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SUMMARY

Systemic lupus erythematosus (SLE) is a multifaceted, multisystemic
connective tissue disorder characterized by autoimmunity and inflam-
mation. Production of antinuclear autoantibodies by a hyperactive
immune system results in damage to cells and tissues. Currently, there
is no cure for SLE. The goal of treatment in SLE is to prevent and treat
flares and minimize organ damage and complications. Available ther-
apies include nonsteroidal anti-inflammatory drugs (NSAIDs),
immunosuppressants, corticosteroids and cytotoxic agents. However,
no new drugs targeting the underlying disease have been introduced in
the last 50 years. Thus, the search continues for more effective treat-
ment strategies for SLE, with investigation focusing on identifying
novel targets for therapeutic intervention. This article presents those
drug targets that are currently under active investigation for the treat-
ment of SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE), more commonly known as
lupus, is a prototypic multisystemic connective tissue disorder char-
acterized by autoimmunity and inflammation. Individuals suffering
from the disease exhibit a progressively hyperactive immune system
that produces antinuclear autoantibodies. The consequence is acute
and chronic inflammation and damage to healthy cells and tissues,
particularly in the joints, skin, kidneys, cardiovascular and nervous
system, and other internal organs. Symptoms range from relatively
mild (e.g., rash, arthritis) to life-threatening (e.g., glomerulonephri-
tis, thrombosis) and may be intermittent or become progressively
worse (1-3).

According to the Centers for Disease Control and Prevention (CDC),
SLE affects approximately 1.4 million individuals in the U.S. alone.
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However, the prevalence of lupus varies widely from country to coun-
try, with the highest rates reported in Italy, Spain, Martinique and
among Afro-Caribbean subpopulations of the U.K. Approximately
90% of all cases of lupus occur in women, although the disease may
be more severe when it occurs in males. In general, both the preva-
lence and the severity of SLE are two to four times greater among
nonwhite populations around the world (1, 4-6).

The pathogenesis of lupus is multifactorial, involving complex inter-
actions of genetic and environmental factors. It is postulated that in
a genetically predisposed individual, a hyperactive immune system
responds in an overly aggressive manner to a foreign stimulus, push-
ing antibody-generating B cells and antibody response-enhancing T
cells into overdrive. The patient’s hyperactive immune system pro-
duces abnormal antinuclear autoantibodies which target not only
the foreign matter but also healthy cells and tissue. An inappropri-
ate inflammatory response is induced, with dysregulated function of
inflammatory cells and the proinflammatory regulators they pro-
duce. For example, production of type | interferon in SLE patients is
a central pathogenetic mechanism and is due to the alteration of
dendritic cell function (2, 3, 6-8).

There are many exogenous factors that have been proposed to be
responsible for initiating the hyperactive immune response charac-
terizing SLE. These include bacteria (e.g., Mycobacterium tuberculo-
sis) and viruses (e.g., Epstein—Barr virus), certain prescription drugs
(e.g., combined oral contraceptives), exposure to sunlight, topical
exposure to chemicals (e.g., in lipstick) and tobacco smoking. It has
also been suggested that SLE may develop in response to an
endogenous deficiency in the complement protein Clg, a protein
that is normally responsible for eliminating apoptotic cellular debris.
A deficiency in Clg would lead to accumulation of apoptotic materi-
al in blood and tissues, and thus trigger an exaggerated immune
response (1, 2, 6, 9-11).

There is no cure for SLE at this time. Because SLE manifests as a
variety of symptoms and fluctuations in the severity of those symp-
toms, treatment to date differs from one patient to another, as well
as for the same patient over time. In general, the treatment of SLE
attempts to prevent flares, treat them when they do occur and min-
imize organ damage and complications. Although elucidation of the
pathogenesis of SLE has significantly increased over the years, no
new drugs to treat the underlying disease have been introduced in
the last 50 years. Nonsteroidal anti-inflammatory drugs (NSAIDs)

765



THERAPEUTIC TARGETS FOR SYSTEMIC LUPUS ERYTHEMATOSUS

L.A. Sorbera et al.

|CD20 | |CD22 | |CD52 |

Bcell

Nucleus

Adhesion-motility

Nucleus

Antigenic protein
processing & presentation

B-cell hyperactivity

Antigenic protein

| Systemic immune response

processing & presentation

Adhesion-motility

v

‘ CD40

/ Sy ic lupus eryth

Cell survival |

Th2 hyperactivity |

ion-motility

Copyright 2010 Prous Science, S.A.U. or its licensors. All rights reserved

/

Activation

| mTOR

Inflammatory response |

Nucleus

PBMC

Figure 1. Systemic lupus erythematosus (SLE) targetscape. A diagram showing an overall cellular and molecular landscape or comprehensive network of con-
nections among the current therapeutic targets for the treatment of SLE and their biological actions. Gray or lighter symbols are targets that are not validat-
ed (i.e., targets not associated with a product that is currently under active development for SLE). Abbreviations: APC, antigen-presenting cell; BAFF, B-cell-
activating factor; Bcl-2, apoptosis regulator Bcl-2; CCR5, chemokine CCR5 receptor; CD4, T-cell surface glycoprotein CD4; CD20, B-lymphocyte antigen CD20;
CD22, B-cell receptor CD22; CD40-L, CD40 ligand, CD154; CD52, CAMPATH-1 antigen; c-Kit, tyrosine-protein kinase Kit; CSF-1-R, macrophage colony-stim-
ulating factor 1 receptor; CTLA-4, cytotoxic T-lymphocyte-associated protein 4, CD152; Gal-1, galectin-1; IMPDH, inosine 5'-monophosphate dehydrogenase;
IFN-a, interferon o; mTOR, mammalian target of rapamycin; NF-kB, nuclear factor NF-kappaB; PBMC, peripheral blood mononuclear cell; TLR, Toll-like

receptor.

