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METHODS FOR TREATING AUTOIMMUNE
DISEASES IN A SUBJECT AND IN VITRO
DIAGNOSTIC ASSAYS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority to U.S. Provi-
sional Patent Application Serial No. 60/260,541, filed Jan. 9,
2001, the entire contents of which are hereby incorporated
by reference.

FIELD OF THE INVENTION

[0002] This invention relates to treating autoimmune dis-
eases and diagnostic assays related to autoimmune diseases.

BACKGROUND OF THE INVENTION

[0003] Autoimmune diseases are devastating and crip-
pling diseases, and occur when a patient’s own immune
system turns against itself by attacking the patient’s own
body or tissues. One example of an autoimmune disease is
systemic lupus erythematosus (SLE), which is characterized
by multi-organ involvement and immunological abnormali-
ties that include the presence of autoreactive T cells and B
cells. Autoantibodies against the nucleosome appear to be a
hallmark characteristic of SLE and suggest that inappropri-
ate handling of dying (apoptotic) cells may represent a key
pathogenic event in the development of SLE. SLE results
from the dysregulation of both the humoral and the cellular
limbs of the immune system indicating that the initial
alteration may be at the level of cells that enroll and control
the immune effectors, namely the dendritic cells (DCs).

[0004] Dendritic cells (DCs) are specialzed antigen pre-
senting cells which elicit T cell mediated immune responses
(Steinman, R. M. (1991) Ann. Rev. Immunology, Vol. 9, pp.
271-296 and Banchereau et al. (2000) Ann. Rev. Immunol.
18:767). DCs induce and sustain immune responses and
have been shown to capture dying cells and present their
antigens to CD4* T cells, which then activate other immune
effectors including B cells. DC progenitors in the bone
marrow give rise to circulating precursors that home to the
tissue where they reside as immature cells with high phago-
cytic capacity. Upon tissue damage, DCs capture antigen
(Ag) and subsequently migrate to the lymphoid organs
where they select rare Ag-specific T cells, thereby initiating
immune responses. DCs present antigen to CD4+ T cells
which in turn regulate the immune effectors including anti-
gen-specific ones such as CD8+ T cells and B cells as well
as nonspecific ones such as macrophages, eosinophils and
NK cells. DCs can also directly activate B cells and induce
their differentiation into plasma cells in vitro.

[0005] Three subsets of DC precursors (“DCpre”) circu-
late in the blood: (1) CD14" monocytes, (2) CD1lc"
myeloid DCpre and (3) CD11¢™ plasmacytoid (lymphoid)
DCpre. Monocytes can differentiate into cells displaying
features of immature DCs or macrophages (M®). The
immature DCs become mature DCs upon treatment with
CDA40L and/or LPS or when cultured with a combination of
cytokines including TNF, IL-1 and IL-6. CD11c* myeloid
DCpre give rise to interstitial DC (intDC), Langerhans cells
(LC) or M® depending on local cytokine environment.

[0006] CD11c™ IL-3Re* lymphoid DC precursors are a
major source of interferon-alpha (IFN-ct). High levels of
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IFN-a are often found in lupus serum (Kim et al., Clin. Exp.
Immunol. 70:562-269, 1987). Furthermore, IFN-a. treatment
often induces the appearance of autoantiodies and eventually
the development of autoimmune diseases including SLE
(Ronnblum et al., J. Intern. Med. 227:207-210, 1990).
Anti-IFN-a antibody has been reported in SLE patients (Suit
ot al., Clin. Exp. Rheumatol. 1:133-135).

[0007] Plasmacytoid DCs have been reported to produce
IFN-c. which in turn affects differentiation of myeloid DCs
and growth and activation of B cells. Spits et al. (J Exp Med
192(12):1775-84, 2000) and Blom et al. (J Exp Med
192(12):1785-96. 2000) report that CD11¢™ plasmacytoid
DCs are of lymphoid origin in humans. Siegal et al. (Science
284:1835, 1999) report that lymphoid DCs (plasmacytoid
DCs) produce large amounts of IFN-a when exposed to
inactivated herpes simplex virus. Cella et al., (Nature Medi-
cine 5(8):868-70, 1999) report that lymphoid DCs (plasma-
cytoid DCs) produce large amounts of IFN-a in response to
influenza virus as well as CD40 ligation.

[0008] The autoantibodies (autoAbs) in SLE can be char-
acterized in three major categories: (1) anti-nuclear and
anti-double stranded DNA antibodies; (2) autoAbs directed
against the surface of endothelial cells and platelets (anti-
phospholipids/12 glycoprotein); and (3) autoAbs directed
against molecules on the surface of hematopoietic cells (see,
e.g., review of Cabral and Alarcon-Segovia (1998) Curr.
Opin. Rheumatol. 10:409). In addition to the direct damage
caused by cellular and/or tissue antigen-antibody interac-
tions, many of the disease’s symptoms result from indirect
damage through the deposition of immune complexes on
tissues. This mechanism has been shown to be responsible
for some forms of SLE nephritis, arthritis, and vasculitis
(Laihta, R. G. 1999. Systemic Lupus Brythematosus. Aca-
demic Press; Kammer, G. M., and G. C. Tsokos. 1999.
Lupus, Humana Press). Defects in immune complex clear-
ance, including include Fe receptor (“FcR™) and C3b-recep-
tor (“C3b-R”) dysfunction, as well as genetic defects in
complement proteins and C-reactive protein (all of which
are essential players in the removal of anti-DNA/nucleo-
some complexes) can contribute to the development of SLE
(Lahita, R. G. 1999. Academic Press; Kammer, G. M., and
G. C. Tsokos. 1999 Humana Press). B cells play a major role
in SLE pathogenesis, as they are responsible for the pro-
duction of autoantibodies and hypergammaglobulinemia.

[0009] Hooks et al. (N. Engl J. Med 301:5, 1979)
describe the presence of circulating immune interferon in
patients with autoimmune disease including SLE. Kim et al.
disclosed that the levels of IFN-a correlated with the clinical
activity index. Preble et al. (J. Exp. Med. 157:214, 1983) and
von Wussow et al. (Arthritis Rheum. 32:914, 1989) disclose
that high levels of 2-5A synthetase and MX protein, two
proteins specifically induced by IFN-a, are found in the
mononuclear cells of both serum IFN-positive and serum
IFN-negative SLE patients. Vallin et al. (J. Immunol.
163:6306 1999) disclose that the IFN-c. inducing factor acts
on leukocytes with features of immature DCs. Batteux et al.
(Eur. Cytokine Netw. 10:509, 1999) disclose that the induc-
tion of IFN-a production by SLE serum is dependent on
FcyRII (CD32).

[0010] One complication of IFN-o therapy is the induc-
tion of autoimmune disorders (in about 4% to 19% of the
cases), the most common being thyroid dysfunction (Bhren-
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stemn et al., Arthritis Rheum. 36:279, 1993; Okanoue et al.,
J. Hepatol. 25:283, 1996, Ronnblom et al., Ann. Intern.
Med. 115:178, 1991; Kalkner et al., Qjm. 91:393, 1998).
Indeed, Schilling et al. (Cancer 68:1536, 1991) disclose that
IFN-a. a therapy can also induce SLE with a frequency of
0.15% to 0.7%. Every case is associated with the induction
or marked increase in titers of antinuclear antibodies and
anti-DNA antibodies.

[0011] Type I diabetes is another autoimmune disease in
which IFN-a. plays an important etiopathogenic role. Foulis
et al. (Lancet 2:1423, 1987) and Huang et al. (Diabetes
44:658, 1995) disclose a strong correlation between the
expression of IFN-a by the pancreatic islets and the devel-
opment of autoimmune diabetes in humans. Furthermore,
Chakrabarti et al. (J. Immunol. 157:522, 1996) disclose that
expression of IFN-a. by B cells within pancreas Langerhans
islets causes diabetes in a transgenic mouse model. Addi-
tionally, Fabris et al. (Lancer 340:548, 1992) and Guerci et
al. (Lancer 343:1167, 1994) disclose that IFN-a therapy can
induce Type I diabetes in humans.

[0012] FMS-like tyrosine kinase 3 (“F1t3”) is a member of
the type III tyrosine kinase receptor family which also
includes KIT (c-kit RTK), FMS (M-CSF RTK) and platelet-
derived growth factor (PDGF) receptor. Similar to the
ligands for the KIT and FMS receptors, stem cell factor and
M-CSE, respectively, the Flt3 receptor is activated by a
cognate molecule, termed Flt3-ligand (“FIt3L7). Flt3 is a
variant form of a tyrosine kinase receptor that is related to
the c-fms and c-kit receptors (Rosnet et al. Oncogene,
0,1641-1650, 1991). FIt3L is a hematopoietic cytokine that
has been shown to facilitate the expansion of DCs and the
generation of antitumor immune responses (see U.S. Pat.
No. 5,554,512, “Ligands for Flt3 Receptors”). FIt3L has
been found to regulate the growth and differentiation of
progenitor and stem cells (Blazar et al. (2001) Biology of
Blood and Marrow Transplantation 7:197-207 and see U.S.
Pat. No. 5,843,423). FI3L treatment of monocyte cell cul-
tures was shown to result in a marked expansion in the
absolute number of myeloid- and lymphoid-related DCs and
a reduction in the proportion of donor splenic T cells (Blazar
et al).

[0013] All of the disclosures of the publications which are
referred to within this application (including U.S. patents,
published PCT applications, scientific references, books,
manuals, etc.) are hereby incorporated by reference in their
entireties into this application.

SUMMARY OF THE INVENTION

[0014] The present invention is directed to methods for
treating an autoimmune disease in a subject which com-
prises administering to the subject an effective amount of (a)
at least one interferon antagonist that reduces activity of a
type I interferon, and (b) at least one Flt3 ligand (FIt3L)
antagonist that reduces activity of FIt3L, to thereby reduce
differentiation of monocytes into dendritic cells in the sub-
ject and treat the autoimmune disease.

[0015] The invention is also directed to a therapeutic
composition to inhibit monocyte differentiation into den-
dritic cells capable of antigen presentation which comprises
() at least one interferon antagonist that reduces activity of
a type I interferon, and (b) at least one Flt3 ligand (FIt3L)
antagonist that reduces activity of FIt3L. Such compositions
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constitute therapeutic compositions for the treatment of
autoimmune diseases including, but not limited to, SLE and
other IFN-c. mediated autoimmune diseases including but
not limited to diabetes, arthritis, AIDS, psoriasis and thy-
roiditis.

[0016] The invention is also directed to an in vitro assay
for determining a subject’s risk for developing an autoim-
mune disease which comprises (a) obtaining a serum sample
from the subject; (b) quantifying IFN-o and Flt3 ligand
(F1t3L) in the serum sample; and (c) comparing the quantity
of IFN-a. and FIt3L with the quantities of IFN-a and FIt3L
in serum from subjects with an autoimmune disease, thereby
determining the subject’s risk for developing an autoim-
mune disease.

[0017] The invention is also directed to a kit for deter-
mining a subject’s risk for developing an autoimmune
disease or for monitoring the status of an autoimmune
discase in a subject which comprises an amount of a
composition which specifically binds to FIt3L and to IFN-o
effective to detect Flt3L and IFN-c. in a biological sample of
a subject. The kit contains a composition comprising (a) a
monoclonal antibody that binds FIt3L and (b) a monoclonal
antibody that binds IFN-o.. Further, the composition is
detectable. The kit can include one or more reagents for
detecting amounts of the composition bound to one or more
samples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1 is a schematic representation of interactions
between dendritic cell subsets in SLE which shows the
relationship between lymphoid (plasmacytoid) DCs and/or
their products, e.g., type [ interferons, and the differentiation
of myeloid DCs. The differentiation of myeloid DCs initiate
the cascade of antigen presentation that leads to differentia-
tion of autoreactive T cells and B cells contributing to SLE
pathogenesis.

[0019] FIGS. 2A-2E are photographic illustrations show-
ing purified monocytes from normal donors which cluster
and acquire dendritic cell morphology when cultured with
serum from patients with SLE but not when cultured with
autologous (AS) serum Monocytes are cultured with AS
serum (FIG. 2C) or SLE serum (FIGS. 2A-2B). FIG. 2D
depicts a cluster of veiled cells induced by SLE sera. In FIG.
2E, Giemsa staining of cytospun monocytes cultured for 24
hours with SLE serum reveals cells with morphology typical
of mature DCs. (“SLE-DCs”=SLE serum induced DCs).

[0020] FIG. 3 is a graphic illustration showing results
from a flow cytometry analysis of monocytes cultured with
SLE serum which acquire the phenotype of mature DCs.
Each graph shows an increase in detection of a labeled
antibody which is specific for the cell surface markers listed
below each graph. Monocytes cultured with SLE serum
(lower panel) but not those cultured with autologous serum
(upper panel) down-regulate CD14 expression, up-regulate
the expression of HLA-DR and co-stimulatory molecules
such as CD86, CD80 and CD40 and acquire expression of
CD83, a marker of mature DCs. Horizontal axis represents
fluorescence intensity in a log scale for an isotype control
(dotted lines) and a specific antibody (solid lines). Vertical
axis represents relative cell frequency.

