
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

58
2 

39
8

B
1

TEPZZ 58 ¥98B_T
(11) EP 2 582 398 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
13.04.2016 Bulletin 2016/15

(21) Application number: 11796471.8

(22) Date of filing: 16.06.2011

(51) Int Cl.:
C12N 15/117 (2010.01) A61K 31/573 (2006.01)

A61K 31/7125 (2006.01)

(86) International application number: 
PCT/US2011/040788

(87) International publication number: 
WO 2011/159958 (22.12.2011 Gazette 2011/51)

(54) METHODS OF TREATMENT USING TLR7 AND/OR TLR9 INHIBITORS

VERFAHREN ZUR BEHANDLUNG UNTER VERWENDUNG VON TLR7- UND/ODER 
TLR9-HEMMERN

MÉTHODES ET TRAITEMENTS A L’AIDE D’INHIBITEURS DE TLR7 ET/ TLR9

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 16.06.2010 US 355547 P
18.11.2010 US 415289 P
14.12.2010 US 423076 P

(43) Date of publication of application: 
24.04.2013 Bulletin 2013/17

(73) Proprietor: Dynavax Technologies Corporation
Berkeley, CA 94710 (US)

(72) Inventors:  
• BARRAT, Franck

San Francisco
CA 94110 (US)

• COFFMAN, Robert, L.
Portola Valley
CA 94028 (US)

• GUIDUCCI, Cristiana
Albany, CA 94706 (US)

(74) Representative: Chapman, Lee Phillip
J A Kemp 
14 South Square 
Gray’s Inn
London WC1R 5JJ (GB)

(56) References cited:  
WO-A2-2005/115479 WO-A2-2009/055076

• FRANCK J. BARRAT ET AL: "Treatment of 
lupus-prone mice with a dual inhibitor of TLR7 
and TLR9 leads to reduction of autoantibody 
production and amelioration of disease 
symptoms", EUROPEAN JOURNAL OF 
IMMUNOLOGY, vol. 37, no. 12, 1 December 2007 
(2007-12-01), pages 3582-3586, XP055108262, 
ISSN: 0014-2980, DOI: 10.1002/eji.200737815

• BARRAT FRANCK J ET AL: "Nucleic acids of 
mammalian origin can act as endogenous ligands 
for toll-like receptors and may promote systemic 
lupus erythematosus", THE JOURNAL OF 
EXPERIMENTAL MEDICINE, ROCKEFELLER 
UNIVERSITY PRESS, US, vol. 202, no. 8, 1 October 
2005 (2005-10-01), pages 1131-1139, 
XP002380606, ISSN: 0022-1007, DOI: 
10.1084/JEM.20050914

• BARRAT FRANCK J ET AL: "Development of TLR 
inhibitors for the treatment of autoimmune 
diseases", IMMUNOLOGICAL REVIEWS, 
BLACKWELL PUBLISHING, MUNKSGAARD, vol. 
223, 1 June 2008 (2008-06-01), pages 271-283, 
XP002557863, ISSN: 0105-2896, DOI: 
10.1111/J.1600-065X.2008.00630.X [retrieved on 
2008-07-08]

• GUIDUCCI C ET AL: "Signalling pathways leading 
to IFN-alpha production in human plasmacytoid 
dendritic cell and the possible use of agonists or 
antagonists of TLR7 and TLR9 in clinical 
indications", JOURNAL OF INTERNAL 
MEDICINE, BLACKWELL PUBLISHING LTD, GB, 
vol. 265, no. 1, 1 January 2009 (2009-01-01), pages 
43-57, XP009155274, ISSN: 0954-6820, DOI: 
10.1111/J.1365-2796.2008.02050.X



EP 2 582 398 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The invention relates to polynucleotide inhibitors of TLR7 and TLR9.

BACKGROUND

[0002] Immunity can generally be classified as innate immunity or as adaptive immunity. Innate immune responses
typically occur immediately upon infection to provide an early barrier to infectious disease whereas adaptive immune
responses occur later with the generation of antigen-specific effector cells and often long term protective immunity.
Innate immune responses do not generate lasting protective immunity but appear to play a role in the generation of the
later arising adaptive immune response.
[0003] Toll-like receptors (TLRs) are essential for innate immune responses as they recognize several different antigens
and initiate immunological/inflammatory responses such as cytokine production, and dendritic cell and macrophage
activation. Especially, TLR2, TLR3, TLR4, TLR7, TLR8, and TLR9 recognize viral or bacterial ligands such as glycopro-
tein, single- or double-stranded RNA and polynucleotide containing unmethylated 5’-CG-3’ sequences. Immunostimu-
latory nucleic acid molecules stimulate the immune response through interaction with and signaling through the mam-
malian TLR9 receptor. See Hemmi et al. (2002) Nat. Immunol. 3:196-200. Mammalian DNA does not generally possess
immunostimulatory activity due apparently to a low frequency of CG sequences and to most of the CG sequences having
a methylated cytosine. Mammalian immune system cells thus appear to distinguish bacterial DNA from self DNA through
the TLR9 receptor. TLR7 in contrast, is one of the main receptors sensing viral infection by recognizing uridine-rich
single-stranded RNA.
[0004] The triggering of TLR7 and TLR9 in plasmacytoid dendritic cells precursors (PDC) and B cells by self nucleic
acids is key in the pathogenesis of Systemic Lupus Erythematosus (SLE). This leads to the production of type I IFNs
from PDC that can be detected by the upregulation of IFN-regulated genes in the blood of patients (IFN-signature) and
anti-DNA and anti-RNP antibodies from B cells that form immune complexes (IC) with DNA or RNA from dying cells
(Barrat and Coffman, 2008; Marshak-Rothstein, 2006). PDC are the major source of IFN-α induced by nucleic acid-
containing ICs. Once activated by self DNA/chromatin or snRNP-containing IC, PDCs migrate from the blood into inflamed
tissues including skin and kidney.
[0005] IFN-α and PDC have been proposed to contribute to the pathogenesis of other autoimmune diseases charac-
terized by IFN-α signature as well. Indeed, Type I IFN-producing PDC accumulate in the pancreas, muscle and salivary
glands of people affected by diabetes mellitus, dermatomyositis and Sjögren’s syndrome respectively, strongly suggest-
ing that dysregulated PDC activation could be a more general feature of autoimmune disease (Barrat and Coffman,
2008; Guiducci et al., 2009; Ueno et al., 2007).
[0006] SLE patients are often treated with strong immunosuppressive regimens, including cytotoxic drugs, antimalarial
compounds and glucocorticoids (GC). Glucocorticoids have strong anti-inflammatory effects on both acquired and innate
immune functions. They inhibit B and T cell responses and effector functions of monocytes and neutrophils. At the cellular
level, GC inhibit NF-kB activity, thought to be the main mechanism by which GC exert their anti-inflammatory effects. In
lupus, GC are typically administered orally on a daily basis, as the typical every other day regimens cannot maintain
disease control. When doses greater than 40 mg/day are required, patients receive intravenous methylprednisolone
(Solumedrol) pulse therapy (e.g., doses up to 30 mg/kg/day or 1 g/day given each day for 3 days). Such treatment can
transiently reduce disease activity, but often does not induce remission or prevent end organ damage. The reason why
treatment of SLE requires much higher GC doses than many other autoimmune diseases is not clear.