are used to treat arthritis and pleurisy, and topical corticosteroids
may be applied to treat skin rashes. Skin and arthritis symptoms
may also be treated with antimalarial drugs such as hydroxychloro-
quine or low-dose systemic corticosteroids. Immunosuppressants
and corticosteroids may be prescribed to control the various symp-
toms of severe disease. Cytotoxic agents (cyclophosphamide, aza-
thioprine, etc.) are frequently administered in combination with cor-
ticosteroids to patients with major organ involvement in order to
prevent or minimize irreversible damage (1, 12-14).

The search for effective treatment strategies for SLE continues, with
research focusing on the identification of novel targets for drug
development. Those targets which are currently under active inves-
tigation are discussed below (see Fig. 1). Table | provides a selection
of products under active development for each target and Table Il
includes selected patents.
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TARGETS

Apoptosis regulator Bcl-2

Apoptosis regulator Bcl-2 is a member of the Bcl-2 family of pro-
teins. It inhibits the mitochondrial apoptotic pathway by preventing
cytochrome c release and caspase-9 activation. It was first identified
in human follicular B-cell lymphoma cells resistant to apoptosis and
has been shown to protect a variety of cell types from programmed
cell death. During embryonic development, Bcl-2 protein is widely
distributed throughout the central nervous system (CNS) and
peripheral nervous system (PNS). Postnatally, Bcl-2 protein is found
predominantly in the granule cells of the cerebellum, dentate gyrus
of the hippocampus and throughout the PNS. Many cancer types
overexpress the BCLZ gene, and thus drugs inhibiting Bcl-2 activity
or BCLZ gene expression are useful therapeutic options for the treat-
ment of cancer. Altered expression of BCLZ has been observed in

THOMSON REUTERS - Drugs of the Future 2010, 35(9)



L.A. Sorbera et al.

Table I. Selected targets and products launched or being actively investigated for systemic lupus erythematosus (from Thomson Reuters Integrity*).

THERAPEUTIC TARGETS FOR SYSTEMIC LUPUS ERYTHEMATOSUS

Target name Product Source Phase
Apoptosis regulator Bcl-2 Cyclophosphamide Northwestern University |
B-cell-activating factor (BAFF) Belimumab GlaxoSmithKline/Human Genome Sciences  Prereg.
Atacicept Merck Serono /1
B-cell receptor CD22 Epratuzumab ucB I
B-lymphocyte antigen CD20 Rituximab Northwestern University |
PF-5230895 Pfizer I
CAMPATH-1 antigen (CD52) Alemtuzumab Northwestern University |
CD40 ligand (CD40-L) CDP-7657 UCB I
Chemokine CCRS5 receptor Sirolimus SUNY Upstate Medical University Il
Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) Abatacept Brystol-Myers Squibb Il
Galectin-1 Cyclophosphamide Northwestern University |
Inosine 5'-monophosphate dehydrogenase (IMPDH) Mycophenolic acid sodium salt Novartis I
Interferon o (IFN-ot) IFN-o kinoid Neovacs /1
Sifalimumab Medlmmune, Medarex I
Rontalizumab Genentech Il
Macrophage colony-stimulating factor 1 receptor (CSF-1-R) PLX-3397 Plexxikon Preclinical
Mammalian target of rapamycin (mTOR) Sirolimus SUNY Upstate Medical University Il
Nuclear factor NF-kappaB (NF-kB) Acetylcysteine SUNY Upstate Medical University I/
T-cell surface glycoprotein CD4 TRX-1 Tolerx Preclinical
Toll-like receptor TLR7 CPG-52364 Coley Pharmaceutical |
IMO-3100 Idera Preclinical
Toll-like receptor TLR8 CPG-52364 Coley Pharmaceutical |
Toll-like receptor TLR9 CPC-52364 Coley Pharmaceutical |
IMO-3100 Idera Preclinical
Tyrosine-protein kinase Kit PLX-3397 Plexxikon Preclinical

patients with SLE and has been implicated in the development of
this and other autoimmune diseases. Upregulated Bcl-2 would lead
to dysregulation of apoptosis and antigen-presenting cell (APC)
function, resulting in inflammation. Thus, inhibition of Bcl-2 may be
effective in the treatment of SLE (15-17).

B-cell-activating factor (BAFF)

BAFF is also known as tumor necrosis factor ligand superfamily
member 13B, B lymphocyte stimulator (BLyS), TNF- and APOL-relat-
ed leukocyte expressed ligand (TALL-1) and dendritic cell-derived
TNF-like molecule (CD257 antigen). It is a 285-amino-acid trans-
membrane glycoprotein expressed on several cell types, including
monocytes, dendritic cells and bone marrow stromal cells; there is
also a soluble protein fragment resulting from the cleavage of the
transmembrane form from the membrane. BAFF binds to three TNF
receptors: BAFF-R expressed on mature B lymphocytes, TACI
expressed on mature B lymphocytes and a subset of T cells, and
BCMA expressed on mature B lymphocytes and plasma cells.
Signaling through BAFF-R and BCMA stimulates B-lymphocyte pro-
liferation. BAFF has been implicated in the pathogenesis of autoim-
mune diseases such as multiple sclerosis, myasthenia gravis,
rheumatoid arthritis and SLE through the role it plays in promoting
survival and maturation of autoreactive B cells. Thus, inhibition of
this regulator may be therapeutically effective in the treatment of
SLE (18-21).