[0021] FIGS. 4A-4E are graphic illustrations of flow
cytometry results showing that monocytes cultured with
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SLE serum capture soluble antigens. Enriched monocytes
were cultured with SLE serum (FIGS. 4D and 4E) (SLE 1
and SLE2 denote serum from two different patients with
SLE) or with AS serum (FIG. 4C) and their endocytic
activity was determined using FITC-dextran (FITC-DX)
uptake at 4° C. (thin-line) and 37° C. (thick-line). Mono-
cytes cultured with GM-CSF and IFN-a (*GM-IFNa”)
(FIG. 4B) as well as those cultured with GM-CSF and IL-4
(“GM/IL-4”) (FIG. 4A) (which is a standard for in vitro DC
cultures) exhibit comparable levels of FITC-DX uptake.
Monocytes cultured with AS serum do not take up FITC-
DX.

[0022] FIG. 5 is a histogram showing that monocytes
cultured with SLE serum, but not those cultured with AS
serum induce proliferation of allogeneic naive CD4+ T cells.
Monocytes cultured with GM/IFNa,, GM/IL-4, SLE 1, SLE
2, and AS serum were washed and cultured at graded doses
(1000 cells and 5000 cells) with 1x10° niive CD4+
CD45RA+ allogeneic T lymphocytes for 5 days. T cell
proliferation was determined by thymidine incorporation
(cpmx 10>, vertical axis).

[0023] FIG. 6 is a graphic illustration of the level of T cell
cytokines produced by T cells induced by either SLE-DCs or
DCs cultured in AS serum. Cytokine release was assayed by
an ELISA assay and IL-10 and IFN-y are shown in pgx10°/
mL on the vertical axis.

[0024] FIGS. 7A, 7B and 7C are photographic illustra-
tions which depict capture of autologous apoptotic cells by
SLE-DCs. Giemsa stained cytospins of overnight monocyte
cultures with SLE serum (FIGS. 7A and 7B) and AS serum
(FIG. 7C). Arrows indicate the capture of cell fragments in
cultures with SLE serum.

[0025] FIGS. 8A and 8B are graphic illustrations showing
the capture of allogeneic apoptotic cells and presentation of
their antigens to autologous CD4+ T cells. FIG. 8A depicts
flow cytometry results showing SLE-DCs capture DNA
containing apoptotic bodies as indicated by an increase in
7TAAD levels. Loaded DCs are used as stimulators of autolo-
gous CD4+ T cell proliferation (measured by thymidine
incorporation, vertical axis) (FIG. 8B).

[0026] FIGS. 9A-9B are graphic illustrations showing the
relation of SLE disease activity to the IFN-a inducing
activity of SLE-DCs. FIG. 9A shows the correlation
between inducing activity and SLEDAI. FIG. 9B shows the
correlation between inducing capacity and [FN-a. levels in
serum. Each point on each graph represents serum taken
from a patient.

[0027] FIG.10is a graphic illustration showing the block-
ing of IFN-a in serum obtained from SLE patients. Antigen
presenting cells are generated with SLE serum without or
with adding an isotype control or antibody neutralizing
IFN-. as indicated on the graph. The cells are washed and
cultured as stimulatory cells, at indicated doses, with puri-
fied allogeneic CD4+ T cells (1x10°) for 5 days. T cell
proliferation was determined by thymidine incorporation
(cpmx10°, vertical axis).

[0028] FIG. 11 shows that patients with SLE have high
serum levels of IFN-a.. Serum samples were taken from 45
patients with SLE and 28 normal patients.

[0029] FIG. 12 is a graphic illustration showing that
peripheral blood mononuclear cells (PBMCs) from patients
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with SLE secrete IFN-a in vitro in response to viral trig-
gering. Total PBMCs were cultured in 96-well plates with or
without influenza virus (10 wg/mL). Supernatants were
harvested after culturing for 24 hours and assayed for IFN-ou
release by ELISA. “All -” represents levels in control
cultures without virus. “+” denotes cultures with virus.
“ND” denotes normal donor.

[0030] FIGS. 13A and 13B is a graphic illustration show-
ing that IFN-o induces in vitro BAFF/Blys (B cell activating
factor of the TNF family)/Blys (B lymphocyte stimulator)
expression on monocytes and BCMA (B cell maturation
antigen) expression on PBMCs. FIG. 13A shows relative
BAFF expression (ng/ng 18S ribosomal RNA) in monocytes
cultured for 72 hours under indicated conditions (IFN-o
U/mL). NI denotes control uncultured monocytes from the
same donor. FIG. 13B shows relative BCMA expression
(ng/ng18S) in PBMC, uncultured (NI) or cultured with 1000
U/mL IFN-a for indicated number of hours. Relative RNA
expression was assessed by real time PCR using the ABI
PRISM 7700 Sequence Detection System (ABI). The ratio
of the target expression (BAFF or BCMA) against a refer-
ence (18S ribosomal RNA) gives normalized expression
levels.

[0031] FIGS. 14A-14C are graphic illustrations showing
TNF regulation of IFN-o secretion by plasmacytoid DCs
(pDCs). FIG. 14A shows that neutralization of endogenous
TNF results in sustained IFN-a release by CD123+ pDC.
The vertical axis shows levels of IFN-a in ng/mL of culture
supernatant generated under the indicated conditions. FIGS.
14B-14C show that adding TNF to pDCs inhibits virus-
induced IFN-a release. FIG. 14B shows on the vertical axis
the percentage of inhibition of IFN-a secreted into the
culture supernatant. FIG. 14C shows on the vertical axis
levels of IFN-a in ng/mL of culture supernatant.

[0032] FIG. 15 is a graphic illustration of a flow cytom-
etry experiment which shows that TNF blocks plasmacytoid
DCs’ differentiation in favor of myeloid DCs. The figure
depicts TNF inhibition of the generation of pDC from
CD34+ hematopoietic progenitor cells. CD34+CD45RA-
hematopoietic progenitors were cultured in the presence of
FIt3L (100 ng/mL), TPO (30 ng/mL) and either IL-6 (25
ng/mL) or TNF 100 ng/mL in the first week of culture.
Thereafter, the cells were washed and cultured for additional
3 weeks with FIt3L only (100 ng/mL). pDC differentiation
was determined by flow cytometry analysis of cell surface
marker expression with pDC being identified by CD11c
negative CD123 positive staining.

[0033] FIG. 16 is a schematic illustration showing path-
ways in plasmacytoid DC ontogeny that can be inhibited by
exogenous TNF which functions as an interferon antagonist.

[0034] FIG. 17 is a graphic illustration showing increased
levels of FIt3L (in pg/mL) in serum of patients with SLE.

[0035] FIG. 18 is a graphic illustration showing correla-
tion of serum levels of FIt3L in SLE patients and disease
activity as measured by the SLEDAL Statistical significance
was determined by linear regression and Pearson analysis.
[0036] FIGS. 19A-19D are photographic illustrations that
show monocytes cultured with media supplemented with
FIt3L differentiate into cells with DC morphology.

[0037] FIG. 20 is a graphic illustration showing that
monocytes cultured with media supplemented with Flt3L
(100 ng/mL) are able to prime naive CD4+ T cells.
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[0038] FIG. 21 is a schematic illustration which shows
several pathways in the development and differentiation of
subsets of DC which can be altered by blocking the activity
of FIt3L and IFN-a.

[0039] FIG. 22 is a schematic illustration showing the
interplay between cytokines and DCs in SLE and identifving
cytokines and/or cellular targets which are intended for
therapeutic compositions of the invention herein.

DETAILED DESCRIPTION

[0040] The present invention is directed to methods for
treating an autoimmune disease in a subject which com-
prises administering to the subject an effective amount of (a)
one or more interferon antagonists that reduce activity of a
type [ interferon, and (b) one or more Fit3 ligand (FIt3L)
antagonists that reduce activity of a FIt3L, to thereby reduce
differentiation of monocytes into dendritic cells in the sub-
ject and treat the autoimmune disease. Additionally, the
present invention provides a composition useful for inhib-
iting monocyte differentiation into dendritic cells (DCs)
which are capable of antigen presentation, which comprises:
(2) at least one interferon antagonist that reduces activity of
interferon, and (b) at least one Flt3 ligand antagonist that
reduces activity of a Flt3 ligand. For example, one compo-
nent of the composition can be an antagonist that reduces or
inhibits the binding or interaction between the type I inter-
feron (e.g., IFN-c) and its receptor. This composition also
includes an antagonist that reduces or inhibits binding or
interaction between a FIt3L and its receptor.

[0041] Asused herein, “SLE-DCs” refers to dendritic cells
which are obtained by culturing monocytes with serum
obtained from a patient with SLE (“SLE serum”).

[0042] As used herein, an “interferon antagonist” encom-
passes a antibody, an antigen-binding fragment of an anti-
body, a polypeptide, a peptidomimetic, a nucleic acid encod-
ing a polypeptide, an organic molecule or any combination
thereof which is capable of reducing the activity or function
of a type I interferon in a cell within a subject or a cell in
Vitro,

[0043] As used herein, “polypeptide” encompasses pep-
tides and proteins of any length, without regard to function.

[0044] As used herein, a “type I interferon” includes
IFN-a, IFN-B, IFN-varpi and IFN-tau. Oritani et al. ((2001)
Cytokine Growth Factor Rev. 12(4):33748) provide a
description of other examples of a type I interferon.

[0045] Interferon antagonists interfere with the interaction
between a type [ interferon (such as IFN-a) and its receptor
which results in a reduction in the generation of antigen-
presenting cells by reducing differentiation of monocytes
into DCs which become antigen presenting cells. The reduc-
tion in generation of antigen-presenting cells can be
achieved by one or more different mechanisms, but the exact
mechanism by which this occurs is not crucial to the
invention. For example, TNF and/or agonistic anti-TNF
receptor antibodies can reduce type I interferon secretion by
accelerating the differentiation of pDCs into type I IFN
non-producing cells.

[0046] There are numerous assays which can be per-
formed to identify whether a compound is an interferon
antagonist useful in the present invention. These assays are
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known to those of skill in the art. One assay is a dendritic
cell differentiation assay where a compound to be tested is
added to a culture of monocytes under conditions suitable
for monocyte differentiation into DCs. The conditions
include the addition of either SLE serum or interferon so that
the monocytes are induced to differentiate into DCs. Thus,
if the compound causes an inhibition of interferon and/or
SLE serum driven monocyte differentiation into DCs as
compared to differentiation of monocytes in cultures which
do not have the compound added, then the compound is an
interferon antagonist.

[0047] Another assay to identify compounds which are
interferon antagonists is a binding assay wherein inhibition
of binding of labeled interferon to a receptor on a cell is
measured. If a compound is able to inhibit the binding of
interferon to its receptor or to cells having interferon recep-
tors, the compound is an interferon antagonist.

[0048] In addition, an assay to determine whether a com-
pound is an interferon antagonist is an assay to measure
inhibition of interferon produced by cells in response to
triggers that normally induce interferon production and/or
secretion, for instance viruses. Thus, if in the presence of the
compound and the trigger (e.g., a virus), a cell which would
normally produce interferon does not produce interferon, or
produces interferon at a reduced level, then the compound is
an interferon inhibitor.

[0049] Another assay to determine whether a compound is
an interferon antagonist is a tumor cell survival assay.
Interferon has anti-tumor activity by direct growth inhibition
and/or induction of tumor cell death. The examples of such
tumor cells susceptible to interferon include melanoma cell
lines. This tumor cell survival assay measures the survival of
otherwise susceptible melanoma cells which are cultured in
the presence of interferon and an interferon antagonist.
Therefore, if the tumor cells are surviving in the culture
containing the compound to be tested as compared to an
identical culture which does not have the compound to be
tested, then the compound is an interferon antagonist.

[0050] Another assay to identify whether a compound is
an interferon antagonist is an assay to quantify expression
(at the protein and/or RNA level) of interferon-inducible
proteins including MXA protein, and interferon regulatory
factors, as examples. Therefore, a compound to be tested is
added to the culture and protein and RNA levels of the
specified interferon-inducible proteins are measured. If the
addition of the compound decreases the levels of the protein
and/or mRNA expression, then the compound is an inter-
feron antagonist.

[0051] Another assay to determine whether a compound is
an interferon antagonist is an in vitro protective assay.
Normally, adding interferon to a cell culture protects the
cells from cytolytic activity of a virus which is introduced
into the cell culture, thus increasing cell survival in the
culture. Thus, adding an interferon antagonist abolishes
protection and cell survival will not be increased. Therefore,
if inhibition of antiviral activity of interferon is measured,
then the compound is an interferon antagonist. The inhibi-
tion measurement is based on the determination of death of
cells susceptible to virus.

[0052] An example of an interferon antagonist includes,
but is not limited to, a monoclonal antibody that specifically
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binds IFN-c.. Another example of an interferon antagonist is
a soluble IFN-a receptor. The soluble receptor is useful to
bind to circulating type I interferon and thus prohibit it from
binding with its natural receptor and causing progression of
monocyte differentiation into DCs. In another embodiment
of the invention, the interferon antagonist can be an organic
molecule which binds to the IFN-a. receptor, but does not
cause down-stream effects of such binding, Le., an non-
functional receptor ligand mimic. Such an organic molecule
can specifically bind to the IFN-c. binding pocket of the
receptor without causing receptor activation, so as to dis-
place any IFN-a which could so bind and thereby render the
receptor ineffectual In a further embodiment of the inven-
tion, the interferon antagonist includes a peptide which
comprises the complementarity determining region (CDR)
of the monoclonal antibody which specifically binds inter-
feron or FIt3L or both. In yet another embodiment of the
invention, the interferon antagonist is a fusion peptide.

