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Abstract

Psoriasis is one of the most common human skin diseases and is considered to have key genetic contributions. It is
characterized by excessive growth and aberrant differentiation of keratinocytes, but is reversible with appropriate
therapy with the possibilities of recurrence. The trigger of the keratinocyte response is thought to be the activation of
the cellular immune system with T cells, dendritic cells and various immune related cytokines and chemokines being
implicated in pathogenesis. Immunosuppressants like cyclosporine and methotrexate were used earlier in the
treatment of psoriasis, however their use was associated with severe adverse effects due to down regulation of
immune system. The most recent advances in therapies for psoriasis target specific immune components of psoriasis
and promise to have high therapeutic efficacy with low adverse effects. This review focuses on the novel therapies
aimed to specifically modulate the dysregulated immune system with minimal adverse effects.
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Introduction

Psoriasis is an immune mediated genetic papulosquamous skin disorder which affects approximately 3% of world
population. A substantial proportion of patients with psoriasis may develop a form of inflammatory arthritis known as
psoriatic arthritis which contributes significantly to patient's disease burden with physical disability, pain and further
reduction in quality of life. [1] Based on histological manifestation, in the past psoriasis was understood to be a
disorder of keratinocyte hyper proliferation. However recently, with understanding of the etiology of the disease and
the success of immunosuppressive therapies, the paradigm for understanding the disease has shifted towards T cell
pathogenesis. Standard immunosuppressive therapies (like cyclosporine, methotrexate, hydroxyurea etc) which were
used to treat psoriasis target different components of the immune response or block keratinocyte proliferation.
However, these treatments are also associated with serious adverse effects like bone marrow depression, severe
hepatotoxicity, renal dysfunction, gastrointestinal toxicity etc and may fail to induce long remission thus many
patients elect not to undergo therapy. [2] In light of these pitfalls, much effort has been focused on immunobiologic
agents, representing alternative approaches which are not only safe and effective but also allow longer remissions.
Here we discuss the immunobiologics as novel therapeutic approaches for treatment of psoriasis.
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Types of psoriasis [3]

Plaque psoriasis: It is the most common type of psoriasis. The lesions appear as erythematous, scaly and often
rounded plaques that are commonly found on elbows, knees, scalp and back.

Guttate psoriasis : It presents as small tear drop-shaped lesions on trunk and more proximal areas of extremities.

Flexural psoriasis : When lesions affect major skin folds particularly in genital regions, armpits and under the breasts,
it is said to be flexural psoriasis or also inverse psoriasis. Scaly nature of lesions is absent in this type.

Pustular psoriasis : Patients with this type of psoriasis are often febrile with accompanying eruption of pustules over
trunk and extremities.

Psoriatic erythoderma : It is characterized by total involvement of skin by active psoriasis. [3]
Genetics of psoriasis

Psoriasis is a genetically heterogeneous disorder. Multiple genes are involved, and interactions with the environment
are also implicated in its development. Three main genetic loci on chromosomes 17q, 4q, and 6p have been reported
in genome scans. [4] HLA (Human Leukocyte Antigen) -Cw6 was first shown to be the HLA phenotype most strongly
associated with psoriasis, the relative risk of those bearing the HLA-Cw6 phenotype to develop psoriasis being
approximately 10-fold. Much of the genetic research has concentrated on the approximately 300-kb PSORS1 locus,
near HLA-C on 6p21.3. [4] Other linkages of psoriasis have been made to 17q24-q25 (PSORS2), 4gter (PSORS3),
1921 (PSORS4), and 3921 (PSORSS5) in different populations, although these linkages are not as reproducible as one
with PSORS1. [5] Common variants in the SLC9A3R1/NAT9 region and a loss of a potential RUNX(Runt-related
transcription factor 1) binding site have been described that could potentially affect regulation of the immune
synapse. [6] There also has been a report of an association of psoriasis with the variant alleles of the lymphoid
phosphatase PTPN22. [7]

Pathogenesis of disease

Afferent arm: The afferent arm includes the physiological steps involved in the activation of naive T cells into active
effector cells. [8]

Langerhan Cell (LC) and Dendritic cell (DC) changes: The initial changes involve the immature dendritic cells (DC)
and Langerhan cells (LC) in the epidermis, which capture and internalize the antigen. This is then processed and
presented on the cell surface, bound to class I and II major histocompatibility complex molecules. In addition, the LC
also acquires a number of cell surface receptor markers such as CD80, CD86, CD40, CD83, and intercellular adhesion
molecule (ICAM) 1. This "mature" LC is now primed for stimulating the T cells in the draining lymph nodes.

Subsequent T cell events lead to the activation of naive T cells in the lymph nodes into memory-effector (CD45R0)
cells, differentiation and proliferation of these CD45 + cells. [9] Migration of activated T cells to sites of antigen
excess in the skin, endothelial changes, expression of cell markers, and elaboration of various cytokines and adhesion
molecules enhance this process and secretion of proinflammatory T1 cytokines by the effector T cells in the dermis
and epidermis, with subsequent effects on keratinocyte proliferation. [10] The pathophysiology of psoriasis is shown
in [Figure 1].

T-cell activation is a multi step process which involves:

Binding: Contact between the APC and the T cell is established by ICAM-1 and lymphocyte function-associated
antigen (LFA) 3 on the APC with LFA-1 and CD2 on the T cells, respectively.

Primary stimulation/signal 1: The primary event is the recognition of the major histocompatibility complex-bound
antigen by an appropriate T-cell receptor. Once a match occurs, T cell gets activated, with increase in the synthesis of
mMRNA for IL-2 and IL-2 receptor (CD25). Thus, the primary signal is always antigen-specific. [10]

Co stimulation/signal 2: Additional interactions also take place between the T cell and APC, together described as
"accessory" or "co stimulatory signals". These are critical for optimal activation of the T lymphocyte. In the absence
of co stimulation, the degree of responsiveness of the cell is very limited (anergy), or the cell itself may undergo
apoptosis. These co stimulatory signals are not antigen-specific.