THOMSON REUTERS - Drugs of the Future 2010, 35(9)

B-cell receptor CD22

CD22 (Siglec-2) is a sugar-binding transmembrane protein belong-
ing to the sialic acid-binding IG-like lectin family. It binds sialylated
glycoproteins (e.g., sialic acid) at an immunoglobulin (Ig) domain
located at its N-terminus. CD22 is involved in B-cell-B-cell interac-
tions. It may also act as an inhibitory receptor for B-cell receptor sig-
naling, which prevents the overactivation of the immune system and
the development of autoimmune diseases. Agents targeting CD22
modulate B-cell function and may be effective in the treatment of
SLE (19, 21, 22).

B-lymphocyte antigen CD20 (CD20)

CD20 is a 33- to 37-kDa transmembrane glycoprotein of the Ig
superfamily that is expressed on the surface of normal and patho-
genic B cells. It is located within lipid rafts of the phospholipid mem-
brane, where it functions as a store-operated calcium channel fol-
lowing ligation of the B-cell receptor with antigen. No natural
ligands for CD20 have been identified. However, CD20 has been
shown to participate in antibody-dependent cellular cytotoxicity
(ADCC), complement-dependent cellular cytotoxicity (CDCC) and
cell growth. SLE is characterized by abnormal B-cell homeostasis.
Antibodies directed against CD20 could eliminate pathogenic B
cells and could therefore be effective in the treatment of SLE and
other autoimmune diseases (19-23).
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Target Patent Source Phase

CD40 ligand WO 2008118356 Biogen Idec/UCB Biological testing

Chemokine CCRS receptor WO 2004031172 Novartis Biological testing/

Preclinical

WO 2004050024 Incyte Biological testing
WO 2004054581 GlaxoSmithKline Biological testing
WO 2004055010 GlaxoSmithKline Biological testing
WO 2004055011 GlaxoSmithKline Biological testing
WO 2004055012 GlaxoSmithKline Biological testing
WO 2004055016 GlaxoSmithKline Biological testing
WO 2005059107 AnorMED Biological testing
WO 2006138350 AnorMED Biological testing
WO 2007022371 AnorMED Biological testing
WO 2009010477 Euroscreen Biological testing
WO 2009058919 GlaxoSmithKline Biological testing
WO 2009058921 GlaxoSmithKline Biological testing
WO 2009058923 GlaxoSmithKline Biological testing
WO 2009058924 GlaxoSmithKline Biological testing

Interferon o WO 2002066649 Genentech Biological testing/Phase Il
WO 2005059106 Medarex Biological testing
WO 2006002177 Medarex Biological testing
WO 2006086586 Baylor Research Institute Biological testing
WO 2008021976 Baylor Research Institute Biological testing
WO 2008121616 MedImmune Biological testing
WO 2010042705 Medimmune Biological testing

NF-kB US 2006154973 Bristol-Myers Squibb Biological testing
US 2006154975 Bristol-Myers Squibb Biological testing
WO 2003024913 Asubio Pharma Biological testing
WO 2005070207 Bristol-Myers Squibb Biological testing
WO 2005072132 Bristol-Myers Squibb Biological testing
WO 2005072729 Bristol-Myers Squibb Biological testing
WO 2005072732 Bristol-Myers Squibb Biological testing
WO 2005073203 Bristol-Myers Squibb Biological testing
WO 2005073221 Bristol-Myers Squibb Biological testing
WO 2006076702 Bristol-Myers Squibb Biological testing
WO 2006138373 Bristol-Myers Squibb Biological testing

TLR9 receptor WO 2005007672 Coley Pharmaceutical Group Biological testing
WO 2007047396 Idera Pharmaceuticals Biological testing
WO 2010036905 Eisai R&D Management Biological testing

CAMPATH-1 antigen (CD52)

CD52 is a 21-kDa cell-surface glycoprotein that is expressed by B
and T lymphocytes, natural killer cells, monocytes, macrophages,
dendritic cells, red blood cells, platelets and hematopoietic progen-
itor cells. Engagement of CD52 induces lysis via activation of com-
plement and direct cell-mediated cytotoxicity; however, the biologi-
cal function of CD52 remains unknown. Because antagonism of
CD52 leads to rapid and profound lymphopenia, the T and B cells
believed to be responsible for initiating the destructive process seen
in SLE are eliminated. CD52 antagonism may therefore be an effec-
tive therapeutic strategy for SLE (24, 25).