[0053] Interferon antagonists useful in the present inven-
tion can reduce the activity of the type I interferon by many
different mechanisms and the invention is not dependent on
any particular mechanism. An interferon antagonist of the
present invention includes but is not limited to, a modified
IFN-c. which has reduced or no activity in vivo. With regard
to disrupting the generation of antigen-presenting cells by
type [ interferon, the interferon antagonist can affect the
activity of type I interferon at many different junctions in the
signaling pathway of interferon. As some examples, the
antagonist can block activity of the interferon protein itself;
block activity of the type I interferon receptor; inhibit
binding of the interferon to the receptor; block type I
interferon signaling and/or transduction pathways; block
type I interferon release from cells which normally produce
it; block generation of cells which normally make type I
interferon; and block secretion of type I interferon from cells
which normally secret it. The inhibition of the differentiation
or generation of cells which normally produce interferon can
result from administration of TNF and/or agonistic anti-TNF
receptor(s) antibodies and/or molecules providing TNF-like
signaling to cells. These types of compounds are examples
of interferon antagonists provided by the present invention.
In addition, inactivation of type 1 interferon co-factors
needed for the differentiation and growth of antigen pre-
senting cells is another possible mechanism of an interferon
antagonist of the invention.

[0054] As used herein, an “FIt3L antagonist” encompasses
an antibody, an antigen-binding fragment of an antibody, a
polypeptide, a peptidomimetic, a nucleic acid encoding a
polypeptide, an organic molecule or any combination
thereof which is capable of reducing the activity of FIt3L.
For example, the FIt3L antagonist can interfere with the
interaction between F1t3 ligand (“F1t31.”) and its receptor so
as to inhibit differentiation of progenitor cells into dendritic
cells. The reduction in generation of antigen-presenting cells
can be achieved by one or more different mechanisms. For
example, FIt3L. can contribute to unabated DC activation
that can in turn drive auto-antigen presentation in SLE,
therefore, FIt3L is a target for therapeutic intervention. FIt3L
likely plays a role in the development or the sustainment of
the SLE autoimmune disease making an antagonist of FIt3L
function useful for the treatment of autoimmune diseases.

[0055] In one embodiment, an assay to identify a thera-
peutically effective amount of an interferon antagonist is to
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determine the amount of interferon antagonist necessary to
reduce interferon receptor binding in vitro to serum taken
from a subject to be treated. In this example, the concen-
tration necessary to reduce binding by 50% in vitro will be
effective therapeutically in vivo. A similar assay for FIt3L
can be carried out to determine the effective amount of F1t3L
antagonist for a particular subject or patient.

[0056] There are numerous assays which can be per-
formed to identify whether a compound is a F1t3L antagonist
useful in the present invention. One assay is a dendritic cell
differentiation assay where a compound to be tested is added
to a culture of monocytes under conditions suitable for
monocyte differentiation into DCs. The conditions include
the addition of FIt3L to the monocyte culture so that the
monocytes are induced to differentiate into DCs. Thus, if the
compound causes at least a 50% inhibition of monocyte
differentiation into DC as compared to cultures of mono-
cytes which do not have the compound added, the compound
is a FIt3L antagonist.

[0057] Another assay to determine whether a compound is
a FIt3L antagonist is an assay to determine inhibition of
binding of labeled FIt3L to its receptor. In this assay, a
detectable label is attached to FIt3L. and the labeled FIt3L is
permitted to bind to its receptor in the presence and in the
absence of the compound. If the presence of the compound
causes a decrease in the binding of the FIt3L to the receptor,
than the compound is a FIt3L antagonist.

[0058] Another assay useful to determine whether a com-
pound is a FIt3L antagonist is an in vitro proliferation assay.
Human hematopoietic progenitor cells are cultured with
FIt3L in order to induce their differentiation and/or prolif-
eration. The compound to be tested is added to some cultures
and others are compound-free. A comparison is made
between the cultures with the compound and those without
to determine the amount of proliferation and differentiation.
If there is inhibition of FIt3L driven proliferation and/or
differentiation of human hematopoietic progenitor cells,
then the compound is a FIt3L antagonist.

[0059] Another assay useful to determine whether a com-
pound is a FIt3L. antagonist is an in vitro proliferation assay.
Human factor-dependent B cell lines are cultured with and
without the compound added to the culture. An example of
such a cell line is a cell line engineered to express Flt3. If the
cultures with the compound added show at least 50%
inhibition of FIt3L driven proliferation of human factor-
dependent B cell lines, then the compound is a Flt3L
antagonist.

[0060] Another assay useful to determine whether a com-
pound to be tested is a FIt3L antagonist is an in vivo assay.
Mice are administered FIt3L and their hematopoietic cells,
including dendritic cells are expanded in vivo. These mice
are either administered the compound to be tested, or not and
the levels of hematopoietic cells in the mice are measured.
Thus, inhibition of FIt3L-mediated expansion of hematopoi-
etic cells, including dendritic cells, in vivo in mice indicates
that the compound is a FIt3L antagonist.

[0061] One example of a Flt3L antagonist is a monoclonal
antibody which specifically binds F1t3L. Another example of
a FIt3L antagonist is a soluble FIt3L receptor. The soluble
receptor is useful to bind circulating FIt3L to prohibit FIt3L
from binding with its natural receptor and causing progres-
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sion of monocyte differentiation into DCs. In one embodi-
ment of the invention, the FIt3L antagonist can be an organic
molecule which binds to the FIt3L receptor, but does not
cause down-stream effects of such binding, i.e., a receptor
ligand mimic. Such an organic molecule can specifically
bind to the F1t3L binding pocket of the receptor to displace
any Flt3L which would otherwise so bind. The F1t3L antago-
nist of the invention also includes a polypeptide which
comprises the complementarity determining region (CDR)
of the above-mentioned monoclonal antibody, or fusion
peptides therewith.

[0062] The term “human monoclonal antibody” (HuMADb)
as used herein, means HuMAbs obtainable from human B
cells (e.g., whether the antibody is prepared by culturing the
immortalized and/or activated human B cells or recombi-
nantly from human B cell cDNAs encoding such a HUIMAb
and whether or not the antibody is bound to a molecule
which can alter its biological activity, ¢.g., a receptor or
ligand, an enzyme, a toxin, a carrier, etc.) and antibodies that
are made by recombining the variable portions of a HuUMAb
of the present invention of one isotype (e.g., an IgG,) with
the constant region of a human antibody of another isotype
(e.g., a human IgG,, IgG,, IgG,, IgG,, IgA, IgD, IgM or
IgE). Recombinant methods for making these HuMADs are
known in the art (see U.S. Pat. No. 5,959,085).

[0063] The use of a combination of an interferon antago-
nist and a Flt3L. antagonist may achieve the advantage of
using much less of each molecule to reduce generation of
DCs. Such synergy is advantageous in allowing reduction of
the therapeutically effective amounts of each antagonist in
the methods and compositions of the invention.

[0064] In one embodiment of the invention, either the
interferon antagonist or the FIt3L antagonist or both can be
a polypeptide. The polypeptide may be a peptidomimetic, a
synthetic polypeptide, a derivative of a natural polypeptide,
a modified polypeptide, a labeled polypeptide, or a polypep-
tide which includes non-natural peptides. The polypeptide
may be wholly or partially a non-natural polypeptide which
has chirality not found in nature, i.c. D-amino acids or
L-amino acids. The use of a non-natural linkage in such a
peptide can prolong half-life and protect the peptide from
degradation by naturally occurring enzymes.

[0065] In another embodiment of the invention, the
autoimmune disease is selected from the group consisting of
acquired immune deficiency syndrome (AIDS), ankylosing
spondylitis, arthritis, aplastic anemia, Behcet’s discase, dia-
betes, graft-versus-host disease, Graves’ disease, hemolytic
anemia, hypogammaglobulinemia, hyper IgE syndrome,
idiopathic thrombocytopenia purpura (ITP), multiple scle-
rosis (MS), Myasthenia gravis, psoriasis, lupus and any
combination thereof.

[0066] The diabetes can be, but is not limited to, diabetes
mellitus, Type I diabetes, Type II diabetes, juvenile on-set
diabetes or any combination thereof. The arthritis can be, but
is not limited to, rheumatoid arthritis, juvenile rheumatoid
arthritis, psoriatic arthritis or any combination thereof. The
lupus can be systemic lupus erythematosus (SLE) or drug-
induced lupus.

[0067] In one embodiment of the invention, the subject is
a mammal. The mammal can be a human or a primate. The
subject can be a human patient, or an animal which exhibits
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symptoms of a human immune disease and is therefore an
animal model of a human disease, such as a murine trans-
genic disease model or a primate disease model or a model
of human disease established in a SCID mouse reconstituted
with the human immune system. The mammal can be, but is
not limited to, a human, a primate, a rat, a dog, a cat, a swine.
In another aspect of the invention, the subject is a murine
subject, a bovine subject, a primate subject, an equine
subject, a swine subject, or a canine subject. The subject, in
another aspect of the invention, suffers from SLE.

[0068] In one embodiment of the invention, the interferon
antagonist comprises an anti-IFN-c antibody or an antigen-
binding fragment thereof. In another embodiment of the
invention, the interferon antagonist is TNE. In yet another
embodiment of the invention, the FIt3L antagonist com-
prises an anti-F1t3L antibody or an antigen-binding fragment
thereof.

[0069] In an embodiment of the invention, the antibody
which can be an element of the composition comprises a
monoclonal antibody, a chimeric antibody, an anti-idiotypic
antibody, a humanized antibody, a primatized antibody and
any combination thereof.

[0070] In another embodiment of the invention, the inter-
feron antagonist and the FIt3L antagonist are part of one
molecule. In one embodiment of the invention, the effective
amount of the interferon antagonist is in a range of about 1
to about 10 fold molar excess over the amount of interferon
in the subject’s serum. In another aspect of the invention, the
effective amount of the FIt3L antagonist is in a range of
about 1 to about 10 fold molar excess over the amount of
FIt3L in the subject’s serum.

[0071] The method of the invention includes administer-
ing a composition to a subject wherein the composition
inhibits induction by IFN-a of myeloid DC maturation into
DCs which have antigen-presenting activities. The admin-
istration of the composition can be intraveneous, via a
subdural injection, oral topical, cutaneous, subcutaneous,
parenteral or by aerosol. The administration of the compo-
sition of the invention to a subject encompasses intralesional
intraperitoneal, intramuscular or intravenous injection; infu-
sion; liposome-mediated delivery, or topical, nasal, oral
ocular or otic delivery. In a further embodiment, the admin-
istration includes intrabronchial administration, anal or
intrathecal administration. The composition of the invention
may be delivered hourly, daily, weekly, monthly, yearly (e.g.
in a time release form) or as a one time delivery. The
delivery may be continuous delivery for a period of time,
¢.g. intravenous delivery. The preferred route and timing of
delivery can be readily determined by those of skill in the
art.

[0072] In one embodiment of the invention, the interferon
antagonist reduces binding of a type I interferon with its
receptor. In another embodiment, the interferon antagonist
interferes with signal transduction following interferon
binding to receptor on cells in the subject. In another
embodiment, the interferon antagonist reduces production of
interferon by cells in the subject. In another embodiment, the
interferon antagonist reduces interferon secretion by cells in
the subject. In yet another embodiment, the interferon
antagonist reduces bioavailability of interferon in the sub-
ject. In a further embodiment, the interferon antagonist is
TNF.
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[0073] In another embodiment of the invention, the com-
position further comprises a carrier. In another embodiment
of the invention, the carrier comprises an aqueous carrier, a
liposome, or a lipid carrier.

[0074] The compounds which comprise the composition
of the present invention can be a peptidomimetic com-
pound(s) which can be at least partially unnatural. The
peptidomimetic compound can be a small molecule mimic
of a portion of the amino acid sequence of FIt3L or of FIt3L
receptor or a type I interferon or a type I interferon receptor.
The compound can have increased stability, efficacy,
potency and bioavailability by virtue of the mimic. Further,
the compound can have decreased toxicity. The peptidomi-
metic compound can have enhanced mucosal intestinal
permeability. The compound may be synthetically prepared.
The compound of the present invention can include L-, D-
or unnatural amino acids, o,o-disubstituted amino acids,
N-alkyl amino acids, lactic acid (an isoelectronic analog of
alanine). The peptide backbone of the compound may have
at least one bond replaced with PSI{CH=CH]. The com-
pound can further include trifluorotyrosine, p-Cl-phenylala-
nine, p-Br-phenylalanine, poly-L-propargylglycine, poly-D,
L-allylglycine, or poly-L-allylglycine.

[0075] One embodiment of the present invention is a
peptidomimetic compound wherein the compound has a
bond, a peptide backbone or an amino acid component
replaced with a suitable mimic. Examples of unnatural
amino acids which may be suitable amino acid mimics
include B-alanine, L-c-amino butyric acid, L-y-amino
butyric acid, L-c.-amino isobutyric acid, L-e-amino caproic
acid, 7-amino heptanoic acid, L-aspartic acid, L-glutamic
acid, cysteine (acetamindomethyl), N-e-Boc-N-a-CBZ-L-
lysine, N-e-Boc-N-a-Fmoc-L-lysine, L-methionine sulfone,
L-norleucine, L-norvaline, N-a-Boc-N-0CBZ-L-ornithine,
N-9-Boc-N-a-CBZL-ornithine, Boc-p-nitro-phenylalanine,
Boc-hydroxyproline, Boc-L-thioproline.