Co stimulatory interactions include: (i) CD80 and CD86 on the APC with CD28 on T cell, (ii) CD80 and CD86 on the
APC with cutaneous T-lymphocyte antigen (CTLA) 4 on the T cell, which is an inhibitory signal, (iii) LFA3 with CD2,
and (iv) CD40 and CD40 L.
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IL-2 from T cells and IL-12 from mature LCs also bind to their receptors on the activated T cells. These reactions
regulate transcription of cytokines such as interferon IFN-y, TNF-a, IL-2, and granulocyte-macrophage colony-
stimulating factor (GMCSF). These cytokines are responsible for differentiation, maturation, and proliferation (mitotic
activity) of the T cells into memory-effector cells. The naive T cells are thus processed to mature into T H 1 and type
1 cytotoxic T cell producing type 1 cytokines. Some of the T cells may also differentiate toward natural killer cell
formation, which react with nonprotein antigens. [11] The steps involved in activation of helper T cells by antigen
presenting cells are depicted in [Figure 2].

Efferent arm: The efferent arm includes the processes involved in migration of T cells to the site of antigen excess in
the inflamed skin and their subsequent effects on keratinocytes. Migration of effector T cells to the site of antigen
excess in the inflamed skin is the next step. T cells acquire a surface protein termed cutaneous lymphocyte-
associated antigen. This is an adhesion molecule that mediates attachment of the T cell to the endothelial cells of the
dermal vasculature (through E selectin and P selectin), with subsequent entry into the skin. The process also involves
triggering of many chemokines and binding of integrins such as vascular cell adhesion molecule (VCAM), intercellular
adhesion molecule (ICAM-1), and LFA-1.

Effects of T cells on site: Once in the dermis, the T H 1 and type 1 cytotoxic T cells release high levels of IFN-y and
TNF-a. These induce ICAM-1, CD40, and major histocompatibility complex II proteins on the keratinocytes.
Intraepidermal T cells trigger keratinocyte hyper proliferation, which accelerates epidermal growth occurring in the
regenerative pathway. [12] It is likely that a cascade of cytokines, secreted by different cells in the local environment
of the psoriatic plaque, play a role in the phenotypic responses in psoriasis. TNF-a has been found to increase type I
vasoactive intestinal peptide (VIP) receptor mRNA in keratinocytes. Vasoactive intestinal peptide promotes
keratinocyte proliferation and stimulates synthesis of proinflammatory cytokines such as IL-6, IL-8, and RANTES
(regulated upon expression, normal T cell expressed and secreted). [13] These cytokines from intraepidermal T cells
have been shown to be direct keratinocyte mitogens and thus could directly stimulate keratinocyte proliferation. TNF-
a also increases plasminogen activator inhibitor type 2, a serine proteinase inhibitor, which is thought to protect cells
from apoptosis. [14] The prevention of apoptosis by this or other mechanisms could lead to increased longevity of
keratinocytes and consequently to a thickened epidermis. IFN-y is also a trigger for epidermal hyperplasia when
injected into skin.

The other proposed mechanisms for keratinocyte hyperplasia include wound reparative phenomenon that is triggered
by intercellular disruption caused by T-cell entry into the epidermis. Mitogenic cytokines and receptors on
keratinocytes such as epidermal growth factor (EGF), insulin like growth factor 1 and keratinocyte growth factor
pathways are implicated in regenerative hyperplasia, and these would be stimulated as part of a wound repair
response. [15] The other features of a psoriatic lesion, such as vascular proliferation and neutrophil infiltration are
also caused by the action of the other cytokines such as vascular endothelial growth factor and IL-8 from
keratinocytes on endothelium and polymorphonuclear leukocyte recruitment. [16]

Development of immunobiologics

A significant challenge in the development of a biologic medication is the structural design of the drug. In other
words, once a strategy has been identified and an appropriate target, such as a cell surface molecule or cytokine is
chosen, how can a protein be made through recombinant DNA techniques to interact appropriately with that target?
The new medication should have a humber of characteristics: it should bind specifically to the target without
interacting with other proteins, its binding should be sufficient for the desired effect, either deactivating or activating
the target, it should persist long enough in the body to prevent the need for frequent dosing, and it should be
immunologically as "silent" as possible so as not to induce an immune response itself. The two main classes of
biologics used include monoclonal antibodies and receptor-antibody fusion proteins. Monoclonal antibodies can be
derived from genes that have different amount of murine sequences in the variable region. Chimeric antibodies have
approximately 30% murine genes in the variable region, humanized antibodies have approximately 10% murine
sequences and human antibodies are derived from human immunoglobulin genes. [17] Because humanized
monoclonal antibodies are composed of more human genetic sequences than chimeric, and thus express less murine
epitopes, humanized antibodies have a lower incidence of auto-reactivity due to the presence of auto antibodies.
Meanwhile, fusion receptor-antibody proteins are split into two proteins. One portion has two sites that bind to
proteins of interest, while the other part contains the Fc portion of human immunoglobulin, which brings stability to
the protein structure. [18] The novel immunobiologics for psoriasis are summarized in [Table 1].

Evaluation of biologics

When evaluating the efficacy of biological agents, it is important to understand the standard measurement of efficacy
in psoriasis treatment, the Psoriasis Area Severity Index (PASI). The PASI quantitates the extent and severity of skin
involvement in different body regions as a score from 0 (no lesions) to 72 (severe disease). To gain FDA approval for
the treatment of psoriasis, a biological agent must decrease the PASI by 75%. While such quantitation is an essential
element in controlled clinical trials, many patients in practice may gain clinically significant benefit from biological
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treatment without achieving this degree of PASI improvement. [19]

Action of immunobiologics
Signal 1 inhibition

Anti-CD4 antibody: OKTcdr4a. The underlying strategy behind OKTcdr4a (ORTHOCLONE), a humanized antihuman
CD4 1gG4 monoclonal antibody derived from the murine OKT4A, is to prevent the generation of signal 1 in CD4+
cells. [20],[21],[22] In one small open label study, six patients with severe chronic plaque psoriasis were
administered a total of three 1 mg/kg/day OKTcdr4a IV infusions every other day. After 4 weeks, patients
experienced a mean reduction of 46% from baseline PASI values. One patient did not respond to treatment. Of the
five responders, disease remission lasted 6 months in three patients and up to 1 year in one patient.