CDA40 ligand (CD40-L, CD154)
CD40-L is a costimulatory transmembrane molecule primarily

expressed on activated CD4* T lymphocytes and a member of the
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TNF family of molecules (also known as tumor necrosis factor ligand
superfamily member 5, CD154, TRAP); it is also found in a soluble
form (sCD40-L). CD40-L binds to CD40 on APCs to induce activa-
tion in association with T-cell receptor (TCR) stimulation by major
histocompatibility complex (MHC) molecules also on APCs. CD40-
L-CD40 ligation regulates B-cell function and activates nuclear fac-
tor NF-kB and c-Jun N-terminal kinase (JNK) signaling. It has been
suggested that the aberrant signaling within and between B and T
cells characterizing SLE may be due to enhanced CD40-CD154 acti-
vation. Studies have shown that CD40 is overexpressed in immature
and mature bone marrow-derived dendritic cells and peripheral
blood monocytes from SLE patients. CD40-L is also involved in
platelet activation, which plays an important role in the inflamma-
tion seen in SLE. Antagonism of CD40-L binding may be effective in
the treatment of autoimmune disorders such as SLE, which involves
B- and T-cell hyperactivity and platelet activation (26-30).

THOMSON REUTERS - Drugs of the Future 2010, 35(9)
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Chemokine CCR5 receptor

CCR5 is a G protein-coupled, 7-transmembrane receptor expressed
on monocytes, macrophages, T cells and B cells that binds the C-C
motif chemokines MIP-1-a, MIP-1-f3 and RANTES with high affinity.
It also binds viral MIP-2 with high affinity and has been shown to
bind cyclophilin-18 and histidyl-tRNA synthetase. CCR5 plays an
important role in inflammation and alterations in expression of this
protein may affect the development and progression of several
autoimmune diseases, including SLE. CCR5 aids in facilitating the
migration of lymphocytes to specific target organs and is thus, in
part, responsible for accumulation of T cells in different organs and
the possible consequent disease pathogenesis. Studies have shown
that CD4* T-cell surface expression of CCR5 may be increased in
patients with active SLE. Inhibition of CCR5 expression may be ther-
apeutically effective in the treatment of SLE (31-35).

Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4, CD152)

CTLA-4 is a T-cell surface protein and member of the Ig family. In T
cells, costimulatory molecules regulate immunity through enhance-
ment and inhibition of T-cell responses. T cells require two signals
for activation and acquisition of full effector function. The first signal
is generated from the TCR recognizing its cognate peptide in the
context of MHC molecules. Upon activation, T cells express a second
costimulatory molecule, which is then activated by molecules
expressed on APCs. Costimulatory molecules regulate immunity
through enhancement and inhibition of T-cell responses. CTLA-4,
after B7-11g and B7-2 Ig binding on APCs, inhibits T-cell responses,
resulting in blockade of the immune response. Anti-CTLA-4 human
monoclonal antibodies (mAbs) bind to this protein and prevent the
binding of B7-11g and B7-2 Ig expressed on antigen-bearing cells.
This enables B7 molecules to continue to enhance TCR signaling,
thereby propagating an ongoing immune response. Polymorphisms
in the gene expressing CTLA-4 have been reported to be associated
with the pathogenesis of SLE and selective modulation of a costim-
ulatory signaling required for full T-cell activation (i.e., CTLA-4 mod-
ulation) may be effective in the treatment of SLE and rheumatoid
arthritis (19, 30, 36, 37).

Galectin-1 (Gal-1)

Gal-1is a secreted soluble protein that regulates cell-matrix interac-
tions, immune cell interactions and T-cell activation and apoptosis.
It may act as a cell growth regulatory factor and studies suggest that
galectins are involved in immune and inflammatory responses. SLE
patients exhibit significantly elevated Gal-1 levels and inhibition of
the expression of this protein may be effective in the treatment of
this disease (38-40).

Inosine 5'-monophosphate dehydrogenase (IMPDH)

IMPDH (EC 1.1.1.205) is a homotetramer consisting of a (beta/alpha)
barrel core domain and a smaller subdomain. The active site has
binding pockets for the two substrates, IMP and NAD. Two isoforms
of IMPDH have been described; IMPDH 1 is ubiquitous and mostly
expressed in normal cells, whereas IMPDH 2 is predominant in
malignant cells. The intron structures of both genes are completely
divergent and the 5'-regulatory sequences are highly different. The
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expression of the IMPDHT gene is controlled by three distinct tissue-
specific promoters, while the IMPDHZ gene is regulated by a single
promoter. IMPDH catalyzes the dehydrogenation of IMP to XMP
using NAD as the proton acceptor. This enzyme catalyzes a key step
in purine nucleotide biosynthesis which is important for the prolifer-
ation of lymphocytes. IMPDH activity is upregulated in proliferating
T and B lymphocytes, a process in which a large pool of guanine
nucleotides are required and which is important in autoimmune dis-
eases such as SLE. Therapeutic inhibitors of IMPDH may be useful
for treating autoimmune diseases such as SLE (47, 42).

Interferon o (IFN-c)

IFN-o is @ member of the type | interferon family of cytokines.
Interferons are small glycoproteins released from several cell types
(i.e., leukocytes, fibroblasts and T lymphocytes) in response to anti-
gen (i.e., the presence of pathogens such as viruses, bacteria or par-
asites). IFN-o can activate immune cells (natural killer cells,
macrophages) and upregulate antigen presentation to T lympho-
cytes, resulting in boosted immune responses. Type | interferons in
particular appear to be involved in SLE pathogenesis through induc-
tion of feedback loops that disrupt peripheral immune tolerance.
IFN-o. could therefore be effective in the treatment of SLE (26, 43,
44).