[0076] In one embodiment, the compound is a peptide
wherein the free amino groups have been inactivated by
derivitization. For example, the peptide can be an aryl
derivative, an alkyl derivative or an anhydride derivative.
The peptide can be acetylated. The peptide is derivatized so
as to neutralize its net charge.

[0077] One embodiment of the composition of the inven-
tion is a ribozyme which is capable of cleaving mRNA
coding for either the type I interferon or the FIt3L. See Cech,
et al., US. Pat. No. 4,987,071; Altman et al., U.S. Pat. No.
5,168,053; Haseloff et al, U.S. Pat. No. 5,254,678 published
European application No. Hampel et al., EP 360,257. The
therapeutic composition of the invention, in one embodi-
ment, is a ribozyme that is recombinant and that has been
engineered to cleave type I interferon mRNA and/or FIt3L
mRNA. In another aspect of this invention, the composition
can comprise a recombined nucleic acid which is a ribozyme
capable of cleaving both the mRNA coding for IFN-a and
the mRNA coding for FIt3L. In addition, the invention
provides for an antisense nucleic acid which is capable of
binding to the mRNA coding for either the FIt3L or the type
I interferon and inhibiting translation of such mRNA into
protein.

[0078] The invention provides that dendritic cells are key
factors in the etiopathogenesis of SLE and other autoim-
mune diseases, and as such, dendritic cells and/or their
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products are key targets for therapy of SLE and other
autoimmune diseases. As an example of an autoimmune
discase, SLE is a disease wherein lymphoid DCs release
large amounts of cytokines, including IFN-c which subse-
quently activate myeloid DCs to trigger and sustain autoim-
mune reactions. This interaction between DC subsets pro-
vides an explanation for the (1) profound B cell alterations
with a broad spectrum of autoantibodies, mainly against
nuclear antigens, (2) autoreactive CD4+ T cells and (3) high
levels of type I interferon found in serum from patients with
SLE. These observations support the significant involve-
ment of dendritic cells in the etiopathogenesis of SLE and
other autoimmune diseases.

[0079] FIG. 1 illustrates the consequences of uncontrolled
IFN-q. release and its role in SLE pathogenesis as disclosed
herein. The SLE initiating injury is an element that triggers
plasmacytoid (lymphoid) DCs to secrete IFN-o. in an uncon-
trolled manner. The triggering elements include viruses,
bacteria, fungi and their products such as CpG DNA as well
as drugs. The uncontrolled IFN-c. release originates with a
permanent plasmacytoid (lymphoid) DC activator such as
chronic viral infection, or with an immune complex that is
not cleared properly from the circulation, e.g. through FcR
polymorphism or absence of complement components). The
plasmacytoid DCs differentiate into mature DCs able to
present the triggering element to T cells. The released IFN-c.
(possibly with other cytokines) induces the activation of
circulating precursors of myeloid DCs, including mono-
cytes, that capture apoptotic cells present in increased
amounts in SLE blood. The myeloid DCs process the
apoptotic cells and present their antigens to autoreactive T
cells and/or to B cells. The autoreactive T cells, together
with the DCs loaded with apoptotic cells now further
activate the autoreactive B cells. These differentiate into
plasma cells with help from the DCs. IFN-a. also directly
contributes to the generation of autoreactive B cells because
it can turn on a partial germinal center phenotype (induction
of CD38) characteristic of the circulating blood B cells in
SLE.

[0080] Using monocytes, the most abundant precursors of
myeloid DCs, from blood of healthy donors, a method has
been developed for inducing immunogenic DC using serum
from patients with SLE. Such DCs are active antigen pre-
senting cells that can capture apoptotic cells and present
their antigens to autologous CD4+ T cells, thus driving their
activation and proliferation. Such sequence of events
explain the pathogenic events in SLE. Formation of such
DCs can be prevented by blocking type I interferon in the
lupus serum and that it can be reproduced by culturing DC
precursors with type I interferon. The products of plasma-
cytoid (lymphoid) DCs induce differentiation of myeloid
DCs, thus supporting antigen presentation, and, conse-
quently driving the pathogenic process.

[0081] In one embodiment of the invention, the therapeu-
tic composition of the invention includes two elements (1) a
Flt3L antagonist and (2) an interferon antagonist. In another
embodiment of the invention, these elements can be fused
together into one compound or molecule such as a fusion
protein which comprises an antagonistic or competitive
peptide against each FIt3L and IFN-a or another type I
interferon. That is, the fusion peptide can include a portion
which is a peptide that is a competitive inhibitor of the
activity of FIt3L and a peptide that is a competitive inhibitor
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of the activity of IFN-c.. In another aspect of the invention,
the composition can include monoclonal antibodies against
each FIt3L and IFN-q, antigen-binding fragments of each
antibody (such as a CDR fragment), or a fusion protein
which comprises active (antigen-binding) fragments of the
antibodies. In another aspect of the invention, the compo-
sition can be comprised of a small organic molecule which
is capable of interfering with the interaction between the
FIt3L and its receptor and a which is capable of interfering
with the activity of IFN-c.. In one aspect of the invention, the
composition can include the complementarity determining
regions (CDRs) of monoclonal antibodies which specifically
bind to FIt3L and IFN-c.

[0082] Polypeptides useful as antagonists of a type I
interferon such as IFN-c. or FIt3L can be polypeptides which
are derived from the binding site of the respective receptor.
In addition, non-functional IFN-a. or FIt3L (polypeptides
which compete for receptor binding, but which do not
trigger a response in the receptor-bearing cell) can be
synthesized. One example of such a non-functional peptide
is a peptide with full capacity to bind to the receptor, but
without any capacity to activate the receptor bearding cell
There can be substitutions or additions or deletions to the
normally occurring amino acid sequence of the polypep-
tides. Conservative amino acid substitutions can include:
valine substituted for alanine; lysine for arginine; glutamine
for asparagine; glutamate for aspartate; serine for cysteine;
asparagine for glutamine, aspartate for glutamate; proline
for glycine; arginine for histidine; leucine for isoleucine;
arginine for lysine, leucine for methionine, leucine for
phenylalanine; glycine for proline, threonine for serine;
serine for threonine; tyrosine for tryptophan; phenylalanine
for tyrosine and leucine for valine.

[0083] The invention provides a novel method for treating
autoimmune disease, comprising blocking the ability of type
I interferon to promote the generation of antigen-presenting
cells. Further, the invention also provides an in vitro diag-
nostic assay for assessing a patient’s relative risk of devel-
oping an autoimmune disease and/or monitoring a patient’s
disease progress. The invention provides for use of (a) an
interferon antagonist that reduces activity of a type I inter-
feron (such as reducing the binding between a type I
interferon and its receptor), and (b) a Flt3 ligand (FIt3L)
antagonist that reduces activity of FIt3L (such as reducing
the binding between a FIt3L and its receptor) in the prepa-
ration of a composition useful for treating an autoimmune
disease in a subject.

[0084] In one embodiment of the invention, the at least
one interferon antagonist and the at least one F1t3L antago-
nist are administered at separate times to the subject. In
another embodiment, they are administered simultaneously.
For example, one antagonist can be administered in the
morning and one in the evening. The timing or frequency of
administration of the antagonists do not have to be equiva-
lent.

[0085] As shown herein, type I interferon or type I inter-
feron-containing serum is a necessary factor for the genera-
tion of antigen presenting cells, including but not limited to
DCs. Such antigen presenting cells are shown in the present
invention to drive proliferation of autologous CD4+ T cells
by presenting antigens from captured apoptotic cells. In the
present invention, this process of differentiation, antigen
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capture and antigen presentation are reduced by blocking the
activity of type I interferon. This method of treatment can be
used to treat autoimmune diseases by inhibiting discase
progression (therapeutic application) as well as disease
development in patients with an appropriate genetic back-
ground and high risk of disease development (preventive
application).

[0086] Blocking of type I interferon protein and/or FIt3L
includes but is not limited to using antibody (antibodies) that
neutralize their ability to generate antigen-presenting cells.
Blocking of type I interferon receptor or FIt3L receptor
includes but is not limited to using antibodies, peptides or
chemicals specifically interrupting the interaction between
the ligand and its receptor(s) that leads to the generation of
antigen-presenting cells. Methods for delivering the antago-
nists which are inhibitory (i.c., the composition of the
present invention) useful in the invention include but are not
limited to proteins and vectors encoding the proteins.

[0087] 1In one embodiment of the invention, nucleic acids
encoding peptides which block function of a type I inter-
feron and/or a FIt3L. are administered to a subject. For
example, virus based vectors (an example of a gene transfer
vectors) can be used for delivery of these nucleic acids into
the subject so that translation of the peptides occurs in vivo.
The gene transfer vector may be any construct which is able
to replicate within a host cell and includes, but is not limited
to, plasmids, DNA viruses, retroviruses, as well as isolated
nucleotide molecules. Retrovirus or adenovirus based vec-
tors can be used, for example. Adenoviruses have attracted
increasing attention as expression vectors, especially for
human gene therapy (Berkner, Curr. Top. Microbiol. Immu-
nol., 158:39-66 (1992)). Such vectors contain all or a part of
a viral genome, such as long term repeats (“LTRs”), pro-
moters (e.g., CMV promoters, SV40 promoter, RSV pro-
moter), enhancers, and so forth In any case, the vector may
comprise elements of more than one virus. Examples of
adenoviruses which can be employed in the present inven-
tion are well-known in the art and include more than 40
different human adenoviruses, e.g., Ad12 (subgenus A), Ad3
and Ad7 (Subgenus B), Ad2 and Ad5 (Subgenus C), Ad8
(Subgenus D), Ad4 (Subgenus E), Ad40 (Subgenus F)
(Wigand et al, In: Adenovirus DNA, Doerfler, Ed., Martinus
Nijhoff Publishing, Boston, pp. 408-441 (1986)). Methods
for producing adenovirus vectors are well-known in the art
(Berkner et al, Nucleic Acids Res., 11:6003-6020 (1983);
van Doren et al, Mol. Cell. Biol, 4:1653-1656 (1984);
Ghosh-Choudhury et al Biochem. Biophys. Res. Commun.,
147:964-973 (1987); McGrory et al, Virol, 163:614-617
(1988); and Gluzman et al In: Eurkaryotic Viral Vectors, Ed.
Gluzman, Y. pages 187-192, Cold Spring Harbor Laboratory
(1982)). The resulting vectors are introduced (e.g., by trans-
fection or by transformation, or by infection, or by injection,
etc.) into a host cell which may be in vivo in the subject or
in vitro. Liposome-mediated transfer of the gene transfer
vector may also be carried out in the present invention.

[0088] Other examples of virus vectors that may be used
for gene transfer into cells to carry out the present method
of treating an autoimmune disease in a subject include, but
are not limited to, retroviruses such as Moloney murine
leukemia virus (MoMuLV); papovaviruses such as JC,
$V40, polyoma, adenoviruses; Epstein-Barr Virus (EBV);
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papilloma viruses, e.g. bovine papilloma virus type [ (BPV);
vaccinia and poliovirus; lentiviral vectors, and other human
and animal virus.

[0089] Blocking of type I interferon and FLT3L signaling
and/or transduction pathways useful in the invention
includes, but is not limited to, using chemical agents spe-
cifically targeting relevant signaling and/or transduction
pathways.

[0090] Blocking of type I interferon release and/or pro-
duction useful in the present invention includes, but is not
limited to, (1) blocking type I interferon synthesis by cells
using specific chemical agents; (2) targeting the cells pro-
ducing type I interferon so as to reduce their ability to
produce type I interferon, and (3) targeting the receptors
necessary to signal type I interferon production and/or
release by cells so as to reduce or inhibit that production or
release. In one aspect of the invention, these cells are
plasmacytoid dendritic cells. In another aspect of the inven-
tion, the cells producing type I interferon which are targeted
by the composition of the present invention include, but are
not limited to, fibroblasts, endothelial cells and plasmacy-
toid dendritic cells at various stages of differentiation (e.g.,
bone marrow progenitors and blood precursors). Targeting a
cell by a composition to reduce its function as set out above
includes but is not limited to delivery of chemical agents
specifically blocking differentiation of plasmacytoid den-
dritic cells from hematopoietic progenitors wherever such
differentiation could take place.

[0091] Targeting a receptor needed to signal type I inter-
feron production and/or release by a composition of the
invention includes, but is not limited to, using a composition
to block the function of mannose receptor and/or CD32 on
cells.

[0092] In one aspect, the invention provides for an in vitro
diagnostic assay which is useful for monitoring the status of
an autoimmune disease in a subject or for identifving
whether a subject is at risk for developing an autoimmune
disease. The diagnostic assay includes the steps of (1)
obtaining an amount of scrum from the subject to be tested,
(2) determining the level of FIt3L and the level of IFN-a. in
the subject’s serum sample using any known method (e.g.,
using an ELISA with antibodies specific for FIt3L and for
IFN-@); (3) comparing the level of FIt3L and the level of
IFN-c. measured in the subject’s serum with the level of
each factor determined to exist in a serum sample taken from
an age-matched and gender-matched normal healthy subject;
(4) identitying whether the levels measured from the subject
to be tested are higher or lower than those of the healthy
subject thereby monitoring the status of the autoimmune
disease in the subject or assessing the risk of the subject for
developing an autoimmune disease.