Signal 2 inhibition

Anti-CD11a antibody: Efalizumab: LFA-1, a heterodimer of CD11a and CD18, is a member of the b2-integrin family of
cellular adhesion molecules found on T lymphocytes. It interacts with ICAM-1 on APC's to generate signal 2 and
regulates T cell trafficking by interacting with the ICAM-1 molecules on endothelial cells and epithelial keratinocytes.
Thus, blocking LFA-1 interactions has the dual effect of blocking activation as well as migratory activity of
inflammatory T cells. As a unique subunit of LFA-1, CD11 represents a more selective target for immunosuppression
than blocking CD18. [23] Efalizumab is a humanized monoclonal antibody against CD11a subunit, whose high efficacy
has been demonstrated in a number of clinical studies. In a longterm clinical study, 50% of 228 patients with chronic
plaque psoriasis achieved PASI 75 after 15 months of continuous efalizumab treatment, suggesting sustained efficacy
with efalizumab. [24] Efalizumab was approved for treatment of psoriasis by FDA in 2003. [25] Administration of
efalizumab induces a peripheral leukocytosis (predominantly of CD8+ memory cells), which is due to blockade of the
LFA-1/ICAM-1 interaction between T cells and endothelial cells.

Anti-B7 antibodies: B7.1 (CD80) and B7.2 (CD86) are surface ligands APC's which bind to T cell CD28 to provide co
stimulatory signals, as well as CTLA4 (CD152) to inhibit further T cell activation. As an inhibitor of the immune
response, CTLA4 is expressed only on activated T cells and possesses a higher binding affinity for B7 than CD28.

CTLA4Ig/Abatacept

CTLA4Ig/abatacept (BMS-188667) is a fusion protein composed of the extra cellular domain of CTLA4 and the Fc
region of IgG4. This agent competitively binds the B7.1 and B7.2 molecules on the surface of APCs, thereby
preventing their co stimulatory interaction with CD28 on naive T cells and thus interfering with T cell activation. [26]
Expression of cell surface markers like DC-LAMP, B7 and CD40 on dendritic cells and CD40 and MHC II on lesional
keratinocytes was also reduced.[27] In an open label, dose-escalation, multi-center study, 43 patients with stable
psoriasis vulgaris were divided into eight groups and given 1V infusions of 0.5, 1, 2, 4, 8, 16, 25 and 50 mg/kg of
CTLA4Ig at days 1, 2, 16, and 29. By week 25, 46% of patients evaluated achieved a 50% or more improvement in
Physicians Global Assessment scale (PGA) compared to 4% in the placebo group. [28]

IDEC-114

IDEC-114 is a primatized monoclonal antibody that binds to the high-affinity CD80 receptor found on APCs and
certain activated T cells. On the surface of activated T cells, CTLA4 (CD152 and CD28) is up-regulated and may then
interact with CD80, leading to deactivation of the T cell. IDEC-114 blocks the CD28/CD80 co-stimulatory interaction
which is an activation signal without affecting the CTLA4/CD80 interaction which is the deactivation signal. [27],[28]
In a phase I open label study, 24 patients with severe plaque psoriasis received one single IV infusion of 0.05, 1, 5,
10, or 15 mg/kg IDEC-114. Clinical response was assessed by PASI, PGA, and Psoriasis Severity Scale. On day 29,
mean PASI score improvement from baseline of 7%, 4%, 4%, 25%, and 6% was observed in patients receiving 0.05,
0.25, 1, 10, and 15 mg/kg, respectively. No improvement in mean PASI scores for the 5-mg/kg group was observed.
Eighty percent of the 10-mg/kg group and 60% of the 15-mg/kg group had PGA rating of fair or better. When scored
by Psoriasis Severity Scale, 19%, 6%, 11%, 32%, and 17% improvements were observed in the 0.25, 1, 5, 10, and
15-mg/kg groups, respectively. [29]

Targeting pathogenic T cells

Activated and memory T cells selectively up regulate characteristic surface receptors, which effect proliferative or
activating functions. Specific biologics have been designed to block these surface markers and hence inhibit
stimulatory signals to the potentially pathogenic T cells.

Anti-IL-2R

IL-2R exists in three forms of varying affinity: a-CD25, B-CD122 and y-CD132. Fully activated T cells increase
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expression of IL-2, which acts as a potent autocrine mitogenic stimulus. [30] This is accompanied by increased
expression of the high-affinity form of its receptor IL-2R. Because IL-2R promotes T cell growth and proliferation,
antibodies blocking its interaction with ligand will prevent clonal expansion of activated T cells. [30]

Anti-CD25 antibodies
Daclizumab

Daclizumab is a humanized monoclonal antibody directed against CD25 (a-subunit), the subunit contributing to the
high-affinity form of IL-2R. It has been FDA approved for acute renal transplant rejection and is currently under
evaluation for the treatment of psoriasis. [31] In one multi-center study, 19 patients with moderate to severe plaque
psoriasis received IV infusions of an initial 2-mg/kg dose followed by 1 mg/kg doses at weeks 2, 4, 8, and 12. At 8
weeks, patients who had initial PASI scores less than 36 exhibited a mean improvement of 30% thus suggesting that
it might be effective treatment for patients with less severe disease. [31]

Basiliximab

Basiliximab is a chimeric monoclonal antibody also directed against the CD25 subunit of IL-2. Although these anti-

CD25 agents suggest efficacy as a potential therapy for psoriasis, combining treatment with IL-2 inhibitors may yield
even better clinical outcomes. High quantities of IL-2 are still capable of activating T cells by cross-linking CD122 and
CD132. Hence, it may be more ideal to combine treatment with cyclosporine, which inhibits IL-2 synthesis. [32],[33]

IL-2 fusion toxins: DAB (389) IL-2 (Denileukin Diftitox)