Macrophage colony-stimulating factor 1 receptor (CSF-1-R)

CSF-1-R is a tyrosine kinase receptor for macrophage colony-stimu-
lating factor 1(M-CSF, CSF-1) and interleukin-34 (IL-34). It is involved
in the regulation of the growth and differentiation of myeloid cells,
among others. CSF-1is overexpressed at sites of inflammation and
CSF-1-mediated inflammation is suspected to be involved in the
pathogenesis of SLE. Antagonism of CSF-1-R may therefore be an
effective therapeutic strategy for reducing macrophage number in
SLE (45, 46).

Mammalian target of rapamycin (mTOR)

mTOR (RAPTT) is a serine/threonine-protein kinase that belongs to
a family of phosphatidylinositol 3-kinase (PI13K)-related kinases that
mediate cellular responses to stress such as DNA damage and nutri-
ent deprivation. mTOR acts downstream of PI3K activation.
Activation of mTOR results in prosurvival signaling and consequent
progression of the cell cycle from the G, to S phase. Growth factors
or cytokines (i.e., mitogenic stimuli) binding to membrane receptor
tyrosine kinases trigger the PI3K/Akt signal transduction cascade
pathway. Activation of PI3K phosphorylates PIP, (phosphatidylinos-
itol 4,5-bisphosphate) to PIP, (phosphatidylinositol [3,4,5]-trisphos-
phate). PIP, activates Akt, which subsequently activates mTOR. The
downstream targets of mTOR are ribosomal p70S6 kinase (p70S6K)
and eukaryotic translation initiation factor 4E (elF4E)-binding pro-
tein (4E-BP1). mTOR-mediated activation of 4E-BP1 causes its disso-
ciation from the RNA cap-binding protein elF4E and formation of
the elF4F complex composed of elF4E, the scaffold protein elF4G
and the RNA helicase elF4A. This elF4F complex enhances cap-
dependent protein translation. Thus, inhibition of mMTOR would block
p7/0S6K and 4E-BP1 signaling and prevent translation of RNAs
required for cell cycle progression from the G, to S phase. Inhibition
also induces a proapoptotic effect and results in a deficiency in active
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cyclin-dependent kinase 4 (CDK4/cyclin D1), which contributes to G,
arrest. mTOR regulates the production of IFN-a and the mainte-
nance of immune tolerance at the level of the regulatory T cells and
the dendritic cells by promoting T helper 2 (Th2) versus Th1immune
responses. Thus, inhibition of mMTOR may be effective in the treat-
ment of immunological disorders such as SLE (47-49).

Nuclear factor NF-kappaB (NF-kB)

NF-xB is a protein transcription factor and intracellular mediator of
the inflammatory cascade involved in the generation of adhesion
molecules (ICAM-1, VCAM-T), iNOS synthase, cyclooxygenase-2
(COX-2), cytokines (e.g., IL-1B, IL-2, TNF-o, IL-6, IFN-y) and
chemokines (e.g., IL-8). Other genes regulated by NF-kB include
those encoding the IL-2 receptor, the IL-12 p40 subunit and c-Myc.
NF-kB activation plays a role in inflammation and is an important
signaling factor for cytokines that appear to participate in several
pathological conditions, including SLE. NF-kB activation inhibitors
may be effective for suppressing inflammation seen in Th17-mediat-
ed diseases such as SLE, rheumatoid arthritis, psoriasis and Crohn’s
disease (50-52).

T-cell surface glycoprotein CD4 (CD4)

CD4 is a transmembrane glycoprotein and member of the Ig
superfamily of receptors that is expressed on the surface of Th
cells, regulatory T cells, monocytes, macrophages and dendritic
cells. It is a coreceptor that, together with the TCR, activates the T
cell following interaction with MHC class Il molecules present on
the surface of APCs. CD4 amplifies the signal generated by the
TCR by recruiting the tyrosine-protein kinase Lck. It has four Ig
domains (D1-D4) exposed on the extracellular surface of the cell
and uses the D1 domain to interact with the f2-domain of MHC
class I molecules. T cells expressing CD4 molecules (but not CD8)
on their surface are MHC class ll-restricted, specific for antigens
presented by MHC Il and not by MHC class I. Commitment of T
cells to proinflammatory effector Th cell lineages (e.g., IL-17-pro-
ducing CD4* T cells, or Th17 cells) appears to be an important
inducer of organ-specific autoimmunity and studies suggest that
Th17 cells are the dominant pathogenetic cellular component in
SLE and other autoimmune inflammatory diseases. Decreasing
CD4* T-cell responses with an anti-CD4 antibody, for example,
could reduce immune cell infiltration, and reduce subsequent
initiation and progression of the autoimmune response in SLE
(53-56).

Toll-like receptors 7, 8 and 9 (TLR7, TLRS8, TLR9)

TLRs are a class of single-membrane-spanning, noncatalytic recep-
tors that are the key recognition structures of the innate immune
system, recognizing molecules shared by pathogens but distinct
from host molecules. When activated, TLRs initiate signaling path-
ways leading to NF-xB activation and the production of inflammato-
ry cytokines, chemokines, tissue-degrading enzymes and type | inter-
ferons. TLR signaling is involved in inflammation and activation of
the adaptive immune system via upregulation of costimulatory mol-
ecules of APCs. TLRs participate in pathogen recognition and innate
immunity activation and can therefore link innate and acquired
immune responses. Inhibition of TLR7, TLR8 and TLRY, in particular,
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would dampen the immune response and therefore be effective in
the treatment of autoimmune diseases such as SLE (51, 57-63).