SUMMARY

[0007] The invention relates to polynucleotide inhibitors of TLR9 and TLR7 and uses thereof.
[0008] In particular, the invention provides a polynucleotide comprising a nucleotide sequence selected from the group
consisting of
TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),
(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inos-
ine)-GGTTGT (SEQ ID NO:134),
TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T) and
TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO: 144-(hexa-(ethylene gly-
col))-T).
[0009] The invention also provides a polynucleotide for use in treating an autoimmune disease in an individual, wherein
an elevated inflammatory gene expression pattern as compared to that of control sample(s) from healthy subject(s) is
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present in a sample from the individual at the onset of treatment, and wherein the polynucleotide comprises a nucleotide
sequence selected from the group consisting of
TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C
modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:134),
TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T) and
TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO: 144-(hexa-(ethylene glycol))-T)
[0010] Described herein are methods of treating a disease in an individual comprising administering to the individual
an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein treatment is based upon interferon signature
and/or differential levels of inflammatory cytokines in a sample. Also described herein are methods of treating a disease
comprising: (a) selecting an individual having an IFN signature and/or differential levels of inflammatory cytokines in a
sample; and (b) administering to the selected individual an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor.
Further described herein are methods of assessing whether an individual with a disease is more likely to respond or
less likely to respond to treatment comprising a TLR7 inhibitor and/or TLR9 inhibitor, the method comprising assessing
IFN signature and/or differential levels of inflammatory cytokines in a sample, wherein an IFN signature and/or differential
levels of inflammatory cytokines in the sample indicates that the individual is more likely to respond or is less likely to
respond to the treatment. Also described herein are methods of identifying an individual with a disease who is more
likely to respond or less likely to respond to treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9
inhibitor, the method comprising: (A) assessing an IFN signature and/or differential levels of inflammatory cytokines in
a sample; and (B) identifying the individual having an IFN signature and/or differential levels of inflammatory cytokines
in the sample. Also described herein are methods of treating a disease in an individual comprising administering to the
individual an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein treatment response or lack of treatment
response is indicated by IFN signature and/or differential levels of inflammatory cytokines in a sample. Also described
herein are methods of monitoring responsiveness or lack of responsiveness of an individual to a disease treatment
comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein responsiveness is indicated by IFN
signature and/or differential levels of inflammatory cytokines in a sample. Further described herein are methods of
identifying an individual as more likely suitable to continue treatment or less likely suitable to continue a disease treatment
based upon IFN signature and/or differential levels of inflammatory cytokines in a sample, wherein treatment comprises
an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor.
[0011] In certain embodiments of any of the methods described herein the IFN signature is a type I IFN signature. In
certain embodiments of any of the methods described herein, the IFN signature in the sample correlates to an IFN
signature of a reference. In certain embodiments of any of the methods described herein, the IFN signature comprises
differential levels in the sample of one or more biomarkers selected from the group consisting of BATF2, CMPK2,
CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1,
OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, c102h05 5, Agencourt-7914287 NIH-
MCG_71, ISG20, IFI16, IRF7, and AIM2 compared to a reference. In certain embodiments, the IFN signature comprises
differential levels in the sample of one or more biomarkers selected from the group consisting of BATF2, CMPK2, DDX60,
EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, MX1, OAS1, OAS2, OAS3,
OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, c102h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IRF7,
and AIM2 compared to a reference. In certain embodiments of any of the methods described herein, the differential
levels of inflammatory cytokines comprise differential levels in the sample of one or more inflammatory cytokine markers
selected from the group consisting of IL-1alpha, IL-1 beta, TNF-alpha, IL-6, and IL-17, IFN-alpha, IFN-omega, IFN-
lambda1, IFN-lambda2, and IP-10. In certain embodiments of any of the methods described herein, the differential levels
in the sample are high levels of one or more markers compared to a reference and high levels indicate that a) the
individual is more likely to respond to treatment or b) the individual is selected for treatment. In certain embodiments of
any of the methods described herein, the differential levels in the sample are low levels of one or more markers compared
to a reference and low levels indicate that a) the individual is less likely to respond to treatment or b) the individual is
not selected for treatment. In certain embodiments of any of the methods described herein, the differential levels in the
sample are high levels of one or more markers compared to a reference and high levels indicate that a) the individual
is not responsive to treatment or b) the individual is less likely suitable to continue treatment. In certain embodiments of
any of the methods described herein, the differential levels are low levels of one or more markers compared to a reference
and low levels indicate that a) the individual is responsive to treatment or b) the individual is more likely suitable to
continue treatment. In certain embodiments of any of the methods described herein, the reference is an IFN signature
of a second individual or patient population with the disease. In certain embodiments of any of the methods described
herein, the reference is an IFN signature of the individual at the time of starting treatment. In certain embodiments of
any of the methods described herein, the reference is an IFN signature of a second individual or patient population
without the disease. In certain embodiments of any of the methods described herein, the sample is a sample containing
peripheral blood cells or skin tissue.
[0012] In certain embodiments of any of the methods or compositions described herein, the TLR7 inhibitor and/or
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TLR9 inhibitor is a polynucleotide consisting of a nucleotide sequence of the formula: 5’-RγJGCNz-3’ (SEQ ID NO:147),
wherein each R is a nucleotide, γ is an integer from about 0 to 10, J is U or T, each N is a nucleotide, and z is an integer
from about 1 to about 100. In certain embodiments, γ is 0 and z is from about 1 to about 50. In certain embodiments of
any of the methods described herein, the TLR7 inhibitor and/or TLR9 inhibitor is a polynucleotide consisting of a nucleotide
sequence of the formula: 5’-RγJGCNz-3’ (SEQ ID NO:147), wherein each R is a nucleotide, γ is an integer from about
0 to 10, J is U or T, each N is a nucleotide, and z is an integer from about 1 to about 100. In certain embodiments, γ is
0 and z is from about 1 to about 50, which compries a nucleotide sequence of the formula: 5’-S1S2S1S4-3’, wherein S1,
S2, S3, and S4 are independently G, I, or 7-deaza-dG. In some embodiments, the polynucleotide consists of a nucleotide
sequence of the formula: 5’-RγJGCKαS1S2S3S4Lβ-3’ (SEQ ID NO:148), wherein each R, K, and L is a nucleotide, γ is
an integer from about 0 to 10, J is U or T, S1, S2, S3, and S4 are independently G or a molecule that is capable of
preventing G-tetrad formation and/or preventing Hoogsteen base pairing, α is an integer from about 1 to about 20, and
β is an integer from about 1 to about 20. For example, a polynucleotide comprising a nucleotide sequence of the formula:
5’-S1S2S1S4-3’, wherein S1, S2, S3, and S4 are independently G, I, or 7-deaza-dG. In certain embodiments, one or more
of S1, S2, S3, and S4 are I. In certain embodiments S1, S2, S3, and S4 are G. In some embodiments, polynucleotide
comprising a nucleotide sequence of the formula: 5’-GIGG-3’. In certain embodiments of any of the methods described
herein, the TLR7 inhibitor and/or TLR9 inhibitor is formula 5’-EζJGCFθTCCTGGAS1S2S3S4TT3ϕ-3’ (SEQ ID NO:152),
wherein each E, F, and 3 are a nucleotide, ζ, θ, and ϕ are an integer from about 0 to 10, J is U or T, S1, S2, S3, and S4
are independently G, I, or 7-deaza-dG.
[0013] In certain embodiments of any of the methods or compositions described herein, one or more nucleotides
comprise a modification. In certain embodiments, the modification is 2’-sugar modification. In certain embodiments, the
2’-sugar modification is a 2’-O-methyl sugar modification or a 2’-O-methoxyethyl sugar modification. In certain embod-
iments, the polynucleotide is comprised of all 2’-deoxyribo polynucleotides. In certain embodiments, the polynucleotide
is a 2’-deoxyribo polynucleotide and a 2’-sugar modification chimeric sequence. In certain embodiments, the polynucle-
otide is a 2’-deoxyribo polynucleotide and a 2’-O-methyl sugar polynucleotide chimeric sequence. In certain embodiments,
the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-O-methyoxyethyl sugar polynucleotide chimeric sequence.
In certain embodiments, the polynucleotide has at least one nucleotide comprising a modified phosphate linkage. In
certain embodiments, the polynucleotide comprises only phosphorothioate linkages.
[0014] In certain embodiments of any of the methods or compositions described herein that contain the formula: 5’-
S1S2S3S4-3’, wherein S1, S2, S3, and S4 are independently G, I, or 7-deaza-G, the nucleotides are all deoxyribonucle-
otides. In certain embodiments containing the formula: 5’-S1S2S3S4-3’, wherein S1, S2, S3, and S4 are independently
G, I, or 7-deaza-G, the nucleotides are all 2’-deoxyribonucleotides. For instance, for methods and compositions wherein
the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising the nucleotide sequence of the formula: RγJGCKαGIGGLβ-
3’ (SEQ ID NO:146), wherein each R, K, and L is a nucleotide, J is U or T, γ is an integer from about 0 to 10, α is an
integer from about 1 to about 20, and β is an integer from about 1 to about 20, each nucleotide in the GIGG portion of
the sequence is a 2’-deoxyribonucleotide (e.g., G is 2’-deoxyguanosine and I is 2’-deoxyinosine). Similarly, in some
embodiments, each nucleotide in a GGGG, GIGG or GZ’GG motif, wherein I is inosine and Z’ is 7-deaza G is a 2’-
deoxyribonucleotide (e.g., G is 2’-deoxyguanosine, I is 2’-deoxyinosine and Z’ is 7-deaza-2’-deoxyguanosine).
[0015] Also described herein are methods of regulating an immune response in an individual, comprising administering
to the individual a polynucleotide in an amount sufficient to regulate an immune response in the individual, wherein the
polynucleotide is selected from the group consisting of SEQ ID NO:64-78, SEQ ID NO:123-135, and SEQ ID NO:141-145.
In some embodiments, the polynucleotide comprises one of the group consisting of SEQ ID NO:67, SEQ ID NO:68,
SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144.
In some embodiments, the polynucleotide comprises one of the group consisting of SEQ ID NO:73, SEQ ID NO:134,
SEQ ID NO:143, and SEQ ID NO:144.
[0016] In certain embodiments, regulating the immune response in the individual treats and/or prevents a disease. In
certain embodiments of any of the methods described herein, an immune response is inhibited. In certain embodiments
of any of the methods described herein, a TLR7 dependent immune response is inhibited. In certain embodiments of
any of the methods described herein, a TLR9 dependent immune response is inhibited. In further embodiments of any
of the methods, both TLR7 and TLR9 dependent immune responses are inhibited.
[0017] In certain embodiments of any of the methods described herein, the disease is an autoimmune disease. In
certain embodiments, one or more symptoms of the autoimmune disease is ameliorated. In certain embodiments of any
of the methods described herein, development of the autoimmune disease is prevented or delayed. In certain embodi-
ments, the autoimmune disease is selected from the group consisting of systemic lupus erythematosus (SLE), rheumatoid
arthritis, dermatomyositis, and Sjogren’s syndrome. In certain embodiments of any of the methods described herein,
the disease is associated with inflammation. In certain embodiments, the inflammation is a sterile inflammation. In certain
embodiments, the sterile inflammation is sterile inflammation of the liver.
[0018] Further described herein is a polynucleotide comprising one or more of the group (of 33 sequences) consisting
of SEQ ID NOs:64-78, 123-135, and 141-145. Also described herein is a polynucleotide consisting of one of the group
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(of 33 sequences) consisting of SEQ ID NOs:64-78, 123-135, and 141-145. In some embodiments, the polynucleotide
is comprised of all 2’-deoxyribo polynucleotides. In some embodiments one or more nucleotides of the polynucleotide
comprises a modification. In some embodiments, the modification comprises a 2’-sugar modification. In a subset of
these embodiments, the 2’-sugar modification comprises a 2’-O-methyl sugar modification or a 2’-O-methoxyethyl sugar
modification. In certain embodiments, the polynucleotide is comprised of all 2’-deoxyribo polynucleotides. In certain
embodiments, the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-sugar modification chimeric sequence. In
certain embodiments, the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-O-methyl sugar polynucleotide chimeric
sequence. In certain embodiments, the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-O-methyoxyethyl sugar
polynucleotide chimeric sequence. In certain embodiments, the polynucleotide has at least one nucleotide comprising
a modified phosphate linkage. In certain embodiments, the polynucleotide comprises only phosphorothioate linkages.
[0019] The disclosure further relates to kits, preferably for carrying out the methods of the disclosure. The kits of the
disclosure generally comprise an immunoregulatory polynucleotide and/or an immunoregulatory compound of the dis-
closure (generally in a suitable container), and may further include instructions for use of the immunoregulatory polynu-
cleotide and/or immunoregulatory compound in immunoregulation of an individual. In some embodiments, the kit further
comprises another therapeutic agent.
[0020] The present disclosure provides methods of treating an autoimmune disease in an individual comprising ad-
ministering to the individual an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein an elevated inflam-
matory gene expression pattern as compared to that of control sample(s) from healthy subject(s) is present in a sample
from the individual at the onset of treatment. In some embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising or consisting of a nucleotide sequence selected from the group consisting of SEQ ID NOS:1-78, 80-108,
and 110-145, or a polynucleotide comprising or consisting of a nucleotide sequence selected from the group consisting
of SEQ ID NOS:64-78, 123-135 and 141-145. In some embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising the nucleotide sequence of the formula: RγJGCKαGIGGLβ-3’ (SEQ ID NO:146), wherein each of R, K, and
L is a nucleotide, J is U or T, γ is an integer from about 0 to 10, α is an integer from about 1 to about 20, and β is an
integer from about 1 to about 20. In some embodiments, each nucleotide of the GIGG of the sequence is a 2’-deoxyri-
bonucleotide (e.g., G is 2’-deoxyguanosine and I is 2’-deoxyinosine). In some embodiments the TLR7 and/or TLR9
inhibitor is a polynucleotide comprising or consisting of a nucleotide sequence selected from the group consisting of
SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ
ID NO:143 and SEQ ID NO:144. In some embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising
or consisting of a nucleotide sequence selected from the group consisting of SEQ ID NO:71, SEQ ID NO:73, SEQ ID
NO:78, SEQ ID NO:143 and SEQ ID NO:144. In the present invention, the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising or consisting of a nucleotide sequence selected from the group consisting of SEQ ID NO:73, SEQ ID NO:134,
SEQ ID NO:143 and SEQ ID NO:144. In some embodiments, the polynucleotide is comprised of all 2’-deoxyribo poly-
nucleotides. In some embodiments one or more nucleotides of the polynucleotide comprises a modification. In some
embodiments, the modification comprises a 2’-sugar modification. In a subset of these embodiments, the 2’-sugar
modification comprises a 2’-O-methyl sugar modification or a 2’-O-methoxyethyl sugar modification. In certain embod-
iments, the polynucleotide is comprised of all 2’-deoxyribo polynucleotides. In certain embodiments, the polynucleotide
is a 2’-deoxyribo polynucleotide and a 2’-sugar modification chimeric sequence. In certain embodiments, the polynucle-
otide is a 2’-deoxyribo polynucleotide and a 2’-O-methyl sugar polynucleotide chimeric sequence. In certain embodiments,
the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-O-methyoxyethyl sugar polynucleotide chimeric sequence.
In certain embodiments, the polynucleotide has at least one nucleotide comprising a modified phosphate linkage. In
certain embodiments, the polynucleotide comprises only phosphorothioate linkages. In some embodiments, the methods
further comprise selecting the individual having the elevated inflammatory gene expression pattern, prior to the admin-
istering step. In some preferred embodiments, the TLR7 inhibitor and/or TLR9 inhibitor is administered in an amount
effective to achieve one or more of the following outcomes: i) reduce the inflammatory gene expression pattern in a
post-treatment sample from the individual; ii) reduce a clinical disease activity measure of the autoimmune disease; iii)
reduce a serologic disease measure of the autoimmune disease; and iv) increase plasmacytoid dendritic cells in a post-
treatment peripheral blood mononuclear cell sample from the individual. In some embodiments, the serologic disease
measure comprises complement levels. In some embodiments, the serologic disease measure comprises anti-nuclear
antigen antibodies comprising one or more of the group consisting of anti-dsDNA, anti-Sm (Smith antigen), anti-histone,
anti-RNP, anti-Ro (SSA), and anti-La (SSB). In some embodiments, the methods further comprise administering a
second therapeutic agent. In some preferred embodiments, the second therapeutic agent is selected from the group
consisting of a corticosteroid, a nonsteroidal anti-inflammatory drug (NSAID), an IFN-alpha inhibitor, and an anti-malarial.
In some embodiments, the individual is a human patient. In some embodiments, the autoimmune disease is systemic
lupus erythematosus (SLE) or cutaneous lupus erythematosus (CLE). In some embodiments, the autoimmune disease
is selected from the group consisting of SLE, systemic sclerosis, polymyositis, dermatomyositis, rheumatoid arthritis
and Sjorgren syndrome.
[0021] Also described by the present disclosure are methods of treating an autoimmune disease in an individual
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comprising -administering to the individual an amount of a TLR7 inhibitor and/or TLR9 inhibitor effective to reduce
glucocorticoid use by the individual, wherein an elevated inflammatory gene expression pattern as compared to that of
control sample(s) from healthy subject(s) is present in a sample from the individual at the onset of treatment. The present
disclosure further provides methods of assessing whether an individual having an autoimmune disease is likely to respond
to a treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, the method comprising measuring
an inflammatory gene expression pattern in a sample from the individual, wherein an elevated inflammatory gene ex-
pression pattern as compared to that of control sample(s) from healthy subject(s) indicates that the individual is likely
to respond to the treatment. Additionally the present disclosure provides methods of monitoring responsiveness of an
individual having an autoimmune disease to a treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9
inhibitor, the method comprising measuring an inflammatory gene expression pattern in a sample from the individual
pre- and post-treatment, wherein when the inflammatory gene expression pattern is reduced in the post-treatment sample
as compared to the pre-treatment sample, the individual is determined to be responsive to the treatment. In some
embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising or consisting of a nucleotide sequence
selected from the group consisting of SEQ ID NOS:1-78, 80-108, and 110-145, or a polynucleotide comprising or con-
sisting of a nucleotide sequence selected from the group consisting of SEQ ID NOS:64-78, 123-135 and 141-145. In
some embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising the nucleotide sequence of the
formula: RγJGCKαGIGGLβ-3’ (SEQ ID NO:146), wherein each R, K, and L is a nucleotide, J is U or T, γ is an integer
from about 0 to 10, α is an integer from about 1 to about 20, and β is an integer from about 1 to about 20. In some
embodiments, each nucleotide of the GIGG of the sequence is a 2’-deoxyribonucleotide (e.g., G is 2’-deoxyguanosine
and I is 2’-deoxyinosine). In some embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising or
consisting of a nucleotide sequence selected from the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID
NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143 and SEQ IDNO:144. In some
embodiments the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising or consisting of a nucleotide sequence
selected from the group consisting of SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:143 and SEQ ID
NO:144. In some embodiments, the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising or consisting of a nucle-
otide sequence selected from the group consisting of SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143 and SEQ ID
NO:144. In some embodiments, the polynucleotide is comprised of all 2’-deoxyribo polynucleotides. In some embodi-
ments one or more nucleotides of the polynucleotide comprises a modification. In some embodiments, the modification
comprises a 2’-sugar modification. In a subset of these embodiments, the 2’-sugar modification comprises a 2’-O-methyl
sugar modification or a 2’-O-methoxyethyl sugar modification. In certain embodiments, the polynucleotide is comprised
of all 2’-deoxyribo polynucleotides. In certain embodiments, the polynucleotide is a 2’-deoxyribo polynucleotide and a
2’-sugar modification chimeric sequence. In certain embodiments, the polynucleotide is a 2’-deoxyribo polynucleotide
and a 2’-O-methyl sugar polynucleotide chimeric sequence. In certain embodiments, the polynucleotide is a 2’-deoxyribo
polynucleotide and a 2’-O-methyoxyethyl sugar polynucleotide chimeric sequence. In certain embodiments, the polynu-
cleotide has at least one nucleotide comprising a modified phosphate linkage. In certain embodiments, the polynucleotide
comprises only phosphorothioate linkages. In some embodiments, the individual is a human patient. In some embodi-
ments, the autoimmune disease is systemic lupus erythematosus (SLE) or cutaneous lupus erythematosus (CLE). In
some embodiments, the autoimmune disease is selected from the group consisting of SLE, systemic sclerosis, polymy-
ositis, dermatomyositis, rheumatoid arthritis and Sjorgren syndrome.
[0022] Moreover, the present disclosure provides embodiments of any of the methods described in the preceding
paragraphs in which the elevated inflammatory gene expression pattern comprises an interferon (IFN) signature com-
prising elevated levels in the sample of one or more biomarkers selected from the group consisting of BATF2, CMPK2,
CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1,
OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, c102h05 5, Agencourt-7914287 NIH-
MCG_71, ISG20, IFI16, IRF7, and AIM2, as compared to the control sample(s). In some embodiments, the elevated
inflammatory gene expression pattern comprises an interferon (IFN) signature comprising elevated levels in the sample
of one or more biomarkers selected from the group consisting of BATF2, CMPK2, DDX60, EPSTI1, HERC5, HES4,
IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2,
RTP4, SERPING1, TRIM6, XAF1, c102h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IRF7, and AIM2, as compared
to the control sample(s). In some embodiments, the elevated inflammatory gene expression pattern comprises elevated
levels in the sample of one or more cytokines selected from the group consisting of IL-1alpha, IL-1 beta, TNF-alpha, IL-
6, IL-17, IFN-alpha, IFN-omega, IFN-lambda1, IFN-lambda2, and IP-10, as compared to the control sample(s). In some
embodiments, the elevated inflammatory gene expression pattern comprises elevated levels in the sample of one or
more biomarkers selected from the group consisting of: IFIT1 (Interferon-induced protein with tetratricopeptide repeats-
1), OASL (2’-5’-oligoadenylate synthetase-like), LY6E (Lymphocyte antigen 6 complex, locus E), OAS2 (2’-5’-oligoad-
enylate synthetase), OAS3 (2’-5’-oligoadenylate synthetase), IFI44 (Hepatitis C microtubular aggregate protein), MX1
(Myxovirus resistance 1), G1P3 (Interferon, alpha-inducible protein or IFI-6-16), PRKR (Protein kinase, interferon-α-
inducible double-stranded RNA-dependent), IFIT4 (Interferon-induced protein with tetratricopeptide repeats 4), PLSCR1
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(Phospholipid scramblase 1), C1ORF29 (Hypothetical protein expressed in osteoblasts, similar to IFI44), HSXIAPAF1
(XIAP-associated factor-1), G1P2 (Interferon, alpha-inducible protein or IFI-15K), Hs. 17518 (Cig5 or Viperin), IRF7
(Interferon regulatory factor 7), CD69 (Early T-cell activation antigen), LGALS3BP (Lectin, galactoside-binding, soluble,
3 binding protein), IL1RN (Interleukin-1 receptor antagonist), APOBEC3B (Phorbolin 1-like), RGS1 (Regulator of G-
protein signaling 1), AGRN (Agrin), EREG (Epiregulin), THBS1 (Thrombospondin 1), ETS1 (v-ets erythroblastosis virus
E26 oncogene homolog 1), ADAM9 (A disintegrin and metalloproteinase domain 9), SERPING1 (Serine or cysteine
proteinase inhibitor (C1 inhibitor)), and FCGR1A (Fc fragment of IgG, high-affinity Ia receptor) as compared to the control
sample(s). In some embodiments, the IFN signature is part of a SLE signature. In some embodiments, the SLE signature
comprises elevated levels in the sample of one or more biomarkers selected from the group consisting of GTPBP2,
PCTAIRE2BP, DNAPTP96, GPR84, B4GALT5, FRAT2, and PAFAH1B as compared to the control sample(s). In some
embodiments, the SLE signature comprises elevated levels in the sample of one or more biomarkers selected from the
group consisting of: Table 1B (185 markers), Table 2B (1253 marker), Table 3B (18 markers), and Table 4 (6 markers)
all of U.S. 7,608,395 (and as reproduced in the description) as compared to the control sample(s). In some embodiments,
the SLE signature comprises reduced levels in the sample of one or more biomarkers selected from the group consisting
of: Table 1A (160 markers), Table 2A (1751 marker), and Table 3A (27 markers) all of U.S. 7,608,395 (and as reproduced
in the description) as compared to the control sample(s). In some embodiments, elevated levels refer to a change in the
expressed level of at least 2.0 fold, at least 2.25 fold, at least 2.5 fold or, at least 3 fold, at least 3.5 fold, at least 4 fold,
at least 5-fold, or at least 10 fold, greater than that in the control sample(s). In other embodiments, reduced levels refer
to expression at a level that is at least 50% less, at least 60%, at least 70%, at least 80%, at least 90% or at least 95%
less than that in the control sample(s). In some embodiments, the one or more biomarkers comprise at least two, three,
four, five, six, seven, eight, nine, ten, fifteen, twenty, or twentyfive biomarkers. In some embodiments, the control sample(s)
from healthy subject(s) comprises PBMC from at least 10, 15, 20, or 25 healthy human subjects. In some embodiments,
the sample comprises peripheral blood mononuclear cells (PBMC) or skin tissue. In some embodiments, the elevated
inflammatory gene expression pattern is determined by measuring mRNA expressed from a gene of the biomarker. In
other embodiments, the elevated inflammatory gene expression pattern is determined by measuring protein expression
from a gene of the biomarker. In some embodiments, the elevated inflammatory gene expression pattern is determined
by a technique selected from but not limited to the group consisting of nanostring analysis, enzyme-linked immunosorbent
assay (ELISA), and flow cytometry.
[0023] The present disclosure further provides compositions for use in the methods of the preceding paragraphs
comprising a TLR7 inhibitor and/or a TLR9 inhibitor for use in treating an autoimmune disease in an individual, wherein
an elevated inflammatory gene expression pattern as compared to that of control sample(s) from healthy subject(s) is
present in a sample from the individual at the onset of treatment, wherein the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising the nucleotide sequence of the formula: RγJGCKαGIGGLβ-3’ (SEQ ID NO:146), wherein each R, K, and L
is a nucleotide, J is U or T, γ is an integer from about 0 to 10, α is an integer from about 1 to about 20, and β is an integer
from about 1 to about 20. In some embodiments, each nucleotide of the GIGG of the sequence is a 2’-deoxyribonucleotide
(e.g., G is 2’-deoxyguanosine and I is 2’-deoxyinosine).
[0024] The present disclosure also provides compositions for use in the methods of the preceding paragraphs com-
prising a TLR7 inhibitor and/or a TLR9 inhibitor for use in treating an autoimmune disease in an individual, wherein an
elevated inflammatory gene expression pattern as compared to that of control sample(s) from healthy subject(s) is
present in a sample from the individual at the onset of treatment, wherein the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising the nucleotide sequence of the formula: 5’-Nm-N3N2N1CGN1N2N3-Nm-3’ (SEQ ID NO:205), wherein CG is
an oligonucleotide motif that is CpG, C*pG, C*pG*, or CpG*, wherein C is cytosine, C* is a pyrimidine nucleotide derivative,
G is guanosine, G* is a purine nucleotide derivative; N1 is a nucleotide derivative or non-nucleotide linkage modification
that suppresses the activity of the oligonucleotide motif, N2-N3 at each occurrence is a nucleotide, nucleotide derivator,
or non-nucleotide linkage modification that suppresses the activity of the oligonucleotide motif, N1-N3 at each occurrence
is a nucleotide or nucleotide derivative, and Nm and Nm at each occurrence is a nucleotide, nucleotide derivator, or non-
nucleotide linkage.
[0025] The present disclosure additionally provides compositions for use in the methods of the preceding paragraphs
comprising a TLR7 inhibitor and/or a TLR9 inhibitor for use in treating an autoimmune disease in an individual, wherein
an elevated inflammatory gene expression pattern as compared to that of control sample(s) from healthy subject(s) is
present in a sample from the individual at the onset of treatment, wherein the TLR7 and/or TLR9 inhibitor is a polynucleotide
comprising the nucleotide sequence of the formula: XaCCN1N2N3YbN4GGGZc (SEQ ID NO:206), wherein: each C is
cytidine or a derivative thereof, wherein at least one C is a cytidine derivative; each G is guanosine or a deaza derivative
thereof; Xa is any nucleotide sequence a nucleotides long, wherein a is an integer between 0-12, inclusive, and each
nucleotide is selected independently of any other in Xa; Yb is any nucleotide sequence b nucleotides long, wherein b is
an integer between 0-21, inclusive, and each nucleotide is selected independently of any other in Yb; Zc is any nucleotide
sequence c nucleotides long, wherein c is an integer between 0-12, inclusive, and each nucleotide is selected independ-
ently of any other in Zc; and N1, N2, N3, and N4 are each independently any nucleotide.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1A-C depicts IL-6 levels (pg/ml) in mouse splenocytes following TLR7 ligand stimulation by R848 either alone
or in the presence of tested IRPs.
Figure 2A-D shows rat body weight gain/loss over time after administration of SEQ ID NO:42 or SEQ ID NO:109
(IRS) at 10mpk and 100mpk (A, B) and after administration of SEQ ID NO:42, SEQ ID NO:109, SEQ ID NO:79,
SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143 and SEQ ID NO:144 at 90mpk (C, D).
Figure 3A-B shows percent weight gain versus pre-dose over time after administration of SEQ ID NO:42 (A) and
SEQ ID NO:109 (B) at the indicated doses. Figure 3C shows percent weight gain versus pre-dose over time after
administration of SEQ ID NO:42, SEQ ID NO:79, SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143 and SEQ ID
NO:144 at 100 mg/kg.
Figure 4A-D shows organ weight of the liver, heart, kidney or spleen after administration of SEQ ID NO:42, SEQ ID
NO:79, SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143 and SEQ ID NO:144 at 100 mg/kg.
Figure 5A-B shows the percentage of IL-6 produced (A) compared to R848 alone when stimulated with R848 either
alone or in the presence of the tested IRPs and (B) compared to CpG-ISS alone when stimulated with CpG-ISS
either alone or in the presence of the tested IRPs.
Figure 6A-B shows the percentage of IL-6 produced compared to R848 alone or level of IL-6 (pg/ml) produced when
stimulated with R848 either alone or in the presence of the testd IRPs in splenocytes and B-cells, respectively.
Figures 6C and D show the percentage of IL-6 produced compared to CpG-ISS alone or level of IL-6 (pg/ml) produced
when stimulated with CpG-ISS either alone or in the presence of the testd IRPs in splenocytes and B-cells, respec-
tively.
Figure 7A shows the percentage of IL-6 produced compared to CpG-ISS alone when stimulated with CpG-ISS either
alone or in the presence of the tested IRPs. Figure 7B shows the percentage of IL-6 produced compared to R848
alone when stimulated with R848 either alone or in the presence of the tested IRPs. Figures 7C-D show the percentage
of IFN-α produced compared to virus alone when stimulated with influenza virus (C) or HSV (D) either alone or in
the presence of the tested IRPs.
Figure 8A shows the level of IFN-α produced compared when stimulated with CpG-ISS alone or in the presence of
the tested IRPs. Figure 8B-C shows the percentage of IFN-α produced compared to DNA-IC alone when stimulated
with DNA-IC (B) or RNP-IC (C) either alone or in the presence of the tested IRPs.
Figure 9A-B shows IC50 values for the tested IRPs in PDC when stimulated with HSV. Figure 9C and D show IC90
values for the tested IRPs in PDC when stimulated with influenza virus.
Figure 10A shows dose response curves of human PDC stimulated with TLR9L HSV or TLR71FLU either alone or
in the presence of various concentration of SEQ ID NO:73. Figure 10B shows the percentage of IFN-α produced
compared to virus alone when stimulated with influenza virus, either alone or in the presence of the tested IRPs.
Figure 10C and D show the level of IL-6 (pg/ml) produced or the percentage of IL-6 produced compared to CpG-
ISS alone when stimulated with CpG-ISS either alone or in the presence of the tested IRPs.
Figure 11A-B shows tissue concentrations of tested IRPs in liver and kidney. Figure 11 C and D show tissue
concentrations of SEQ ID NO:73 and SEQ ID NO:109 in the liver, kidney, spleen and heart at the tested doses.
Figure 12A-B shows tissue concentrations of SEQ ID NO: 73 for the liver, kidney, spleen and heart over time at the
tested doses. Figure 12C and D show tissue concentrations of SEQ ID NO:73 and 109 in liver, kidney and spleen
at the end of the study.
Figure 13A-D shows that the level of expression of the PDC-induced IFN signature in GC-treated SLE patients
strictly correlated with circulating blood PDC. (A) Purified PDC were cultured alone or with Flu or purified anti-RNP-
IC either alone or with GC (10-5M) or IRS and assayed for IFN-α secretion at 3h. (B) Top panel: Interferon module
expression levels (average from transcripts within the IFN module) in SLE patients untreated (n=30), on 5-10 mg
(n=29) or on 20-30 mg (n=6) daily oral Prednisone and on IV methylprednisolone pulse (3 consecutive doses, n=6).
Medium and lower panels: blood PDC and monocyte numbers in SLE patients untreated (n=13), under 5-10 mg
daily oral GC (n= 27), oral daily GC 20-30 mg (n=16) and the day after IV pulse (n= 6). (C) Representative flow
cytometry analysis of PDC before and 1 and 6 days post IV pulse. (D) Top: Quantification of the average Interferon
module level expression (Nanostring, see Figure 17) in healthy controls (n=9), SLE patients before IV pulse (n=26)
and at Day 1 (n=1) and Day 8 after the pulse (n=2). Bottom: PDCs frequency in the CD 11 c population patients
before IV pulse (D0, n=10) and at Day 1 (n=9) and Day 6 after pulse (n=2). Data are plotted as mean 6 SEM.
Figure 14A-G shows that GC did not affect viability of TLR7&9-activated PDC due to its lack of activity on TLR-
induced NF-kB activation. (A-D) Purified PDC were cultured as indicated and viability was assessed after 24 hr. (A)
PDC were cultured with GC (10-5M or 10-6M) either alone or as indicated. Average of 6-12 independent donors is
shown 6 SEM. ** p≤0.01 TLRL alone versus cultured with IRS. (B) PDC were cultured with GC (10-5M) either alone
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or as indicated. Average of 5-8 independent donors 6 SEM. (C-D) PDC were cultured with CpG-C either alone or
with p38 MAPK, PI3Kinase or NF-kB inhibitors. Average of 6-8 independent donors 6 SEM is shown. (E-G) Nuclear
extracts from purified PDC (E-F) or monocytes (G) were prepared following cultures as indicated and the transcrip-
tional activity of NF-kB was assessed. IKK-2 was used at 0.5mM. Data are shown as OD values (mean6 SEM) of
at least four independent experiments.
Figure 15A-D shows that TLR9 activation in vivo rendered PDC more resistant to GC treatment. (A, B) 129 mice
were injected with graded doses of dextamethasone and cells prepared from blood (A) or spleens (B) after 18 hr.
In blood (A), data are expressed as number of cells/ml of blood and as total number of cells in spleens (B). n=6
mice per group. (C-D) 129 mice were either left untreated or treated with 1mg dexamethasone alone or in the
presence of either CpG-C ISS (50 mg/mouse) or with CpG-C ISS plus IRS (100 mg/mouse); Number of cells/ml in
blood is shown in (C) and total number of cells in spleen is shown in (D). Cumulative data of two independent
experiments; n=8 mice per group is shown. Plotted data represent averages 6 standard error of the mean ** p≤0.01,
*** p≤0.001.
Figure 16A-D shows that PDC form lupus prone mice had intrinsic resistance to GC-induced cell death as compare
to WT mice due to TLR7&9 activation by self-nucleic acid. (A-B) normal (closed symbols) and lupus-prone (open
symbols) animals were either left untreated or treated with Dexamethasone (GC). Cell numbers in blood (A, fold
change to pre-bleed) and spleens (B, fold change to untreated) was assessed 18 hr later. Cumulative data of at
least three independent experiments is shown. *** p≤0.001 indicate differences between both lupus strains from
either normal strains. (C) (NZBxNZW)F1 and (D) TLR7.Tg.6 mice were left untreated or treated with GC alone or in
the presence of IRS or control (CTRL) ODN (100 mg/mouse s.c.) given every 3 days for 10 days prior to the GC
treatment. Viability was assessed in the spleen 18 hr post DEX. Cumulative data of two independent experiments
is shown.
Figure 17 shows the transient levels of the PDC-induced IFN signature in GC- treated SLE patients. Purified human
PDC were cultured alone or in the presence of Flu (2 MOI) or purified anti-RNP IC isolated from SLE patients either
alone or combined with GC (10-5M or 10-6M or IRS (0.5 mM). After 3 hr, cells were assayed for IFN-α secretion and
cumulative data of five donors shown as MFI (mean 6 standard error of the mean).
Figure 18A-E shows that TLR-induced signal protected PDC from GC-induced cell death. IRS inhibited IFN-α
production in TLR7/9 stimulated human PDC but did not induce cell death and exogenous IFN-α did not rescue
PDC in absence of NF-kB activation. (A) Purified human PDC were cultured with CpG-C ISS (0.5 mM), IL-3 (5 ng/ml),
TNF-α (20 ng/ml), IL-7 (10 ng/ml), FTL-3L (10 ng/ml) alone (white bar) or in the presence of GC (10-5M) (black bar).
Viability was assessed after 24 hr. Average of 10 (left panel) and 13 (right panel) independent donors 6 standard
error of the mean in five independent experiments is shown ** p≤0.01, *** p≤0.001. P values are between CpG +
GC and cytokines + GC groups. (B) Purified human PDC were cultured with CpG-C ISS (0.5 mM), Flu (2 MOI) either
alone or in combination with various concentration of GC. Viability and production of IFN-α was assessed after 24
hr. Average of 10 independent donors is shown. (C, D) Purified PDC were cultured with CpG-C ISS (0.5 mM), Flu
(2 MOI) or RNP-IC (0.5 mg/ml) either alone or in the presence of IRS (1mM) (C) Viability was assessed after 24 hr.
(D) IFN-α was measured by ELISA. Cumulative data of three independent experiments is shown. n=10. (E) Purified
PDC were cultured with CpG-C ISS (0.5 mM) with or without soluble IFN-α (20 ng/ml) either alone or in the presence
of the NF-kB inhibitor IKK-2 at the indicated concentrations. Viability was assessed after 24 hr. Average 6 standard
error of the mean of 10 independent donors is shown.
Figure 19 shows that GC did not affect TLR-induced p65 phosphorylation in PDC. Negatively purified PDC were
either left untreated or cultured with CpG-C ISS (0.5 mM) (A), Flu (2 MOI) (B) either alone or in the presence of GC
(10-5M) or NF-kB inhibitor IKK-2 (0.5 mM) for 90 min after which cells were fixed immediately permabilized with
PermBuffer III for 30 minutes on ice and stained with either Alexa-647 anti-human NF-kB p65 (pS529) (BD Bioscience)
and then analyzed by flow cytometry. Representative histograms of at least three separate experiments.
Figure 20 shows that IRS significantly reduced CpG-C ISS-mediated induction of cytokines in vivo. 129 mice were
either left untreated or treated with CpG-C ISS (50 mg/mice) alone or with IRS (50 mg/mice) and serum was collected
6 hr later. IFN-α and IL-6 was evaluated by ELISA. n=6 mice per group 6 standard error of the mean.
Figure 21 shows that increased resistance of PDC in lupus-prone mice was due to TLR7&9 stimulation. (A) (NZ-
BxNZW)F1 and (B) TLR7.Tg.6 mice were left untreated or treated with GC (0.5 mg) alone or with IRS. IRS (10mg/mice
s.c.) was administered every 3 days for 10 days prior to the GC treatment. Viability of the different cell subsets was
assessed 18 hr after the injection of GC. Data refers to cell number/ml in the blood. Cumulative data 6 standard
error of the mean of two independent experiments n= 8-12 mice/group.
Figure 22A-D shows that treatment of lupus-prone mice with TLR inhibitors did not affect viability in vivo in absence
of GC in lupus-prone mice and does not have any effect on GC-treated WT mice. Resistance of PDC to GC-induced
cell death in lupus mice require cellular activation. (A) (NZBxNZW)F1 or (B) TLR7.Tg.6 were either left untreated or
treated every 3 days for 10 days with IRS (100 mg/mice s.c.) and the cell number was measured by flow cytometry
in the spleen 18 hr after last IRS administration. Data refers to the average 6 standard error of the mean of the total
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cell number in spleens n=6 mice per group. Similar data were obtained in the blood stream (not shown). (C) 129
mice were left untreated or treated with GC 0.5 mg or GC plus IRS (100 mg/mice s.c.) as described in Figure 16.
Viability of PDC was assessed 18 hr after the injection of GC .n=6 mice per group. (D) 129 or the (NZBxNZW)F1
lupus-prone animals (3 weeks or 16 weeks old) were either left untreated or treated with GC as in Figure 16. Here,
the dose of GC was adjusted based on weight of mice and 3 weeks old mice received 0.25 mg while adult mice
received 0.5 mg. PDC cell numbers in blood and spleens was assessed 18 hr later. Data are expressed as fold of
change to untreated mice for each mouse.
Figure 23A-C shows that treatment of lupus-prone mice with TLR inhibitors reduced levels of IFN-inducible genes.
(A) (NZBxNZW)F1 mice were treated as described in Figure 16 but when mice received IRS, different doses of GC
were used (in mg per mouse here) (B) (NZBxNZW)F1 and (C) TLR7.Tg.6 mice were left untreated or treated with
IRS (100 mg/mice s.c) every 3 days for 10 days and spleens were harvested 18 hr after the last IRS injection. RNA
was prepared from the spleens of the animals and the levels of type I IFN-regulated genes were measured by
quantitative analysis (Taqman).Averages 6 standard error of the mean for n=6-10 mice per group.
Figure 24A-F shows that skin injury provoked leukocytes infiltration and activation including production of IFN-α by
PDC and secretion of NETs by neutrophils. (A) Cellular infiltrate in the skin of 129 mice was characterized 24 hr
post inflammation via tape- stripping by flow cytometry. PDC were identified as CD11C+ PDCA1+120G8+, cDC as
CD1 1c+PDCA1-120G8-, neutrophils as LY6G+(1A8) F480-, skin macrophages as F480+ LY6G low, T cells as
CD4+CD3+ and CD8+CD3+. Representative FACS plots of at least 10 mice is shown. (B) 129 mice were tape
stripped and 24hr later PDC infiltrating cells were assessed for IFN-α production by flow cytometry analysis. Neu-
trophils (LY6G+) and T cells (CD3+) were used as negative control. Cultured bone marrow derived PDC stimulated
for 3 hr with CpG-ISS were used as positive control. A representative of three independent experiments with similar
results is shown. The ability of neutrophils to form NETs when isolated from (C) bone marrow (as source of inactivated
neutrophils) or (D) the skin of mice 24H post tape stripping was determined by immunostaining using Ly6G to detect
neutrophils and the SyTox dye to stain DNA. The presence of LL-37-containing DNA (E) or RNA (F) NET fiber was
detected by immunostaining using specific dyes. Representative of 10 mice is shown.
Figure 25A-B show that MyD88 signaling pathway was necessary for the upregulation of both Type I IFN-regulated
and pro-inflammatory genes. A) MyD88-/- (stripped histograms) and age matched WT C57/BL6 mice (black histo-
grams) were either left untreated (naive) or tape stripped to provoke inflammation. 24 hr later, skin biopsies were
isolated and the levels of proinflammatory genes evaluated by Taqman. IFNAR-/- mice (stripped histograms) and
age matched WT 129 mice (black histograms) were either left untreated (naive) or tape stripped to provoke inflam-
mation. 24 hr later, skin biopsies were isolated and the levels of proinflammatory genes evaluated by Taqman.
Cumulative data from at least two independent experiments n= 15-20 per group is shown (Mean6SEM). * p≤0.05;
** p≤0.01; *** p≤0.001. Naive (untreated) groups are shown for C57/BL6 and 129 mice only. Cumulative data from
at least two independent experiments n= 15-20 is shown (Mean6SEM). * p≤0.05; ** p≤0.01; *** p≤0.001.
Figure 26A-B shows that stimulation of TLR7 and TLR9 was required for the induction of skin inflammation but not
for the cellular infiltration following skin injury. 129 mice were either left untreated (naive, white histograms), tape
stripped (Tape, black histograms) or tape stripped immediately after treatment (s.c) with the dual TLR7 and TLR9
inhibitor SEQ ID NO:42 (IRS) (100 mg; sc). A) 24 hr later skin infiltrating cells were isolated and PDC and neutrophils
identified as in Figure 24A. Histograms show total cell number obtained from 2x2 cm skin biopsy (n=10 mice)
(Mean6SEM). B) Gene expression levels were evaluated by Taqman. Cumulative data from at least two independent
experiments n=10-15 mice is shown (Mean6SEM). * p≤0.05; ** p≤0.01; *** p≤0.001.
Figure 27A-B shows that the activation of both PDC and neutrophils was critical for the burst of inflammatory genes
following tape-stripping injury. 129 mice were either left untreated or tape stripped PDC and/or neutrophils were
depleted prior to tape stripping using specific antibodies. Mice were injected with 250 mg given i.p. at day -2 and
day 0, eight hours before tape stripping with the anti-120G8 Ab for depletion of PDC, or anti-GR1-LY6G Ab for
depletion of neutrophils. Over 95% cellular depletion was achieved in both blood stream and skin infiltrate. 24 hr
post tape-stripping, gene expression levels were measured in skin infiltrating cells (A) and skin biopsies (B). Naive
groups are shown for untreated mice only. Cumulative data from three independent experiments n=14 mice is shown
(Mean6SEM). * p≤0.05; ** p≤0.01; *** p≤0.001.
Figure 28A-H shows that lupus prone (NZBxNZW)F1 mice developed a severe and chronic skin disease resembling
human CLE following tape-stripping. (A) Lupus prone mice (NZBxNZW)F1 and age matched 129 and C57/BL6 mice
were tape stripped and skin biopsies were collected 24 hr, 4 days and 20 days later and gene expression evaluated
(IRF7, ISG15 and IFIT were analyzed as Type I IFN regulated genes and TNF-α, IL1-A, IL1B as inflammatory
genes). Levels of gene expression at 24 hr were set as 100 and compared to levels obtained at 4 days and 20 days
post tape stripping. Cumulative data from three independent experiments is shown n=10 (Mean6SEM) * p≤0.05;
** p≤0.01; *** p≤0.001. (B) Quantification of area with open lesions 15-23 days after tape stripping in (NZBxNZW)F1,
129 and C57/BL6 mice. Cumulative data of at least two independent experiments n=15 (Mean6SEM). (C-H) Rep-
resentative sections of skin from (C) untouched (NZBxNZW)F1 mice, or from the skin of (D) 129 , (E) C57/BL6 or
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(F-H) (NZBxNZW)F1 mice 15-23 days after tape stripping. Scale bar 200 mm.
Figure 29A-G shows that PDC and TLR7&9 signaling were required for cutaneous disease formation in lupus prone
mice. (A) Quantification of area with open macroscopical skin lesions lesions 15-23 days following tape-stripping in
(NZBxNZW)F1 mice (untreated), (NZBxNZW)F1 treated with weekly injection of SEQ ID NO:42 (IRS) and (NZ-
BxNZW)F1 mice in which PDC have been depleted during the course of the experiment (PDC depleted). Cumulative
data of at least two independent experiments n=12 (Mean6SEM) is shown. Representative sections of skin from
(B) untouched (NZBxNZW)F1 (naive) or from skin isolated 15-23 days after tape stripping from (C) (NZBxNZW)F1
left untreated or (D-E) treated with IRS or (F-G) depleted of PDC. Scale bar 200 mm.
Figure 30A-E shows that therapeutic treatment of lupus-prone mice with chronic skin inflammation using SEQ ID
NO:42 (IRS) significantly ameliorated CLE-like phenotype. (A) Quantification of area with open lesions 15-23 days
after tape stripping in (NZBxNZW)F1 mice left untreated or (NZBxNZW)F1 mice treated from day 4-20 with IRS in
a therapeutic setting (scheme of treatment in Figure 36). Cumulative data of two independent experiments n=12
(Mean6SEM). Representative sections of skin from (NZBxNZW)F1 either (B, C) left untreated or (D, E) treated from
day 4 with SEQ ID NO:42 (IRS). Scale bar 200 mm.
Figure 31A-B shows that MyD88 signaling pathway was necessary for the upregulation of both Type I IFN-regulated
and pro-inflammatory genes in leukocytes infiltrating injured skin. A) MyD88-/- (stripped histograms) and age matched
WT C57/BL6 mice (black histograms) were either left untreated (naive) or tape stripped to provoke inflammation.
24 hr later, infiltrating leukocytes were isolated and the levels of proinflammatory genes evaluated by Taqman.
IFNAR-/- mice (stripped histograms) and age matched WT 129 mice (black histograms) were either left untreated
(naive) or tape stripped to provoke inflammation. 24 hr later, skin biopsies were isolated and the levels of proinflam-
matory genes evaluated by Taqman. Cumulative data from at least two independent experiments n= 15-20 per
group is shown (Mean6SEM). * p≤0.05; ** p≤0.01; *** p≤0.001. Naive (untreated) groups are shown for C57/BL6
and 129 WT mice only. Cumulative data from at least three independent experiments n= 15-20 is shown
(Mean6SEM). * p≤0.05; ** p≤0.01; *** p≤0.001.
Figure 32 shows that TLR7 and TLR9 stimulation was not required for the cellular infiltration following skin stripping.
129 mice were either left untreated (naive, white histograms), tape stripped (Tape, black histograms) or tape stripped
immediately after treatment (s.c) with the dual TLR7 and TLR9 inhibitor SEQ ID NO:42 (IRS) (100 mg; sc) as in
Figure 26. 24 hr later skin infiltrating cells were isolated and cell population identified as in Figure 24A. Histograms
show total cell number obtained from 2x2 cm skin biopsy (n=10 mice) (Mean6SEM).
Figure 33 shows that stimulation of TLR7 and TLR9 was required for the induction of skin inflammation. 129 WT
mice were treated as described in Figure 26. Genes were measured by Taqman in skin biopsies. Cumulative data
from at least two independent experiments (n=10-15 mice) is shown (Mean6SEM). * p≤0.05; *** p≤0.001.
Figure 34A-D shows that tape stripping of the skin of (NZBxNZW)F1 mice provoked a robust inflammatory response
that can be inhibited with SEQ ID NO:42 (IRS).Characterization of the skin cellular infiltrate following inflammation
via tape-stripping in lupus- prone mice. (NZBxNZW)F1 were shaved and either left untreated (A) or tape stripped
(B, C); 24 hr later skin infiltrating cells were isolated (B, C) and gene expression levels (D) were evaluated by
Taqman. Cells were characterized as described in Figure 24A. (C) Histograms show total cell number obtained from
2x2 cm skin biopsy (n=8 mice) (Mean6SEM). (D) (NZBxNZW)F1 mice were either left untreated (naive, white
histograms), tape stripped (Tape, black histograms) or tape stripped immediately after treatment with the dual TLR7
and TLR9 inhibitor SEQ ID NO:42 (IRS). 24 hr later gene expression levels were evaluated by Taqman. n=6 mice
is shown (Mean6SEM). * p≤0.05.
Figure 35A-F shows details of hystopathological features of lesions in (NZBxNZW)F1 20 days after tape stripping.
Representative sections of skin from (NZBxNZW)F1 15-23 days post tape-stripping. (A-C) Hyperplasia and hyper-
keratosis with fibrosclerosis and marked inflammatory infiltration of the dermis (original magnification 100x). (D)
Alterations of the dermal epidermis junction characterized by inflammatory infiltrate and degenerative modifications
of the adipous tissue (original magnification 100x). (E, F) Details of infiltrate in the deeper dermis consisting of
lymphocytes abundant neutrophils (nuclear dust is indicated with an arrow in E) and macrophages (boxed area in
F) (original magnification 400x).
Figure 36 shows the scheme for treatment protocols in (NZBxNZW)F1 with the TLR7&9 inhibitor SEQ ID NO:42
(IRS) and in the PDC-depleting experiments. SEQ ID NO:42 (IRS) was used starting the day of the tape stripping
during the entire course of the experiments (Figure 29A, D, E) or starting at 4 days post injury when the disease is
already established (Figure 30A, D, E). In both cases SEQ ID NO:42 (IRS) (100 mg; s. c.) was administered twice
a week. Also described is the timing of PDC depletion experiments described in Figure 29A, F, G. Depleting antibody
to PDC anti-120G8 (250 mg; i.p.) were given at day -2 and day 0, eight hours before tape stripping and then given
twice a week for the entire duration of the experiment. Experiments were stopped in between 15-23 days after initial
tape stripping depending on the progression of the lesions in the untreated groups.
Figure 37 shows that TLR7 and TLR9 signaling were both required for the induction of skin inflammation. (A) TLR7-/-
(black histograms) and age matched WT C57/BL6 mice (grey histograms) were either left untreated (naive) or tape
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stripped to provoke inflammation. 24 hr later, skin biopsies were isolated and the levels of proinflammatory genes
evaluated by Taqman. n=10 mice is shown (Mean6SEM); * p≤0.05. B) TLR9-/- were tape stripped (black histograms)
or tape stripped immediately after treatment (s.c) with the dual TLR7 and TLR9 inhibitor IRS 954 (100 mg; sc) (dashed
histograms). Age matched WT C57/BL6 mice were either left untreated (naive; white histograms) or tape stripped
(grey histograms). 24 hr later, skin biopsies were isolated and the levels of proinflammatory genes evaluated by
Taqman. n=10 mice is shown (Mean6SEM); * p≤0.05.
Figure 38A-B shows (A) Module level analysis from whole blood from 29 SLE patients with (n=18) or without (n=11)
oral GC treatment as described. Disease activity index (SLEDAI) and therapy used are indicated at the bottom.
Modules with slashes correspond to underexpression of genes while modules without slashes correspond to relative
overexpression to genes normalized to controls. (B) Nanostring Counter system was used to assess the longitudinal
blood gene expression levels in healthy donors and SLE patients. Probes corresponding to 12 IFN-inducible genes
were included in Nanostring codeset (see Table I). Gene expression levels were normalized to control genes and
to healthy donors. Heatmap (log 2 scale) corresponding to 8 SLE patient longitudinal samples (individual columns)
is shown. Samples corresponding to patients SLE 184, 190, 212, 252, 133 and 231 were obtained at 2-3 month
intervals. These patients were receiving oral GC but no IV Methylprednisolone pulses. SLE 242 was analyzed the
day before an IV pulse, 8 days after 2 independent IV pulses (marked as 0), and 2 additional times while on oral
GC. SLE 249 was analyzed the day before and the day after an IV pulse (marked as *), and two additional times
while on oral GC. Only the day after IV pulse there was a decrease in the expression levels of IFN-inducible genes.
No slashes: over expression. Slashes: under expression.