It is a fusion toxin constructed from the IL-2 gene and the enzymatically active ADP-ribosyltransferase domain of
diphtheria toxin. The agent complexes with the IL-2 receptor and is endocytosed within the cell, whereupon the ADP-
ribosyltransferase unit is cleaved and translocated to the cytosol. This blocks protein translation and induces cell
apoptosis. [34] The FDA has already approved this agent for the treatment of CD25+ cutaneous T-cell lymphoma and
is currently being evaluated for the treatment of psoriasis. [35] The most recent study has been a phase II
multicenter, randomized controlled trial in which 35 patients with severe plaque psoriasis were placed on lower dosing
regimens of 0.5, 1.5, or 5 mg/kg of DAB IL-2 administered by IV infusion for 3 consecutive days every other week for
8 weeks. Eight patients experienced a 50% decrease in baseline PASI and 51% of all patients experienced a decrease
in PGA by at least one grade at some point in the 8-week treatment period and the dosing regimen provided a dose-
dependent response. [36]

Anti-CD2 antibodies

CD2 is expressed on the surface of T cells and natural killer cells. Its interaction with LFA-3 on the surface of APCs
provides an accessory co stimulatory signal involved in full T cell activation. Because CD2 expression is up regulated
in both CD4+ and CD8+ memory T cells (CD45R0O+), agents that block CD2 will selectively inhibit the activation and
proliferation of the pathogenic memory T cells. Such selective targeting is thought to represent a greater advantage
over other strategies, in that nonpathogenic naive T cells are spared and left to participate in normal host immune
responses. [37]

Alefacept

It is a human fusion protein that consists of extra cellular domain of LFA-3 fused with CH2 and CH3 domain of IgG1
(Fc region). It competitively binds to CD2 cells on T cells to block its activation. It was also found that bound T cells
are targeted to cytolytic destruction because the Fc region interacted with the FcgRIII on natural killer cells. [38]
Alefacept was the first biologic to receive FDA approval for treatment of psoriasis. Because the memory T cells
contain the highest number of CD2 on their surface membrane, alefacept is effective in selectively inhibiting T cell
function. Despite the decrease in memory T cells, alefacept does not inhibit primary or secondary defense responses
to foreign antigens. This may be explained by the fact that alefacept does not affect the naive T cell population. [39],
[40] A range of inflammatory genes such as IFN-y, STAT1, MIG (CXCL9) and iNOS are reduced. [41],[42] As the first
biologic to be approved by the Food and Drug Administration (FDA) for moderate to severe psoriasis, alefacept has
helped 70% of patients reach at least PASI 50, a clinically significant endpoint for psoriatic patients that indicates
50% improvement in PASI scores in a randomized controlled trial. [43]

none MEDI-507

MEDI-507 (Siplizumab), humanized IgG1 monoclonal antibody also directed against CD2 is currently in phase II
clinical trials. The results of clinical studies suggested that multiple courses of IV administered MEDI-507 represent a
well-tolerated treatment for psoriasis. [44] In an open label, dose-escalation study, 39 patients with moderate to
severe psoriasis were injected with 0.1-0.7 mg MEDI-507 SC every week for 12 weeks. Reductions in PASI scores
were observed at all doses, but were more pronounced at higher doses. [45]
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Immune deviation

After naive T cells are activated, they differentiate and proliferate along a T1 or T2 cell lineage, depending on the
cytokine environment. In psoriasis, the cytokine expression profile is selectively skewed toward a T1 (i.e., IL-2, TNF-
a, IL-12, IFN-y) and away from a T2 (i.e., IL-2, IL-5, IL-6, IL-10, IL-13) pattern. Altering the balance of T1 and T2
cells and restoring its proper ratio is thought to represent another therapeutic approach. Addition of recombinant type
2 cytokines, which not only has the effect of directly increasing T2 cytokine levels, but also inhibiting the
differentiation of naive T cells into T1 cells, has been tried in the treatment of psoriasis.

Tenovil (rhIL-10)

The anti-inflammatory and immunosuppressive T2 cytokine IL-10 has been found to be under expressed in psoriatic
lesions. It inhibits the secretion of IFN-y from T H 1 cells and IL-12 from APC's. A number of studies have suggested
the efficacy of recombinant human IL-10 (rhIL-10) (Tenovil) in improving psoriasis disease activity and also achieving
longterm disease remission. [46],[47] In a phase II, open label study 15 patients with moderate to severe psoriasis
vulgaris were administered 4 mg/kg SC injections of rhIL-10 daily for 6 weeks. After 4 weeks of treatment, patients
exhibited a mean decrease of 50% from baseline PASI; after 6 weeks of treatment, patients exhibited a mean
decrease of 59% from baseline PASI. The results of this study provided evidence of the therapeutic potential of rhIL-
10. [7]

Oprelvekin (rhiL-11)

rhIL-11 (Oprelvekin) is a multifunctional cytokine that has been previously demonstrated to exhibit anti-inflammatory
properties in vitro and in vivo . Its interaction with macrophages leads to decreased production of type 1 cytokines,
while its interaction with T cells leads to differentiation along the T1 lineage rhIL-11 has been FDA approved for the
treatment of chemotherapy-induced thrombocytopenia and is in phase II clinical trials for the treatment of psoriasis.
[48],[49] In an open label, dose-escalation trial, 12 patients with moderate to severe psoriasis vulgaris were
administered 2.5 or 5.0 mg/kg SC injections of rhIL-11 daily for 8 weeks. During the 8 weeks of post treatment, 30-
80% decrease from mean baseline PASI in 11 of 12 patients were observed. [49]

rhull-4

IL-4 is a type 2 cytokine which causes selective differentiation of T H 2 cells. This property is propagated to be
therapeutically important in psoriasis. [50] The first study involving in vivo rhullL-4 administration in humans was a
dose-escalation study involving 22 patients with moderate to severe psoriasis vulgaris rhulL-4 was injected SC at
doses of 0.05, 0.1, 0.2, or 0.5 mg/kg three times daily, 5 days a week, for 6 weeks. After 3 weeks of treatment, the
dosage was increased to the next level in each group except the 0.5-mg/kg group. Within 6 weeks, all patients
experienced PASI reductions, with 19 exhibiting a greater than 50% reduction from baseline PASI. Groups receiving
0.2 or 0.5 mg/kg exhibited more reduction in PASI than other lower dose treatment groups. [50]

Cytokine inhibitors

Proinflammatory cytokines secreted by activated T cells have also been targeted in the treatment of psoriasis. TNF-a
is one such proinflammatory cytokine highly elevated in active plaques, serum, and synovial fluids of patients with
psoriasis, with levels correlating to disease severity. [51] Tumor necrosis factor-a contributes to psoriasis
pathogenesis in a variety of ways. It is a potent mitogenic stimulus that acts on epidermal keratinocytes to induce
hyper proliferation, an inducer of epidermal VEGF expression (responsible for much of the inflammatory vascular
changes associated with psoriasis), and an inducer of other proinflammatory cytokines such as IL-1, IL-6, IL-8, and
TNF-a. Currently, TNF-a inhibitors have been the subject of much interest because of their demonstrated efficacy in
disease improvement compared to other cytokine inhibitors.