[0093] The invention is also directed to an in vitro assay
for determining a subject’s risk for developing an autoim-
mune disease which comprises (a) obtaining a serum sample
from the subject; (b) quantifying IFN-a and FIt3 ligand
(F1t3L) in the serum sample; and (c) comparing the quantity
of IFN-a. and FIt3L measured in step (b) with the quantities
of IFN-a and FIt3L measured in serum taken from a healthy
subject and serum taken from a subject with an autoimmune
disease, thereby determining the subject’s risk for develop-
ing an autoimmune disease. A high risk of developing an
autoimmune disease is indicated by quantities in step (b)

Apr. 8, 2004

supra which are within a 30% range of the quantities
measured for the subject with an autoimmune disease. This
risk increases when quantities are 20%. In another aspect of
the invention, the subjects can be age-matched.

[0094] The invention is also directed to a kit for deter-
mining a subject’s risk for developing an autoimmune
discase or for monitoring the status of an autoimmune
disease in a subject which comprises a composition which
specifically binds to FIt3L and to IFN-o. in a biological
sample from a subject, and wherein the composition is
detectable. The detectable marker includes but is not limited
to a fluorescent marker, a radioactive marker, an enzymatic
marker, a calorimetric marker, a chemiluminescent marker
or any combination thereof.

[0095] 1In one embodiment of the invention, the biological
sample is a blood sample or a serum sample. In another
embodiment of the invention, the composition comprises a
mixture of (a) a monoclonal antibody that binds Flt3L and
(b) a monoclonal antibody that binds IFN-c. In a further
aspect of the invention, the kit further comprises one or more
reagents for detecting and comparing amounts of the com-
position bound to one or more samples. In another embodi-
ment of the invention, the kit further comprises components
for correlating the quantity of composition bound to the
biological sample to a relative risk of developing an autoim-
mune disease or a relative status of an autoimmune disease.
In another embodiment of the invention, the composition is
labeled with a detectable marker. The detectable marker can
be, but is not limited to, a fluorescent marker, a radioactive
marker, an enzymatic marker, a calorimetric marker, a
chemiluminescent marker and any combination thereof. The
kit can also include components for standardization or
normalization among samples to insure that the diagnostic
assays are comparing relatively equivalent numbers of cells
or volumes of serum.

[0096] The invention provides for an in vitro assay for
determining a subject’s risk for developing an autoimmune
disease which comprises: (a) obtaining a serum sample from
the subject; (b) quantifying IFN-ct and Flt3 ligand (FIt3L) in
the serum sample; and (c) comparing the quantity of IFN-o
and FIt3L with the quantities of IFN-o and FIt3L in serum
from subjects with an autoimmune disease, thereby deter-
mining the subject’s risk for developing an autoimmune
disease.

[0097] In addition, the invention also provides for an in
vitro assay for determining a subject’s risk for developing an
autoimmune disease which comprises: (a) obtaining a serum
sample from the subject; (b) admixing the serum with
monocytes in vitro under conditions suitable for monocyte
differentiation; (c) measuring the ability of the subject’s
serum to induce differentiation of monocytes into dendritic
cells which are capable of presenting antigen; and (d)
comparing the ability measured in step (¢) with (i) the ability
of serum taken from a healthy subject and with (ii) the
ability of serum taken from a subject suffering from an
autoimmune disease, thereby determining the subject’s risk
for developing an autoimmune disease.

[0098] In another aspect, the present invention is an in
vitro diagnostic assay by which a patient’s risk of develop-
ing autoimmune disease can be determined and monitored.
This diagnostic assay measures the ability of patient’s serum
to induce monocyte differentiation into dendritic cells in
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vitro in order to assess the risk that patient has for devel-
oping an autoimmune disease. In this regard, if the patient’s
serum induces differentiation of monocytes to dendritic cells
more effectively than the known normal standard (which can
be determined by using serum from several age-matched,
gender-matched, healthy individuals), the assay is predictive
of a disease flare in patients with autoimmune disease and/or
indicative of the necessity for detailed diagnostic evaluation
whether the patient is at risk of developing an autoimmune
disease. In addition, the diagnostic assay is useful to monitor
a patient’s disease condition, if the patient has already been
diagnosed with an autoimmune disease, the patient can
utilize the diagnostic assay of the present invention at home,
or at other convenient locations, in order to monitor the
progress or improvement of the autoimmune disease and
adjust his/her treatment regimen accordingly.

[0099] The effective amount of the composition will
depend upon the actual composition which is used. The
actual effective amount is based upon the size of the com-
pound, the biodegradability of the compound, the bioactivity
of the compound and the bioavailability of the compound. If
the compound does not degrade quickly, is bioavailable and
highly active, a smaller amount is required to be effective.
The effective amount can be determined by one of skill in
the art; it will also be dependent upon the form of the
compound, the size of the compound and the bioactivity of
the compound. One of skill in the art could routinely
perform empirical activity tests for a compound to determine
the bioactivity in bioassays and thus determine the effective
amount.

[0100] This invention provides for pharmaceutical com-
positions including therapeutically effective amounts of
polypeptide compositions and compounds, together with
suitable diluents, preservatives, solubilizers, emulsifiers,
adjuvants and/or carriers. Such compositions may be liquids
or lyophilized or otherwise dried formulations and include
diluents of various buffer content (e.g., Tris-HCL., acetate,
phosphate), pH and ionic strength, additives such as albumin
or gelatin to prevent absorption to surfaces, detergents (c.g.,
TWEEN™ 20, TWEEN™ 80, Pluronic F68, bile acid salts),
solubilizing agents (e.g., glycerol, polyethylene glycerol),
anti-oxidants (e.g., ascorbic acid, sodium metabisulfite),
preservatives (e.g., Thimerosal, benzyl alcohol, parabens),
bulking substances or tonicity modifiers (e.g., lactose, man-
nitol), covalent attachment of polymers such as polyethylene
glycol to the compound, complexation with metal ions, or
incorporation of the compound into or onto particulate
preparations of polymeric compounds such as polylactic
acid, polglycolic acid, hydrogels, etc, or onto liposomes,
micro emulsions, micelles, unilamellar or multi lamellar
vesicles, erythrocyte ghosts, or spheroplasts. Such compo-
sitions will influence the physical state, solubility, stability,
rate of in vivo release, and rate of in vivo clearance of the
compound or composition. The choice of compositions will
depend on the physical and chemical properties of the
composition.

[0101] Controlled or sustained release compositions
include formulation in lipophilic depots (e.g., fatty acids,
waxes, oils).

[0102] Also comprehended by the invention are particu-
late compositions coated with polymers (e.g., poloxamers or
poloxamines) and the therapeutic composition coupled to
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antibodies directed against tissue-specific receptors, ligands
or antigens or coupled to ligands of tissue-specific receptors
or any other tissue-or cell-targeting peptide. Other embodi-
ments of the therapeutic compositions of the invention
incorporate particulate forms protective coatings, protease
inhibitors or permeation enhancers for various routes of
administration, including parenteral, pulmonary, nasal and
oral.

[0103] When administered, compounds are often cleared
rapidly from the circulation and may therefore elicit rela-
tively short-lived pharmacological activity. Consequently,
frequent injections of relatively large doses of bioactive
compounds may by required to sustain therapeutic efficacy.
Compounds modified by the covalent attachment of water-
soluble polymers such as polyethylene glycol (PEG),
copolymers of polyethylene glycol and polypropylene gly-
col, carboxymethyl cellulose, dextran, polyvinyl alcohol,
polyvinylpyrrolidone or polyproline are known to exhibit
substantially longer half-lives in blood following intrave-
nous injection than do the corresponding unmodified com-
pounds. Such modifications may also increase the com-
pound’s solubility in aqueous solution, eliminate
aggregation, enhance the physical and chemical stability of
the compound, and greatly reduce the immunogenicity and
reactivity of the compound. As a result, the desired in vivo
biological activity may be achieved by the administration of
such polymer-compound adducts less frequently or in lower
doses than with the unmodified compound.

[0104] Attachment of polyethylene glycol (PEG) to com-
pounds is particularly useful because PEG has very low
toxicity in mammals (Carpenter et al., 1971). For example,
a PEG adduct of adenosine deaminase was approved in the
United States for use in humans for the treatment of severe
combined immunodeficiency syndrome. A second advan-
tage afforded by the conjugation of PEG is that of effectively
reducing the immunogenicity and antigenicity of heterolo-
gous compounds. For example, a PEG adduct of a human
peptide might be useful for the treatment of disease in other
mammalian species without the risk of triggering a severe
immune response. The polypeptide or composition of the
present invention may be delivered in a microencapsulation
device so as to reduce or prevent an host immune response
against the polypeptide or against cells which may produce
the polypeptide. The polypeptide or composition of the
present invention may also be delivered microencapsulated
in a membrane, such as a liposome.

[0105] As an example, polymers such as PEG may be
conveniently attached to one or more reactive amino acid
residues in a peptide of the therapeutic composition such as
the alpha-amino group of the amino terminal amino acid, the
epsilon amino groups of lysine side chains, the sulthydryl
groups of cysteine side chains, the carboxyl groups of
aspartyl and glutamyl side chains, the alpha-carboxyl group
of the carboxy-terminal amino acid, tyrosine side chains, or
to activated derivatives of glycosyl chains attached to certain
asparagine, serine or threonine residues.

[0106] Numerous activated forms of PEG suitable for
direct reaction with proteins have been described. Useful
PEG reagents for reaction with protein amino groups include
active esters of carboxylic acid or carbonate derivatives,
particularly those in which the leaving groups are N-hy-
droxysuccinimide, p-nitrophenol imidazole or 1-hydroxy-2-
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nitrobenzene-4-sulfonate. PEG derivatives containing male-
imido or haloacetyl groups are useful reagents for the
modification of protein free sulfhydryl groups. Likewise,
PEG reagents containing amino hydrazine or hydrazide
groups are useful for reaction with aldehydes generated by
periodate oxidation of carbohydrate groups in proteins.

[0107] In one preferred embodiment the pharmaceutical
carrier may be a liquid and the pharmaceutical composition
would be in the form of a solution. In another equally
preferred embodiment, the pharmaceutically acceptable car-
rier is a solid and the composition is in the form of a powder
or tablet. In a further embodiment, the pharmaceutical
carrier is a gel and the composition is in the form of a
suppository or cream. In a further embodiment the active
ingredient may be formulated as a part of a pharmaceutically
acceptable transdermal patch.

[0108] A solid carrier can include one or more substances
which may also act as flavoring agents, lubricants, solubi-
lizers, suspending agents, fillers, glidants, compression aids,
binders or tablet-disintegrating agents; it can also be an
encapsulating material. In powders, the carrier is a finely
divided solid which is in admixture with the finely divided
active ingredient. In tablets, the active ingredient is mixed
with a carrier having the necessary compression properties
in suitable proportions and compacted in the shape and size
desired. The powders and tablets preferably contain up to
99% of the active ingredient. Suitable solid carriers include,
for example, calcium phosphate, magnesium stearate, talc,
sugars, lactose, dextrin, starch, gelatin, cellulose, polyvi-
nylpyrrolidine, low melting waxes and ion exchange resins.

[0109] Liquid carriers are used in preparing solutions,
suspensions, emulsions, syrups, elixirs and pressurized com-
positions. The active ingredient can be dissolved or sus-
pended in a pharmaceutically acceptable liquid carrier such
as water, an organic solvent, a mixture of both or pharma-
ceutically acceptable oils or fats. The liquid carrier can
contain other suitable pharmaceutical additives such as
solubilizers, emulsifiers, buffers, preservatives, sweeteners,
flavoring agents, suspending agents, thickening agents, col-
ors, viscosity regulators, stabilizers or osmo-regulators.
Suitable examples of liquid carriers for oral and parenteral
administration include water (partially containing additives
as above, e.g. cellulose derivatives, preferably sodium car-
boxymethyl cellulose solution), alcohols (including mono-
hydric alcohols and polyhydric alcohols, e.g. glycols) and
their derivatives, and oils (e.g. fractionated coconut oil and
arachis oil). For parenteral administration, the carrier can
also be an oily ester such as ethyl oleate and isopropyl
myristate. Sterile liquid carriers are useful in sterile liquid
form compositions for parenteral administration. The liquid
carrier for pressurized compositions can be halogenated
hydrocarbon or other pharmaceutically acceptable propel-
lent.

[0110] Liquid pharmaceutical compositions which are
sterile solutions or suspensions can be utilized by for
example, intramuscular, intrathecal, epidural, intraperitoneal
or subcutancous injection. Sterile solutions can also be
administered intravenously. The active ingredient may be
prepared as a sterile solid composition which may be
dissolved or suspended at the time of administration using
sterile water, saline, or other appropriate sterile injectable
medium Carriers are intended to include necessary and inert
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binders, suspending agents, lubricants, flavorants, sweeten-
ers, preservatives, dyes, and coatings.

[0111] The active ingredient of the therapeutic composi-
tion of the present invention (i.c., the FIt3L antagonist and
the interferon antagonist) can be administered orally in the
form of a sterile solution or suspension containing other
solutes or suspending agents, for example, enough saline or
glucose to make the solution isotonic, bile salts, acacia,
gelatin, sorbitan monoleate, polysorbate 80 (oleate esters of
sorbitol and its anhydrides copolymerized with ethylene
oxide) and the like.

[0112] The active ingredient can also be administered
orally either in liquid or solid composition form. Composi-
tions suitable for oral administration include solid forms,
such as pills, capsules, granules, tablets, and powders, and
liquid forms, such as solutions, syrups, elixirs, and suspen-
sions. Forms useful for parenteral administration include
sterile solutions, emulsions, and suspensions.