DETAILED DESCRIPTION

[0027] The invention provides polynucleotide inhibitors of TLR7 and TLR9and uses of these inhibitors. The polynu-
cleotide inhibitors comprise an immunoregulatory sequence (IRS). In some embodiments, the polynucleotide inhibitors
comprise an unmodified IRS. The polynucleotide inhibitors of the invention particularly inhibit innate immune responses,
including those responses that involve signaling through TLR7 and TLR9. The polynucleotide inhibitors of the invention
can effectively suppress cytokine production, including IFN-α and/or IL-6, from human cells. The polynucleotide inhibitors
of the invention and the other immunoregulatory polynucleotides and/or immunoregulatory compounds described herein
also can effectively suppress proliferation and/or maturation of cells stimulated with an immunostimulatory nucleic acid.
More specifically, the invention provides a polynucleotide comprising a nucleotide sequence selected from the group
consisting of TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73), (U modified with 2’-O-Me)-(G modified with
2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:134), TGCTCCT-
GGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T) and TGCT-
GCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:144-(hexa-(ethylene glycol))-T).
[0028] Described herein are also methods of treating and preventing autoimmune disorders and inflammatory disor-
ders, such as chronic inflammatory disorders, in an individual by administering an immunoregulatory polynucleotide
and/or immunoregulatory compound described herein to the individual. Described herein are also methods for predicting
and/or determining responsiveness of a disease to treatment comprising inhibitors of TLR7 and/or TLR9. In some
embodiments, the immunoregulatory polynucleotide and/or immunoregulatory compound is administered in combination
with another therapeutic agent. In some embodiments, the other therapeutic agent is a corticosteroid. In some embod-
iments, the immunoregulatory compounds and/or the immunoregulatory polynucleotides comprise at least one modified
immunoregulatory compounds.
In a related aspect, the invention provides a polynucleotide for use in treating an autoimmune disease in an individual,
wherein an elevated inflammatory gene expression pattern as compared to that of control sample(s) from healthy sub-
ject(s) is present in a sample from the individual at the onset of treatment, wherein the polynucleotide comprises a
nucleotide sequence selected from the group consisting of TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),
(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inos-
ine)-GGTTGT (SEQ ID NO:134), TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID
NO:143-(hexa-(ethylene glycol))-T) and TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T
(SEQ ID NO:144-(hexa-(ethylene glycol))-T).

General Techniques

[0029] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of mo-
lecular biology (including recombinant techniques), microbiology, cell biology, biochemistry and immunology, which are
within the skill of the art. Such techniques are explained fully in the literature, such as, Molecular Cloning: A Laboratory
Manual, second edition (Sambrook et al., 1989); Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Animal Cell Culture
(R.I. Freshney, ed., 1987); Handbook of Experimental Immunology (D.M. Weir & C.C. Blackwell, eds.); Gene Transfer
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Vectors for Mammalian Cells (J.M. Miller & M.P. Calos, eds., 1987); Current Protocols in Molecular Biology (F.M. Ausubel
et al., eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et al., eds., 1994); Current Protocols in Immunology
(J.E. Coligan et al., eds., 1991); The Immunoassay Handbook (D. Wild, ed., Stockton Press NY, 1994); Bioconjugate
Techniques(Greg T. Hermanson, ed., Academic Press, 1996); and Methods of Immunological Analysis (R. Masseyeff,
W.H. Albert, and N.A. Staines, eds., Weinheim: VCH Verlags gesellschaft mbH, 1993).

Definitions

[0030] As used interchangeably herein, the terms "nucleic acid," "polynucleotide" and "oligonucleotide" include single-
stranded DNA (ssDNA), double-stranded DNA (dsDNA), single-stranded RNA (ssRNA) and double-stranded RNA (dsR-
NA), modified polynucleotides and polynucleosides or combinations thereof. The polynucleotide can be linearly or cir-
cularly configured, or the polynucleotide can contain both linear and circular segments. Polynucleotides are polymers
of nucleosides joined, generally, through phosphodiester linkages, although alternate linkages, such as phosphorothioate
esters may also be used in polynucleotides. A nucleoside consists of a purine (adenine (A) or guanine (G) or derivative
thereof) or pyrimidine (thymine (T), cytosine (C) or uracil (U), or derivative thereof) base bonded to a sugar. The four
nucleoside units (or bases) in DNA are called deoxyadenosine, deoxyguanosine, thymidine, and deoxycytidine. A nu-
cleotide is a phosphate ester of a nucleoside.
[0031] The term "immunostimulatory nucleic acid" or "immunostimulatory polynucleotide" as used herein refers to a
nucleic acid molecule (e.g., polynucleotide) that effects and/or contributes to a measurable immune response as meas-
ured in vitro, in vivo and/or ex vivo. Examples of measurable immune responses include, but are not limited to, antigen-
specific antibody production, secretion of cytokines, activation or expansion of lymphocyte populations such as NK cells,
CD4+ T lymphocytes, CD8+ T lymphocytes, B lymphocytes, and the like. Immunostimulatory nucleic acid (ISNA) se-
quences are known to stimulate innate immune responses, in particular, those response occur through TLR-9 signaling
in the cell. As known in the art, immunostimulatory nucleic acid (ISNA) molecules can be isolated from microbial sources,
such as bacteria, can be present in nucleic acid vectors for use in gene therapy, or can be synthesized using techniques
and equipment described herein and known in the art. Generally, an immunostimulatory nucleic acid sequence include
at least one CG dinucleotide, with the C of this dinucleotide being unmethylated. Accordingly, microbial infection and
administered DNA can in some cases result in stimulation of innate immune responses.
[0032] The term "immunostimulatory" or "stimulating an immune response" as used herein includes stimulation of cell
types that participate in immune reactions and enhancement of an immune response to a specific antigenic substance.
An immune response that is stimulated by an immunostimulatory nucleic acid is generally a "Th1-type" immune response,
as opposed to a "Th2-type" immune response. Th1-type immune responses are normally characterized by "delayed-
type hypersensitivity" reactions to an antigen and activated macrophage function and can be detected at the biochemical
level by increased levels of Th1-associated cytokines such as IFN-γ, IL-2, IL-12, and TNF-α. Th2-type immune responses
are generally associated with high levels of antibody production, especially IgE antibody production and enhanced
eosinophils numbers and activation, as well as expression of Th2-associated cytokines such as IL-4, IL-5 and IL-13.
[0033] The term "innate immune response" or "innate immunity" as used herein includes a variety of innate resistance
mechanisms by which a cell or individual recognizes and responds to the presence of a pathogen. As used herein, an
"innate immune response" includes the intracellular and intercellular events and reactions that occur when the cell
recognizes pathogen associated molecular patterns or signals. Cellular receptors active in an innate immune response
include a family of Toll-like receptors (TLRs) and microbial ligands have been identified for several TLRs, as described
herein.
[0034] The term "immunoregulatory sequence" or "IRS", as used herein, refers to a nucleic acid sequence that inhibits
and/or suppresses a measurable innate immune response as measured in vitro, in vivo, and/or ex vivo. The term
"immunoregulatory sequence" or "IRS", as used herein, refers to both nucleic acid sequences that comprise a modification
(i.e., modified IRS) as well as nucleic acids which do not comprise a modification (i.e., unmodified IRS). Modified IRS
can include modifications to the sugar, base or backbone.
[0035] The term "immunoregulatory polynucleotide" or "IRP", as used herein, refers to a polynucleotide comprising at
least one IRS that inhibits and/or suppresses a measurable innate immune response as measured in vitro, in vivo, and/or
ex vivo. The term "immunoregulatory polynucleotide" or "IRP", as used herein, may comprise a modified and/or unmodified
IRS. Modified IRS can include modifications to the sugar, base or backbone. Inhibition of a TLR, e.g., TLR-7 or 9, includes
without limitation inhibition at the receptor site, e.g., by blocking ligand - receptor binding, and inhibition of the downstream
signal pathway after ligand-receptor binding. Examples of measurable innate immune responses include, but are not
limited to, secretion of cytokines, activation or expansion of lymphocyte populations such as NK cells, CD4+ T lym-
phocytes, CD8+ T lymphocytes, B lymphocytes, maturation of cell populations such as plasmacytoid dendritic cells and
the like.
[0036] The term "immunoregulatory compound" or "IRC", as used herein, refers to a molecule which has immunoreg-
ulatory activity and which comprises a nucleic acid moiety comprising an IRS, as well as a non-nucleotide spacer. The
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IRC may consist of non-nucleotide spacer, and a nucleic acid moiety that comprises more than one IRS or consists of
at least one IRS. The IRC may comprise a modified and/or unmodified IRS. Modified IRS can include modifications to
the sugar, base or backbone. Accordingly, the term IRC includes compounds which incorporate one or more nucleic
acid moieties, at least one of which comprises an IRS, covalently linked to a non-nucleotide spacer moiety.
[0037] The term "3’ " generally refers to a region or position in a polynucleotide or oligonucleotide 3’ (downstream)
from another region or position in the same polynucleotide or oligonucleotide. The term "3’ end" refers to the 3’ terminus
of the polynucleotide.
[0038] The term "5’ " generally refers to a region or position in a polynucleotide or oligonucleotide 5’ (upstream) from
another region or position in the same polynucleotide or oligonucleotide. The term "5’ end" refers to the 5’ terminus of
the polynucleotide.
[0039] The term "conjugate" refers to a complex in which an IRP and/or an IRC are linked. Such conjugate linkages
include covalent and/or non-covalent linkages.
[0040] "Adjuvant" refers to a substance which, when added to an immunogenic agent such as antigen, nonspecifically
enhances or potentiates an immune response to the agent in the recipient host upon exposure to the mixture.
[0041] The term "peptide" refers to polypeptides that are of sufficient length and composition to effect a biological
response, e.g., antibody production or cytokine activity whether or not the peptide is a hapten. Typically, the peptides
are at least six amino acid residues in length. The term "peptide" further includes modified amino acids (whether or not
naturally or non-naturally occurring), such modifications including, but not limited to, phosphorylation, glycosylation,
pegylation, lipidization and methylation.
[0042] A "delivery molecule" or "delivery vehicle" is a chemical moiety which facilitates, permits, and/or enhances
delivery of an IRP and/or IRC to a particular site and/or with respect to particular timing.
[0043] An "individual" is a mammal, more preferably a human. Mammals include, but are not limited to, humans,
primates, farm animals, sport animals, rodents and pets.
[0044] An "effective amount" or a "sufficient amount" of a substance is that amount sufficient to effect beneficial or
desired results, including clinical results, and, as such, an "effective amount" depends upon the context in which it is
being applied. In the context of administering a composition that suppresses a TLR9 dependent immune response, an
effective amount is an amount sufficient to inhibit or decrease a cellular response to stimulation through TLR9. In the
context of administering a composition that suppresses a TLR7 dependent immune response, an effective amount is
an amount sufficient to inhibit or decrease a cellular response to stimulation through TLR7. An effective amount can be
administered in one or more administrations.
[0045] The term "co-administration" as used herein refers to the administration of at least two different substances
sufficiently close in time to regulate an immune response. Preferably, co-administration refers to simultaneous admin-
istration of at least two different substances.
[0046] "Suppression" or "inhibition" of a response or parameter includes decreasing that response or parameter when
compared to otherwise same conditions except for a condition or parameter of interest, or alternatively, as compared to
another condition. For example, a composition comprising an IRP which suppresses immunostimulatory nucleic acid
induced cytokine production reduces cytokine production as compared to, for example, cytokine production induced by
the immunostimulatory nucleic acid alone. As another example, a composition comprising an IRP which suppresses
cytokine production associated with an innate immune response reduces the extent and/or levels of cytokine production
as compared to, for example, extent and/or levels of cytokine produced by the innate immune response alone. Inhibition
of a TLR response, e.g., a TLR7 or 9 response, includes, but is not limited to, inhibition at the receptor site, e.g., by
preventing or blocking effective ligand - receptor binding, and inhibition of the downstream signal pathway, e.g., after
effective ligand - receptor binding.
[0047] "Stimulation" of a response or parameter includes eliciting and/or enhancing that response or parameter. For
example, "stimulation" of an immune response, such as innate immune response or Th1 response, means an increase
in the response, which can arise from eliciting and/or enhancement of a response. Similarly, "stimulation" of a cytokine
or cell type (such as CTLs) means an increase in the amount or level of cytokine or cell type, such as IL-6 and/or TNF-α.
[0048] As used herein, and as well-understood in the art, "treatment" is an approach for obtaining beneficial or desired
results, including clinical results. For purposes of this invention, beneficial or desired clinical results include, but are not
limited to, alleviation or amelioration of one or more symptoms, diminishment of extent of disease, stabilized (i.e., not
worsening) state of disease, preventing spread of disease, delay or slowing of disease progression, amelioration or
palliation of the disease state, and remission (whether partial or total), whether detectable or undetectable. "Treatment"
can also mean prolonging survival as compared to expected survival if not receiving treatment.
[0049] "Palliating" a disease or disorder means that the extent and/or undesirable clinical manifestations of a disorder
or a disease state are lessened and/or time course of the progression is slowed or lengthened, as compared to not
treating the disorder. Especially in the autoimmune disease context, as is well understood by those skilled in the art,
palliation may occur upon regulation or reduction of the unwanted immune response. Further, palliation does not nec-
essarily occur by administration of one dose, but often occurs upon administration of a series of doses. Thus, an amount
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sufficient to palliate a response or disorder may be administered in one or more administrations.
[0050] The term "biomarker" as used herein refers to the differential expression of a gene of interest either at the level
of transcription (mRNA) or translation (protein).
[0051] The term "IFN signature" as used herein refers to the presence of one or more interferon-inducible biomarkers.
In some embodiments, the interferon-inducible biomarkers comprise type I interferon-upregulated genes, as compared
to the expression of one or more biomarkers that are essentially unregulated by type I interferons. As used herein, an
"IFN signature" is part of an elevated inflammatory gene expression pattern.
[0052] The term "elevated inflammatory gene expression pattern" as used herein refers to the presence of two or more
biomarkers that are upregulated as part of an inflammatory response: a biomarker of an IFN signature; and a further
biomarker (e.g., not directly interferon-inducible). Thus, the term "elevated inflammatory gene expression pattern" en-
compasses an IFN-signature, as well as elevated levels of proinflammatory mediators such as chemokines, and chem-
okine-inducible biomarkers (Crow and Kirou, Arthritis Res Ther, 2008 10:126, and Fu et al., Arthritis Res Ther, 2008,
10:R112). For instance, the non-interferon-inducible biomarker comprises signatures from activated leukocytes selected
from the group consisting of neutrophils, granulocytes, macrophages, and plasma cells. The term "elevated inflammatory
gene expression pattern" as used herein is part of an "autoimmune disease signature" such as the heretofore well
described "SLE signature." Although termed a "SLE signature," a plurality of biomarkers are common to flares of other
systemic autoimmune diseases such as systemic sclerosis, polymyositis, dermatomyositis, rheumatoid arthritis and
Sjorgren syndrome. As such, the compositions and methods of the present disclosure find use in the context of multiple
systemic autoimmune diseases.
[0053] "Correlate" or "correlating" is meant comparing, in any way, the performance and/or results of a first analysis
or protocol with the performance and/or results of a second analysis or protocol. For example one may use the results
of a first analysis or protocol to determine whether a second analysis or protocol should be performed. With respect to
the embodiment of gene expression analysis or protocol, one may use the results of the gene expression analysis or
protocol to determine whether a specific therapeutic regimen should be performed.
[0054] "Predicting" or "prediction" is used herein to refer to the likelihood that an individual is likely to respond either
favorably or unfavorably to a treatment regimen.
[0055] As used herein, "at the time of starting treatment" or "baseline" refers to the time period at or prior to the first
exposure to the treatment.
[0056] As used herein, "based upon" includes assessing, determining, or measuring the individual’s characteristics
as described herein (and preferably selecting an individual suitable for receiving treatment).
[0057] A method of "aiding assessment" as used herein refers to methods that assist in making a clinical determination
and may or may not be conclusive with respect to the assessment.
[0058] "Likely to respond" or "responsiveness" as used herein refers to any kind of improvement or positive response
either clinical or non-clinical selected from, but not limited to, alleviation or amelioration of one or more symptoms,
diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, preventing spread of disease, delay
or slowing of disease progression, amelioration or palliation of the disease state, and remission (whether partial or total),
whether detectable or undetectable.
[0059] When a marker is "used as a basis" for selection, assessing, measuring, or determining method of treatment
as described herein, the biomarker is measured before and/or during treatment, and the values obtained are used by a
clinician in assessing any of the following: (a) probable or likely suitability of an individual to initially receive treatment(s);
(b) probable or likely unsuitability of an individual to initially receive treatment(s); (c) responsiveness to treatment; (d)
probable or likely suitability of an individual to continue to receive treatment(s); (e) probable or likely unsuitability of an
individual to continue to receive treatment(s); (f) adjusting dosage; or (g) predicting likelihood of clinical benefits. As
would be well understood by one in the art, an evaluation of an individual’s health-related quality of life in a clinical setting
is a clear indication that this parameter was used as a basis for initiating, continuing, adjusting and/or ceasing adminis-
tration of the treatments described herein.
[0060] As used herein, "sample" refers to a composition which contains a molecule which is to be characterized and/or
identified, for example, based on physical, biochemical, chemical, physiological, and/or genetic characteristics.
[0061] It is understood that aspect and embodiments of the invention described herein include "consisting" and/or
"consisting essentially of" aspects and embodiments.
[0062] Reference to "about" a value or parameter herein includes (and describes) variations that are directed to that
value or parameter per se. For example, description referring to "about X" includes description of "X +/- 1% of X".
[0063] As used herein and in the appended claims, the singular forms "a," "or," and "the" include plural referents unless
the context clearly dictates otherwise. For example, "an" IRP includes one or more IRP.
[0064] As is apparent to one skilled in the art, an individual assessed, selected for, and/or receiving treatment is an
individual in need of such activities.
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Biomarkers

[0065] Biomarkers evaluated herein include, but are not limited to the biomarkers in Table I. In some embodiments,
an "IFN signature" comprises elevated levels of one or more biomarkers of Table I, as compared to a reference. In further
embodiments, an "IFN signature" may further comprise reduced levels of one or more biomarkers as compared to a
reference.