Infliximab

Infliximab, a chimeric monoclonal anti-TNF-a IgG antibody, binds soluble and transmembrane TNF-a. It is currently
FDA approved for the treatment of rheumatoid arthritis and Crohn's disease, but remains in phase III clinical trials for
the treatment of psoriasis. [52] Many studies have also demonstrated its efficacy in psoriatic arthritis. One of the
features that distinguish infliximab from other anti-TNF-a biologics such as Etanercept is its ability to fix complement
and lyse target cells.[53] Exacerbation of tuberculosis enteritis, [54] development of opportunistic infections such as
Listeriosis, [55] serum sickness reactions, [56] multiple sclerosis flares in patients with preexisting disease are
observed. [57] Absolute contraindications include CHF, active tuberculosis and history of multiple sclerosis and
malignancy including lymphoma. [58] A study with 378 patients with moderate-to-severe plaque psoriasis
randomized to 5 mg/kg infliximab or placebo infusions at weeks 0, 2 and 6, and every 8 weeks afterwards have been
completed. By week 10, approximately 80% of infliximab-treated patients reached PASI 75, and 57% of these same
patients reached PASI 90. At week 50, 61% of these patients were at PASI 75, while 45% achieved PASI 90. [59]
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Adalimumab

Adalimumab is a human recombinant IgG1 anti TNF-a monoclonal antibody, which is similar to infliximab, binds
soluble and transmembrane TNF-a. In addition, adalimumab increases the number of epidermal Langerhan cells in
psoriatic plaques. This finding suggests that not only Langerhan cells may have an anti-inflammatory role in psoriasis
but also that TNF-a inhibition may restore Langerhan cell migration to epidermis. [60] It is currently FDA approved
for the treatment of rheumatoid arthritis. Like infliximab, reports of tuberculosis, opportunistic infections, and
malignancy exists with adalimumab as well. As with all TNF-a inhibitors, caution should be exercised when using
these agents in patients with predisposing conditions. [61] A multi-center, randomized, doubleblind, placebo-
controlled study involving 147 patients with moderate-to-severe psoriasis compared subcutaneous injections of 40
mg of adalimumab weekly, 40 mg of adalimumab every other week and placebo. At week 12 of treatment, 80% of
patients receiving the weekly adalimumab treatments, and 53% of those receiving adalimumab every other week
reached PASI 75. This response was sustained up to 60 weeks of therapy. [62]

Etanercept

Etanercept is a fully human fusion protein consisting of two TNF receptors joined to the Fc region of IgG1. It binds
soluble TNF-a and TNF-B, thus preventing either molecule from activating cell surface TNF receptors, TNF-R1 and
TNF-R2. By decreasing NF-KB transcriptional activity in psoriatic skin, etanercept decreases epidermal thickness. [63]
Etanercept reduces expression of cytokines and chemokines, such as IL-8 and MIP-3a (CCL20) in psoriatic lesions,
leading to subsequent decrease in T cells, DC's and keratinocyte hyperplasia. [64] Structural differences also render it
more unstable compared to infliximab. Etanercept is currently FDA approved for the treatment of juvenile rheumatoid
and rheumatoid arthritis, Crohn's disease, ankylosing spondylitis, psoriatic arthritis and psoriasis. [65] A randomized,
multi-center, double-blind controlled study of 112 patients with chronic stable plaque psoriasis taking either
etanercept 25 mg SC or placebo was performed. While 30% of the etanercept group versus 2% of the placebo group
reached PASI 75 after 12 weeks of treatment, 56% of the etanercept-treated patients versus 5% of the placebo-
treated patients achieved PASI 75 after 24 weeks of treatment. [66]

Toxicity of immunobiologics
Allergic reaction and antibody formation

They are mostly seen with TNF-a blockers. Mild transient injection site reactions comprising of erythema, edema and
bruising are noted with etanercept in 10-20% of cases. They resolve spontaneously in 2-3 days and tend to occur in
the first month of therapy. Antibodies to etanercept may develop in 6% of patients. [67] With infliximab, infusion
reaction occurs during or within 1-2 hours of treatment and may affect up to 20% of all the patients treated. It may
rarely result in anaphylactic shock.[68] Acute flu-like symptoms including headache, chills, fever, nausea and myalgia
may occur within 48h after administration of the first two doses of efalizumab. [69]

Infections

Reactivation of tuberculosis may occur on treatment with anti-TNF-a agents, as TNF-a plays a key role in host
defense against mycobacterial infection, particularly in granuloma formation and inhibition of mycobacterial
dissemination. The risk of tuberculosis with infliximab has been estimated to be six times, in patients in trials for
rheumatoid arthritis and Crohn's disease, than that of untreated patients. [54] Most patients were also receiving one
or more immunosuppressive agents, which might have contributed to reactivation and dissemination of tuberculosis.
However, no cases of tuberculosis have been reported in clinical trials of either infliximab or etanercept in psoriasis,
possibly due to minimal number of patients treated and probably, by monotherapy. Other serious infections reported
with etanercept include sepsis secondary to Listeria monocytogenes and Histoplasma capsulatum . [55] Severe
disseminated opportunistic infections have been reported in the HIV positive patients.