Tyrosine-protein kinase Kit (c-Kit)

c-Kit is a transmembrane receptor tyrosine kinase that regulates the
function of primitive hematopoietic cells, melanocytes and germ
cells. Under normal conditions, binding of stem cell factor (SCF), an
endogenous ligand for c-Kit, induces receptor dimerization,
autophosphorylation and activation of multiple downstream path-
ways, including PI3K, phospholipase PLC-y, Src kinase, Janus kinase
(JAK)/signal transducer and activator of transcription (STAT) and
mitogen-activated protein (MAP) kinase pathways. Defects in stem
cells may be involved in the development of SLE and inhibition of c-
Kit, a modulator of stem cell function, may be effective in the treat-
ment of SLE (64-66).

DISCLOSURES

The authors state no conflicts of interest.

REFERENCES

1. Thomson Reuters Integrity Disease Briefings:
Erythematosus (online publication). Updated 2010.

Systemic Lupus

2. Ardoin, S.P,, Pisetsky, D.S. Developments in the scientific understanding of
lupus. Arthritis Res Ther 2008, 10(5): 218.

3. Crow, M.K. Developments in the clinical understanding of lupus. Arthritis
Res Ther 2009, 11(5): 245.

4. Pons-Estel, G.J., Alarcén, G.S., Scofield, L., Reinlib, L., Cooper, G.S.
Understanding the epidemiology and progression of systemic lupus erythe-
matosus. Semin Arthritis Rheum 2010, 39(4): 257-68.

5. Gabriel, S.E., Michaud, K. Epidemiological studies in incidence, prevalence,
mortality, and comorbidity of the rheumatic diseases. Arthritis Res Ther
2009, 1(3): 229.

6. D'Cruz, D.P,, Khamashta, M.A., Hughes, G.R. Systemic lupus erythemato-
sus. Lancet 2007, 369(9561): 587-96.

Yap, DY., Lai, K.N. Cytokines and their roles in the pathogenesis of systemic
lupus erythematosus: From basics to recent advances. J Biomed
Biotechnol 2010, 2010: 365083.

8. Flesher, D.L., Sun, X., Behrens, TW., Graham, R.R., Criswell, L.A. Recent
advances in the genetics of systemic lupus erythematosus. Expert Rev Clin
Immunol 2010, 6(3): 461-79.

9. Ghosh, K., Patwardhan, M., Pradhan, V. Mycobacterium tuberculosis infec-
tion precipitates SLE in patients from endemic areas. Rheumatol Int 2009,
29(9): 1047-50.

10. Bernier, M.O., Mikaeloff, Y., Hudson, M., Suissa, S. Combined oral contra-
ceptive use and the risk of systemic lupus erythematosus. Arthritis Rheum
2009, 61(4): 476-81.

1. Harel-Meir, M., Sherer, Y., Shoenfeld, Y. Tobacco smoking and autoim-
mune rheumatic diseases. Nat Clin Pract Rheumatol 2007, 3(12): 707-15.

12. Bertsias, G.K., Salmon, J.E., Boumpas, D.T. Therapeutic opportunities in
systemic lupus erythematosus: State of the art and prospects for the new
decade. Ann Rheum Dis 2010, 69(9): 1603-11.

13. King, J.K., Hahn, B.H. Systemic lupus erythematosus: Modern strategies for
management: A moving target. Best Pract Res Clin Rheumatol 2007,
21(6): 971-87.

14. loannou, Y., Isenberg, D.A. Current concepts for the management of sys-
temic lupus erythematosus in adults: A therapeutic challenge. Postgrad
Med J 2002, 78(924): 599-606.

~

THOMSON REUTERS - Drugs of the Future 2010, 35(9)



L.A. Sorbera et al.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

. Sharabi, A., Lapter, S., Mozes, E. Bcl-xL is required for the development of

functional regulatory CD4 cells in lupus-afflicted mice following treatment
with a tolerogenic peptide. J Autoimmun 2010, 34(2): 87-95.

. Hutcheson, J., Scatizzi, J.C., Siddiqui, A.M. et al. Combined deficiency of

proapoptotic regulators Bim and Fas results in the early onset of systemic
autoimmunity. Immunity 2008, 28(2): 206-17.

. Liphaus, B.L., Kiss, M.H., Carrasco, S., Goldenstein-Schainberg, C.

Increased Fas and Bcl-2 expression on peripheral mononuclear cells from
patients with active juvenile-onset systemic lupus erythematosus. J
Rheumatol 2007, 34(7): 1580-4.

. Marston, B., Looney, R.J. Connective tissue diseases: Translating the effects

of BAFF in SLE. Nat Rev Rheumatol 2010, 6(9): 503-4.

Mok, M.Y. The immunological basis of B-cell therapy in systemic lupus ery-
thematosus. Int J Rheum Dis 2010, 13(1): 3-11.

Looney, R.J. B cell-targeted therapies for systemic lupus erythematosus: An
update on clinical trial data. Drugs 2010, 70(5): 529-40.

Sanz, |, Lee, F.E. B cells as therapeutic targets in SLE. Nat Rev Rheumatol
2010, 6(6): 326-37.

Robak, E., Robak, T. Monoclonal antibodies in the treatment of systemic
lupus erythematosus. Curr Drug Targets 2009, 10(1): 26-37.

Murray, E., Perry, M. Off-label use of rituximab in systemic lupus erythe-
matosus: A systematic review. Clin Rheumatol 2010, 29(7): 707-16.