Table I IFN Module Gene List

Probe ID Gene Symbol Entrez gene Description

1010242 BATF2 116071 Basic leucine zipper transcription factor, ATF-like 2 (BATF2)

5720438 CMPK2 129607
Cytidine monophosphate (UMP-CMP) kinase 2, mitochondrial 
(CMPK2), nuclear gene encoding mitochondrial protein

7380544* CXCL10 3627 Chemokine (C-X-C motif) ligand 10 (CXCL10)

1260681 DDX60 55601 DEAD (Asp-Glu-Ala-Asp) box polypeptide 60 (DDX60)

6200273 EPSTI1 94240 Epithelial stromal interaction 1 (breast) (EPSTI1), transcript varian2

1710259* HERC5 51191 Hect domain and RLD 5 (HERC5)

4280725 HES4 57801 Hairy and enhancer of split 4 (Drosophila) (HES4)

5870221* IFI44 10561 Interferon-induced protein 44 (IFI44)

7200255 IFI44L 10964 Interferon-induced protein 44-like (IFI44L)

1780632 IFIT1 3434
Interferon-induced protein with tetratricopeptide repeats 1 (IFIT1), 
transcript variant 2

6220673* IFIT1 3434
Interferon-induced protein with tetratricopeptide repeats 1 (IFIT1), 
transcript variant 2

430021 IFIT3 3437 Interferon-induced protein with tetratricopeptide repeats 3 (IFIT3)

2690452* IFIT3 3437 Interferon-induced protein with tetratricopeptide repeats 3 (IFIT3)

3830041 IFIT3 3437 Interferon-induced protein with tetratricopeptide repeats 3 (IFIT3)

4210291 IFITM3 10410 Interferon induced transmembrane protein 3 (1-8U) (IFITM3)

1070528* ISG15 9636 ISG15 ubiquitin-like modifier (ISG15)

1500204 LAMP3 27074 Lysosomal-associated membrane protein 3 (LAMP3)

5810709 LOC26010 26010
Viral DNA polymerase-transactivated protein 6 (LOC26010), 
transcript variant 2

2940022* LY6E 4061 Lymphocyte antigen 6 complex, locus E (LY6E)

2630110 MX1 4599
Myxovirus (influenza virus) resistance 1, interferon-inducible protein 
p78 (mouse) (MX1)

3940731 OAS1 4938 2’,5’-oligoadenylate synthetase 1, 40/46kda (OAS1), transcript 
variant 3

4040632 OAS1 4938 2’,5’-oligoadenylate synthetase 1, 40/46kda (OAS1), transcript 
variant 2

6560494* OAS1 4938 2’,5’-oligoadenylate synthetase 1, 40/46kda (OAS1), transcript 
variant 1

1240754 OAS2 4939 2’-5’-oligoadenylate synthetase 2,69/71kda (OAS2), transcript 
variant 1

7330373* OAS2 4939 2’-5’-oligoadenylate synthetase 2, 69/71kda (OAS2), transcript 
variant 2

4220435* OAS3 4940 2’-5’-oligoadenylate synthetase 3, 100kda (OAS3)
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[0066] In some embodiments, an "IFN signature" comprises elevated levels of one or more markers of Table I. Alter-
natively or additionally, an "IFN signature" comprises elevated levels of one or more biomarkers selected from the group
consisting of: IFIT1 (Interferon-induced protein with tetratricopeptide repeats-1), OASL (2’-5’-oligoadenylate synthetase-
like), LY6E (Lymphocyte antigen 6 complex, locus E), OAS2 (2’-5’-oligoadenylate synthetase), OAS3 (2’-5’-oligoade-
nylate synthetase), IFI44 (Hepatitis C microtubular aggregate protein), MX1 (Myxovirus resistance 1), G1P3 (Interferon,
alpha-inducible protein or IFI-6-16), PRKR (Protein kinase, interferon-α-inducible double-stranded RNA-dependent),
IFIT4 (Interferon-induced protein with tetratricopeptide repeats 4), PLSCR1 (Phospholipid scramblase 1), C1ORF29
(Hypothetical protein expressed in osteoblasts, similar to IFI44), HSXIAPAF1 (XIAP-associated factor-1), G1P2 (Inter-
feron, alpha-inducible protein or IFI-15K), Hs. 17518 (Cig5 or Viperin), IRF7 (Interferon regulatory factor 7), CD69 (Early
T-cell activation antigen), LGALS3BP (Lectin, galactoside-binding, soluble, 3 binding protein), IL1RN (Interleukin-1 re-
ceptor antagonist), APOBEC3B (Phorbolin 1-like), RGS1 (Regulator of G-protein signaling 1), AGRN (Agrin), EREG
(Epiregulin), THBS1 (Thrombospondin 1), ETS1 (v-ets erythroblastosis virus E26 oncogene homolog 1), ADAM9 (A
disintegrin and metalloproteinase domain 9), SERPING1 (Serine or cysteine proteinase inhibitor (C1 inhibitor)), and
FCGR1A (Fc fragment of IgG, high-affinity Ia receptor) (see, Table 2 of Crow and Wohlgemuth, Arthritis Res Ther,
5:279-287, 2003).
[0067] In some embodiments, an "IFN signature" is part of a "SLE signature." In some embodiments, a "SLE signature"
comprises elevated levels of one or more biomarkers of: Table 1B (185 markers), Table 2B (1253 marker), Table 3B
(18 markers), and Table 4 (6 markers) all of U.S. 7,608,395, and as reproduced below. In some embodiments, a "SLE
signature" comprises elevated levels of one or more biomarkers selected from the group (of 7 biomarkers) consisting
of: GTPBP2 (NM_019096), PCTAIRE2BP (), DNAPTP6 (AK002064.1), GPR84 (AF237762), B4GALT5 (NM_004776.1),
FRAT2 (AB045118.1), and PAFAH1B (L13386.1). GTPBP2, PCTAIRE2BP and DNAPTP6 were previously reported to
be IFN-regulated genes whose level of expression correlates with the SLEDAI index, while GPR84, B4GALT5, FRAT2
and PAGAH1B were previously reported to be non IFN-regulated genes whose level of expression correlates with the
SLEDAI index (see Table 4 of U.S. Patent No. 7,608,395). Additionally or alternatively, a "SLE signature" comprises
elevated levels of one or more biomarkers selected from the group (of 18 biomarkers) consisting of: MARK3 (AI745639),
USP15 (AF153604.1), MCOLN2 (AV713773), BUP (NM 012071), CAPN2 (M23254.1), TOR1 B (AF317129.1), SQRDL
(NM_021199), GLB1 (NM_000404), PTTG1 IP (NMJJ04339), RTN4 (AB015639.1), RAB31 (NM_006868), ANXA1
(NM_000700), SERPINB1 (NM_030666.1), F5 (NM_000130), GPR27 (AI703476), LOC147991 (BF057717), TNFRSF6
(AA164751), and FAM11 B (N_024121) (see Table 3B of U.S. Patent No. 7,608,395). Additionally or alternatively, a

(continued)

Probe ID Gene Symbol Entrez gene Description

6370035* OASL 8638 2’-5’-oligoadenylate synthetase-like (OASL), transcript variant 2

7150196 OASL 8638 2’-5’-oligoadenylate synthetase-like (OASL), transcript variant 1

3710184* OTOF 9381 Otoferlin (OTOF), transcript variant 4

6620711 RSAD2 91543 Radical S-adenosyl methionine domain containing 2 (RSAD2)

770364 RTP4 64108 Receptor (chemosensory) transporter protein 4 (RTP4)

4390575 SERPING1 710 Serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, 
(angioedema, hereditary) (SERPING1), transcript variant 2

