety of infliximab monotherapy for plaque-type psoriasis: asis by selective targeting of memory effector T lympho-
a randomised trial. Lancet. 2001;357:1842-1847. cytes. N Engl ] Med. 2001;345:248-255.

DISCLAIMER

The opinions expressed herein are those of the authors and do not necessarily represent the views of the sponsor or its publisher. Please review complete prescribing
information of specific drugs or combination of drugs, including indications, contraindications, warnings, and adverse effects before administering pharmacologic

therapy to patients.

FACULTY DISCLOSURE

The Faculty Disclosure Policy of the College of Medicine requires that faculty participating in a CME activity disclose to the audience any relationship with a pharma-
ceutical or equipment company that might pose a potential, apparent, or real conflict of interest with regard to their contribution to the program. It is required by the
Accreditation Council for Continuing Medical Education that each author of a CME article disclose to the participants any discussion of an unlabeled use of a commer-
cial product or device or an investigational use not yet approved by the Food and Drug Administration.

Mr. Tutrone and Drs. Kagen, Barbagallo, and Weinberg report no conflict of interest. Dr. Fisher reports no conflict of interest.

372 CUTIS®




