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BACKGROUND

SLE, is the prototype systemic human autoimmune disease. Our group studies the pathogenesis and treatment of SLE with emphasis on lupus nephritis. To this end, we pursue studies
in animal models of the disease and humans.

RESEARCH

1. The role of innate immunity in SLE
Toll-like receptors (TLRs), are pattern recognition receptors of innate immunity that may
also be involved in the recognition of self antigens and the production of pathogenic autoantibodies. Our working hypothesis is that, inappropriate activation of TLR pathways may lead to
the initiation and/or perpetuation of autoimmune responses in humans.
To explore this, we examined the expression and function of members of the TLR family
in peripheral blood of SLE patients. We found that an increased proportion of peripheral blood
memory B-cells and plasma-cells express TLR-9 in patients with active SLE. We have proposed
that endogenous nucleic acids released during apoptotic cell death in SLE patients, may stimulate B cells or dendritic cells via TLR-3 or 9 and contribute to disease. To further explore the
role of TLR-9 in the pathogenesis of SLE we looked at its combined effects with IL-21.
Interleukin 21 (IL-21) is a pleiotropic cytokine of the innate immunity with an important role
in the differentiation of naïve and memory B lymphocytes into antibody-secreting plasma cells.
The nucleotide-binding and oligomerization domain (NOD)-like receptors (NLRs) sense
pathogens, products of damaged cells or endogenous metabolites and could potentially be
involved in the initiation, amplification and progression of the inflammatory response in rheumatic diseases including SLE. NLRs are involved in the regulation of innate immune responses with some of them promoting the activation of inflammatory caspases within multiprotein
complexes, called inflammasomes. A typical inflammasome consists of a sensor, an NLR protein (NALP1, NALP3,IPAF and others), an adaptor protein like ASC and an effector protein
which is a caspase that activates pro-inflammatory cytokines like IL-1_ and IL-18. Ongoing
experiments involve NALP3 KO (see below) mice cross-breading into lupus background.
2. Peripheral tolerance in SLE.
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The mammalian immune system has an extraordinary potential for creating lymphocyte
receptors that “sense” and “fight” any chemical entity entering the body. Inevitably, “autoreactive” clones of lymphocytes are generated during differentiation, bearing receptors that recognize components of our own body. Most of these autoreactive clones are eliminated in central
lymphoid tissues (thymus, bone marrow) but a proportion of them “escapes” to the periphery.
Cellular mechanisms have evolved to control the activity of such autoreactive lymphocytes and
achieve (peripheral) immunological self-tolerance.
PD-1 is a negative regulator of T cell function and is involved in peripheral tolerance.
Activation of PD-1 results in decreased proliferation, decreased production of cytokines (IL-2,
IFN-Á, IL-10, IL-13) and decreased expression of survival genes (Bcl-2, Bcl-xL). PD-1 ligands
have a broad pattern of expression: they are expressed on activated monocytes/dendritic cells,
lymphocytes but also tissue resident cells. Polymorphisms of the PD-1 gene have been associated with increased susceptibility to autoimmune disorders.
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Because in SLE a) there is a breakdown of peripheral tolerance with autoreactive T lymphocytes and increased T-cell driven B-cell activation and autoantibodies production and b)
many tissues/organs are affected and infiltrated by activated monocytes and lymphocytes, we
explore the role of PD-1 in its pathogenesis. To this end we investigate the following:
• Frequency of PD-1 polymorphisms (PD1.3, PD1.5) that have been associated with
increased risk for SLE and other autoimmune disorders in our cohort of patients.
• The functional consequences of these polymorphisms by transfection assays
• Expression of PD-1 (basal, induced) on peripheral blood mononuclear cells of SLE
patients as well as expression of other immnoregulatory receptors: PD-L1, CTLA-4, BTLA.
• Functional studies to assess the inhibitory function of PD-1 on CD4+ T cells.
• Immunochemistry for PD-1, PD-L1 in renal biopsies of patients with lupus nephritis
• Back-crosses of the PD-1 KO in the NZB/W lupus mice
3. Inhibition of the CD40-CD40L in murine SLE
CD40 is a membrane protein that is expressed on the antigen presenting cells (APCs) that
are key to immunological response. Data in animals and humans have documented the therapeutic efficacy of the inhibition of the CD40-CD40L pathway in treating lupus nephritis.
However, our studies employing anti-CD40L (Biogen) in humans with lupus nephritis were put
on halt because of thrombotic complications. Novosom's CD40 antagonist is an antisense
oligonucleotide targeting CD40 mRNA combined with the SMARTICLES®. This encapsulated
antisense approach has demonstrated a rapid onset of action in a variety of inflammatory animal models. We are planning to perform a study in an animal model of systemic lupus erythematosus (NZB/NZW ) which spontaneously develops a disease identical to human disease. In
addition to studying its immunologic (reduction of anti-DNA antibodies) we will also determine its clinical efficacy (reduction of proteinuria and maintenance of renal function).
4. The role of bone marrow and its microenvironment in the pathogenesis of
SLE).
The cells of the immune system are produced in the BM where many of them also mature.
There is a close relationship between the biological behavior of immune cells and the microenvironment of the BM where they reside. Bone marrow is of paramount importance in immune
regulation. Thus the BM is involved in the antigen presentation to T cells, central B-cell-tolerance (70% of B cells die within the BM), production and maturation of B cells, homing and survival of long-lived plasma blasts and the production of antibodies in an antigen-, T-cell-independent manner.
Our studies include:
• Phenotypic analysis of BM cells and comparison to peripheral blood in SLE vs normals.
• Analysis of the function and the effect of the BM microenvironment on cells residing in
the BM (lymphocytes, neutrophills, stem cells) by short and long-term BM cultures and
multiplex cytokine assays.
• Analysis of the gene expression of the BM by microarrays. Our data suggest an apoptosis and a granulocyte signature (Figure)
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Figure. Microarray analysis of the bone marrow in SLE patients. Hierarchical clustering of 2652 hyperexpressed genes differentiates active from inactive patients. Current efforts
involve exploration of these genes in the pathogenesis of the disease.
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