380386 TRIM6 117854 Tripartite motif-containing 6 (TRIM6), transcript variant 2

1740341 XAF1 54739 XIAP associated factor 1 (XAF1), transcript variant 2

940673 Erythroid Precursor Cells (LCB:cl library) cdna clone c102h05 5

6900603 AGENCOURT_7914287 NIH_MGC_71 cdna clone 
IMAGE:6156595 5, mrna sequence

IFI16 3428 Gamma-interferon-inducible protein 16

AIM2 9447 Interferon-inducible protein AIM2,

ISG20 3669 Interferon stimulated exonuclease gene 20kDA

IRF7 3665 Interferon regulatory factor 7

* The term "biomarker" as used herein, replaces the term "genetic marker" as used in the priority provisional patent
applications.
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"SLE signature" comprises elevated levels of one or more biomarkers selected from the group (of 185 biomarkers)
consisting of: L14457.1, AF234255.1, AF151024.1, BG482805, NM_016459, BG540628, AW408194, AW404894,
NM_005532, BC001886.1, L14456.1, AL555107, M20812, AB037805.1, AJ408433, NM_016448, BG251467,
NM_001775, NM_001067.1, NM_001034.1, NM_006010, NM_004523, NM_017709, AF326731.1, BG251467,
NM_002105, AW087870, L14454.1, NM_021603, S73498.1, NM_014736, NM_004219, NM_003003.1, NM_016359,
AA292789, NM_014333.1, NM_001827, AY029179.1, NM_012485, BF110588, BG492359, BC000323.1, AA742244,
NM_030920, BF001806, BG165011, U16996.1, NM_006979, AA181060, 5 NM_016185, NM_014875, AF151075.1,
BCOO1144.1, NM_002794, NM_007019, AK022820.1, NM_001071, NM_003558, NM_003920, AI921320, BG478677,
NM_013351, BF589413, NM_007295, NM_000942, NM_022109.1, J04162.1, AK002195.1, AI651594, AI813331,
BF983948, AI678096, BC006344.1, M31523.1, AL536986, NM_000942, NM_003003.1, NM_003523, NM_018227.1,
NM_016199, BE961916, NM_003542, BG393795, NM_022346, 1.0 BC006405.1, BC000755.1, NM_000173, N25325,
N_024918, NM_002661, AI560720, NM_016123, NM_012177, BC001689.1, BE311760, AI147740, BF540954,
BC000941.1, R75637, NMJD00791, BE561798, NM_004146, AW291664, NM_014260.1, AF151037.1, NM_005156,
U29343.1, AI887866, NM_004499, NM_012459, AF286162.1, NM_006423, BG481459, AB033007.1, BE966146,
BG179991, AI692267, NM_014390, AL1 19957, AB029031.1, 15 NM_014342, NM_016400, AI347000, AF031469.1,
BG260658, AW295105, AK026118.1, BC004118.1, NM_001689, NM_014501, NM_002592, NM_014239, AW271713,
AI991669, NM_005530, BE397715, AF094700.1, NM_006420.1, BF246115, BC000738.1, NM_003595, NM_004381,
NM_018339, AI439695, BC006088.1, NM_030580, NM_018468, BF439618, NM_001866, NM_014393, NM_001536,
NM_007241, BF977829, NM_014302, NM_004237, 0 AV702994, AF060511.1, AB022435.1, BCOO1817.1, BF348067,
U82756.1, BG497776, NM_014721.1, AL036451, AK025697.1, NM_014874, BE856541, NM_002490, NM_006567,
AF061729.1, BC004872.1, BC005009.1, AW237172, AK000878.1, NM_013354, AA971514, AK023415.1, AI052257,
AL008582, AI557319, NM_022406, BF126155, AW173222, AB037782.1 , and BC002711.1 (Table 1B of U.S. Patent
No. 7,608,395). Additionally or alternatively, a "SLE signature" comprises elevated levels of one or more biomarkers
selected from the group (of 1253 biomarkers) consisting of: M97935, M97935, M97935, NM_007315, N53555, AW1
89843, AI337069, NM_016323, NM_001549, AI075407, AI742057, NM_006417.1, NM_006820, NMJ302462,
NM_004030, NM_005101, AK002064.1, NM_002463, AA633203, NM_006187, NM_002346, NM_016817, AV755522,
AF063612.1, BE669858, BE966604, AF307338.1, NM_002534, NM_001548, AA142842, AI738416, AI825926,
NM_017414, AI651594, BC001356.1, AA781795, AA131041, NM_003733, BE049439, AA083478, AL121994,
BF338947, NM_015907, NM_005532, NM_017912, AA577672, NM_017631, NM_016816, NM_022873, AI631846,
NM_005567, AA741307, NM_017654, AI967971, NM_016410, NM_015961, NM_022168, NM_004688, NM_002759,
NM_022750, AL035689, AF317129.1, AK023743.1, NM_000062, AI954660, BE645480, AI539443, BC002704.1,
N_001111, AL121829, NM_004223, AW129593, NM_004335, NM_009587, AI859280, AW014593, BC002666.1,
NM_000593, NM_002053, H98105, NM_014398, NM_017523, BE888744, AF280094.1, NM_004509, AA749101,
NM_003641, AI962367, NM_001953, NM_005138, BG386566, BC003602.1, M10943, NM_005952, NM_002450,
AL031602, NM_005953.1, BF217861, AF333388.1, AW664179, NM_000389, BE971383, NM_006435, BC001463.1,
BC001165.1, NM_003827, AA056548, NM_001295, NM_017742, NM_012420, N47725, NM_016381, AW014557,
AF312735.1, AA768888, NM_021105, NM_006084, BC000080.1, NM_000527, AI925506, R13458, AA150460,
NMJ314314, BF055474, AW084937, U88964, NM_002201, NM_003113, AW291023, AI954660, NM_030776,
AF129536.1, AU145711, AF1 14264.1, AL161961.1, AA708470, BE563152, L13386.1, AV648669, NM_000161,
BE676543, AI984040, AI478268, AA910306, NM_006442, AL121829, BC001362.1, AA628398, AK023724.1,
NM_004510, AW139261, AL050374.1, AF300717.1, NM_001565, AB028976.1, NM_003592, AF078844.1,
NM_005950, D87433, NM_001908, AF009644.1, AF009635.1, NM_005874, AW271350, AB023430.1, AI041543,
NM_016332, NM_013416, NM_001785, NM_000631, NM_024829, AI279062, NM_002631, NM_005621, NM_002432,
NM_012198, AI806395, NM_001995, NM_021122, NM_020980, NM_003264, NM_002029, M60721.1, NM_030666.1,
NM_003255, NM_030769, NM_018840, NM_001780, AI188653, BC000715.1, BC002342.1, AW001847, BC000373.1,
BC004371.1,BC001709.1, BC004564.1, BC001709.1, AL038787, AK023348.1, TMM_002087,
BC000324.1,NM_002003, NM_002115, NM_000714, NM_002826, AA923524, BE622952, NM_006729, AF035307.1,
NM_006868, BE789881, BE742268, NM_006755, AW206817, NM_012387, AU151342, AI963142, NM_001183,
NM_000308, L13974.1, AF134715.1, AW151360, X14355.1, L03419.1, NM_006665, NM_001860, AW135013,
NM_005461, NM_012252, AB035482.1, NM_004848, NM_012228, NM_002000, NM_005534, AK022852.1,
AW071793, AW241742, BF575514, NM_004049, AL161952.1, NM_015364, NM_002065, NM_001124, NM_005384,
M55580.1, BE563442, AW083357, AW083357, AF257318.1, AF263293.1, NM_003059, BC000764.1, BE466274,
J04183.1, BF941983, AK026776.1, NM_020179, AK025608.1, BF1 10421, AB046766.1, AW276572, U81501.1,
M88107.1, BC002323.1, NM_003461, AL571424, NM_003120, NM_000099, NM_002957.2, NM_021039, NM_005620,
AL122066.1, NM_003864, BF247098, NM_004504, Z22969.1, NM_004244, U15555.1, BC005123.1, NM_004427,
NM_004633, AF056979.1, NMJ321626, BG150485, AF327923.1, BC004347.1, N_001909, NM_004893, N_001903,
NM_000632, U70451.1, NM_003494, W03103, AI806395, AA706818, AA613031, W81119, AF356193.1, NM_005896,
NM_006793, NM_001833, NM_007096, AI809206, BF339821, AV758614, AI949549, NM_022748, AK000826.1,
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NM_006065, NM_000081, NM_014863, NM_005857, N40555, AL568449, AB015639.1, N49844, AF062347.1,
AI674647, NM_031301, AI141784, NM_003364, AA789296, J03223.1, BF905445, NM_003405, NM_006825,
AW029619, AI640483, AI761561, NM_003681, AI797833, AB020677.2, NM_021090, NM_001706, AW016812,
AI989512, AB020663.1, NM_000585, NM_005574, H72927, AL520900, AI683900, AF217974.1, NM_018986,
NM_000801, NM_000355, BF939474, NM_000713, U83981, NM_014330, BG250721, NM_006732, NM_003407,
BC004490.1, NM_025195, AB017493.1, BC005020.1, BE328402, U08626, AF071504.1, NM_021960, W03103,
BC005941.1, AA482548, AI761804, BG025248, NM_002664, U84246.1, AA622495, NM_007115, AW188198,
NM_006317, NM_001511, NM_005569, NM_005306, AB045118.1, AF100544.1, L33930, AK000168.1, AA761181,
M58664.1, BG327863, AW337833, NM_002424, M18728.1, BC005008.1, NM_001925, M63310.1, NM_005564.1,
M33326.1, U19970.1, NM_002343, NM_001725, NM_001062, NM_000045, NM_003064, X16354.1, NM_001700.1,
NM_000250, N_001911, NM_002935, M80927.1, L35848.1, AL390736, AL522667, NM_004776.1, NM_000896,
NM_004994, NM_005980, M76742.1, NM_004084, NM_005143, J04152, AI867408, AI343467, BF433657,
NM_002934, H16791, NMJH8099, AF087942.1, NM_004130, M81635.1, X69397.1, NM_003039, AI537887,
NM_020415, W72338, AK022144.1, NM_002852, NM_001629, NM_020406, W84421, NM_003909, AW170571,
AL138717, NM_021199, NM_004832, MM_005274, NM_002629, NMJ)05566, BC001906.1, NM_013252, D12502.1,
BF445012, AF240697.1, AF240698.1, BC000181.2, AF305083.1, AI917716, AK023184.1, NM_001924, NM_004776.1,
AL078599, NM_024430, NM_022367, BF689355, NM_002965, AI922599, AF1 17234.1, AF085357.1, AI925518,
NM_001747, N_014918, NM_002294, BC000145.1, AF293026.1, NMJH4624, NM_002305, AI492017, AF004231.1,
NMJH6230, NMJ001154, AK022697.1, AU144243, AI743880, AI703476, BE465037, BE465037, NM_000404,
NM_006409, AI991451, NM_003851, AA352113, BC000896.1, AV699857, M87507.1, AF001362.1, AF208043.1,
NM_003810, U57059.1, AI421071, BC003398.1, AF055030.1, BE348597, Z25521.1, AF100741.1, NM_030790,
AL136659.1, AK023661.1, NMJH4158, AI935334, AA094434, AB037784.1, BF510588, AL050262.1, AU154202,
NM_003516, AA451996, BC002720.1, AF176704.1, NM_004475, BG171064, AA579630, NM_022109.1, AW052084,
AI301948, NM_020189, AA418074, AW006934, AL040396, AL161985.1, NM_022162, AW072388, NM_000265,
NM_005134, AW207668, N46867, AB037810.1, AI927605, BF063271, AI760166, NM_001315, AA814140,
BC002977.1, AW139719, AI734993, NM_024021, AL136924.1, BC001288.1, BE551347, AI873273, AL135735,
NM_001779, AL139812, NM_022136, NM_018590,. NM_007246, W27419, NM_005451, AA780381, NM_015527,
AL023653, NM_014874, AL583909.1, NM_003003, NM_005873, BC000627.1, NM_001999, AK002113.1, NM_001776,
NM_006363, BC000674.1, BF111326, BG500396, AF237762.1, N66633, NM_001099, AI740541, NM_000130,
BF508702, NM_022003, NM_004800, BE908217, NM_004039, BC001388.1, M23254.1, BC005902.1, NM_000712,
BF057717, NM_016516, AB014578.1, NM_005375, NM_002194, AI202327, R64696, AA004799, NM_024984,
NM_005078, AA778684, NM_006931, BC000905.1, NM_014247, NM_016255, AA164751, NM_014999, AI796269,
AF285167.1, NMJD05502, NM_004388, NM_013254, AI126625, AI761804, AL136733.1, AA460299, AF313911.1,
NM_000611, BC005247.1, NM_004508, BC001188.1, NM_003234, AA043552, BF516567, NM_006058, AA772278,
J03250.1, AV700891, AB040903.1, AW058600, NM_002661, AL137753.1, AK023204.1, AL137751.1, BC002796.1,
AF077614.1, NM_017455, NM_004666, AK023585.1, BE966748, BE737251, NM_017424, BF794958, AI335263,
NM_001153, BC000182.1, NM_014248, L19184.1, AA742261, NMJJ07033, NM_020216, AI630178, NM_001920,
NM_006748, D86962.1, U64898.1, NM_002491, NM_002337, NM_014184, AI052659, AW974609, BF892532,
BF308645, AI393091, AI709406, NM_002356, NM_025201, M79321.1, NM_002350, BF671187, AA515698,
BC004188.1, AL565749, AL581768, BC004949.1, NM_003254, NM_000904, NM_000700, NMJH8457, AY007098.1,
NM_019009, BC002755.1, NM_006812, NM_005738, AJ243797, NM_005614, U56417, U79458.1, AA810452,
AK025603.1, AB051833.1, NM_006176, NM_003528, AI81.0266, BC002842.1, NM_018295, AI215102, NM_001963,
NM_003005, BF589413, AL514295, NM_006292, AW070776, J04755.1, NM_002970, AB037925.1, NM_021960.1,
AL078599, AL117354, NM_001660, AA808203, BF056105, NM_003664, BC002684.1, AA758755, AI826060,
AF299343.1, U28936.1, NM_002733, BG163267, AB049952.1, NM_001219, AI348745, M33197, NM_002794,
N_001749, NM_004074, J02783.1, AU144000, NM_005834, AA209463, AB011112.2, NM_012268, NM_006289,
BG340967, NM_002654, BF570210, BC005851.1, NM_004309, AB002559.1, BC000125.1, BC002356.1, NM_006702,
NM_017797, NM_004082, NM_003334, NM_004640, NM_003040, NM_005892, NM_003365, BG286973, NM_024872,
AL136729.1, NM_006026, NM_005781, M62762, NM_001665, BF525395, NM_013403, NM_004517, AI742164,
NM_002339, AC006942, AF104913.1, L37033, AL550657, NM_004214, NM_000402, BC000850.1, U43430.1,
NM_019096, NM_018174, NM_024321, NM_014837, AI024869, NM_001425, NM_001707, NM_005354.2, AL513583,
S73751.1, NM_001487, AA307731, NM_030930, NM_006801, AB032964.1, AW003280, AI224128, BC002844.1,
BG423052, NM_000033, AF029750.1, NM_005902, NM_014045, BE963280, BE348305, AL121829, D88435,
NM_005255, AB007859.2, NM_024121, AI263909, AK022888.1, AI761506, AA706815, NM_006067, AA194996,
AL136921.1, NM_004339, W60806, NMJH5946, AW050627, AA181053, BE965029, U28169.1, NM_001054,
NM_001055, L25275.1, AL035588, BF666325, AW295105, AK025960.1, AF170562.1, NM_016562, NM_012424,
NM_001359, AF220028.1, NM_002535, AI928526, NM_003945, BE617588, NM_013451, AK022142.1, AI678096,
BE620258, BF591270, M90360.1, AI559696, AW007021, NM_000512, AB007447, AK026913.1, AW268817,
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NM_002717, NM_001539, AL1 17607.1, BF223703, AI130705, NM_018440.1, AF320070.1, AI831952, BF692332,
NM_002758, AL050350, AF151018.1, AI831932, AA034018, NM_004729, NM_003168, AA359612, AI990349,
AB051535.1, NM_021941.1, NM_002668, NM_003876, W58365, NM_031210, NM_012080, AK000948.1, AF202092.1,
U03891.2, AI561173, AU155094, AI459194, NM_001964, NM_000399, NM_012110, X83493.1, AA868754,
AF153604.1, NM_014628, AF155510.1, AL096714, AI242749, AL555107, AF317711.1, AB038950.1, AL046979,
NM_016633, NM_000519, NM_003944.1, L36674.1, L36675.1, BG260394, NM_001738, NM_012179, AI133353,
NM_000184, NM_000559, N63920, BE677761, NM_015999, AF1 17233.1, NMJH3446, AL046017, BE906054, H69701,
AL578551, AW006290, NM_006877, NM_002436, AL561296, U76248.1, BG476661, AL556190, BE888885,
AF195624.1, AA531016, NM_004323, NM_014030, R60866, AL514199, AA522681, NM_018447, AV685208,
NM_014413, BE552138, BC002649.1, BE857601, AL121747, AI814257, AF087573.1, AI745639, BC000755.1,
AL096733.1, NM_002894, AW451624, BF357738, AW058634, AF142419.1, AK023208.1, N40199, NM_014844,
AI952357, BC004288.1, NM_005573, NM_001750, M24779.1, NM_019041.1, NM_000376.1, BC002548.1,
AF217190.1, NM_005132, NM_021991, AF077973.1, AF016903.1, AL08O183.1, BC006456.1, AL553942, AA746320,
BF196523, AU158871, BC005364.1, AJ132258.1, NM_004602, BF515963, AI567554, AB002344, All 89587,
AW195572, BE927766, BG288330, AA703523, AA760738, R44974, AA468422, AI459177, BF1 11312, BG485129,
AI916641, AA262583, AW975051, AW973078, AU146329, AI289774, AW954199, W61007, AI332638, R37337,
BF063657, AK022478.1, AI394529, AI394529, AB007931.1, AU146963, AU147903, AI914925, AK023938.1,
AW362945, AW372457, AW057518, AW960145, AW449624, AA132172, W87626, AU159474, AL589593, AL137645.1,
AI138934, AW842975, AI475803, NM_018062, AB046820.1, NM_014847, NM_024956, NM_014869, AA868729,
AI821925, NM_014778, BF530486, AJ406940.1, AL137445.1, AI989530, BE858373, AV700081, NM_006070,
AI912190, NM_001458, AI819394, AF063603.1, AI948598, M57731.1, BE551877, AI813331, NM_001069, BF1 15777,
AK001827.1, AF130079.1, NM_024989, NM_003369, T90703, AK027138.1, NM_014883, NM_006519, AI873425,
AI057121, AI393759, X63381.1, AF037448.1, NM_015866.1, AL045306, AV713062, BC001139.1, BG260886, AL1
10252.1, U17496.1, D43949.1, NM_015556, BF209668, AA805681, AI671238, AK025562.1, N93399, NM_006263,
M64571, AW469714, AV713773, AK023161.1, NM_017994, NM_002800, NM_004872, NM_017582, NM_002539,
NM_000496, NM_020642, AA744124, AF255649.1, AI819734, AI401105, AA742244, L21961.1, U96394.1,
AF043583.1, AF103529.1, AW404894, M85256.1, AJ249377.1, D84143.1, AB001733.1, L14458.1, AF151024.1,
AW408194, NM_030810, AL022324, X93006.1, L14452.1, X79782.1, AV698647, AA680302, X57812.1, M87790.1,
BG482805, AF234255.1, AB014341.1, BG540628, AF103591.1, M20812, AJ408433, U80139, L23516.1, AW575927,
M87789.1, D84140.1, M24669.1, M24668.1, M87268.1, NM_001775, NM_006406, L23518.1, Z00008, BF248364,
NM_024629, NMJH6359, BC001886.1, NM_001071, NM_014736, NM_001034.1, NM_001067.1, AF213033.1,
NM_004219, NM_007057, NM_004526, AK001261.1, AI924426, NM_001827, AI859865, AL524035, NM_001211,
NM_000611.1, BF340083, NM_001826, NM_015895, U63743.1, BG492359, NM_030920, AL135396, AL537042,
AW272611, NM_005827, NM_014791, BC001144.1, AK026926.1, BC001312.1, NM_005742, AW087870, NM_003729,
NM_002788, NM_006810, NM_001444, AW058617, AF161502.1, AF151039.1, NM_016021, NM_020150,
AK025328.1, NM_016021.1, AF131780.1, M23114.1, NM_007002, NM_016021.1, NM_006713.1, AW290940,
BF436315, NM_018641, NM_001070, NM_003132, NM_024510, NM_014788, NM_022100.1, NMJ315959,
NM_012432, NM_002627, NM_000206, AI798908, NM_003335, AW084510, NM_024602, U87954.1, NMJ)16096,
AB049940.1, AW194729, NM_002189, NM_001712, BC002979.1, AI862887, NM_006854, AK001363.1, BG292367,
NM_005703, NM_005334, NM_000194, NM_004581, BC000190.1, T79584, NM_002803, BC005978.1, BC003191.1,
AI972475, NM_005034, AK001899.1, AI348935, BE251303, AA643304, AI587307, NMJH2071, Y13786.2, AB023420.1,
AL136923.1, N39536, AI807356, BC000903.1, NMJ)02266, BC000149.2, AY029179.1, BF001806, AL138828,
BG031677, NM_020188, BC004239.1, AF130059.1, N31731, AI656807, AK025504.1, NM_000143, AK026260.1,
AF343663.1, NM_004900, NM_002286, AU152456, AV740426, NM_000655, NM_001627.1, AI191920, AF128458.1,
NMJ)00100, BC001460.1, NM_006353, BC002877.1, NM_000297, AF092132.1, NM_004258, NM_005789,
BC002654.1, AI935115, H95344, AL1 10209.1, BF732638, W22924, T50399, AA479016, AW514654, AI753638,
NM_006865, AU145538, BE793250, and NM_014758 (see Table 2B of U.S. Patent No. 7,608,395). The biomarkers of
any of the above groupings also include their Affymetrix or other genechip equivalents. Additionally or alternatively, an
"SLE signature" comprises elevated levels of one or more markers selected from the group consisting of M87434 (71
kD 2’5’ OIAS), AB000115 (GS3686), D28195 (Hep C p44), X57352 (1-8U), M33882 (MX1), M30818 (MX2), U66711
(RIGE/TSA1), AB006746 (Phospholipid scramblase), L12691 (DEFA3), X04371 (2’5’ OIAS E18 isoform), AL047596
(EST Hute 1), U53831 (IRF 7b), M97935 (ISGF-3), AL022318 (Phorbolin 1 like), U72882 (IF p35), L13210 (MAC-2-BP),
X99699 (XIAP associated factor 1), M13755 (ISG-15), X69910 (p63 transmembrane protein), X54486 (C1 inhibitor),
X55988 (Eosinophil derived neurotoxin), L09708 (Complement component 2), AF016903 (Agrin), X57522 (TAP1),
AF026939 (Cig 49), AI126134 (EST similar to calgranulin), AJ225089 (TRIP 14 OIAS), U37518 (TRAIL), M84562 (Formyl
peptide receptor-like), AL036554 (DEFA1), Z38026 (FALL-39), AB025254 (Similar to Drosophila Tudor), and M24594
(IFI-56)(see of Table I of Bennett et al., J Exp Med, 197:711-723, 2003). Additionally or alternatively, an "SLE signature"
comprises elevated levels of one or more markers of Table 2 or Table 4 of U.S. Patent No. 7,118,865. In some embod-
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iments, elevated levels comprise at least 2-fold higher expression than observed for control(s).
[0068] In further embodiments, an "SLE signature" may further comprise reduced levels of one or more markers as
of: Table 1A (160 markers), Table 2A (1751 marker), and Table 3A (27 markers) all of U.S. 7,608,395, and as reproduced
below. In some embodiments, a "SLE signature" comprises reduced levels of one or more biomarkers selected from
the group (of 27 biomarkers) consisting of: BG481877, BF434321, J04132.1, BC002637.1, BE677453, N25621,
NM_002967, BG403671, T90771, U38979, NM 031214, NM_003107.1, NM_003107.1, BF345728, NM_015537,
AA722878, AW293531, AL523320, AF070526.1, AL050035.1, NM_014612, BE910323, AI694452, AV682940,
AK000921.1, AW043594, and NM 004758 (see Table 3A of U.S. Patent No. 7,608,395). Additionally or alternatively, a
"SLE signature" comprises reduced levels of one or more biomarkers selected from the group (of 160 biomarkers)
consisting of: AW292752, AA005361, NM_020405, NM_014686, AW138833, D13720.1, AL050166, AW027359,
AI652861, AF332595.1, NM_030571, AA205660, AW003635, NM_021038, NM_006445, L41690, BC000580.1,
NM_016337, AW157773, BE542684, AA528017, AW614056, NM_024941, NM_004762, AW873606, NM_004281,
NM_003423, NM_006625, AI598222, N21364, U19179.1, AL080183.1, AK001039.1, AL136841.1, AV728658,
BC000120.1, BC001407.1, NM_020987, AW450901, NM_006226, BE218028, BC004556.1, D89053.1, AW1 18862,
NM_014635, AW189430, NMJH4739, NM_002114, NM_001812, NM_007146.1, AW802645, NM_014415, BG1 11168,
AL356115, AL043571, AI984541, AK024819.1, NM_014315, NM_014153, NM_024419, AL1 17643.1, AF202092.1,
L78132.1, AW591660, NM_004396, AA927480, AI702962, NM_003345.1, NM_018150, AI985751, NM_006802,
AK001406.1, D86550.1, NM_006420.1,’ NM_024835, NM_016628, NM_017917, AF279899.1, AF217190.1,
NM_005565, BC004130.1, AF092128.1, NM_022760.1, BE672700, ABO1 1154.1, AI659005, NM_014454, AA555096,
BF1 14870, NM_025238, AB007895, BC002737.1, NM_014164, AW134798, AI955119, AI078279, AI738556,
AL096828, AV700626, NM_004068, AL583509, AI741415, NM_005198, AL136827.1, NM_012433, AW084068,
AI417897, AU144387, NMJH7869, N71116, C14394, NM_001967, AB037811.1, BF056303, AF130099.1, NM_014947,
AL034550, NM_003297, NM_018281, NM_002035, NMJH4676, AL096857.1, BC004902.1, NM_012175, D80010.1,
NM_018976, N35250, NM_024654, BG231980, NM_017652, NM_005642, Y09216.1, NM_007269, D87450.1,
BF431965, NM_006766, BE549532, AI887898, W72060, NM_004592, AA167775, AF226044.1, BG284386,
NM_016534, BG389744, NM_030979, AI265967, NM_022781, AI540253, AL133646.1, AA836114, NM_001012,
AK026678.1, AK026954.1, L22453.1, AL137450.1, AI554106, AI695595, NM_005776, and NM_016127 (see Table 1A
of U.S. Patent No. 7,608,395). Additionally or alternatively, a "SLE signature" comprises reduced levels of one or more
biomarkers selected from the group (of 1751 biomarkers) consisting of: AI654857, AI245026, BC004393.1, AK023981.1,
AL036350, BE865517, AA863228, AA156238, AL544688, NM_006817, NM_001469, BE905157, AA044705,
AA525163, AF1 12216.1, AL136719.1, AF103800.1, BE962299, BC000967.2, BF345728, BC000533.1, NM_003145,
NM_003819, BC006235.1, W05463, AA554827, AI472320, AW085312, AA215381, AI369933, AL109722.1,
NM_014710, AW299250, BE966599, D80001.1, AF047473.1, AA130247, AA005361, AK025651.1, AF288571.1,
NM_022898, NM_006720, NM_003202, AL559122, M15564.1, AF043179.1, AF036906.1, NM_005356, NM_015953,
NM_025228, AI084226, NM_004619, NM_002221, N25986, NM_020379, AI650848, NM_019000, AL576253,
NMJ300210, NM_004682, NM_014832, AI346026, AB028973.1, NM_004808, AW293531, BE042354, NM_002300,
AB011154.1, D89678.1, AF1 16707.1, BE867771, AA456099, AL023584, AW292872, U82828, AW269834,
NM_018443, AL161999.1, NM_000884, NM_001838, NM_002341, AV700815, BG170478, NM_021211, NM_006107,
BE674119, W73788, AL138444, NM_004512, NM_017952, U26455.1, NM_000051, NM_002971, AA002140,
BF739767, BC006436.1, AW614072, AW157773, AA286867, AI913123, AI341165, AI582192, AI745170, AI831675,
AK025546.1, NM_002013, NM_003143, NM_015251, D87453.1, AA424065, M31523.1, AL137450.1, BE250348,
BF247371, NM_013265, NM_016091, NM_006893, NM_005051, M80261.1, AK025446.1, NM_014886, AI985751,
AW148801, AI888672, AL162068.1, NM_002271.1, H12084, AB018268.1, AW237290, AA020010, AI912523,
U07236.1, AW779917, AU144305, BG253884, AA126419, BF064224, AA541762, AI275605, BC004355.1, AI249173,
AU157224, AW513477, AI016714, AA156797, W60810, AI630799, AI669498, AV725947, BG338251, BF219234,
AF072930.1, N20923, BE250417, NM_002719, BE218980, AK024263.1, BC004815.1, U04045.1, BC004344.1,
NM_004513.1, NM_007267, NMJ)01130, AI817942, AL353715, BE465433, AF157319.1, AL080063.1, BF512028,
BG400596, AI491983, NM_000732.1, NM_001767, M12959.1, AL137145, NM_005816, BF245400, AF146696.1,
NM_022731, N80922, D84294.1, AB014731.1, NM_019903, NM_022368, BF219234, NM_004774, AB011154.1,
AW134823, Y09216.1, Y09216.1, BC003070.1, N92498, BF131791, NM_005499, NM_002902, NM_018094,
NM_022804, NM_003097, NM_021178, NM_016308, Z22551.1, NM_004986, BC005895.1, NMJH2262, AK001846.1,
NM_014767, NM_018318, S46622, NM_005605, NM_002893, BF1 14870, NM_000901, AF274753.1, AI824171,
AI949392, NM_006159, AA992805, AL575177, AF070526.1, NM_006823, N74222, AW055351, AI923633,
NM_003640, AK001731.1, BE856321, AA669799, AI436587, BC001805.1, NM_014169, D25304.1, AF005422.1,
NM_015456, BG291039, BF528646, AI184512, M93651, NM_003011, AI278616, AI638155, AI769569, NM_016316,
AB042278.1, AL050353.1, NM_000026, AF130102.1, NM_006565, NM_022496, AL109965, AI832363, AU146870,
AI699465, AK026898.1, AK025731.1, AU152162, AK023160.1, AI928344, AL133101.1, BF432238, AA888858,
NM_000753.1, D83781.1, BF941204, NM_003430, U79240.1, D50925.1, NM_006139, NM_003905, AL529104,
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AI688812, NM_005825, AI928367, BF529715, AA918317, NM_016265, D84294.1, NM_005611.1, BE796924,
NMJH4170, NMJH6302, AF113514.1, BC000229.1, AA523172, T90771, AW296067, AF008936.1, NM_031214,
AL574514, NM_020405, U38979, NM_003983.1, AK023264.1, AW963138, NM_021212.1, AK026589.1, H49382,
NM_002015, NM_020347, NM_002526, M27877.1, N64802, NM_003611, AK022771.1, AU1 45411, BC001663.1,
BG165094, NM_012417, AF130089.1, AL031589, Z97353, AL118510, AL136629.1, M61906.1, BC001971.1,
AV682285, AF081567.1, R83000, NM_006265, AF349444.1, NM_021038, BC002387.1, NM_004537, D83702.1,
AL136920.1, NM_006451, AF226044.1, NM_022483, AL050331, NM_016045, NMJH6542, NM_006754, R51161,
AI935415, AA928506, BC000196.1, BC005975.1, AV701173, AF130089.1, AI535683, AV725365, NM_014563,
AI796169, H25097, AI524095, AF251053.1, AA470369, AF161492.1, AF248965.1, AA744771, NM_003416,
NM_006696, AI760760, D87078.2, NMJ301896, AI912976, AV756536, AI969697, AL523320, S72904, AI051236,
AU149257, BE780075, AL563613, AI357639, AL136681.1, BF969806, AL515061, AI862477, NM_014174, AI431931,
AF042386.1, AV712694, AW003508, AV698149, AB033011.1, NM_001762, NM_004964, AI434345, AA044154,
NM_004338, AA815089, AA503360, AI744029, AA355179, AI765169, AI277652, NM_006807, BC001149.1,
AK027039.1, AA824341, BC002832.1, NM_006994, AW500239, NM_016057, AL050226.1, BF593940, AF131748.1,
BF062203, BF984830, NM_015918, AA603344, AA129773, BF437747, NM_005087, BE737030, NM_005327,
NM_022476, M30471.1, U80918.1, N90866, NM_004867, AL021786, AI572979, NM_014399, AW575245, BF510692,
AW003297, NM_007066, AW134608, AW085505, BF528605, NM_004367, AL581873, AI672159, AW450901,
AI912275, All 89509, AI225238, AF261135.1, NM_001400, AF061733.1, R51077, NM_024600, AL043266, AA085764,
AI829961, BC002492.1, NM_002405, NM_012227, AL575747, NM_024070, L01087.1, J04132.1, NM_003151,
BE502930, NM_020662, BE672676, AV646599, AI939308, AJ224082, AJ224080, BF316352, BG329175, BG339653,
NM_003932, AF091085.1, AL136226, NM_004182, NM_006098, AB055804.1, NM_002624, AL121871, NMJH5414,
AL118502, BE968801, AL096829, AW582267, AA555113, U27143.1, NM_005340, NM_004597, M19156.1,
NM_000421, BG152979, D17652.1, BG339228, NM_000967, BC006483.1, BE963164, NM_001010, AF1 19850.1,
NM_001404, BC005817.1, NM_000968, NM_000972, NM_006013, BF683426, BE733979, BG168283, NM_000994,
BC004334.1, AW574664, BC004954.1, AA838274, AI200589, NM_001023, BF184532, AI799007, AI925635,
NM_001006, NM_001025, NM_001030, AW132023, NM-001003, NM_012423, AI186735, AL568186, BE259729,
NM_001022, NM_000980, NM_001024, AF279903.1, NM_002948.1, BF214492, L22453.1, NM_000969, NM_001959,
AA961748, NM_015710, NM_001020, AW071997, M30448.1, NM_003756, BC000734.1, BC000514.1, NM_019059,
BF976260, NM_005594, AI970731, AA630314, BC000524.1, AL121916, NM_000983, AI560573, NM_001004,
NM_001021, AF072098, AL565449, NM_001019, NM_000971, NM_000973, BG389744, Z98200, NM_001012,
AA281332, NM_021029, BF026595, BF979419, X74070.1, AA789278, AI613383, BC000733.1, NM_000992,
NM_001960, AL121934, NMJ)00978, AF230924.1, AU151801, NM_002512, AI452524, AF116710.1, NM_016947,
NM_001861, NM_001013, AF085358.1, AF119846.1, AW083133, BG332462, BG255188, NM_003977, NM_006346.1,
M26700.1, MM_006294, NM_024064, NM_003726, AU157515, NM_006870, NM_003866, AA532655, AL562398,
AI004246, NM_003753, N32864, NM_007104, BE741754, AI953886, Z98950, NM_014944, BF435123, AI652546,
AK025703.1, BE252813, AI814257, AW274445, AF212250.1, BF247054, AL080250, NM_006621, BC000232.1,
NM_021136, BG472176, NMJH7829, AK024102.1, NM_021994, NM_006360, AI718295, NM_006360, BF446180,
NM_004622.1, NM_006743, T62044, AU145746, BCOO1 169.1, AI742940, NM_017918, AI458020, NM_022766,
NM_014315, NM_002271.1, AF090934.1, BG1 i 1047, NM_013300, AA192361, AL573637, AI151434, AA131793,
BE501318, AL136657.1, BE616972, BE965646, T84558, AU146850, AW193600, AK026666.1, AA349848, AA861608,
U85430.1, AI471969, AI028602, AI359136, NM_024910, BE972394, NM_025124, NM_024900, AI799018, AA722878,
X57198.1, U17714.1, AF070528.1, BF446577, AI672356, AI369389, NM_013341, AK000818.1, BE783723, AC005034,
AI805301, AL442092.1, AA001423, D50683.1, NM_020404, AI991103, BC003360.1, AL137162, NM_002693,
BC005162.1, BE670097, AV716964, AK024029.1, AF161461.1, NM_006241.1, NM_006145, NM_001280, AL117499.1,
NM_006977.1, AF281859.1, AI935162, AB007964.1, W87688, BF224073, NM_003079.1, AL518311, AI928212,
AB033091.1, NM_015629, AI675152, AL109698, AB011110.2, NM_030674, AA205660, BE963438, AK024739.1,
AL136599.1, BF438417, AW236976, AL524045, AL133580.1, AA780067, AL1 18798, NM_006513, NM_024620,
BF514509, NM_019014, BG252666, NM_018097, BC002629.1, NM_017932, NM_000923, AI683552, AL080232.1,
AA126763, NM_030972, ttM_024026, AK026565.1, AI758888, NM_018304, NM_022487, X92110.1, N31807,
NM_006226, NM_002628, NM_001967, NM_016127, AK026954.1, BE515346, NM_024733, BG178775, NM_004755,
AL080160.1, BG534527, AF159567.1, BF508739, BF508739, D26488.1, AB051450.1, AL1 10238.1, BC001255.1,
AF167438.1, NM_014633, NM_014350, X03348.1, AP000693, NM_004779, NM_001968, BE541042, AB023173.1,
NM_007269, BF001666, NM_014704, NM_022781, D87450.1, L48784, NM_018191, U62136.2, NM_003589, R59697,
NM_014803, NM_022100.1, AA704004, AB034951.1, AF352832.1, NM_006644, AK026008.1, BG223334, AW514857,
BG291649, NM_005887, NM_014499.1, AL353681, Z82202, NM_003339, NM_016584, AI023864, BC002513.1,
NM_005059.1, AE000659, AA398139, BF431965, AI081194, NM_015929, NM_001628, AK026487.1, AL050050.1,
NMJH4887, BF343852, NM_001536, BC001671.1, NM_014165, BC005938.1, NM_003094, AL570294, AV730849,
AA746290, BE464819, NM_015344, AA858297, BE857467, BF513060, NM_004719, AI967981, NM_002109,
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NM_004649, AI703342, AI676241, BE621524, AV728268, NM_003105, AI149508, AW003635, AL044092, AI089932,
BE349017, ABO1 1151.1, BF940192, AW205632, AK000749.1, U70056, BE503392, BG390306, AI302244,
NM_003328, N30132, BC000787.1, NMJU7925, NM_004879, AL529672, AL050136.1, NM_016617, AW340096,
AI890903, AI458439, AI278629, N30416, AA917672, NM_017875, U93867.1, AI872374, AI806322, NM_024300,
NM_014679, AL021707, NM_022840, U79248.1, AI816281, AU155565, W19668, AL036450, BE927772, BF111169,
AV707196, AV728606, AL035851, AW263542, AA1 81060, NM_005885, NM_013307, AA243143, BE857772,
AA630330, NM_005589, AI347000, AA826288, BC005055.1, NM_017913, NM_017632, NM_003274, AI343248,
M65217.1, AA808694, AK026954.1, N80922, NM_003799, AW173157, NM_002958, NM_014166, AF275803.1,
NM_007043, BE544748, AK023546.1, NMJB0791, NM_005111, BE910323, AF1 16705.1, NM_006165, AF212995.1,
BC001052.1, L00634.1, NM_002731, NM_021038.1, AL545982, AI990766, AI818488, AI763123, BC002637.1,
NM_005653, AI218219, NM_001310.1, NM_012319, NM_001417.1, AB000359, AI800983, NM_030799, AL558532,
AE000659, AL040935, AA223871, AI204981, BF003112, AT741458, NMJH5537, AF142408.1, NM_003646, BF528646,
BE677453, BE888593, NM_030915, AI804118, NM_022756, BE888593, AL515874, AL541302, AF161382.1,
AI557467, AI123233, NM_012280, NMJH6048, NM_017489, NM_014885, BE542684, AW082219, BE645241,
BC004819.1, BF435952, NM_004401, AK000803.1, NM_005870.2, BC002585.1, AW408767, NM_004379,
NM_024570, BF338332, NM_017606, AL080149.1, NM_014577, AB014592.1, NM_014635, NM_003339.1, AI632774,
AA143579, BC006240.1, AK021738.1, AF153430.1, BF344265, BE897866, NM_004375, AB026118.1, AI554106,
NM_024772, N_001765, AL050348, N36085, AF039698.1, BG106477, NMJH8060, AF109873.1, BF594371,
BE464483, AC002073, AC002073, S74774.1, M14333.1, NM_003079.1, AI040029, AV738806, NM_015897.1,
NM_030794, NM_005710, NM_007158, NM_024612, NM_006520, NM_003473, NM_006372.1, NM_004034,
AL024509, U83410.1, AL049693, S77356.1, X14487, NM_003345.1, AB051499.1, NM_005730, NM_005760,
BE865779, AK023696.1, NM_002271.1, AI806747, BF056303, BF447037, AI632214, AU145061, BE044193,
NM_006255, NM_018255.1, AI880633, AI017564, NM_018338, AI056683, NM_015485, AF254083.1, NM_024699,
AI927701, AF144638.1, U69127.1, NM_018439, T93113, BE675356, AI744084, NM_004762, AK000004.1, D87077,
BC003686.1, NM_001527, NM_003138, AV712602, NM_005999, AU126086, AW008502, AL050035.1, BE677308,
AI651969, BC000120.1, AL044097, NM_022759, AI492369, NM_021640, NM_002085, NM_003491, NM_016034,
NM_014371, NM_022470, N38751, AK025432.1, AL534972, U79271.1, AA019893, NM_003146, AI817976, D21243.1,
AI935915, NM_000027, NM_016402, NM_024108, N25621, U34074.1, L24959.1, NM_003983.1, N95466, AB018308.1,
NM_004280, NM_018010, NM_021204, NM_014288, AV699565, NM_003550, NM_003689, NM_014374, NM_016603,
AI741469, D50911.2, BG149337, NM_004516, NM_000155, AI984005, AK024823.1, AF235049.1, AK024117.1,
AL121916, U52111, AI866717, BF435621, AI392933, AW051527, NM_024928, BE880820, NMJ)16194, NM_004905,
BE501980, NM_005997, U79260.1, AA700485, BF031819, BG532690, AW504569, AW003022, NM_003584, N91520,
NM_000696, NM 012231, AC007228, AV705292, AW190479, AI797836, AW043594,NM 020217, AI122852, AI827431,
NM_016523, NM_000878, NM_002260, X06557.1, X72501.1, AW007751, AB059408.1, NM_007053, NM_002258.1,
NM_002261, AW592266, AF251061.1, AB018580.1, NM_004669, AI814092, NM_006433, NM_012445, AA425358,
AK025444.1, NM_002830, NM_002378, AI915947, AK001821.1, AL136553.1, NM_025208, NM_018238, AI569747,
AI653730, AL039831, ABO11152.1, AW008627, AL524467, T67481, AK026674.1, NM_003199, W85912, NM_007371,
AA877043, AB037811.1, NM_020117, NM_018282, NM_016399, NM_016305, BE348997, AL078633, AF241788.1,
NM_004960, U69645.1, NM_006899, NM_005463, NM_014952, AI961224, AA916851, NM_001961, AU152194,
AW675725, NM_014061, NM_006117, AA524093, NM_018113, NM_003954, AI668672, AW025150, AB020635.1,
AF070592.1, NM_003339.1, NM_004760.1, BE999967, NM_024941, BF218804, AI809341, AL117499.1, NM_014011,
NM_005388, U92014.1, X79067.1, AV712064, M_015726, NM_007372, AI359466, NM_014233, NM_016199,
BE875232, AL555227, BC001818.1, BC003005.1, BG258639, U91543.1, BF724270, AA133277, BG493862,
BE646386, AW027812, AI913329, NM_023015, NM_021167, AF197954.1, NM_020313, NM_007357, NM_015919,
NM_017714, BC004957.1, BC000832.1, NM_000889, AF212225.1, BC001051.1, NM_004529, AV700191, AC004531,
BG480592, AF023265.1, NM_002208, BF673940, NM_003107.1, AA148789, NM_003107.1, BF057084, AI492167,
AI262560, BF976290, AA045257, AK025731.1, AV701229, AL561281, AW574933, AL080169.1, AB039327.2,
BF512388, BC005871.1, AF131831.1, AI633734, NM_004445, AW270138, BE789346, T52999, NMJB0969,
BC000580.1, NM_017646, NM_022838, NMJ)O1 108, NM_024514, D42084.1, W37897, AW074911, BF683512,
N80935, AI201594, AW024741, NM_016382, NM_000689.1, NM_000709, NM_018622, BE903880, NM_022356,
NM_006344, N_017933, BC005912.1, M60333.1, M60334.1, N_002118, NM_003916, M19720, NM_004578,
AA651899, NMJH6205, BC002438.1, AL042817, BF058944, AI690169, BC001441.1, AI092931, AF303588.1,
AI720705, BC000389.1, BG1 10532, NM_006324, W68720, AK026630.1, BF475280, AK021602.1, AK001934.1,
AU150386, AA114243, AL136619.1, AJ223321, NM_015986, R66534, BE883841, BG500677, AI888503, D55674.1,
AF057356.1, BF061275, AA745971, BG166310, BG431266, AK022014.1, AA001543, AL565238, BC000717.1,
U08015.1, AA789302, AI568622, AI056895, AI829724, AL133646.1, AW189430, AF090891.1, M31183.1, W68845,
N66727, NM_017864, BE856596, NM_017943, AI016355, AU146532, NM_000309, BC000282.1, NM_017773,
AI620827, NM_006530, AI766279, BF445127, AF251049.1, D29641.2, NM_016122, BF434321, AW628987,
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AA126311, Z24459, BC002600.1, AW024383, AL031228, NM_014367, AB006630.1, NM_004951, NM_006925,
AW614056, AI695743, AB023208, BF593050, NM_025198.1, AI192379, BE671038, AA824321, BE614908, U19179.1,
NM_000305, AI693140, NM_003952, NM_021078, M55575.1, AV700514, U87408, AI569785, BF129093, BF732638,
NM_003142, BG402553, AL157437.1, BC006383.1, NM_003801, N21127, BG478726, BE252813, AK000921.1,
NM_004708, NM_012458, AF277181.1, BC005400.1, NM_018959, BF507383, AI805069, BG249565, N49233,
AI701408, BE673759, NM_020186, BC005250.1, BG286537, NM_030579, NM_000410, AF291676.1, NM_005776,
NM_004261, BE676703, AI912238, AW952320, NM_004524, AB020671.1, AA769410, AL137430.1, BC006428.1,
BF671883, AI761621, AK025626.1, BE302089, AL137317.1, BF436957, NM_024047, NM_005882, AA504646,
N32185, AI762547, NM_022663, AK024949.1, NM_005639.1, AK001155.1, AW139448, X61072.1, NM_006180,
NM_005971, NM_002023, AW024467, NM_000136, AL096729.1, N67741, NM_006610, NM_025073.1, U19345..1,
AF034956, AI962897, AK023621.1, AB018305.1, NM_025040, NM_000922, NM_021631, AF181985.1, NM_006568,
NM_021047, AI937543, NM_005666, NM_005027, AK024108.1, NM_000171, AA845577, NM_014139, NM_003069,
AI669379, NM_004300, AL390738, AV691491, AW241832, AL034399, NM_005476, NM_022336, NM_024343,
AK024879.1, NM_004944, NM_001353, BG168858, AW593859, AA748492, NM_012199, AI349506, NM_014349,
U03494.1, NM_006114, NM_007317, NM_025207, NM_017976, NM_018036, AI797063, AF312230.1, AB011088.1,
AF094508.1, BC002752.1, NM_005715, AV694732, AI522311, NM_014913.1, AI694452, U44378.1, NM_022771,
BF246917, NM_006371, U89386.1, BG403671, AI191118, AL024509, BG472176, NM_014612, NMJ318221,
NM_006738, NM_014766, M74088.1, AA053830, NM_003758, U66046.1, AL390149.1, BC004424.1, AI949220,
W74580, NM_000017, NM_001269, AK022046.1, NM_003418, AK023738.1, NM_004758, NM_018507, AL527430,
AI299467, AC007277, NM_012405, BF436632, BG537255, AI570531, T89044, AI569766, N_001123, AB028966.1,
AL023553, NM_014242, NM_024033, NM_014239, U80184, U81802.1, M68520.1, NM_015678, AL050204.1, N54448,
NM_006023, NM_006320, NM_003093, NM_001551, BF973387, AB037745.1, BF439163, AF161422.1, BE898861,
NM_004641, AI632212, BE968576, NM_003366, AK000921.1, AW298170, AI650819, NM_006166, AI005043,
BC006110.1, NM_001611, NM_025159, NM_003291, NM_002967, AK024263.1, D87440.1, NM_005741, NM_018321,
NM_018195, AI300126, NM_019012, NM_015904.1, BF240652, N64802, AA481044, NM_006414, AF145439.1,
BG481877, NM_030954, BC004372.1, M24915.1, NM_022170, NM_006805, NM_023009, BE247450, AI613089,
BE550501, AI268231, AL080102.1, AB040915.1, AW590155, NM_030818, AL530441, BF675004, AL137520.1,
AJ130971.1, NM_002908, NM_000202, AW131553, NMJH8158, NM_002197, NMJH7656, L19185, X04801, AL109955,
AI820101, NM_016532, BG106477, NM_018095, AK026155.1, U40763.1, BF446940, AI339915, R67076, N66669,
AI971724, BE218428, AI971694, AI672084, AB037759.1, NM_016281, AF183419.1, NM_020466, AA284075,
AV682940, M77498.1, NM_005901, BF057298, NM_002655, AW024095, AI720923, AW025093, NM_014674,
NM_017745, NMJ)21O3O., NM_024072, AW237172, AI460037, NM_019034, AL390164.1, NM_017660, AW628835,
NMJH6026, AI693862, AW055161, BG341575, NM_015909, AB023216.1, U79277.1, AI222805, AI820796, AI888657,
BG339050, BG1 12118, NM_005735, NM_007344, AW296162, AK001652.1, BC005370.1, AF183569.1, BF1 14745,
AJO1 1307, AI439695, BF240782, AI659219, AB049654.1, AF275813.1, AV751709, AF080579, D49737.1,
NM_003001, AF129756, AI814587, NM_016017, BF224247, N92500, L29008.1, AI798846, AW264102, AI762876,
BF206389, NM_004843, AB014576.1, NM_025198.1, T75480, AI870866, AB041836.1, N32831, AL354612.1,
AW449353, AI760812, AI986239, AW972855, NM_012097, AI638235, AI589978, AI096706, NM_006457, NM_018340,
BC002642.1, AF333336.1, AW451502, NM_002162, AW274846, AA152232, NM_018845, NMJH6586, NM_006802,
AB023215.1, AU157017, AI868315, BF063821, AI826279, AK025464.1, NM_018465, NM_004546, NM_006886,
BC002772.1, N34846, AI939400, AF217197.1, NM_002823, AK023255.1, AI203021, NM_004780, AL049980.1,
M14016.1, BE670798, BF589088, D21089.1, AI348010, NM_018312, AI741415, AL567411, BE551193, AA664258,
AK001039.1, AB051548.1, AF077048.1, NM_005402.1, M32577.1, NM_004634, AF226990.2, BC001041.1, M27487.1,
AA789329, AL157424.1, BC000978.2, AI917328, AW236209, BC003669.1, AI432713, BF676980, AF151842.1,
BF972871, AI335267, AA523441, AI435036, BG028884, BG388615, NM_021603, NM_024579, AK022050.1,
AI332476, and AI738987 (see Table 2A of U.S. Patent No. 7,608,395). The biomarkers of any of the above groupings
also include their Affymetrix or other genechip equivalents. Additionally or alternatively, an "SLE signature" comprise
reduced levels of one or more markers as of Table 3 of U.S. Patent No. 7,118,865. In some embodiments, reduced
levels comprise 50% lower expression than observed for control(s).
[0069] "Differentially expressed" as applied to a gene, refers to the differential production of the mRNA transcribed
from the gene and/or translated from the mRNA transcript into the protein product. The difference in gene expression
between similar cell types from different subjects may be compared, or the difference in gene expression at a first and
second time point in the same subject can be compared. In addition, the expression profile of a subject can be compared
to a stored reference expression profile. A differentially expressed gene may be over-expressed (e.g., elevated biomarker
expression) or under-expressed (reduced biomarker expression) as compared to the expression level of a normal or
control cell. However, in some preferred embodiments, over-expressed is used to refer to a change in the expressed
level of at least 2.0 fold, at least 2.25 fold, at least 2.5 fold or, at least 3 fold, at least 3.5 fold, at least 4 fold, at least 5-
fold, or at least 10 fold, greater than that in the control cell, tissue or other biological sample. As such, a level that is 2-
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fold more than X refers to the level that is 2X. In further preferred embodiments, under-expressed refers to expression
at a level that is at least 50% less, at least 60%, at least 70%, at least 80%, at least 90% or at least 95% less than that
in the control cell or tissue. For example, a level 75% less than X refers to a level that is 0.25X. Differentially expressed
also refers to nucleotide and/or protein sequences in a cell or tissue which are expressed where silent in a control cell
or not expressed where expressed in a control cell.
[0070] The terms "subject," "individual" and "patient" are used interchangeably to refer to a human that may be afflicted
with an autoimmune disease such as SLE. The terms "reference" and control are used interchangeably to refer to an
alternative subject or sample used for comparison purpose. The term "control" as used in reference to determining
whether a biomarker is expressed at an elevated or a reduced level refers to one or more negative controls, such that
the control sample in which gene expression is analyzed is from one or more humans that do not have an autoimmune
disease. It is preferable to determine the levels of gene expression from the same cell type or types in both the subject
and the controls. One or more controls may be used. If more than one control is used, the level expressed in the controls
is preferably the average or median level of expression of a gene in the controls. Any number of controls may be used.
In one example, at least 10, 20, 30, 40, or at least 50 controls are used. The level of gene expression in a control may
be determined at or around the same time that the level of gene expression is determined in a subject. Alternatively, the
level expression of a control may be previously determined and stored for subsequent comparison. In another embod-
iment, the expression level in a subject may be determined and stored prior to determination of the expression level in
one or more controls. In some embodiments, the one or more biomarkers include, for example, at least two or more
biomarkers, at least three or more biomarkers, at least four or more biomarkers, at least five or more biomarkers, at
least ten or more biomarkers, or at least fifteen or more biomarkers.
[0071] In some embodiments, expression of the biomarkers is determined using NanoString nCounter gene expression
system (Geiss et al., Nature Biotechnology, 26:317-325, 2008). However, any method can be used to determine whether
or not biomarker expression is elevated or reduced in a sample from a subject, as compared to a control or an average
level of expression observed in control cells.