Neurological disease

TNF blockers are associated with the development of or worsening of demyelinating disease. Worsening of multiple
sclerosis and demyelination has been reported with infliximab. [68]

Cardiovascular disease
Worsening of congestive cardiac failure with TNF-a blockers is reported to occur. Patients with pre-existing heart
failure (New York Heart Association class III and IV) failed to show benefit with TNF-a blockers and carried an excess

mortality rate with high-dose infliximab. [57]

Antinuclear antibodies and lupus like syndrome
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Antinuclear antibodies and anti-dsDNA antibodies may develop during therapy with anti-TNF-a agents, but it is not
associated with symptoms and signs of lupus in the majority. [58]

Hepatitis

Rare cases of severe hepatitis have been reported following infliximab therapy, with onset of symptoms or signs
occurring from 2 weeks to more than a year after initiation of treatment. The infliximab treatment should be stopped
in the event of jaundice and/ or marked elevations (>5 times upper limit of normal) in liver enzymes. [59]

Thrombocytopenia

It can occur with efalizumab and warrants discontinuation of therapy. [70]

Conclusion

We are at the dawn of a new era of effective immune modifying therapeutics for psoriasis. Although, efficacy of many
of these agents is unquestionable, the longterm consequences of their immunomodulatory effect are yet to be firmly
established. Responses may also vary between individuals, perhaps because of polymorphism in genes. With greater
understanding of cutaneous immunology and further knowledge uncovering the mechanisms controlling the
differentiation of activated T cells during an immune response, new biologic immune modifiers with highly specific
immune targeted therapeutics can be developed that should have a better longterm safety than the currently
available therapeutic agents.

Acknowledgements

We wish to thank Dr. D.K. Arulmozhi (Scientist, Advinus Therapeutics, Pune) for his critical comments on the
manuscript

References

1 Lebwohl M. Psoriasis. Lancet 2003;361:1197-204.

2 Greaves MW, Weinstein GD. Treatment of psoriasis. N Engl J Med 1995;332:581-8.

3 Naldi L, Gambini D. The clinical spectrum of psoriasis. Clin Dermatol 2007;25:510-8.

4 Bowcock AM, Krueger JG. Getting under the skin: The immunogenetics of psoriasis. Nat Rev Immunol

2005;5:699-711.

5 Trembath RC, Clough RL, Rosbotham JL, Jones AB, Camp AB, Frodsham A, et al. Identification of a major
susceptibility locus on chromosome 6p and evidence for further disease loci revealed by a two stage genome-
wide search in psoriasis. Hum Mol Genet 1997;6:813-20.

6 Helms C, Cao L, Krueger ]G, Gordon D, Otto J, Bowcock AM. A putative RUNX1 binding site variant between
SLC9A3R1 and NAT9 is associated with susceptibility to psoriasis. Nat Genet 2003;35:349-56.

7 Huffmeier U, Steffens M, Lascorz ], Stander M, Kuster W, Reich K. Evidence for susceptibility determinant(s) to
psoriasis vulgaris in or near PTPN22 in German patients. J Med Genet 2006;43:517-22.

8 Galadari I, Sharif MO, Galadari H. Psoriasis: A fresh look. Clin Dermatol 2005;23:491-502.

9 Valdimarsson H, Baker BS, Jonsdottir I, Fry L. Psoriasis: A disease of abnormal keratinocyte proliferation
induced by T lymphocytes. Immunol Today 2002;7:256-9.

10  Griffiths CE. The immunological basis of psoriasis. J Eur Acad Dermatol Venereol 2003;17:1-5.

11 Mehlis SL, Gordon KB. The immunology of psoriasis and biologic immunotherapy. J Am Acad Dermatol
2003;49:44-50.

12 Krueger JG. Pathogenic interactions of keratinocytes and T lymphocytes in psoriasis. In: Roenigk HH, Maibach
HI, editors. Psoriasis. New York: Marcel Dekker; 1998. p. 315-27.

13  Kakurai M, Fujita N, Murata S, Furukawa Y, Demitsu T, Nakagawa H. Vasoactive intestinal peptide regulated its
receptor expression and functions of human keratinocytes via type 1 vasoactive intestinal peptide receptors. ]
Invest Dermatol 2001;116:743-9.

14  Wang Y, Jensen PJ. Regulation of the level and glycosylation state of plasminogen activator inhibitor type 2
during human keratinocyte differentiation. Differentiation 1998;63:93-9.

15 Krueger JG. The immunological basis for the treatment of psoriasis with new biologic agents. J Amer Acad
Dermatol 2002;46:1-23.

16 Ozawa M, Aiba S. Immunopathogenesis of psoriasis. Curr Drug Targets Inflamm Allergy 2004;3:137-44.

17  Mehlis SL, Gordon KB. The immunology of psoriasis and biologic immunotherapy. J Am Acad Dermatol
2003;49:344-50.

https://www.ijp-online.com/printarticle.asp?issn=0253-7613;year=2008;volume=40;issue=3;spage=95;epage=102;aulast=Ghosh 8/10



9/27/21, 2:53 PM Novel immunobiologics for psoriasis,<b>Nilanjan Ghosh, PN Singh, Vikas Kumar</b>: Indian Journal of Pharmacology

18 Vaughan T, Osbourn JK, Tempest PR. Human antibodies by design. Nat Biotechnol 1998;16:535-9.

19 Feldman SR, Krueger GG. Psoriasis assessment tools in clinical trials. Ann Rheum Dis 2005;64:Sii65-8.

20  Gottlieb AB, Lebwohl M, Shirin S, Singer G, Krueger G, Phillips S, et al. Anti-CD4 monoclonal antibody
treatment of moderate to severe psoriasis vulgaris: Results of a pilot multicenter, multiple-dose, placebo-
controlled study. J Am Acad Dermatol 2000;43:595-604.

21 Pulito VL, Roberts VA, Adair JR, Rothermel AL, Collins AM, Varga SS, et al. Humanization and molecular
modeling of the anti-CD4 monoclonal antibody, OKT4A. J Immunol 1996;156:2840-50.

22 Bachelez H, Flageul B, Dubertret L, Fraitag S, Grossman R, Brousse N, et al. Treatment of recalcitrant plaque
psoriasis with a humanized non-depleting antibody to CD4. J Autoimmun 1998;11:53-62.

23 Leonardi CL. Efalizumab: An overview. J Am Acad Dermatol 2003;49:98-104.

24  Gottlieb AB, Gordon KB, Lebwohl MG, Caro I, Walicke PA, Leonardi CL, et al. Extended efalizumab therapy
sustains efficacy without increasing toxicity in patients with moderate to severe chronic plaque psoriasis. ]
Drugs Dermatol 2004;3:614-24.