Kong, Y.C., Wei, W.Z., Tomer, Y. Opportunistic autoimmune disorders:
From immunotherapy to immune dysregulation. Ann N'Y Acad Sci 2010,
183: 222-36.

Dorner, T., Lipsky, P.E. B-cell targeting: A novel approach to immune inter-
vention today and tomorrow. Expert Opin Biol Ther 2007, 7(9): 1287-99.

Duffau, P., Seneschal, J., Nicco, C. et al. Platelet CD154 potentiates inter-
feron-alpha secretion by plasmacytoid dendritic cells in systemic lupus ery-
thematosus. Sci Transl Med 2010, 2(47): 47ra63.

Nie, Y.J., Mok, M., Chan, G.C., Chan, AW., Jin, O.U., Kavikondala, S., Lie,
AK., Lau, C.S. Phenotypic and functional abnormalities of bone marrow-
derived dendritic cells in systemic lupus erythematosus. Arthritis Res Ther
2010, 12(3): RO

Carrefo, L.J., Pacheco, R., Gutierrez, M.A., Jacobelli, S., Kalergis, A.M.
Disease activity in systemic lupus erythematosus is associated with an
altered expression of low-affinity Fc gamma receptors and costimulatory
molecules on dendritic cells. Immunology 2009, 128(3): 334-41.

Néron, S., Boire, G., Dussault, N., Racine, C., de Brum-Fernandes, A.J.,
Coté, S., Jacques, A. CD40-activated B cells from patients with systemic
lupus erythematosus can be modulated by therapeutic immunoglobulins
in vitro. Arch Immunol Ther Exp (Warsz) 2009, 57(6): 447-58.

Wang, M., Sun, H., Zhang, W., Zhang, Y. Functional activation of proline-
rich tyrosine kinase2 (PYK2) in peripheral blood mononuclear cells from
patients with systemic lupus erythematosus. BMC Musculoskelet Disord
2009, 10: 141.

Maghazachi, A.A. Role of chemokines in the biology of natural killer cells.
Curr Top Microbiol Immunol 2010, Epub ahead of print.

Sapir, Y., Vitenshtein, A., Barsheshet, Y., Zohar, Y., Wildbaum, G., Karin, N.
A fusion protein encoding the second extracellular domain of CCR5 arrests
chemokine-induced cosignaling and effectively suppresses ongoing exper-
imental autoimmune encephalomyelitis. J Immunol 2010, 185(4): 2589-
99.

Martens, H.A., Kallenberg, C.G., Bijl, M. Role of CCR5 Delta32 bp deletion
in RA and SLE. Autoimmunity 2009, 42(4): 260-2.

Al-Saleh, J., el-Eissawy, S. The role of T helper cell subsets in pathogenesis

of systemic lupus rrythematosus and their relation to disease activity.
Egypt J Immunol 2006, 13(2): 41-8.

THOMSON REUTERS - Drugs of the Future 2010, 35(9)

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

THERAPEUTIC TARGETS FOR SYSTEMIC LUPUS ERYTHEMATOSUS

Henneken, M., Dorner, T., Burmester, G.R., Berek, C. Differential expres-
sion of chemokine receptors on peripheral blood B cells from patients with
rheumatoid arthritis and systemic lupus erythematosus. Arthritis Res Ther
2005, 7(5): R1001-13.

Bouwhuis, M.C., Gast, A., Figl, A., Eggermont, A.M., Hemminki, K.,
Schadendorf, D., Kumar, R. Polymorphisms in the CD28/CTLA4/ICOS
genes: Role in malignant melanoma susceptibility and prognosis? Cancer
Immunol Immunother 2009, 59(2): 303-12.

Stohl, W., Jacob, N., Quinn, W.J. 3rd. et al. Global T cell dysregulation in
non-autoimmune-prone mice promotes rapid development of BAFF-inde-
pendent, systemic lupus erythematosus-like autoimmunity. J Immunol
2008, 181(1): 833-41.

Montiel, J.L., Monsivais-Urenda, A., Figueroa-Vega, N., Moctezuma, J.F.,
Burgos-Vargas, R., Gonzalez-Amaro, R., Rosenstein, Y. Anti-CD43 and
anti-galectin-T autoantibodies in patients with systemic lupus erythemato-
sus. Scand J Rheumatol 2010, 39(1): 50-7.

Liu, FT., Rabinovich, G.A. Galectins: Regulators of acute and chronic
inflammation. Ann NY Acad Sci 2010, 1183: 158-82.

Cooper, D., llarregui, J.M., Pesoa, S.A., Croci, D.O., Perretti, M.,
Rabinovich, G.A. Multiple functional targets of the immunoregulatory
activity of galectin-1 control of immune cell trafficking, dendritic cell physi-
ology, and T-cell fate. Methods Enzymol 2010, 480: 199-244.

Sagcal-Gironella, A.C., Fukuda, T., Wiers, K. Pharmacokinetics and phar-
macodynamics of mycophenolic acid and their relation to response to ther-
apy of childhood-onset systemic lupus erythematosus. Semin Arthritis
Rheum 2010, Epub ahead of print.

Jonsson, C.A., Carlsten, H. Mycophenolic acid inhibits inosine 5'-
monophosphate dehydrogenase and suppresses immunoglobulin and
cytokine production of B cells. Int Immunopharmacol 2003, 3(1): 31-7.