Methods of Use

[0072] Described herein are methods of regulating an immune response in an individual comprising administering to
the individual an effective amount of an inhibitor of TLR7 and/or TLR9 (e.g., an IRP and/or IRC). The IRP and/or IRC
comprises an IRS. For example, the IRS is or comprises the IRS of one of the group consisting of SEQ ID NO: 64-78,
SEQ ID NO:123-135, and SEQ ID NO: 141-145. In some embodiments, the IRS is the IRS of SEQ ID NO: 67, SEQ ID
NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO: 143, or SEQ ID
NO: 144. In some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID
NO:144. In some embodiments, the immune response is suppressed and/or inhibited. In some embodiments, the inhibited
immune response is associated with the TLR7 signaling pathway and/or TLR9 signaling pathway. In some embodiments
of any of the IRPs, the IRP is a 2’-deoxyribo polynucleotide sequence. In some embodiments of any of the IRPs, the
IRP is a 2’deoxyribo polynucleotide and/or the 2’-O-Me sugar polynucleotide chimeric sequence. In some embodiments,
the IRP has at least one nucleotide comprising a modified phosphate linkage. In some embodiments, IRP comprises
only phosphorothioate linkages.
[0073] Exemplary methods and compositions are described in Guiducci et al., Nature 465:937-941, 2010 (17 June
2010), and are described in Guiducci et al. J. Exp. Med. 207:2931-2942, 2010 and Nov. 29, 2010 [Epub ahead of print].
[0074] Methods of immunoregulation described hereininclude those that suppress and/or inhibit an immune response,
including, but not limited to, an immune response stimulated by immunostimulatory nucleic acid molecules such as
bacterial DNA. Also described herein are methods for inhibiting TLR7 and/or TLR9 induced cell response. Further
described herein are methods for ameliorating symptoms associated with unwanted immune activation, including, but
not limited to, symptoms associated with autoimmunity. Immuno-regulation according to the methods described herein
may be practiced on individuals including those suffering from a disorder associated with an unwanted activation of an
immune response. In some variations, the immune response is an innate immune response. In some variations, the
immune response is an adaptive immune response. In some embodiments, the cell is contacted with the polynucleotide
in an amount effective to inhibit a response from the cell that contributes to an immune response.
[0075] Described herein are methods of treating or preventing a disease in an individual comprising administering to
the individual an effective amount of an inhibitor of TLR7 and/or TLR9 (e.g., an IRP and/or IRC). Further, described are
methods for ameliorating symptoms associated with a disease comprising administering an effective amount of an
inhibitor of TLR7 and/or TLR9 (e.g., an IRP and/or IRC) to an individual having a disease. Methods are also described
herein for preventing or delaying development of a disease, comprising administering an effective amount of an inhibitor
of TLR7 and/or TLR9 (e.g., an IRP and/or IRC). In some embodiments, the disease is an autoimmune disease. In some
embodiments, the autoimmune disease, including SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome.
In some embodiments, the immunoregulatory polynucleotide or immunoregulatory compound effective for suppressing
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a symptom of SLE comprises an immunoregulatory sequence of the TLR7 class or TLR9 class or TLR7/9 class. In some
variation, the disease is an inflammatory disease. In some embodiments, the inflammatory disease is an interface
dermatitis. In some embodiments, the interface dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus,
etc. In some embodiments, the inflammatory disease is sterile inflammatory disease such as drug-induced liver inflam-
mation and/or pancreas inflammation. In some embodiments, the inflammatory disease is inflammatory liver disease.
In some embodiments, the IRS is or comprises the IRS of one of the group consisting of SEQ ID NO: 64-78, SEQ ID
NO:123-135, and SEQ ID NO:141-145. In some embodiments, the IRS is the IRS of SEQ ID NO:67, SEQ ID NO:68,
SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, or SEQ ID NO:144.
In some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO: 143, or SEQ ID NO:144. In
some embodiments of any of the IRPs, the IRP is a 2’-deoxyribo polynucleotide sequence. In some embodiments of
any of the IRPs, the IRP is a 2’deoxyribo polynucleotide and/or the 2’-O-Me sugar polynucleotide chimeric sequence.
In some embodiments, the IRP has at least one nucleotide comprising a modified phosphate linkage. In some embod-
iments, IRP comprises only phosphorothioate linkages.
[0076] In certain embodiments, the individual suffers from a disorder associated with unwanted immune activation,
such as allergic disease or condition, allergy and asthma. An individual having an allergic disease or asthma is an
individual with a recognizable symptom of an existing allergic disease or asthma. In any of the methods described herein
the IRS-containing polynucleotide may be administered in an amount sufficient to regulate an immune response. As
described herein, regulation of an immune response may be humoral and/or cellular, and is measured using standard
techniques in the art and as described herein. In some embodiments, described herein are methods for suppressing,
reducing, and/or inhibiting TLR7 and/or TLR9 dependent cell stimulation.
[0077] Other embodiments described herein relate to immunoregulatory therapy of individuals having been exposed
to or infected with a virus. Administration of an IRP or IRC to an individual having been exposed to or infected with a
virus results in suppression of virus induced cytokine production.
[0078] Described herein are methods for treating, assessing responsiveness, identifying individuals, and/or selecting
individuals for treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor based upon interferon
(IFN) signature and/or differential levels of inflammatory cytokines. Also described herein are methods for treating,
assessing responsiveness, identifying individuals, and/or selecting individuals for treatment comprising an effective
amount of an IRP and/or IRC based upon interferon (IFN) signature and/or differential levels of inflammatory cytokines.
[0079] Described herein are methods of treating a disease in an individual (e.g., human) comprising administering to
the individual an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein treatment is based upon IFN
signature and/or differential levels of inflammatory cytokines. For example, methods of treating a disease in an individual
(e.g., human) comprising administering to the individual an effective amount of an IRP and/or IRC, wherein treatment
is based upon IFN signature and/or differential levels of inflammatory cytokines. In some embodiments, the IRS is or
comprises the IRS of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71,
SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the
disease is an autoimmune disease. In some embodiments, the autoimmune disease, including SLE, rheumatoid arthritis,
dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory disease. In some embod-
iments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface dermatitis is dermato-
myositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory disease is sterile
inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some embodiments,
the inflammatory disease is inflammatory liver disease. In some embodiments, the IRS is the IRS of SEQ ID NO:73,
SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO:144.
[0080] Described herein are also methods of treating a disease, comprising: (a) selecting an individual having an IFN
signature and/or differential levels of inflammatory cytokines; and (b) administering to the selected individual an effective
amount of a TLR7 inhibitor and/or TLR9 inhibitor. For example, methods of treating a disease, comprising: (a) selecting
an individual having an IFN signature and/or differential levels of inflammatory cytokines; and (b) administering to the
selected individual an effective amount of an IRP and/or IRC. In some embodiments, the IRS is or comprises the IRS
of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ
ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the disease is an autoimmune
disease. In some embodiments, the autoimmune disease, including SLE, rheumatoid arthritis, dermatomyositis, and
Sjogren’s syndrome. In some variation, the disease is an inflammatory disease. In some embodiments, the inflammatory
disease is an interface dermatitis. In some embodiments, the interface dermatitis is dermatomyositis, cutaneous lupus,
psoriasis, lichen planus, etc. In some embodiments, the inflammatory disease is sterile inflammatory disease such as
drug-induced liver inflammation and/or pancreas inflammation. In some embodiments, the inflammatory disease is
inflammatory liver disease. In some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:
143, or SEQ ID NO: 144.
[0081] Methods are also described herein of assessing whether an individual with a disease will more likely to respond
or less likely to respond to treatment comprises an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, the method
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comprising assessing IFN signature and/or differential levels of inflammatory cytokines, wherein the IFN signature and/or
differential levels of inflammatory cytokines indicates that the individual is more likely to respond or is less likely to
respond to the treatment. For example, methods are also described herein of assessing whether an individual with a
disease will more likely to respond or less likely to respond to treatment comprises an effective amount of an IRP and/or
IRC, the method comprising assessing IFN signature and/or differential levels of inflammatory cytokines, wherein the
IFN signature and/or differential levels of inflammatory cytokines indicates that the individual is more likely to respond
or is less likely to respond to the treatment. In some embodiments, the method comprises administering an effective
amount of a TLR7 inhibitor and/or TLR9 inhibitor. In some embodiments, the IRS is the IRS of one of the group consisting
of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141,
SEQ ID NO: 143, and SEQ ID NO: 144. In some embodiments, the disease is an autoimmune disease. In some em-
bodiments, the autoimmune disease, including SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In
some variation, the disease is an inflammatory disease. In some embodiments, the inflammatory disease is an interface
dermatitis. In some embodiments, the interface dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus,
etc. In some embodiments, the inflammatory disease is sterile inflammatory disease such as drug-induced liver inflam-
mation and/or pancreas inflammation. In some embodiments, the inflammatory disease is inflammatory liver disease.
In some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO: 143, or SEQ ID NO: 144.
[0082] Methods are also described herein of aiding assessment of whether an individual with a disease will more likely
respond to or is suitable for treatment, wherein the treatment comprises an effective amount of a TLR7 inhibitor and/or
TLR9 inhibitor, the method comprising evaluating IFN signature and/or differential levels of inflammatory cytokines,
wherein the IFN signature and/or differential levels of inflammatory cytokines indicate that the individual is more likely
to respond or suitable for the treatment. In some embodiments, the method comprises administering an effective amount
of a TLR7 inhibitor and/or TLR9 inhibitor. In some embodiments, the disease is an autoimmune disease. In some
embodiments, the autoimmune disease, including SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome.
In some variation, the disease is an inflammatory disease. In some embodiments, the inflammatory disease is an interface
dermatitis. In some embodiments, the interface dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus,
etc. In some embodiments, the inflammatory disease is sterile inflammatory disease such as drug-induced liver inflam-
mation and/or pancreas inflammation. In some embodiments, the inflammatory disease is inflammatory liver disease.
In some embodiments, the TLR7 inhibitor and/or TLR9 inhibitor is an IRP and/or IRC as described herein. In some
embodiments, the IRS is or comprises the IRS of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ
ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In
some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO: 144.
[0083] In addition, methods are described herein of identifying an individual with a disease more likely to respond or
less likely to respond comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, the method comprising:
(A) assessing an IFN signature and/or differential levels of inflammatory cytokines; and (B) identifying the individual
having a differential IFN signature and/or differential levels of inflammatory cytokines. In some embodiments, the method
comprises administering an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor. In some embodiments, the
disease is an autoimmune disease. In some embodiments, the autoimmune disease, including SLE, rheumatoid arthritis,
dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory disease. In some embod-
iments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface dermatitis is dermato-
myositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory disease is sterile
inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some embodiments,
the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or TLR9 inhibitor
is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one of the group
consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78, SEQ ID
NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID NO:73, SEQ ID
NO:134, SEQ ID NO:143, or SEQ ID NO: 144.
[0084] In addition, methods are described herein of selecting or not selecting an individual with a disease more likely
suitable or less likely suitable for treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor,
the method comprising: (A) assessing IFN signature and/or differential levels of inflammatory cytokines; and (B) selecting
the individual having a differential IFN signature and/or differential levels of inflammatory cytokines. In some embodi-
ments, the method comprises administering an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor. In some
embodiments, the disease is an autoimmune disease. In some embodiments, the autoimmune disease, including SLE,
rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory disease.
In some embodiments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface dermatitis
is dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory disease is
sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some embodi-
ments, the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or TLR9
inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one of the
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group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78,
SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID NO:73,
SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO: 144.
[0085] Methods are described herein of determining whether an individual with a disease more likely suitable or less
likely suitable for treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, the method com-
prising: assessing an IFN signature and/or differential levels of inflammatory cytokines. In some embodiments, the
method comprises administering an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor. In some embodiments,
the disease is an autoimmune disease. In some embodiments, the autoimmune disease, including SLE, rheumatoid
arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory disease. In some
embodiments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface dermatitis is
dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory disease is
sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some embodi-
ments, the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or TLR9
inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one of the
group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:78,
SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID NO:73,
SEQ ID NO: 134, SEQ ID NO: 143, or SEQ ID NO: 144.
[0086] Described herein are methods of treating a disease in an individual (e.g., human) comprising administering to
the individual an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein treatment response or lack of
treatment response is indicated by an IFN signature and/or differential levels of inflammatory cytokines of a sample. In
some embodiments, the disease is an autoimmune disease. In some embodiments, the autoimmune disease, including
SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory
disease. In some embodiments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface
dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory
disease is sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some
embodiments, the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or
TLR9 inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one
of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID
NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID
NO:73, SEQ ID NO: 134, SEQ ID NO: 143, or SEQ ID NO: 144.
[0087] Also described herein are methods of assessing responsiveness or lack of responsiveness of an individual to
a disease treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein responsiveness
or lack of responsiveness is indicated by an IFN signature and/or differential levels of inflammatory cytokines of a sample.
In some embodiments, the method comprises administering an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor.
In some embodiments, the disease is an autoimmune disease. In some embodiments, the autoimmune disease, including
SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory
disease. In some embodiments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface
dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory
disease is sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some
embodiments, the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or
TLR9 inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one
of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID
NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID
NO:73, SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO: 144.
[0088] Also described herein are methods of monitoring responsiveness or lack of responsiveness of an individual to
a disease treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor, wherein responsiveness
or lack of responsiveness is indicated by an IFN signature and/or differential levels of inflammatory cytokines of a sample.
In some embodiments, the method comprises administering an effective amount of a TLR7 inhibitor and/or TLR9 inhibitor.
In some embodiments, the disease is an autoimmune disease. In some embodiments, the autoimmune disease, including
SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease is an inflammatory
disease. In some embodiments, the inflammatory disease is an interface dermatitis. In some embodiments, the interface
dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments, the inflammatory
disease is sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas inflammation. In some
embodiments, the inflammatory disease is inflammatory liver disease. In some embodiments, the TLR7 inhibitor and/or
TLR9 inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or comprises the IRS of one
of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID
NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is the IRS of SEQ ID
NO:73, SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO: 144.
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[0089] Also described herein are methods of identifying an individual as more likely suitable to continue to receive a
disease treatment or less likely suitable to continue to receive treatment based upon an IFN signature and/or differential
levels of inflammatory cytokines of a sample, wherein treatment comprises an effective amount of a TLR7 inhibitor and/or
TLR9 inhibitor. In some embodiments, the disease is an autoimmune disease. In some embodiments, the autoimmune
disease, including SLE, rheumatoid arthritis, dermatomyositis, and Sjogren’s syndrome. In some variation, the disease
is an inflammatory disease. In some embodiments, the inflammatory disease is an interface dermatitis. In some embod-
iments, the interface dermatitis is dermatomyositis, cutaneous lupus, psoriasis, lichen planus, etc. In some embodiments,
the inflammatory disease is sterile inflammatory disease such as drug-induced liver inflammation and/or pancreas in-
flammation. In some embodiments, the inflammatory disease is inflammatory liver disease. In some embodiments, the
TLR7 inhibitor and/or TLR9 inhibitor is an IRP and/or IRC as described herein. In some embodiments, the IRS is or
comprises the IRS of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71,
SEQ ID NO:73, SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS
is the IRS of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:143, or SEQ ID NO:144.
[0090] In some embodiments of any of the methods above, more likely responsiveness or more likely suitability for
treatment is indicated by correlation with IFN signature of the sample with a reference IFN signature. In some embodi-
ments, less likely responsiveness or less likely suitability is indicated by lack of correlation with IFN signature of the
sample with a reference IFN signature.
[0091] In some embodiments of any of the methods above, responsiveness is indicated by correlation with IFN signature
of the sample with a reference IFN signature. In some embodiments, nonresponsiveness is indicated by lack of correlation
with IFN signature of the sample with a reference IFN signature. In some embodiments, responsiveness is indicated by
a change in IFN signature of the sample. In some embodiments, lack of responsiveness is indicated by an insignificant
change in IFN signature of the sample.
[0092] In some embodiments of any of the methods above, the IFN signature is a differential IFN signature in the
sample as compared to a reference. In some embodiments, the IFN signature is higher than a reference IFN signature.
In some embodiments, the IFN signature is lower than a reference IFN signature. In some embodiments, the reference
IFN signature is the IFN signature as described in Chaussabel et al. Immunity 29:150-164 (2008), Bennett et al. J. Exp.
Med. 197(6):711-723 (2003), or Baechler EC et al., PNAS 100(5):2610-5 (2003). In some embodiments, the differential
IFN signature comprises differential levels of one or more biomarkers of an IFN signature in the sample compared to a
reference. In some embodiments of any of the methods above, the IFN signature is a type I IFN signature.
[0093] The IFN signature may include the evaluation of expression levels of one or more of the biomarkers selected
from the group consisting of BATF2, CMPK2, CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3,
IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1,
TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IFI16, IRF7, and AIM2. In some embodiments, the
differential levels are differential levels of one or more biomarkers selected from the group consisting of BATF2, CMPK2,
DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, MX1, OAS1, OAS2,
OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20,
IRF7, and AIM2 compared to a reference. In some embodiments, the expression levels of one or more of biomarker are
differential levels compared to a reference. In some embodiments of any of the methods, IFN signature may include
evaluating the expression levels of about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 15 biomarkers. In some embodiments, the
one or more biomarkers include, for example, at least two or more biomarkers, at least three or more biomarkers, at
least four or more biomarkers, at least five or more biomarkers, at least ten or more biomarkers, or at least fifteen or
more biomarkers.
[0094] In some embodiments of any of the methods above, IFN signature comprises differential levels of one or more
biomarkers selected from the group consisting of BATF2, CMPK2, CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44,
IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2,
RTP4, SERPING1, TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IFI16, IRF7, and AIM2. In some
embodiments of any of the methods, the differential levels are high expression levels of one or more biomarkers selected
from the group consisting of BATF2, CMPK2, CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3,
IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1,
TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IFI16, IRF7, and AIM2 compared to a reference.
[0095] In some embodiments of any of the methods, high expression levels compared to a reference may indicate
that the individual is more likely to respond or more likely suitable to treatment comprising an effective amount of a TLR7
inhibitor and/or TLR9 inhibitor. For example, an individual may be selected for treatment if the differential levels are high
levels of one or morebiomarkers selected from the group consisting of BATF2, CMPK2, CXCL10, DDX60, EPSTI1,
HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1, OAS1, OAS2, OAS3,
OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IFI16,
IRF7, and AIM2 compared to a reference. In addition, an individual may be selected not to continue treatment if the
differential levels are high levels of one or more biomarkers selected from the group consisting of BATF2, CMPK2,
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CXCL10, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, LY6E, MX1,
OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-
MCG_71, ISG20, IFI16, IRF7, and AIM2 compared to a reference.
[0096] In some embodiments, low expression levels compared to a reference may indicate that the individual is less
likely to respond or less likely suitable to treatment comprising an effective amount of a TLR7 inhibitor and/or TLR9
inhibitor.
[0097] In some embodiments, the differential levels of inflammatory cytokines comprises differential levels in the
sample of one or more inflammatory cytokine markers selected from the group consisting of IL-lalpha, IL-1 beta, TNF-
alpha, IL-6, IL-17, IFN-alpha, IFN-omega, IFN-lambda1, IFN-lambda2, and IP-10, as compared to the control sample(s).
[0098] The different levels of any of the methods described above may be differential levels of about any of 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or 15 or all the markers. In some embodiments, the one or more biomarkers include, for example, at
least two or more biomarkers, at least three or more biomarkers, at least four or more biomarkers, at least five or more
biomarkers, at least ten or more biomarkers, or at least fifteen or more biomarkers. In some embodiments, the one or
more biomarkers does not include CXCL10, LY6E, and/or IFI16.
[0099] In some embodiments, differential levels are determined by measuring the expression level of a gene of interest
in an individual and comparing to a reference (e.g., the median expression level for the given patient population or
expression level of a second individual). For example, if the expression level of a gene of interest for the single individual
is determined to be above the median expression level of the patient population, that individual is determined to have
high expression of the gene of interest. Alternatively, if the expression level of a gene of interest for the single individual
is determined to be below the median expression level of the patient population, that individual is determined to have
low expression of the gene of interest. In some embodiments, the individual has a disease and the patient population
or second individual does not have a disease (i.e., normal). In some embodiments, the individual has a disease and the
patient population or second individual has a disease. In some embodiments, the individual is compared to a second
individual and/or a patient population which is responsive to treatment. In some embodiments, the individual is compared
to a second individual and/or a patient population which is responsive to treatment.
[0100] Differential, as used in context of differential cell, gene signature, nucleic acid, or protein refers to a difference
compared to a reference (e.g., differential production of a cell or cell type, differential copy number of a gene, differential
production of the mRNA transcribed from the gene, or the protein product encoded by the gene compared to a reference.)
Differential expression of a gene may be overexpressed (high expression) or underexpressed (low expression) as
compared to a reference (e.g., a normal cell, control cell, biological sample, a given patient population or with an internal
control gene).
[0101] Differential levels may be assessed by evaluating the expression levels of one or more markers in one or more
samples from an individual. The expression profile of a sample may be compared to the expression levels of a reference
(e.g., reference sample). In some embodiments, the sample is a sample containing tissue sample or blood sample
(leukocytes). The expression profile of a sample may be compared to the expression of levels of a reference (e.g.,
reference sample) for a pre-defined gene set. See e.g., Chaussabel et al. Immunity 29:150-164 (2008), Bennett et al.
J. Exp. Med. 197(6):711-723 (2003), or Baechler EC et al., PNAS 100(5):2610-5 (2003). Gene Set Enrichment Analysis
(GSEA) may be used to convert the gene expression data into gene set -expression profiles (signatures).
[0102] In some embodiments, Gene Set Enrichment Analysis (GSEA) is performed by i) ranking genes in a data set,
e.g., gene expression profiles of a DNA microarray analysis, based on their correlation to a chosen phenotype; ii)
identifying all members of the gene set; and iii) calculating an Enrichment Score (ES), which can be a Normalized
Enrichment Score (NES), representing the difference between the observed rankings and those that would be expected
given a random distribution. After calculating the ES/NES, the method randomizes the sample labels and calculates the
ES/NES for the gene set based on the random distribution. This process is repeated multiple times to create a distribution
of randomized ES scores. Observed ES/NES scores that significantly outperform the randomized ES/NES scores are
considered significant, thereby indicating that the given gene set is deregulated, i.e., up- or downregulated or differentially
expressed, between cells having a certain biological phenotype. Software to perform GSEA is freely available online on
the world wide web at broad.mit.edu/gsea/msigdb/index.jsp.
[0103] Numerous alternative bioinformatics approaches have been developed to assess gene set expression profiles
using gene expression profiling data. Methods include but are not limited to those described in Segal, E. et al. Not.
Genes. 34:66-176 (2003); Segal, E. et al. Not. Genet. 36:1090-1098 (2004); Barry, W.T. et al. Bioinformatics
21:1943-1949 (2005); Tian, L. et al. Proc Nat’1 Acad Sci USA 102:13544-13549 (2005); Novak B A and Jain A N.
Bioinformotics 22:233-41 (2006); Maglietta R et al. Bioinformatics 23:2063-72 (2007); Bussemaker H J, BMC Bioinfor-
matics 8 Suppl 6:S6 (2007).
[0104] In some embodiments, the expression level and/or differential level of a marker of interest in a sample is greater
than about any of 1.25X, 1.5X, 1.75X, 2X, 3X, 4X, 5X, 6X, 7X, 8X, 9X, 10X, 25X, 50X, or 100X higher or lower than the
expression level in reference. In some embodiments, the expression level and/or differential expression in a sample is
between about any of 1.25X and 100X, 1.25X and 50X, 1.5X and 100X, 1.5X and 50X, 2X and 100X, 2X and 50X, 1.25X
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and 10X, 1.5X and 10X, 2X and 10X higher or lower than the expression level in a reference. In some embodiments,
the expression level of a marker in a sample from a subject (e.g., individual selected for treatment, individual identified