[0113] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology, microbiology, recombinant DNA tech-
nology, and immunology, which are within the skill of the
art. Such techniques are explained in the literature: See, e.g.,
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo-
ratory Manual, Second Edition (1989); DNA Cloning, Vols.
Tand IT (D. N. Glover ed. 1985); Oligonucleotide Synthesis
(M. J. Gait ed. 1984); Nucleic Acid Hybridization (B. D.
Hames & S. J. Higgins eds. 1984); Animal Cell Culture (R.
K Freshney ed. 1986); Immobilized Cells and Enzymes (IRL
press, 1986); Perbal, B., A Practical Guide to Molecular
Cloning (1984); the series, Methods In Enzymology (S.
Colowick and N. Kaplan eds., Academic Press, Inc.); and
Handbook of Experimental Immunology, Vols. I-IV (D. M.
Weir and C. C. Blackwell eds., 1986, Blackwell Scientific
Publications).

[0114] As used herein, the word “or” means any one
member of a particular list and also includes any combina-
tion of members of that list.

[0115] As used herein, the singular forms “a,”“an” and
“the” include plural references unless the content clearly
dictates otherwise.

[0116] The invention will be further described with refer-
ence to the following examples; however, it is to be under-
stood that the invention is not limited to such examples.
Rather, in view of the present disclosure which describes the
current best mode for practicing the invention, many modi-
fications and variations would present themselves to those of
skill in the art without departing from the scope and spirit of
this invention. All changes, modifications, and variations
coming within the meaning and range of equivalency of the
claims are to be considered within their scope.

EXAMPLE 1

SLE Sera Induces Monocytes to Differentiate into
Cells with Properties Like Dendritic Cells

[0117] Normal monocytes were exposed to SLE sera in
vitro: within 12-24 hours, clustering of monocytes was
noted; and within 24-48 hours, clustered cells displayed fine
cytoplasmic projections reminiscent of DC cultures (FIGS.
2A and 2B). Only SLE serum induced monocytes to cluster
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with 12-24 hours and acquire veiled cell morphology (FIGS.
2A-2B compared to AS in FIG. 2C).

[0118] SLE serum: After informed consent, blood was
obtained from the patient who satisfied diagnostic criteria of
American College of Rheumatology (ACR) for SLE. Whole
blood was collected into tubes containing EDTA or heparin,
and was separated immediately by centrifugation at 100xg at
4° C. The plasma was harvested, treated with thrombin
(Jones Pharma Incorporated, MO) and stored at -80° C.
until used. Disease activity was assessed by using the SLE
Disease Activity Index (SLEDAI) score (Lahita, R. G. 1999.
Systemic Lupus Erythematosus. Academic Press 3rd edi-
tion) determined on the same day that the blood specimen
was obtained.

[0119] Cell culture and phenotypic analysis: Monocytes
were 1solated from blood mononuclear cells, after Ficoll-
Paque™ gradient, by depletion of T-cells, B-cells and NK
cells using purified anti-CD3, anti-CD19, anti-CD56 and
anti-glycophorin A antibodies followed by immunomagnetic
depletion (Dynabeads). Enriched CD14+monocytes were
cultured in 6 well plates (1x10%well) for 3 days in the
presence of GM-CSF at 100 ng/mL and IFN-a at 1000
Ul/mL; or GM-CSF at 100 ng/mL and IL-4 at 20 ng/mL; or
lupus serum; or autologous serum On Day 3, cells were
harvested and stained with anti-CD14-PE antibody, anti-
CD83-PE antibody, anti-HLA-DR-PrCP (peridnine chloro-
phyll protein) antibody, anti-mannose-receptor-PE antibody,
anti-CD80 PE (phycoerythrin) antibody, anti-CD86-PE anti-
body, anti-CD40 PE antibody, anti-CD16-PE antibody, anti-
CD32 PE antibody, anti-CD64-PE antibody and anti-CD1a-
FITC antibody.

[0120] Enriched CD14" monocytes from normal donor
were cultured (1x10°/well) with 20% lupus serum or autolo-
gous serum. Monocytes were cultured with SLE-DCs and on
Day 3, cells were harvested and evaluated by flow cytometry
for expression of certain cell surface molecules. Flow
cytometry analysis demonstrated down-regulation of CD14,
increased expression of MHC class II, costimulatory mol-
ecules: CD40, CD86 and CD80, CD83 as well as mannose-
receptor, CD32 and CD36 (FIG. 3). Induction of monocyte
differentiation to cells with the morphology and phenotype
of DCs, rather than macrophages (M®), was restricted to
those DCs grown in SLE serum Indeed, neither autologous
nor allogeneic serum induce such phenotype (FIG. 2C).

[0121] Monoclonal antibodies (mAbs) to the following
antigens were utilized: CD14, HLA-DR (Becton Dickin-
son); CD&6, CD40, HLA-ABC, CD1a (Dako, Carpinteria,
Calif.); CD80, CD83 (Beckman Coulter/Immunotech, New
York).

[0122] Since SLE serum-induced cells displayed antigen
capture receptors and since the ability to capture antigens is
an important property of DCs, it was determined whether the
cells differentiated in culture could capture soluble antigens.
To this end, SLE serum cultured monocytes were incubated
with FITC-Dextran. As shown in FIGS. 4A-4E, SLE serum-
induced cells were as efficient as GM-CSF/IL-4 induced
DCs in the uptake of FITC-Dextran.

[0123] The endocytic activity of the cells differentiated in
culture was determined by incubating the cells with 100
ug/mL FITC-Dextran for 1 hour at 37° C. As a control, some
cells were incubated with FITC-Dextran on ice. The cells
were washed with cold PBS/FCS and analyzed by flow
cytometry.
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[0124] Thus, morphology, phenotype and antigen capture
indicated that SLE serum directs monocytes to differentiate
into cells capable of capturing antigens, i.., expressing
antigen capture molecules such as CD14, mannose receptor
and CD36 (characteristic of immature DCs and M®), and
expressing molecules important for antigen presentation
including HLA-DR, co-stimulatory molecules and CDS83, a
marker of mature DCs.

[0125] It was next determined whether monocytes cul-
tured with SLE serum were able to induce proliferation of
naive CD4+ T cells, a property unique to DCs among all
antigen presenting cells. As shown in FIG. 5, monocytes
cultured with autologous serum induced a limited prolifera-
tion of allogeneic CD4+ T lymphocytes whereas monocytes
cultured with SLE serum induced a strong T cell prolifera-
tion similar to that of GM-CSF/IL-4 DCs, which is a
standard characteristic of DCs in vitro. FIG. 6 illustrates the
level of T cell cytokines produced by T cells induced by
cither SLE-DCs or DCs cultured in AS serum SLE-DCs
induced T cells to produce IFN-y and not IL-10 (except at
negligible levels), thus demonstrating a type I polarization
(Th1). Monocytes cultured with either SLE serum, AS
serum, GM-CSFAFN-c. or GM-CSF/IFN-o. were washed
and plated with allogeneic CD4+ T cells. Supernatants were
harvested 5 days after culture, and overnight restimulation
with PHA. Cytokine release was assayed by an ELISA assay
and IL-10 and IFN-y are shown in pgx10%/mL on the vertical
axis. Thus, the activated CD4+ T lymphocytes secreted high
levels of interferon-y, low levels of IL-10 and no IL-4
consistent with type I polarization.

[0126] T-cell proliferation and cytokine assay: DCs were
cultured with 1x10° freshly isolated CD4* allogeneic T cells
at graded doses for 5 days in cRPMI plus 10% human AB
serum or with naive CD4+CD45RA+ allogeneic T lympho-
cytes. To assay autologous T cell proliferation, GM-CSF/
IFN-¢. or GM-CSF/IL-4 or lupus-cells were pulsed with
DNA-bodies for 4 hours and cultured with 1°10° autologous
T cells at graded doses. Cells were pulsed for the last 16
hours with 0.5 uCi [*H]thymidine per well (New England
Nuclear, Boston, Mass.). For cytokine analysis, supernatants
were harvested 5 days after culture, and the cells were
restimulated with PHA in fresh medium for 24 hours.
Release of cytokines was assayed by ELISA kits (R&D
Systems, Minneapolis, Minn.).

Example 2

SLE-DCs Present Antigens from Captured
Apoptotic Cells

[0127] The non-normal and inappropriate processing of
apoptotic cells by the immune system is considered as one
of the pathogenic events in SLE. Thus, it was next deter-
mined whether SLE-DCs can present antigens from captured
apoptotic cells. To this end, SLE-DCs were shown to be able
to capture apoptotic cell fragments in culture (FIGS.
TA-TB).

[0128] SLE-DCs could also capture DNA containing apo-
ptotic bodies derived from melanoma cells. FIGS. 8A and
8B show the capture of allogeneic apoptotic cells and
presentation of their antigens to autologous CD4+ T cells.
SLE-DCs captured DNA containing apoptotic bodies (FIG.
8A) and presented their antigens to autologous CD4+ T cells



US 2004/0067232 Al
13

as indicated by the induction of CD4+ T cell proliferation
(FIG. 8B). HLA-DR" monocytes induced by AS serum,
SLE serum and GM-CSF/L-4 captured 7AAD labeled
DNA-bodies (melanoma cell line killed by gamma-irradia-
tion (150 Gy)). To allow capture of apoptotic bodies, antigen
presenting cells are admixed with killed cells and incubated
for 1 hour at 37° C. Thereafter, these loaded SLE-DCs were
sorted by flow cytometry and cultured with autologous
CD4+ T cells. T cell proliferation is determined after 5 days.

[0129] These loaded SLE-DCs were then cultured with
autologous CD4+ T cells. As shown in FIG. 8B, loaded
SLE-DCs were able to induce proliferation of autologous
CD4+ T cells. Thus, SLE sera induced monocytes to differ-
entiate into functional DCs which are able to capture and
present antigens processed from apoptotic cells.

Example 3

Only IFN-a. Containing Active SLE Sera Induce
Monocytes to Become SLE-DCs

[0130] Experiments were performed to determine whether
all SLE sera were able to direct monocyte differentiation into
DCs. Monocytes were cultured with 19 different SLE sera to
be tested for their ability to stimulate a mixed leukocyte
response or mixed lymphocyte reaction (MLR). As shown in
Table 1, monocytes cultured with autologous serum were
only able to induce very low T cell proliferation (negative
control), and monocytes cultured with GM-CSF/IL-4 to
produce DCs elicited a 100% MLR (positive control), the
mean proliferation was 7.5% (+6.4%, n=5). When mono-
cytes cultured with SLE sera were evaluated in the same
way, considering 20% proliferation as a cut-off point (mean+
28D of autologous serum cultured monocytes) 11 of the 19
sera induced monocytes to become allostimulatory DCs with
mean proliferation of 41%=+15%. As sera from patients with
dermatomyositis were unable to reproduce this skewing and
since the patients with dermatomyositis were treated with
the same steroid regimen as SLE patients, it was concluded
that the effects of SLE sera were independent of the steroids.
Furthermore, sera from two newly diagnosed untreated
patients efficiently differentiated monocytes into SLE-DCs.
Importantly, of those 11 sera that induced SLE-DCs, 7 sera
that were tested for the IFN-o levels contained more than
190 pg/mL IFN-c, while most of other sera unable to induce
SLE-DCs contained less IFN-o than could be detected in the
assay (12 pg/mL) (Table 1). Furthermore, the DCs inducing
capacity of SLE sera was related to the disease activity. In
FIGS. 9A-9B, a graph shows the relation of SLE disease
activity to the inducing activity of SLE-DCs. Monocytes
were cultured with 11 different SLE sera taken from either
patients with active lupus (SLE Disease Activity Index
(SLEDAI)>6) or inactive lupus (SLEDAI<6), and the gen-
erated cells were tested for their ability to induce T cell
proliferation. As controls, monocytes were cultured with
GM-CSF and IL-4. The vertical axis shows the percent of
induced allostimulatory capacity. Therefore, the ability of
SLE sera to skew monocyte differentiation toward DCs was
disease-specific and correlated with the levels of IFN-a.
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TABLE 1

IFN-a containing SLE sera induce monocytes to acquire the capacity to
stimulate mixed lymphocyte reaction.

SERUM MLR IFN-a level pg/ml SLEDAI
SLE 1 53% ND 20
SLE 2 58% >500 8
SLE 3 27% 192 12
SLE 4 28% ND 24
SLE 5§ 33% >500 12
SLE 6 5% <12.5 2
SLE 7 45% 733 14
SLE 8 34% 410 17
SLE 9 26% >500 10
SLE 10 4% <125 6
SLE 11 12.5% 25 6
SLE 12 70% >500 12
SLE 13 4% <125 4
SLE 14 50% ND 4
SLE 15 10% <12.5 6
SLE 16 16% 78 6
SLE 17 30% >500 8
SLE 18 60% >500 17
SLE 19 7.5% <125 14
SLE 20 4% <125 2
AS (n=38) 7% <125

Juvenile arthritis 3% <125

(=2

Dermatomyositis 4% <125

(=3

GM/IL4 100%

[0131] Monocytes were cultured with different SLE sera
(Table 1, column 1) and the generated cells were tested for
their ability to induce allogeneic T cell proliferation (Mixed
lymphocyte reaction {column 2, Table 1, MLR}). As con-
trols, monocytes were cultured with GM-CSF and I1.-4 and
used as a 100% standard. The allostimulatory activity of
monocytes cultured with SLE serum is expressed as a
percentage of T cell proliferation as compared to GM-CSF
and IL-4 and related to levels of IFN-c. in the serum (column
3, Table 1) and to disease activity (SLEDAI, column 4, Table
1). SLEDAI consists of 9 groups of clinical and laboratory
criteria which include assessment of organ systems: CNS,
vascular, renal, musculoskeletal, serosal, dermal, immuno-
logic and hematologic. ND denotes not done, AS denotes
autologous serum from healthy donors, SLE denotes serum
from patients with SLE.