Hayashi, T. Therapeutic strategies for SLE involving cytokines: Mechanism-
oriented therapies especially IFN-gamma targeting gene therapy. J
Biomed Biotechnol 2010, 2010: 461641.

Obermoser, G., Pascual, V. The interferon-alpha signature of systemic
lupus erythematosus. Lupus 2010, 19(9): 1012-9.

Patel, S., Player, M.R. Colony-stimulating factor-1 receptor inhibitors for
the treatment of cancer and inflammatory disease. Curr Top Med Chem
2009, 9(7): 599-610.

Fleetwood, A.J., Lawrence, T., Hamilton, J.A., Cook, A.D. Granulocyte-
macrophage colony-stimulating factor (CSF) and macrophage CSF-
dependent macrophage phenotypes display differences in cytokine profiles
and transcription factor activities: Implications for CSF blockade in inflam-
mation. J Immunol 2007, 178(8): 5245-52.

Fernandez, D., Perl, A. mTOR signaling: A central pathway to pathogene-
sis in systemic lupus erythematosus? Discov Med 2010, 9(46): 173-8.

Perl, A. Systems biology of lupus: Mapping the impact of genomic and
environmental factors on gene expression signatures, cellular signaling,
metabolic pathways, hormonal and cytokine imbalance, and selecting tar-
gets for treatment. Autoimmunity 2010, 43(1): 32-47.

Francis, L., Perl, A. Pharmacotherapy of systemic lupus erythematosus.
Expert Opin Pharmacother 2009, 10(9): 1481-94.

Tavares, R.M., Turer, E.E., Liu, C.L. et al. The ubiquitin modifying enzyme
AZ20 restricts B cell survival and prevents autoimmunity. Immunity 2010,
33(2): 181-91.

Perl, A. Pathogenic mechanism in systemic lupus erythematosus.
Autoimmunity 2010, 43(1): 1-6.

Perl, A. Emerging new pathways of pathogenesis and targets for treatment
in systemic lupus erythematosus and Sjogren's syndrome. Curr Opin
Rheumatol 2009, 21(5): 443-7.

77N



THERAPEUTIC TARGETS FOR SYSTEMIC LUPUS ERYTHEMATOSUS

53.

54.

55.

56.

57.

58.

59.

60.

61.

772

Tower, C., Crocker, I., Chirico, D., Baker, P., Bruce, |. SLE and pregnancy:
The potential role for regulatory T cells. Nat Rev Rheumatol 2010, Epub
ahead of print.

Horwitz, D.A. Identity of mysterious CD4+CDZ25-Foxp3+ cells in SLE.
Arthritis Res Ther 2010, 12(1): 101.

Ishii, N., Takahashi, T., Soroosh, P., Sugamura, K. OX40-0X40 ligand
interaction in T-cell-mediated immunity and immunopathology. Adv
Immunol 2010, 105: 63-98.

Bonelli, M., Smolen, J.S., Scheinecker, C. Treg and lupus. Ann Rheum Dis
2010, 69(Suppl. 1): i65-66.

Hennessy, E.J., Parker, A.E., O'Neill, L.A. Targeting Toll-like receptors:
Emerging therapeutics? Nat Rev Drug Discov 2010, 9(4): 293-307.

Lenert, P.S. Classification, mechanisms of action, and therapeutic applica-
tions of inhibitory oligonucleotides for Toll-like receptors (TLR) 7 and 9.
Mediators Inflamm 2010, 2010: 986596.

Guiducci, C., Gong, M., Xu, Z. et al. TLR recognition of self nucleic acids
hampers glucocorticoid activity in lupus. Nature 2010, 465(7300): 937-41.
Sioud, M. Development of TLR7/8 small RNA antagonists. Methods Mol
Biol 2010, 629: 387-94.

Kuznik, A., Panter, G., Jerala, R. Recognition of nucleic acids by Toll-like

receptors and development of immunomodulatory drugs. Curr Med Chem
2010, 17(18): 1899-914.

62.

63.

64.

©65.

66.

L.A. Sorbera et al.

Nakano, S., Morimoto, S., Suzuki, S., Watanabe, T., Amano, H., Takasaki,
Y. Up-regulation of the endoplasmic reticulum transmembrane protein
UNC93B in the B cells of patients with active systemic lupus erythemato-
sus. Rheumatology (Oxford) 2010, 49(5): 876-81.

Komatsuda, A., Wakui, H., lwamoto, K. et al. Up-regulated expression of
Toll-like receptors mRNAs in peripheral blood mononuclear cells from
patients with systemic lupus erythematosus. Clin Exp Immunol 2008,
152(3): 482-7.

Zeuner, A., Francescangeli, F., Signore, M. et al. The Notch2-Jagged]
interaction mediates stem cell factor signaling in erythropoiesis. Cell Death
Differ 2010, Epub ahead of print.

Sun, LY., Zhang, H.Y., Feng, X.B., Hou, YY., Lu, LW., Fan, L.M. Abnormality
of bone marrow-derived mesenchymal stem cells in patients with systemic
lupus erythematosus. Lupus 2007, 16(2): 121-8.

Kitoh, T., Ishikawa, H., Sawada, S., Koshino, K., Tokano, Y., Hashimoto, H.,
Nakagawa, S. Significance of stem cell factor and soluble KIT in patients
with systemic lupus erythematosus. Clin Rheumatol 1998, 17(4): 293-300.

THOMSON REUTERS - Drugs of the Future 2010, 35(9)