as likely to respond to treatment, or an individual identified as responsive to treatment) is at least 1.25X, 1.5X, 1.75X,
2X, 3X, 4X, 5X, 6X, 7X, 8X, 9X, 10X, 25X, 50X, or 100X higher than the expression level in a reference sample from a
normal subject. In some embodiments, the expression level of a marker in a sample from a subject (e.g., individual
selected for treatment, individual identified as likely to respond to treatment, or an individual identified as responsive to
treatment) is at least 1X, 1.5X, 2X, 2.5X, 3X, 4X, 5X, 6X, 7X, 8X, 9X, 10X, 25X, 50X, or 100X higher than the mean plus
standard deviation of the expression level in reference samples from a normal population.
[0105] In another embodiment, the expression level of a marker of interest in a sample may be decreased or increased
by at least about a 20%, 25%, 30%, 35%, 40%, 50%, 60%, 70%, 80%, 90% or 100%, compared to expression level in
a reference.
[0106] In some embodiments, the markers are expressed at statistically significant differential levels, underexpressed
or overexpressed, the sample versus the reference. In some embodiments, statistical significance is determined at a p-
value of 0.1 or less, 0.05 or less, or 0.01 or less. In some embodiments, the p-value is between about any of 0.01 and
0.05 or 0.01 and 0.1. In some embodiments, the p-values are corrected for multiple comparisons. In some embodiments,
multiple comparisons are corrected for using Bonferroni correction. In some embodiments, p-values are determined
using permutation approaches, which are well known to those in the art. Permutation tests include randomization tests,
re-randomization tests, exact tests, the jackknife, the bootstrap and other resampling schemes. In some embodiments,
the threshold criterion comprises a correlation value. In some embodiments, the correlation value is r. In some embod-
iments, r is greater than or equal to about any of 0.95, 0.90, 0.85, 0.80, 0.75, 0.70, 0.65, 0.60, 0.55, 0.50, 0.45, 0.40,
0.35, 0.30 or 0.25.
[0107] Expression levels may be measured at the mRNA level and/or the protein level. In some embodiments, the
measured expression level of the marker gene is normalized. For example, expression level is normalized against a
gene the expression level of which does not change (or does not change significantly) among different samples. In some
embodiments, expression levels of one or more housekeeping genes (genes that codes for proteins whose activities
are essential for the maintenance of cell function) are used for normalization. These genes are typically similarly expressed
in all cell types. Housekeeping genes include, without limitation, ribosomal protein L19 (NP_000972), UBC (Ubiquitin
C), glyceraldehyde-3- phosphate dehydrogenase (GAPDH), Cyp1, albumin, actins (e.g., β-actin), tubulins, cyclophilin,
hypoxantine phosphoribosyltransferase (HRPT), ribosomal protein L32 (NP_001007075), and ribosomal protein/genes
28S (e.g., Q9Y399) and 18S.
[0108] Differential expression and/or expression levels may be determined at the time of starting treatment or during
treatment. In some embodiments, "at the time of starting treatment" or "baseline" is about any of six months, three
months, second months, one month, or days prior to the treatment. In some embodiments, "at the time of starting
treatment" is immediately prior to or coincidental with the first exposure to the treatment.
[0109] In some embodiments of any of the methods of treating, assessing responsiveness, identifying individuals,
and/or selecting individuals for treatment, the disease is an autoimmune disease. In some embodiments, the autoimmune
disease is characterized by serositis (pleuritis or pericarditis), oral ulcers (includes oral or nasopharyngeal ulcers), arthritis
(nonerosive arthritis of two or more peripheral joints), photosensitivity, blood-hematologic disorder, hypocomplemen-
temia, renal disorder, antinuclear antibody test positive, immunologic disorder, neurologic disorder (seizures or psycho-
sis), malar rash, or discoid rash. In some embodiments, the autoimmune disease is associated with the skin, muscle
tissue, and/or connective tissue. In some embodiment, the autoimmune disease is not evidenced in the individual by
skin, muscle tissue, and/or connective tissue symptoms. In some embodiments, the autoimmune disease is systemic.
[0110] Autoimmune diseases include, without limitation, rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), type I diabetes mellitus, type II diabetes mellitus, multiple sclerosis (MS), immune-mediated infertility such as
premature ovarian failure, scleroderma, Sjogren’s disease, vitiligo, alopecia (baldness), polyglandular failure, Grave’s
disease, hypothyroidism, polymyositis, pemphigus vulgaris, pemphigus foliaceus, inflammatory bowel disease including
Crohn’s disease and ulcerative colitis, autoimmune hepatitis including that associated with hepatitis B virus (HBV) and
hepatitis C virus (HCV), hypopituitarism, graft-versus-host disease (GvHD), myocarditis, Addison’s disease, autoimmune
skin diseases, uveitis, pernicious anemia, and hypoparathyroidism.
[0111] Autoimmune diseases may also include, without limitation, Hashimoto’s thyroiditis, Type I and Type II autoim-
mune polyglandular syndromes, paraneoplastic pemphigus, bullus pemphigoid, dermatitis herpetiformis, linear IgA dis-
ease, epidermolysis bullosa acquisita, erythema nodosa, pemphigoid gestationis, cicatricial pemphigoid, mixed essential
cryoglobulinemia, chronic bullous disease of childhood, hemolytic anemia, thrombocytopenic purpura, Goodpasture’s
syndrome, autoimmune neutropenia, myasthenia gravis, Eaton-Lambert myasthenic syndrome, stiff-man syndrome,
acute disseminated encephalomyelitis, Guillain-Barre syndrome, chronic inflammatory demyelinating polyradiculoneu-
ropathy, multifocal motor neuropathy with conduction block, chronic neuropathy with monoclonal gammopathy, opson-
oclonus-myoclonus syndrome, cerebellar degeneration, encephalomyelitis, retinopathy, primary biliary sclerosis, scle-
rosing cholangitis, gluten-sensitive enteropathy, ankylosing spondylitis, reactive arthritides, polymyositis/dermatomyosi-
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tis, mixed connective tissue disease, Bechet’s syndrome, psoriasis, polyarteritis nodosa, allergic anguitis and granulo-
matosis (Churg-Strauss disease), polyangiitis overlap syndrome, hypersensitivity vasculitis, Wegener’s granulomatosis,
temporal arteritis, Takayasu’s arteritis, Kawasaki’s disease, isolated vasculitis of the central nervous system, throm-
boangiutis obliterans, sarcoidosis, glomerulonephritis, and cryopathies. These conditions are well known in the medical
arts and are described, for example, in Harrison’s Principles of Internal Medicine, 14th ed., Fauci A S et al., eds., New
York: McGraw-Hill, 1998.
[0112] The systemic disease SLE is characterized by the presence of antibodies to antigens that are abundant in
nearly every cell, such as anti-chromatin antibodies, anti-splicesosome antibodies, anti-ribosome antibodies and anti-
DNA antibodies. Consequently, the effects of SLE are seen in a variety of tissues, such as the skin and kidneys.
Autoreactive T cells also play a role in SLE. For example, studies in a murine lupus model have shown that non-DNA
nucleosomal antigens, e.g. histones, stimulate autoreactive T cells that can drive anti-DNA producing B cells. Increased
serum levels of IFN-α has been observed in SLE patients and shown to correlate with both disease activity and severity,
including fever and skin rashes, as well as essential markers associated with the disease process (e.g., anti-dsDNA
antibody titers).
[0113] In some situations, peripheral tolerance to an autoantigen is lost (or broken) and an autoimmune response
ensues. For example, in an animal model for EAE, activation of antigen presenting cells (APCs) through the immune
receptor TLR9 or TLR4 was shown to break self-tolerance and result in the induction of EAE (Waldner et al. (2004) J.
Clin. Invest. 113:990-997).
[0114] In certain embodiments treating, assessing responsiveness, identifying individuals, and/or selecting individuals
for treatment, the individual is at risk of developing an autoimmune disease. Individuals at risk of developing an autoim-
mune disease include, for example, those with a genetic or other predisposition toward developing an autoimmune
disease. In humans, susceptibility to particular autoimmune diseases is associated with HLA type with some being linked
most strongly with particular MHC class II alleles and others with particular MHC class I alleles. For example, ankylosing
spondylitis, acute anterior uveitis, and juvenile rheumatoid arthritis are associated with HLA-B27, Goodpasture’s syn-
drome and MS are associated with HLA-DR2, Grave’s disease, myasthenia gravis and SLE are associated with HLA-
DR3, rheumatoid arthritis and pemphigus vulgaris are associated with HLA-DR4 and Hashimoto’s thyroiditis is associated
with HLA-DR5. Other genetic predispositions to autoimmune diseases are known in the art and an individual can be
examined for existence of such predispositions by assays and methods well known in the art. Accordingly, in some
instances, an individual at risk of developing an autoimmune can be identified.
[0115] In some embodiments of any of the methods of treating, assessing responsiveness, identifying individuals,
and/or selecting individuals for treatment, the TLR7 and/or TLR9 inhibitor (e.g., an IRP or IRC) is administered in an
amount effective to delay or prevent the autoimmune disease. In some embodiments of any of the methods of treating,
assessing responsiveness, identifying individuals, and/or selecting individuals for treatment, the TLR7 and/or TLR9
inhibitor (e.g., an IRP or IRC) is administered in an amount effective to suppress one or more symptoms of the autoimmune
disease, including SLE and rheumatoid arthritis. In some embodiments, the TLR7 and/or TLR9 inhibitor (e.g., an IRP
or IRC) used in combination therapy reduces the amount (dosage) of corticosteroid required and/or administered to treat
the individual. In some embodiments, the amount (dosages of corticosteroid is reduced by about any of 10%, 20%, 30%,
40%, or 50%.
[0116] In some embodiments of any of the methods of treating, assessing responsiveness, identifying individuals,
and/or selecting individuals for treatment, the disease is an inflammatory disease. In some embodiments, the inflammatory
disease is a sterile inflammatory disease See e.g., Imaeda AB et al. J Clin Invest. 119(2):305-14 (2009. In some em-
bodiments, the inflammatory disease is a chronic inflammatory disease. In some embodiment, the inflammatory disease
is inflammatory liver disease. In some embodiments, the inflammatory response inhibited and/or suppressed is drug-
induced inflammation. In some embodiments, the drug-induced inflammation is drug-induced inflammation of the liver.
In some embodiments, the inflammatory response inhibited and/or suppressed is infection-induced inflammation. In
some embodiments, the disorder is an inflammatory liver disease or an inflammatory pancreatic disorder. Examples of
inflammatory liver disorders include, for example, ligalactosemia, Alagille’s syndrome, alpha 1-antitrypsin deficiency,
neonatal hepatitis, tyrosinemia, hemorrhagic telangiectasia, Reye’s syndrome, Wilson’s disease, thalassemia, biliary
atresia, chronic active hepatitis such as hepatitis A, hepatitis B, or hepatitis C, cancer of the liver, cirrhosis, type I glycogen
storage disease, porphyria, hemochromatosis, primary sclerosing cholangitis, sarcoidosis, gallstones, fatty liver disease,
alcoholic hepatitis, or alcoholic cirrhosis. Examples of inflammatory pancreatic disorders include, for example, pancreatitis
or pancreatic cancer.
[0117] Administration of an IRP results in immunomodulation, decreasing levels of one or more immune response
associated cytokines, which may result in a reduction of the inflammatory response. Immunoregulation of individuals
with the unwanted immune response associated the described disorders results in a reduction or improvement in one
or more of the symptoms of the disorder.
[0118] In some embodiments of any of the methods of treating, assessing responsiveness, identifying individuals,
and/or selecting individuals for treatment, the disease is associated with chronic pathogen stimulation. In some embod-
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iments, the disease is a chronic pathogen infection or disease. In some variations, administration of an immunoregulatory
polynucleotide or an immunoregulatory compound suppresses chronic pathogen stimulation in the individual, including
that associated with malaria and chronic viral infections.
[0119] In some embodiments of any of the methods of treating, assessing responsiveness, identifying individuals,
and/or selecting individuals for treatment, the method comprises, comprising administering an effective amount of an
immunoregulatory polynucleotide or an immunoregulatory compound described herein to an individual having an inflam-
matory disease or disorder. In some embodiments, administration of an immunoregulatory polynucleotide ameliorates
one or more symptoms of the inflammatory disease or disorder.
[0120] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the method comprises combination therapy. In some embodiments, methods are described
for ameliorating one or more symptoms of an autoimmune disease, comprising administering an effective amount of a
TLR7 and/or TLR9 inhibitor described herein (e.g., an IRP or IRC) and an other therapeutic agent to an individual having
an autoimmune disease. In some variations, the other therapeutic agent is a corticosteroid. In some variations, admin-
istration of the combination ameliorates one or more symptoms of the autoimmune disease, including SLE and rheumatoid
arthritis. In some variations, the immunoregulatory polynucleotide or immunoregulatory compound used in combination
therapy effective for suppressing a symptom of SLE comprises an immunoregulatory sequence of the TLR7 class or
TLR9 class or TLR7/9 class.
[0121] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the method comprises administering an effective amount of a TLR7 and/or TLR9 inhibitor
(e.g., an IRP or IRC) and another therapeutic agent to an individual at risk of developing an autoimmune disease. In
some variations, the other therapeutic agent is a corticosteroid. In some variations, administration of the combination
prevents or delays development of one or more symptoms of the autoimmune disease, including SLE and rheumatoid
arthritis. In some embodiments, the TLR7 and/or TLR9 inhibitor (e.g., an IRP or IRC) used in combination therapy
reduces the amount (dosage) of corticosteroid required and/or administered to treat the individual. In some embodiments,
the amount (dosages of corticosteroid is reduced by at least about 10%, 20%, 30%, 40%, 50%, 75% or 100%..
[0122] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the inhibitor of TLR7 and/or inhibitor of TLR9 is an IRP and/or IRC, which comprises an IRS.
In some embodiments of any of the methods of treating, assessing responsiveness, methods are described for preventing
or delaying development of a disease, the inhibitor of TLR7 and/or inhibitor of TLR9 is an immune regulatory oligonu-
cleotide has the structure 5’-Nm-N3N2N1CGN1N2N3-Nm-3’, wherein CG is an oligonucleotide motif that is CpG, C*pG,
C*pG*, or CpG*, wherein C is cytosine, C* is a pyrimidine nucleotide derivative, G is guanosine, G* is a purine nucleotide
derivative; N1 is a nucleotide derivative or non-nucleotide linkage modification that suppresses the activity of the oligo-
nucleotide motif, N2-N3 at each occurance is a nucleotide, nucleotide derivator, or non-nucleotide linkage modification
that suppresses the activity of the oligonucleotide motif, N1-N3 at each occurance is a nucleotide or nucleotide derivative,
and Nm and Nm at each occurance is a nucleotide, nucleotide derivator, or non-nucleotide linkage. In some embodiments,
the nonnucleotide linker linking the at least two oligonucleotides at their 3’ ends or by a functionalized sugar or by a
functionalized nucleobase is Glycerol (1,2,3-Propanetriol), 1,2,4, Butanetriol, 2(hydroxymethyl)-1,3-propanediol, 2-(hy-
droxymethyl)1,4-butanediol, 1,3,5-Pentanetriol, 1,1,1 Tris(hydroxymethyl)ethane, 1,1,1-Tris(hydroxymethyl)nitrometh-
ane, 1,1,1Tris(hydroxymethyl)propane, 1,2,6-Hexanetriol, 3-ethyl-1 ,3,5-pentanetriol, 1,2,3-Heptanetriol, 2-Amino-
2-(hydroxymethyl)-1,3-propanediol, N-[Tris(hydroxymethyl)methyl]acrylamide, cis1,3,5-Cyclohexanetriol, Cis-1,3,5-
Tri(hydroxymethyl)cyclohexane, 3,5Di(hydroxymethyl)phenol, 1,3,5-Trihydroxyl-benzene, 3,5-Di(hydroxymethyl)ben-
zene, 1,3Di(hydroxyethoxy)-2-hydroxyl-propane, 1,3-Di(hydroxypropoxy)-2-hydroxyl-propane, 2Deoxy-D-ribose, 1,2,4-
Trihydroxyl-benzene, D-Galactoal, 1,6-anhydro-~-D-Glucose, 1,3,5Tris(2-hydroxyethyl)-Cyanuric acid, Gallic acid,
3,5,7-Trihydroxyflavone, 4,6-Nitropyrogallol,Ethylene glycol, 1,3-Propanediol, 1,2-Propanediol, 1,4-Butanediol, 1,3-Bu-
tanediol, 2,3Butanedio1,1,4-Butanediol, 1,5-Pentanediol, 2,4-Pentanediol, 1,6-Hexanediol, 1,2-Hexanedio1,1,5-Hexan-
ediol, 2,5-Hexanediol, 1,7-Heptanediol, 1,8-Octanediol, 1,2-0ctanediol, 1,9-Nonanediol, 1,12-Dodecanediol, Triethylene
glycol, Tetraethylene glycol, 2-(I-Aminopropyl)1,3-propanediol, or 1,2-Dideoxyribose. In some embodiments, the non-
nucleotide linker linking the at least two oligonucleotides at their 3’ ends or by a functionalized sugar or by a functionalized
nucleobase is Glycerol (1,2,3-Propanetriol).
[0123] In some embodiments, the inhibitor of TLR7 and/or inhibitor of TLR9 has the sequence TCTGACGTTCT (SEQ
ID NO:169), TCTGACG1TTCT (SEQ ID NO:170), TCTGACG4TTCT (SEQ ID NO:171), TCTCTGACGTT (SEQ ID
NO:172), TCTGUCGTTCT (SEQ ID NO:173), TCTGUCG1TTCT (SEQ ID NO:174), TCTGACG4TTCT (SEQ ID NO:
175), TCTGACG1TT (SEQ ID NO: 176), UGUCG1TTCT (SEQ ID NO: 177), or UGACG1TTCT (SEQ ID NO: 178), wherein
bold G, A or U = 2’-OMe; G1 = 7-deaza-dG; and G4 = araG. In some embodiments, oligonucleotides are linked at their
3’ ends to a non nucleotide linker, wherein the inhibitor of TLR7 and/or inhibitor of TLR9 is 5’-(TCTGACGTTCT)2X2 (5’-
SEQ ID NO:169-3’-X2-3’-SEQ ID NO:169-5’), 5’-(TCTGACG1TTCT)2X2 (5’-SEQ ID NO: 170-3’-X2-3’-SEQ ID NO:170-5’),
5’-(TCTGACG4TTCT)2X2 (5’-SEQ ID NO: 171-3’-X2-3’-SEQ ID NO: 171-5’), 5’-(TCTCTGACGTT)2X2 (5’-SEQ ID NO:
172-3’-X2-3’-SEQ ID NO:172-5’), 5’-(TCTGUCGTTCT)2X2 (5’-SEQ ID NO: 173-3’-X2-3’-SEQ ID NO: 173-5’),
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5’-(TCTGUCG1TTCT)2X2 (5’-SEQ ID NO: 174-3’-X2-3’-SEQ ID NO:174-5’), 5’-(TCTGACG4TTCT)2X2 (5’-SEQ ID NO:
175-3’-X2-3’-SEQ ID NO:175-5’), 5’-(TCTGACG1TT)2X2 (5’-SEQ ID NO: 176-3’-X2-3’-SEQ ID
NO:176-5’),5’-(UGUCG1TTCT)2X2 (5’-SEQ ID NO:177-3’-X2-3’-SEQ ID NO:177-5’), or 5’-(UGACG1TTCT)2X2 (5’-SEQ
ID NO:178-3’-X2-3’-SEQ ID NO: 178-5’), wherein bold G, A or U = 2’-OMe; G1 = 7-deaza-dG; X2 = glycerol linker, and
G4 = araG. In some embodiments, the inhibitor of TLR7 and/or inhibitor of TLR9 is a immune regulatory oligonucleotide
disclosed in U.S. Patent Application No. 2009/0060898.
[0124] In some embodiments of any of the methods, the inhibitor of TLR7 and/or inhibitor of TLR9 is SEQ ID NO:161
(5’-CTATCTGACGTTCTCTGT-3’), SEQ ID NO:162 (5’-CTATCTGUCGTTCTCTGT-3’), SEQ ID NO:163 (5’-CTATCT-
GACRTTCTCTGT-3’), or SEQ ID NO:164 (5’-CTATCTGUCRTTCTCTGT-3’). In some embodiments, in particular, the
inhibitor of TLR7 and/or inhibitor of TLR9 is SEQ ID NO:165 (5’-CTATCTGACGTTCTCTGT-3’), SEQ ID NO:166 (5’-
CTATCTGUCGTTCTCTGT-3’), SEQ ID NO:167 (5’-CTATCTGACRTTCTCTGT-3’), SEQ ID NO:168 (5’-CTATCT-
GUCRTTCTCTGT-3’), wherein R is a 2’-deoxy-7-deazaguanosine linker and bold G/A/U is a 2’O-methyl-ribonucleotide
modification.
[0125] In some embodiments of any of the methods, the inhibitor of TLR7 and/or inhibitor of TLR9 are as described
in US Patent Application US 2005-0239733. For example, the inhibitor may be a composition comprising an isolated
immunoinhibitory nucleic acid molecule comprising a sequence XaCCN1N2N3YbN4GGGZc wherein: each C is cytidine
or a derivative thereof, wherein at least one C is a cytidine derivative; each G is guanosine or a deaza derivative thereof;
Xa is any nucleotide sequence a nucleotides long, wherein a is an integer between 0-12, inclusive, and each nucleotide
is selected independently of any other in Xa; Yb is any nucleotide sequence b nucleotides long, wherein b is an integer
between 0-21, inclusive, and each nucleotide is selected independently of any other in Yb; Zc is any nucleotide sequence
c nucleotides long, wherein c is an integer between 0-12, inclusive, and each nucleotide is selected independently of
any other in Zc; and N1, N2, N3, and N4 are each independently any nucleotide. Additionally, for example, the inhibitor
may be a composition comprising an isolated immunoinhibitory nucleic acid molecule comprising a sequence
XaCCN1N2N3YbN4GGGZc wherein: each C of the CC motif is cytidine or a derivative thereof; each G is guanosine or a
deaza derivative thereof; Xa isT; Yb is any nucleotide sequence b nucleotides long, wherein b is an integer between
0-21, inclusive, and each nucleotide is selected independently of any other in Yb; Zc is any nucleotide sequence c
nucleotides long, wherein c is an integer between 0-12, inclusive, and each nucleotide is selected independently of any
other in Zc; and N1, N2, N3, and N4 are each independently any nucleotide; and, wherein N1N2 is TG.
[0126] In some embodiments of any of the methods, the inhibitor of TLR7 and/or inhibitor of TLR9 are as described
in WO 2004/047734. For example, the inhibitor may be a composition comprising an isolated immunoinhibitory nucleic
acid molecule comprising a sequence 5’-Purine-Pyrimidine-[X]-[Y]-Pyrmidine-Pyrmidine-3’, wherein X and Y are any
naturally occurring or synthetic nucleotides wxcept that X and Y cannot be cytosine-guanine. Additionally, the inhibitor
may be a composition comprising an isolated immunoinhibitory nucleic acid molecule having at least one cytosine to
noncytosine substitution within a CpG motif, wherein the CpG motif is of the formula comprising a sequence 5’- Purine-
Purine-CG-Pyrmidine-Pyrmidine-3’, and wherein the cytosine to noncytosine substitution is within the CpG dinucleotide.
[0127] In some embodiments of any of the methods, the inhibitor of TLR7 and/or inhibitor of TLR9 are as described
in US Patent Application US 2010-0130593 . For example, the inhibitor may be a pharmaceutical composition comprising:
a) an immune modulatory nucleic acid comprising an immune modulatory sequence comprising i) a hexameric sequence
5’-purine-pyrimidine1-XY-pyrimidine2-pyrimidine3-3’ wherein X and Y are any naturally occurring or synthetic nucleotide,
except that: a. X and Y cannot be cytosine-guanine b. X and Y cannot be cytosine-cytosine when pyrimidine2 is thymidine
c. X and Y cannot be cytosine-thymidine when pyrimidine1 is cytosine; ii) a CC dinucleotide 5’ to the hexameric sequence
wherein the CC dinucleotide is between one to five nucleotides 5’ of the hexameric sequence; and iii) a polyG region 3’
of the hexameric sequence wherein the polyG comprises at least 3 contiguous Gs and is between two to five nucleotides
3’ of the hexameric sequence wherein the immune modulatory sequence does not contain CG sequences and b) a
pharmaceutically acceptable carrier. In other embodiments, the inhibitor may be the nucleotide sequence comprising
5’-CCATGTGGTTATGGGT-3’ (SEQ ID NO:183).
[0128] As demonstrated herein, some IRP and/or IRC suppress both TLR9 dependent cell responses and TLR7
dependent cell responses. In some embodiments, methods are described for inhibiting a TLR9 dependent immune
response and a TLR7 dependent immune response in an individual, comprising administering to an individual an im-
munoregulatory polynucleotide or an immunoregulatory compound described herein in an amount sufficient to suppress
TLR9 dependent cytokine production and TLR7 dependent cytokine production in the individual, wherein the IRP or IRC
comprises an IRS of the TLR7/9 class. In some embodiments, the TLR7 and/or TLR9 dependent immune response is
an innate immune response. In some embodiments, the TLR7 and/or TLR9 dependent immune response is an adaptive
immune response. In some embodiments, the IRP and/or IRC comprise a modified IRS. In some embodiments, the IRP
and/or IRC comprise an unmodified IRS. In some embodiments, the IPR and/or IRC comprise both modified and un-
modified IRSs.
[0129] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the compositions described herein inhibit a response of a B cell or a plasmacytoid dendritic
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cell. In some embodiments, immune responses inhibited by the compositions described herein include inhibition of
cytokine production, such as IL-6 and/or IFN-α, by the cell, inhibition of cell maturation and/or inhibition of cell proliferation.
In some embodiments, the compositions described herein inhibit a TLR9 dependent cell response, a TLR7 dependent
cell response, and/or a TLR7/9 dependent cell response.
[0130] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the IRS has a therapeutically acceptable safety profile and may for example, have a thera-
peutically acceptable histological profile including an acceptably low, if any, toxicity of the liver, kidney, pancreas, or
other organs. It has been observed that IRS can exhibit toxicity to certain organs such as the liver, kidney and pancreas,
and certain selected IRS described herein can offer an improved safety profile that is unexpected and advantageous.
In some embodiments, the therapeutically acceptable safety profile includes evaluation of toxicity, histological profile,
and/or necrosis (for example, upon evaluation of the liver, kidneys and/or heart). In some embodiments, the IRS has a
therapeutically acceptable toxicity. In some embodiments, the IRS has reduced toxicity compared to another IRS as
illustrated in the examples described herein. In some embodiments, the IRS has low or reduced toxicity (for example,
compared to another IRS, e.g., SEQ ID NO:79 or SEQ ID NO:109). In some embodiments, the IRS has a therapeutically
acceptable reduction in weight compared to the initial weight. In some embodiments, the IRS induces less than about
any of 5%, 7.5%, 10%, 12.5, or 15% reduction in weight (for example as determined by the methods described in Example
3). In some embodiments, the IRS has a therapeutically acceptable histology profile. In some embodiments, the IRS
has a better (e.g., lower score) histologic profile (for example, compared to another IRS, e.g., SEQ ID NO:79 or SEQ
ID NO:109). In some embodiments, the IRS has a better and/or lower score) histologic profile upon evaluation of the
liver, kidneys and heart, for example, as determined by the methods described in Example 3. In some embodiments,
the IRS has a therapeutically acceptable necrosis score. In some embodiments, the IRS has reduced necrosis and/or
better (e.g., lower) necrosis score (for example, compared to another IRS, e.g., SEQ ID NO:79 or SEQ ID NO:109). In
some embodiments, the average necrosis score is less than or equal to about 3. In some embodiments, the average
necrosis score is less than or equal to about 2. In some embodiments, the average necrosis score is less than or equal
to about 1. In some embodiments, the average necrosis score is less than or equal to about 0. In some embodiments,
the IRS has reduced renal and/or hepatocellular necrosis and/or better renal and/or hepatocellular necrosis score, for
example, as determined by the methods described in Example 3. In some embodiments, the IRS is or comprises the
IRS of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73,
SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In some embodiments, the IRS is selected from
the group consisting of SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:143, and SEQ ID NO:144.
[0131] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the IRS has a therapeutically acceptable pK. In some embodiments of any of the methods,
the IRS has a PK profile or PK similar to another IRS as described in the examples. In some embodiments, the thera-
peutically acceptable safety profile is determined in mice or rats. In some embodiments, the therapeutically acceptable
acceptable safety profile is determined in rats.
[0132] In some embodiments of any of the methods of treating, assessing responsiveness, preventing and/or delaying
development of a disease, the IRS has a therapeutically acceptable B-cell activation. In some embodiments, the IRS
has reduced or low B-cell-related toxicity. In some embodiments, the IRS has reduced or low B-cell activation. In some
embodiments, the IRS has reduced or low B-cell activation compared to a positive control polynucleotide (e.g., an
immunostimulatory sequence (ISS)), another IRS, or negative control polynucleotide and as illustrated in the examples
described herein. In some embodiments, the IRS does not induce B-cell activation to levels significantly higher than a
control, e.g., a negative control polynucleotide. In some embodiments, the IRS induces B-cell activation to levels signif-
icantly lower than a control, e.g., a positive control polynucleotide (e.g., an ISS). In some embodiments, the IRS induces
B-cell activation in a cell culture assay to levels less than about any of 5%, 10%, 15%, 20%, 25%, 30%, 35%, or 40%
compared to a positive control polynucleotide (e.g., an ISS). In some embodiments, the IRS induces B-cell activation in
a cell culture assay to levels less than about any of 5%, 10%, 15%, or 20% compared to a positive control polynucleotide
(e.g., an ISS). In some embodiments, the B-cell activation of the IRS is normalized to a positive control polynucleotide
(e.g., an ISS). In some embodiments normalized results of multiple IRS are compared. In some embodiments, the IRS
induces B-cell activation to levels significantly lower than second IRS. In some embodiments, the IRS does not induce
B-cell activation in a cell culture assay to levels significantly higher than media alone or to a negative control polynucleotide.
In some embodiments, the IRS induces B-cell activation in a cell culture assay to levels significantly less than a positive
control polynucleotide (e.g., an ISS). In some embodiments, the IRS shows concentration-dependent, B-cell activation,
for example over the range of about 4000 nM to about 15 nM. In some embodiments, the IRS shows low concentration-
dependent, B-cell activation, for example over the range of about 4000 nM to about 15 nM. In some embodiments, B-
cell activation is determined as described in Example 1 and/or Figure 1C.
[0133] Methods of treatment are described comprising administering an IRS described herein in an effective amount
to treat an individual with an an autoimmune or inflammatory disease characterized by activated B cells and/or PDCs,
wherein the IRS lowers the production of TLR9 and/or TLR 7-dependent cytokines, for example IL-6, by B cells and/or
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PDCs to at least 15% or less compared to the B cells and/or PDCs of an untreated individual with the same autoimmune
or inflammatory disease. In some embodiments, the method of treatment comprising administering an IRS described
herein in an effective amount to treat an individual with an an autoimmune or inflammatory disease characterized by
activated B cells and/or PDCs, wherein the IRS lowers the production of TLR9 and/or TLR 7-dependent cytokines, for
example IL-6, by B cells and/or PDCs to at least 20%, 25%, 30%, 35%, 40%, 45%, or 50% or less compared to the B
cells and/or PDCs of an untreated individual with the same autoimmune or inflammatory disease.
[0134] Additional methods of treatment are described wherein an IRS described herein has a therapeutically acceptable
half maximal inhibitory concentration (IC50) and/or IC90. In some embodiments, the IRS has a reduced IC50 and/or
IC90 compared to another IRS (for example, SEQ ID NO:42, SEQ ID NO:79, or SEQ ID NO:109), as illustrated in the
examples described herein (for example, but not limited to, SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143. or SEQ
ID NO:144). In some embodiments the dosage of IRS required to inhibit TLR-7 and/or TLR-9-dependent cytokine pro-
duction is less when compared to the dosage required by another IRS as illustrated in the examples described herein
(for example, but not limited to, SEQ ID NO:73, SEQ ID NO: 134, SEQ ID NO:143 or SEQ ID NO:144).