25  Jullien D, Prinz JC, Dummer W, Joshi A, Dedrick R, Natta P, et al. T-cell modulation for the treatment of chronic
plaque psoriasis with Efalizumab (Raptiva): Mechanisms of action. Dermatology 2004;208:297-306.

26  Abrams JR, Kelley SL, Hayes E, Kikuchi T, Brown MJ], Kang S, et al. Blockade of T lymphocyte co stimulation
with cytotoxic T lymphocyte-associated antigen 4-immunoglobulin (CTLA4Ig) reverses the cellular pathology of
psoriatic plaques, including the activation of keratinocytes, dendritic cells, and endothelial cells. J Exp Med
2000;92:681-94.

27  Abrams JR, Lebwohl MG, Guzzo CA, Jegasothy BV, Goldfarb MT, Goffe BS, et al. CTLA4Ig-mediated blockade of
T-cell costimulation in patients with psoriasis vulgaris. J Clin Invest 1999;103:1243-52.

28  Gottlieb AB, Abdulghani A, Totoritis MC, Lizambri R, Shuey S, Romano P, et al. Results of a single-dose, dose
escalating trial of an anti-B7.1 monoclonal antibody (IDEC-114) in patients with psoriasis. J Invest Dermatol
2000;114:840.

29  Gottlieb AB, Lebwohl M, Totoritis MC, Abdulghani AA, Shuey SR, Romano P, et al. Clinical and histologic
response to single-dose treatment of moderate to severe psoriasis with an anti-CD80 monoclonal antibody. J
Am Acad Dermatol 2002;47:692-700.

30 Morris JC, Waldmann TA. Advances in interleukin 2 receptor targeted treatment. Ann Rheum Dis 2000;59:i109-
14.

31 Krueger JG, Walters IB, Miyazawa M, Gilleaudeau P, Hakimi J, Light S, et al. Successful in vivo blockade of CD25
(high-affinity interleukin 2 receptor) on T cells by administration of humanized anti-Tac antibody to patients
with psoriasis. J Am Acad Dermatol 2000;43:448-58.

32 Owen CM, Harrison PV. Successful treatment of severe psoriasis with basiliximab, an interleukin-2 receptor
monoclonal antibody. Clin Exp Dermatol 2000;25:195-7.

33 Mrowietz U, Zhu K, Christophers E. Treatment of severe psoriasis with anti-CD25 monoclonal antibodies. Arch
Dermatol 2000;136:675-6.

34 Foss FM. DAB(389)IL-2 (denileukin diftitox, ONTAK): A new fusion protein technology. Clin Lymph 2000;1:527-
31.

35 Gottlieb AB, Bacha P, Parker K, Strand V. Use of the interleukin-2 fusion protein, DAB(389)IL-2, for the
treatment of psoriasis. Dermatol Ther 1998;5:48-63.

36 Martin A, Gutierrez E, Muglia J, McDonald CJ, Guzzo C, Gottlieb A, et al. A multicenter dose-escalation trial with
denileukin diftitox (ONTAK, DAB (389) IL-2) in patients with severe psoriasis. J Am Acad Dermatol
2001;45:871-81.

37 Wingren AG, Parra E, Varga M, Kalland T, Sjogren HO, Hedlund G, et al. T cell activation pathways: B7, LFA-3,
and ICAM-1 shape unique T cell profiles. Crit Rev Immunol 1995;15:235-53.

38 Cooper JC, Morgan G, Harding S, Subramanyam M, Majeau GR, Moulder K, et al. Alefacept selectively promotes
NK cell-mediated deletion of CD45RO+ human T cells. Eur J Immunol 2003;33:666-75.

39 Krueger GG, Callis KP. Development and use of alefacept to treat psoriasis. J Am Acad Dermatol 2003;49:87-
97.

40 Gottlieb AB, Casale TB, Frankel E, Goffe B, Lowe N, Ochs HD, et al. CD4+ T-cell-directed antibody responses
are maintained in patients with psoriasis receiving alefacept: Results of a randomized study. J Am Acad
Dermatol 2003;49:816-25.

41 Wang F, Lee E, Lowes MA, Haider AS, Chamian F, Krueger JG, et al. Prominent production of IL-20 by
CD68+/CD11c+ myeloid-derived cells in psoriasis: Gene regulation and cellular effects. J Invest Dermatol
2006;126:1590-9.

42  Chamian F, Lowes MA, Lin SL, Lee E, Kikuchi T, Cardinale I, et al. Alefacept reduces infiltrating T cells, activated
dendritic cells, and inflammatory genes in psoriasis vulgaris. Proc Natl Acad Sci USA 2005;102:2075-80.

43  Carlin CS, Feldman SR, Krueger JG, Menter A, Krueger GG. A 50% reduction in the psoriasis area and severity
index is a clinically significant endpoint in the assessment of psoriasis. J Am Acad Dermatol 2004;50:859-66.

44  Tzu J, Mamelak AJ, Sauder DN. Current advancements in the treatment of psoriasis: Immunobiologic agents.
Clin Appl Immunol Rev 2006;6:99-130.

45  Langley R, Roenigk HH, McCall C, Stricklin G, Dingivan C. Phase I results of intravenous MEDI-507, anti-T-cell
monoclonal antibody, for the treatment of psoriasis. J Invest Dermatol 2001;117:817.

46  Asadullah K, Sterry W, Stephanek K, Jasulaitis D, Leupold M, Audrin H, et al. IL-10 is a key cytokine in
psoriasis: Proof of principle by IL-10 therapy: A new therapeutic approach. J Clin Invest 1998;101:783-94.

https://www.ijp-online.com/printarticle.asp?issn=0253-7613;year=2008;volume=40;issue=3;spage=95;epage=102;aulast=Ghosh 9/10



9/27/21, 2:53 PM Novel immunobiologics for psoriasis,<b>Nilanjan Ghosh, PN Singh, Vikas Kumar</b>: Indian Journal of Pharmacology

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Reich K, Garbe C, Blaschke V, Maurer C, Middel P, Westphal G, et al. Response of psoriasis to interleukin-10 is
associated with suppression of cutaneous type 1 inflammation, down regulation of the epidermal interleukin-
8/CXCR2 pathway and normalization of keratinocyte maturation. J Invest Dermatol 2001;116:319-29.
Trepicchio WL, Ozawa M, Walters 1B, Kikuchi T, Gilleaudeau P, Bliss JL, et al. Interleukin-11 therapy selectively
down regulates type I cytokine proinflammatory pathways in psoriasis lesions. J Clin Invest 1999;104:1527-37.
Trepicchio WL, Bozza M, Pedneault G, Dorner A). Recombinant human IL-11 attenuates the inflammatory
response through down-regulation of proinflammatory cytokine release and nitric oxide production. J Immunol
1996;157:3627-34.