Example 4

The Ability of SLE Sera to Induce SLE-DCs is
Abolished by Blocking IFN-a.

[0132] The ability of the DCs to skew the differentiation of
monocytes toward the generation of antigen-presenting cells
was related to the level of IFN-a in SLE serum The
phenotype of SLE-DCs was reminiscent of that induced by
GM-CSF and IFN-o. and therefore, SLE sera were pre-
incubated with an anti-IFN-o. neutralizing antibody. The
cells cultured with such sera were tested for their ability to
induce the differentiation of monocytes into DCs as mea-
sured by their ability to induce MLR. The ability of SLE sera
to induce functional DCs was inhibited by neutralization of
IEN-a, but not by the isotype control (as shown in FIG. 10)
nor other blocking antibodies to IL-4, CD40-L and IL-10,
which indicates that IFN-a is necessary for the induction of
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SLE-DCs. FIG. 10 illustrates the blocking of IFN-ct in
monocyte cell cultures serum obtained from SLE patients.
The addition of an interferon blocking antibody resulted in
a much decreased ability to induce the proliferation of
allogeneic CD4+ T cells. The results show that DCs induc-
ing activity of SLE serum is dependent on IFN-c. and is
abolished by blocking IFN-c. in SLE serum used to culture
monocytes. Purified monocytes were cultured with SLE
serum, or serum pre-incubated for 30 min at saturating
concentration of IFN-a blocking Ab (SLE ab) (Biosource)
or with the corresponding concentration of isotype control
(SLE ctrl). After three days, the cells were assessed for their
ability to induce the proliferation of allogeneic CD4+
T-cells.

Example 5

Patients with SLE Have High Serum Levels of
IFN-a

[0133] Serum levels of IFN-o in pediatric SLE patients
was determined. As shown in FIG. 11, serum taken from
SLE patients had much higher levels of IFN-o. than serum
obtained from healthy subjects (controls). Serum was
obtained from patients with SLE. The serum was assayed for
IFN-a. using an ELISA kit (BioSource, according to manu-
facturer’s recommendations) which is based on the interna-
tional reference standard for human interferon (approved by
National Institutes of Health). The calorimetric reaction was
developed using HRP and TNB. Absorbances at 450 nm
were determined with a microplate reader. The assay’s
extended range protocol was used which allowed determi-
nation of serum levels in the range from 10 to 5000 pg/mL.

Example 6

PBMC SLE Patients Can Secrete IFN-ain
Response to Viral Triggering

[0134] When exposed to influenza virus, PBMCs from
SLE patients released high levels of IFN-o. when compared
to the level of IFEN-a released from PBMCs from healthy
adults which were exposed to influenza virus (see FIG. 12).

Example 7

IFN-c. Induces BAFF/Blys Expression on
Monocytes and BCMA Expression on PBMC

[0135] A novel member of the TNF family, designated
BAFF/Blys-L (for B-cell activating factor belonging to the
TNF family), is found on DCs and T-cells and binds to two
receptors on B-cells, namely, BCMA and TACI, and induces
their proliferation and immunoglobulin secretion. Therefore,
it was determined whether IFN-a would regulate the expres-
sion of both molecules (i.c., BCMA and TACI) on the
respective cell types. As shown in FIGS. 13A-13B, IFN-c,
but not other factors, induces high levels of BAFF/Blys in
monocytes as determined by real-time PCR. Furthermore,
IFN-o induces BCMA expression on normal PBMCs.

Example 8

Screening Patient Serum for Induction of Monocyte
Differentiation in Vitro Diagnostic Assay

[0136] Serum from a patient is screened for its ability to
induce monocyte differentiation to dendritic cells which
differentiation can then be blocked by neutralizing type I
interferon.
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[0137] Following the procedures outlined in detail in
Example 1, patient serum was obtained. Following the
procedures outlined in Example 1, an aliquot of patient
serum is added to an aliquot of purified monocytes from
normal patients. After about three days, the degree of
differentiation of the monocytes to dendritic cells is assessed
by any means known in the art. Exemplary assay methods
include direct morphological analysis, phenotypic analysis
by flow cytometry, antigen capture measurable by FITC-
Dextran uptake, and induction of allogeneic naive CD4+ T
cells measurable by thymidine incorporation. This in vitro
diagnostic assay includes a known set of standards in order
to classify the results obtained with the sample of serum
obtained from the patient. Briefly, serum from a normal
patient, i.c., a patient known not to be suffering from an
autoimmune disease is run through the assay and the results
obtained are used as the standard indicative of low risk for
developing an autoimmune disease. Similarly, serum from a
patient known to have an autoimmune disease, such as SLE,
is taken and used in the assay and the results obtained are
used as the standard indicative of high risk for developing an
autoimmune disease. Patient serum which supports a high
degree of monocyte differentiation to dendritic cells that can
be blocked by type I interferon, is considered to place the
patient at high risk for developing an autoimmune disease.
The “high degree’ of monocyte differentiation is determined
by comparing the amount of monocyte differentiation in the
assay using the patient’s serum with the standards previ-
ously established for high risk, low risk and any other
middle risk values. Each level of risk for developing an
autoimmune disease is associated with a level of monocyte
differentiation observed in the assay. If the patient serum
does not support a high degree of monocyte differentiation
to dendritic cells that can be blocked by type I interferon,
then the patient’s level of risk for developing an autoim-
mune disease is little or no risk. For a patient diagnosed with
an autoimmune disease, periodic evaluation of the patient’s
serum in this assay provides a method to monitor for a
disease flare or progression

Example 9

TNF Inhibits Type I Interferon Secretion by pDCs

[0138] Kadowaki et al. (J. Exp. Med. 2000, 192:1785-96)
disclose that autocrine IFN-a supports pDCs survival while
the autocrine INF-o induces their maturation into mature
pDCs, which are unable to produce IFN-a. Thus, studies
were performed to determine whether or not adding neu-
tralizing TNF antibodies to cultures of normal pDCs sus-
tained their IFN-a production in response to viral triggering.

[0139] For these studies, pDCs were isolated from cultures
of CD34+hematopoietic progenitors by flow cytometry sort-
ing of CD1lc negative and CD123 positive cells. The
isolated pDCs were cultured at a concentration of 50,000
cells per well/200 ulL with purified influenza virus (5 uL) and
either a control antibody or a neutralizing anti-TNF antibody
(primary culture). After 24 hours of primary culture, the
plates were centrifuged, supernatants were harvested, and
the cells were re-cultured in fresh medium with the fresh
dose (5 uL) of flu virus (secondary culture). After additional
24 hours of secondary culture, the supernatants were har-
vested and evaluated for the presence of IFN-a levels.

[0140] FIGS. 14A-14C show TNF regulation of IFN-.
secretion by plasmacytoid DCs (pDCs). Purified DCs gen-
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erated in vitro by culturing CD34+ hematopoietic progenitor
cells with FIt3L (100 ng/mL) and thrombopoietin (TPO) (30
ng/mL), are cultured at a concentration of 50,000 cells per
well with purified influenza virus (5 uL) with either a control
antibody (5 ug/mL) or with neutralizing anti-TNF antibody
(5 ug/mL) or with exogenous TNF (100 ng/mL) (primary
culture). After 24 hours of culture, the plates were centri-
fuged, supernatants were harvested and the cells were re-
cultured in fresh medium with the fresh dose of influenza
virus (secondary culture). After an additional 24 hours of
culture, the supernatants were harvested for the evaluation of
IFN-c. levels. As shown in FIG. 14A, adding neutralizing
anti-TNF antibody resulted in a 3-fold increased release of
IFN-c. in secondary cultures. Conversely, adding TNF
resulted in up to 70% inhibition of IFN-a release in primary
cultures of pDCs (see FIG. 14B). As illustrated in FIG. 14C,
the concentration of IFN-c in the primary culture superna-
tants was decreased from 100 ng/mL to 40 ng/mL.

[0141] This study provides the non-limiting theory sum-
marized in FIG. 16 of how immature pDCs can be blocked
from secreting IFN-a by incubation in TNF (or an agonistic
anti-TNF receptor binding agent). The pDCs incubated with
TNF are thus promoted to become mature pDCs, which do
not secrete IFN-a.

Example 10

TNF Inhibits pDC Ontogeny

[0142] Studies were next performed to determine whether
the effect of TNF on pDC is restricted to their maturation/
IFN-c. production or whether TNF, a major pro-inflamma-
tory cytokine involved in the regulation of myeloid dendritic
cells differentiation, also affects differentiation of pDCs
from hematopoietic progenitors. For these studies, CD34+
CD45RA~- hematopoietic progenitors were sorted to over
90% purity by flow cytometry and subsequently cultured in
the presence of FIt3L (100 ng/mL, R&D), thrombopoietin
(TPO, 30 ng/mL, R&D), and either interleukin-6 (IL-6, 25
ng/mL, R&D), or tumor necrosis factor (TNF, 100 ng/mL,
R&D), in the first week of culture at a density of between
2/5%10 to 5%10°/well. Thereafter, the cells were washed and
cultured for about an additional 3 weeks with FIt3L (100
ng/mL) only.

[0143] FIG. 15 shows results of a flow cytometry experi-
ment which shows that TNF blocks plasmacytoid DCs’
differentiation in favor of myeloid DCs. pDC differentiation
was determined by flow cytometry analysis of cell surface
marker expression with pDC being identified by CD11c
negative CD123 positive staining. Thus, adding TNF in the
first week resulted in a complete inhibition of progenitor cell
differentiation into CD123+CD11c- pDCs and skewed dif-
ferentiation towards CD123-DC11c+ myeloid DCs. Thus,
TNF and/or agonistic anti-TNF receptor antibodies, both of
which stimulate the TNF receptor on the progenitor cells,
block the pDCs’ differentiation and redirect progenitor cells
towards mycloid DCs differentiation.

[0144] This study provides the non-limiting theory shown
on FIG. 16 of how IFN-a. production and secretion can be
blocked by exposing progenitor cells to TNF (or an agonistic
anti-TNF receptor binding agent). Such exposure leads to
the inhibition of the development of pDCs that can make
interferon and therefore blocks interferon production and
secretion.
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Example 11

The Level of FIt3L is Increased in Serum from
Subjects Suffering from SLE

[0145] As described in the above examples, unabated DC
induction is believed to drive the devastating autoimmune
response in SLE and, as described herein, may be controlled
by targeting IFN-a and FIQ3L together. However, other
cytokines, which are termed herein as “DC-poietins”, can
mobilize and/or activate DCs to differentiate into antigen
presenting cells in vivo. This mobilization or activation of
DCs can occur in many different ways. For example, such
DC-poietins can increase differentiation of preDC cells into
mature dendritic cells which can go on to increase an
immunogeneic response and worsen the autoimmune
responses. As another example, the DC-poietins can increase
the actual generation of newly matured DCs which contrib-
ute to the autoimmune responses in the subject, or the
DC-poietins can increase the activity of mature DCs.

[0146] One non-limiting DC-poietin is the FIt3L, which
has been shown to mobilize large numbers of DCs, both
myeloid and plasmacytoid, in vivo in human and mouse
models (Maraskovsky et al (1997) Adv. Exp. Med. Biol.
417:33-40; (1996) J. Exp. Med. 184(5):1953-62; (2000)
Blood 96(3):878-84). Furthermore, as shown in the present
invention, culturing CD34+ hematopoietic stem cells with
FIt3L yields not only plasmacytoid DCs but also CD11c+
myeloid DCs as well as monocytes.

[0147] Serum levels of FIt3L in patients with SLE (83
blood samples) as well as in healthy controls (35 blood
samples) was determined using commercially available
ELISA (R&D). As shown in FIG. 17, SLE patients have
significantly higher serum levels of FIt3L (p<0.002) ranging
from <12.5 to 582 pg/mL of serum, than that measured in
serum taken from healthy subjects. 83 blood samples from
SLE patients and 35 blood samples from healthy patients
(healthy controls) were tested using a commercially avail-
able ELISA. The differences in levels of FIt3L in the serum
samples are statistically significant using both parametric
and non-parametric analysis.

Example 12

Serum Levels of FIt3L Correlate with Autoimmune
Disease Activity

[0148] It was determined that serum levels of FIt3L cor-
relate with disease activity as measured by the SLE Disease
Activity Index (SLEDAI). As shown in FIG. 18, there was
a significant positive correlation (p=0.02), indicating that
those individuals with high serum levels of FIt3L also had
displayed high SLE disease activity. Therefore, the occur-
rence of elevated levels of FIt3L in the serum is an indicator
of autoimmune risk or active autoimmune disease in a
subject.