Ghoreschi K, Thomas P, Breit S, Dugas M, Mailhammer R, van Eden W, et al. Interleukin-4 therapy of psoriasis
induces Th2 responses and improves human autoimmune disease. Nat Med 2003;9:40-6.

Ettehadi P, Greaves MW, Wallach D, Aderka D, Camp RD. Elevated tumour necrosis factor-alpha (TNF alpha)
biological activity in psoriatic skin lesions. Clin Exp Immunol 1994;96:146-51.

Gottlieb AB, Masud S, Ramamurthi R, Abdulghani A, Romano P, Chaudhari U, et al. Pharmacodynamic and
pharmacokinetic response to anti-tumor necrosis factor-a monoclonal antibody (infliximab) treatment of
moderate to severe psoriasis vulgaris. J Am Acad Dermatol 2003;48:68-75.

Hove T, Montfrans C, Peppelenbosch MP, Deventer SJH. Infliximab treatment induces apoptosis of lamina
propria T lymphocytes in Crohn's disease. Gut 2002;50:206-11.

Liberopoulos EN, Drosos AA, Elisaf MS. Exacerbation of tuberculosis enteritis after treatment with infliximab.
Am ] Med 2002;113:615.

Aparicio AG, Munoz-Fernandez S, Bonilla G, Miralles A, Cerdeno V, Martin-Mola E. Report of an additional case
of anti-tumor necrosis factor therapy and Listeria monocytogenes infection. Arthritis Rheum 2003;48:1764-5.
Krishnan RS, Hsu S. Serum sickness due to infliximab in a patient with psoriasis. J Drugs Dermatol
2004;3:305-8.

Cauza E, Cauza K, Hanusch-Enserer U, Etemad M, Dunky A, Kostner K. Intravenous anti TNF-a antibody
therapy leads to elevated triglyceride and reduced HDL-cholesterol levels in patients with rheumatoid and
psoriatic arthritis. Wien Klin Wochenschr 2002;114:1004-7.

Hochberg MC, Lebwohl MG, Plevy SE, Hobbs KF, Yocum DE. The benefit/risk profile of TNF-a blocking agents:
Findings of a consensus panel. Semin Arthritis Rheum 2005;34:819-36.

Reich K, Nestle FO, Papp K, Ortonne J, Evans R, Guzzo C, et al. Infliximab induction and maintenance therapy
for moderate-to-severe psoriasis: A phase III, multicentre, double-blind trial. Lancet 2005;366:1367-74.
Gordon KB, Bonish BK, Patel T, Leonard CL, Nickoloff BJ. The tumor necrosis factor-a inhibitor adalimumab
rapidly reverses the decrease in epidermal Langerhan cell density in psoriatic plaques. Br J Dermatol
2005;153:945-53.

Chen DM, Gordon K, Leonardi C, Menter MA. Adalimumab efficacy and safety in patients with moderate to
severe chronic plaque psoriasis: Preliminary findings from a 12 week dose ranging trial. J Am Acad Dermatol
2004;50:1.

Gordon KB, Langley RG, Menter MA, Kang S, Heffernan M, Miller B, et al. Clinical response to adalimumab
treatment in patients with moderate to severe psoriasis: Doubleblind, randomized controlled trial and open-
label extension study. J Am Acad Dermatol 2006;55:598-606.

Lizzul PF, Aphale A, Malaviya R, Sun Y, Masud S, Dombrovskiy V, et al. Differential expression of phosphorylated
NF- kappaB/RelA in normal and psoriatic epidermis and down regulation of NF-kappaB in response to treatment
with Etanercept. J Invest Dermatol 2005;124:1275-83.

Gottlieb AB, Chamian F, Masud S, Abella M, Lowes MA, Krueger JG, et al. TNF inhibition rapidly down regulates
multiple proinflammatory pathways in psoriasis plaques. J Immunol 2005;175:2721-9.

Leonardi CL, Powers JL, Matheson RT, Goffe BS, Zitnik R, Wang A, et al. Etanercept as monotherapy in patients
with psoriasis. N Engl J Med 2003;349:2014-22.

Gottlieb AB, Matheson RT, Lowe N, Krueger GG, Kang S, Goffe BS, et al. A randomized trial of etanercept as
monotherapy for psoriasis. Arch Dermatol 2003;139:1627-32.

Carlson E, Rothfield N. Etanercept-induced lupus-like syndrome in a patient with rheumatoid arthritis. Arthritis
Rheum 2003;48:1165-6.

Thomas VD, Yang FC, Kvedar JC. Biologics in psoriasis: A quick reference guide. J Am Acad Dermatol
2005;53:346-51.

Lebwohl M, Tyring SK, Hamilton TK, Toth D, Glazer S, Tawfik NH, et al. A novel targeted T-cell modulator,
efalizumab, for plaque psoriasis. N Engl J Med 2003;349:2004-13.

Warkentin TE, Kwon P. Immune thrombocytopenia associated with efalizumab therapy for psoriasis. Ann Intern
Med 2005;143:761-3.

Site Map | Home | Contact Us | Feedback | Copyright and Disclaimer

https://www.ijp-online.com/printarticle.asp?issn=0253-7613;year=2008;volume=40;issue=3;spage=95;epage=102;aulast=Ghosh 10/10


https://www.ijp-online.com/sitemap.asp
https://www.ijp-online.com/
https://www.ijp-online.com/addresses.asp
https://www.ijp-online.com/feedback.asp
https://www.ijp-online.com/disclaimer.asp