Example 13

FIt3L Permits Monocyte Differentiation into DCs

[0149] Monocytes isolated from healthy donors’ periph-
eral blood mononuclear cells (PBMCs) were either isolated
by positive selection using CD14 beads or enriched by
adherence and subsequently cultured for 2 days in a com-
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plete culture medium (RPMI1640 supplemented with 10%
heat-inactivated fetal calf serum) with FIt3L (100 ng/mL)
and IL-3 (10 ng/mL) and/or IFN-a (1000 U/mL). Control
cultures were carried out with GM-CSF and IL-4. FIG. 19A
shows cells cultured with FIt3L/IFN-a (1000 u/mL). FIG.
19B shows cells cultured with GM-CSF (100 ng/mL)/IL-4
(5 ng/mL). FIG. 19C shows cells cultured with IFN-c. (1000
u/mL)/IL-3 (10 ng/mL). FIG. 19D shows cells cultured with
FI3L/AFN-o. (1000 u/mL)/IL-3 (10 ng/mL). After 2 days of
culture, cytospun monocytes were stained with Giemsa.
Thus, monocytes cultured with FIt3L and IFN-a differenti-
ate into cells displaying features of DCs as determined by
morphology (FIGS. 19A-19D), phenotype (CD14 low, DC-
SIGN+, CD40+, HLA-DR+, CD11c+) and function, i.e., the
capacity to induce proliferation of allogeneic CD4+ T cells
which is a hallmark of dendritic cell function (FIG. 20). In
FIG. 20, 10° purified allogeneic CD4+ T cells were cultured
for 5 days with graded numbers of antigen presenting cells
(horizontal axis). T cell proliferation was measured by
thymidine incorporation (vertical axis, cpmx10?) following
culture with media supplemented with F1t3L. FIG. 21 shows
a diagram summarizing several pathways in the develop-
ment and differentiation of subsets of DC which can be
altered by blocking the activity of FIt3L and IFN-a. These
therapeutic targets include 1) differentiation pathway from
hematopoietic progenitor cells into pDC, which can be
blocked either by TNF or by FIt3L antagonist or by a
combination of both TNF and FIt3L antagonist with the end
result being inhibited interferon production through the
inhibition of the differentiation of cells that can make
interferon, 2) pDCs maturation pathway, which can be
accelerated by TNF with the end result being that pDCs
become non-interferon producing cells thus decreasing lev-
els of interferon, 3) differentiation pathway from monocytes
to dendritic cells, which can be blocked by an interferon
antagonist or by a FIt3L antagonist or by a combination of
interferon antagonist and a FIt3L antagonist, with the end
result being inhibited differentiation of dendritic cells that
are otherwise able to capture and present apoptotic cells and
drive autoimmune disease by inducing the differentiation of
autoreactive B cells and autoreactive T cells.

Example 14

Neutralizing FIt3L in SLE Serum Inhibits SLE
Serum-Induced Monocyte Differentiation into
Dendritic Cells

[0150] Monocytes are cultured with serum obtained from
a patient with SLE. An effective amount of a monoclonal
antibody which specifically binds FIt3L (anti-Flt3L mono-
clonal antibody) is added, at the saturating concentration,
Le., a concentration ranging between about 1-10 fold molar
excess, to the monocyte cell culture under suitable culture
conditions for monocyte differentiation. After three days of
incubation, a lower number of monocytes had differentiated
into DCs than in an identical monocyte culture which had
not received the monoclonal antibody. Therefore, the mono-
clonal antibody to FIt3L which neutralizes the activity of
FIt3L in the culture inhibits SLE-induced monocyte differ-
entiation into DCs.

Apr. 8, 2004

Example 15

Addition of a Composition of a FIt3L Antagonist
and an Interferon Antagonist to Monocytes Grown
in SLE Serum Inhibits Monocyte Differentiation Int
Antigen Presenting DCs

[0151] A method for treating an autoimmune disease in a
subject is exemplified herein whereby a therapeutic compo-
sition of the invention is administered to the subject in order
to reduce or inhibit the generation of antigen presenting cells
which cause the stimulation of autoreactive T cells and of
autoreactive B cells which produce auto-antibodies in the
subject.

[0152] A therapeutic composition is prepared with an
amount of (a) an anti-F1t3L monoclonal antibody and (b) an
amount of an anti-IFN-a monoclonal antibody which is
equal to about 1-10 fold the level of FIt3L and IFN-q,
respectively, in the serum of the patient to be treated.
Methods for preparing monoclonal antibodies to FIt3L are
known, for example one such method is in Example 6 of
U.S. Pat. No. 5,843,423, “Methods of Stimulating hemato-
poietic cells with flt3-ligand.” Methods for preparing mono-
clonal antibodies to IFN-c. are known and, for example,
some such methods are set out in U.S. Pat. No. 5,919,453,

[0153] Serum can be obtained from the subject with the
autoimmune disease and tested to insure that sufficient levels
of FIt3L and IFN-a are present in the serum to warrant the
administration of the therapeutic composition.

[0154] The composition is administered daily via an injec-
tion or via an intravenous delivery method to insure a serum
level of the two elements of the composition is within a
range from about 1 to about 10 fold molar excess of FIt3L
and/or IFN-a.. Monitoring of the subject’s condition can be
carried out throughout the treatment period so as to deter-
mine the level of generation of APCs. Existence of DCs in
the subject’s serum is monitored throughout the treatment.
The treatment is terminated when the symptoms of the
autoimmune disorder subside and it is undertaken again
when the levels of FIt3L and/or IFN-c. show an increasing
trend over two consecutive blood analyses and/or when the
symptoms of the autoimmune disorder worsen.

What is claimed is:

1. A method for treating an autoimmune disease in a
subject which comprises administering to the subject an
effective amount of (a) at least one interferon antagonist that
reduces activity of a type I interferon, and (b) at least one
Flt3 ligand (F1t3L) antagonist that reduces activity of a FIt3L
to thereby treat the autoimmune disease.

2. The method of claim 1, wherein the autoimmune
disease is selected from the group consisting of acquired
immune deficiency syndrome (AIDS), ankylosing spondyli-
tis, arthritis, aplastic anemia, Behcet’s disease, diabetes,
graft-versus-host disease, Graves’ disease, hemolytic ane-
mia, hypogammaglobulinemia, hyper IgE syndrome, idio-
pathic thrombocytopenia purpura (ITP), multiple sclerosis
(MS), Myasthenia gravis, psoriasis, lupus and any combi-
nation thereof.

3. The method of claim 2, wherein the lupus is systemic
lupus erythematosus (SLE) or drug-induced lupus.

4. The method of claim 2, wherein the diabetes is diabetes
mellitus, Type I diabetes, Type II diabetes, juvenile on-set
diabetes or any combination thereof.
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5. The method of claim 2, wherein the arthritis is rheu-
matoid arthritis, juvenile rheumatoid arthritis, psoriatic
arthritis or any combination thereof.

6. The method of claim 1, wherein the autoimmune
disease is SLE.

7. The method of claim 1, wherein the subject is a
mammal.

8. The method of claim 7, wherein the mammal is a
human, a primate, a rat, a dog, a cat or a mouse.

9. The method of claim 1, wherein the interferon antago-
nist is selected from the group consisting of an antibody, an
antigen-binding fragment of an antibody, a polypeptide, a
peptidomimetic, a nucleic acid encoding a peptide, an
organic molecule and any combination thereof.

10. The method of claim 1, wherein the interferon antago-
nist comprises soluble receptor for IFN-c.

11. The method of claim 1, wherein the interferon antago-
nist comprises a anti-IFN-a antibody or an antigen-binding
fragment thereof.

12. The method of claim 1, wherein the FIt3L antagonist
is selected from the group consisting of an antibody, an
antigen-binding fragment of an antibody, a polypeptide, a
peptidomimetic, a nucleic acid encoding a polypeptide, an
organic molecule and any combination thereof.

13. The method of claim 1, wherein the FIt3L antagonist
comprises a soluble Flt3 receptor.

14. The method of claim 1, wherein the FIt31 antagonist
comprises a anti-FIt3L antibody or an antigen-binding frag-
ment thereof.

15. The method of any one of claims 9, 11, 12 or 14,
wherein the antibody comprises a monoclonal antibody, a
chimeric antibody, an anti-idiotypic antibody, a humanized
antibody, a primatized antibody and any combination
thereof.

16. The method of claim 1, wherein the interferon antago-
nist and the FIt3L antagonist are part of one molecule.

17. The method of claim 1, wherein the effective amount
of the interferon antagonist comprises from about 1 to about
10 fold molar excess of interferon.

18. The method of claim 1, wherein the effective amount
of the Flt3L antagonist comprises from about 1 to about 10
molar excess of FIt3L.

19. The method of claim 1, wherein the administration of
the composition is by intralesional, intraperitoneal, intra-
muscular or intravenous injection; infusion; liposome-me-
diated delivery; or topical, nasal, oral, ocular or otic delivery.

20. The method of claim 1, wherein the type I interferon
is an interferon-a (IFN-a) or an IFN-f.

21. The method of claim 1, wherein the interferon antago-
nist reduces binding of a type I interferon with its receptor.

22. The method of claim 1, wherein the interferon antago-
nist reduces interferon-dependent signal transduction.

23. The method of claim 1, wherein the interferon antago-
nist reduces interferon serum levels.

24. The method of claim 1, wherein the interferon antago-
nist reduces interferon secretion from cells as measured by
an interferon receptor binding assay.

25. The method of claim 1, wherein the interferon antago-
nist reduces bioavailability of interferon in serum as mea-
sured by an interferon receptor binding assay.

26. The method of claim 1, wherein the interferon antago-
nist reduces development of cells which produce type I
interferon in the subject as measured by a monocyte differ-
entiation assay.
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27. The method of claim 1 or 11, wherein the interferon
antagonist is TNF.

28. A therapeutic composition to inhibit monocyte differ-
entiation into dendritic cells capable of antigen presentation
which comprises:

() at least one interferon antagonist that reduces activity
of a type I interferon, and

(b) at least one F1t3 ligand (F1t3L) antagonist that reduces

activity of Flt3L.

29. The composition of claim 28, wherein the type I
interferon is an interferon-a (IFN-ct) or an IFN-f3.

30. The composition of claim 28, wherein the composi-
tion further comprises a carrier.

31. The composition of claim 28, wherein the interferon
antagonist is selected from the group consisting of an
antibody, an antigen-binding fragment of an antibody, a
polypeptide, a peptidomimetic, a nucleic acid encoding a
polypeptide, an organic molecule and any combination
thereof.

32. The composition of claim 28, wherein the interferon
antagonist comprises a soluble receptor for IFN-a.

33. The composition of claim 28, wherein the interferon
antagonist comprises an anti-IFN-o. antibody or an antigen-
binding fragment thereof.

34. The composition of claim 28, wherein the interferon
antagonist is TNF.

35. The composition of claim 28, wherein the FIt3L
antagonist is selected from the group consisting of an
antibody, an antigen-binding fragment of an antibody, a
peptide, a peptidomimetic, a nucleic acid encoding a pep-
tide, an organic molecule and any combination thereof.

36. The composition of claim 28, wherein the FIt3L
antagonist comprises a soluble Flt3 receptor.

37. The composition of claim 28, wherein the FIt3L
antagonist comprises an anti-FIt3L antibody or an antigen-
binding fragment thereof.

38. The composition of any one of claims 31, 33, 35 and
37, wherein the antibody is a monoclonal antibody, a chi-
meric antibody, an anti-idiotypic antibody, a humanized
antibody, or a primatized antibody.

39. The composition of claim 28, wherein the interferon
antagonist and the F1t3L antagonist are part of one molecule.

40. The composition of claim 28, wherein the composi-
tion comprises two or more interferon antagonists and a
FIt3L antagonist.

41. The composition of claim 40, wherein one interferon
antagonist is TNF.

42. The composition of claim 40, wherein the composi-
tion comprises an anti-IFN-c antibody, an anti-FIt3L anti-
body and TNF.

43. An in vitro assay for determining a subject’s risk for
developing an autoimmune discase which comprises:

(a) obtaining a serum sample from the subject;

(b) quantifying IFN-a and FIt3 ligand (F1t3L) in the
serum sample; and

(c) comparing the quantity of IFN-a and FIt3L with the
quantities of IFN-o. and F1t3L in serum from subjects
with an autoimmune discase, thereby determining the
subject’s risk for developing an autoimmune disease.

44. The method of claim 43, wherein a risk of developing

an autoimmune disease occurs when the quantities of [IFN-o
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and FIt3L are within about a 30% range of those quantities
for subjects with an autoimmune disease.

45. The method of claim 44, wherein said risk increases
when said range is about 20%.

46. The method of claim 43, wherein said comparison is
made for age-matched subjects.

47. A kit for determining a subject’s risk for developing
an autoimmune disease or for monitoring the status of an
autoimmune disease in a subject which comprises a com-
position which specifically binds to FIt3L and to IFN-a. in an
amount effective to detect FIt3L and IFN- in a biological
sample of a subject.

48. The kit of claim 47, wherein the biological sample is
a blood sample or a serum sample.
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49. The kit of claim 47, wherein the composition com-
prises a monoclonal antibody that binds Flt3L and a mono-
clonal antibody that binds IFN-a.

50. The kit of claim 47, wherein the kit further comprises
one or more reagents for detecting amounts of the compo-
sition bound to one or more samples.

51. The kit of claim 47, wherein the composition is
labeled with a detectable marker.

52. The kit of claim 51, wherein the detectable marker is
selected from the group consisting of a fluorescent marker,
a radioactive marker, an enzymatic marker, a calorimetric
marker, a chemiluminescent marker and any combination
thereof.
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