Determination of Differential Levels

[0135] Differential levels may be determined based on a sample (e.g., sample from the individual or reference sample).
In some embodiments, the sample is a biological sample. In some embodiments, the biological sample is a biological
fluid sample or a biological tissue sample. In some embodiments of any of the methods, differential levels are determined
in skin tissue, blood sample, or other biological sample. In some embodiments, the blood sample may include, for
example, platelets, lymphocytes, polymorphonuclear cells, macrophages, and erythrocytes. In some embodiments,
differential levels are determined in a skin tissue biopsy.
[0136] To practice this method, for example, the sample is an individual’s sample containing tissue or fluid. Sample
nucleic acid for use in the above-described methods can be obtained from any cell type or tissue of a subject. For
example, a subject’s bodily fluid (e.g. blood) can be obtained by known techniques (e.g., venipuncture). Alternatively,
tests can be performed on dry samples (e.g., hair or skin). The samples may be fresh or frozen. In some embodiments,
the sample is fixed and embedded in paraffin or the like.
[0137] In some embodiments, the method comprises isolating a sample containing the genetic material to be tested.
In some embodiments, the methods comprise determining differential levels in situ. Accordingly, the methods of this
application are not to be limited to requiring isolation of the genetic material prior to analysis.
[0138] These methods to identify expression levels are not limited by the technique that is used to identify the expression
level of the biomarker. Nucleic acid (e.g., RNA or DNA) or protein levels of the gene of interest can be measured. Methods
for measuring gene expression and/or determining sequence for detection of polymorphism are well known in the art
and include, but are not limited to, immunological assays, nuclease protection assays, northern blots, in situ hybridization,
ELISA, reverse transcriptase Polymerase Chain Reaction (RT-PCR), Real-Time Polymerase Chain Reaction, expressed
sequence tag (EST) sequencing, cDNA microarray hybridization or gene chip analysis, subtractive cloning, Serial Analysis
of Gene Expression (SAGE), Massively Parallel Signature Sequencing (MPSS), Sequencing-By-Synthesis (SBS),
aptamer-based assays, western blot, enzyme immunoassays, and Luminex Patform utilizing color. See, e.g., in Ausubel
et al. eds., 1995, Current Protocols In Molecular Biology, Units 2 (Northern Blotting), 4 (Southern Blotting), 15 (Immu-
noblotting) and 18 (PCR Analysis). Diagnostic procedures can also be performed in situ directly upon tissue sections
(fixed and/or frozen) of individual’s tissue obtained from biopsies or resections.
[0139] Microarray technology utilizes nucleic acid hybridization techniques and computing technology to evaluate the
mRNA expression profile of thousands of genes within a single experiment. See, e.g., WO 01/75166 published October
11, 2001; U.S. 5,700,637, U.S. Patent 5,445,934, U.S. Patent 5,807,522, Lockart, Nat. Biotech., 14:1675-1680 (1996);
Cheung, V.G. et al., Nat. Gen. 21(Suppl):15-19 (1999). DNA microarrays are miniature arrays containing gene fragments
that are either synthesized directly onto or spotted onto glass or other substrates. Thousands of genes are usually
represented in a single array. A typical microarray experiment involves the following steps: 1) preparation of fluorescently
labeled target from RNA isolated from the sample, 2) hybridization of the labeled target to the microarray, 3) washing,
staining, and scanning of the array, 4) analysis of the scanned image and 5) generation of gene expression profiles.
Currently two main types of DNA microarrays are being used: oligonucleotide (usually 25 to 70 mers) arrays and gene
expression arrays containing PCR products prepared from cDNAs. In forming an array, oligonucleotides can be either
prefabricated and spotted to the surface or directly synthesized on to the surface (in situ). The Affymetrix GeneChip®
system (e.g., GeneChip® Human Genome U133 Plus 2.0 array from Affymetrix, Inc. (catalog no. 900470)) is commercially
available and may be used for measuring gene expression levels.
[0140] Amplification of polynucleotides includes methods such as PCR, ligation amplification (or ligase chain reaction,
LCR) and amplification methods. These methods are known and widely practiced in the art.). In general, the PCR
procedure describes a method of gene amplification which is comprised of (i) sequence-specific hybridization of primers
to specific genes within a DNA sample (or library), (ii) subsequent amplification involving multiple rounds of annealing,
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elongation, and denaturation using a DNA polymerase, and (iii) screening the PCR products for a band of the correct
size. The primers used are oligonucleotides of sufficient length and appropriate sequence to provide initiation of polym-
erization, i.e. each primer is specifically designed to be complementary to each strand of the genomic locus to be
amplified. In some embodiments, expression of one or more biomarkers may be assayed by RT-PCR. In some embod-
iments, the RT-PCR may be quantitative RT-PCR (qRT-PCR). In some embodiments, the RT-PCR is real-time RT-PCR.
In some embodiments, the RT-PCR is quantitative real-time RT-PCR. In some embodiments, the real-time RT-PCR
may be performed using TaqMan® chemistry (Applied Biosystems). In some embodiments, the real-time RT-PCR may
be performed using TaqMan® chemistry (Applied Biosystems) and the ABI Prism® 7700 Sequence Detection System
(Applied Biosystems). See, e.g., Overbergh, L. et al., J. Biomol. Tech. 14(1): 33-43 (2003).
[0141] Reagents and hardware for conducting PCR are commercially available. Primers useful to amplify sequences
from a particular gene region are preferably complementary to, and hybridize specifically to sequences in the target
region or in its flanking regions. Nucleic acid sequences generated by amplification may be sequenced directly. Alter-
natively the amplified sequence(s) may be cloned prior to sequence analysis. A method for the direct cloning and
sequence analysis of enzymatically amplified genomic segments is known in the art.
[0142] In other embodiments described herein, gene expression is determined by analysis of expressed protein in a
cell by use of one or more antibodies specific for one or more epitopes of individual gene products (proteins), or proteolytic
fragments thereof, in the cell. The cell can be derived from various sources, as described herein, including but not limited
to cell lines, bodily fluids, xenografts and biopsies. Detection methodologies suitable for use in the practice of the
disclosure include, but are not limited to, immunohistochemistry of cell containing samples or tissue, enzyme linked
immunosorbent assays (ELISAs) including antibody sandwich assays of cell containing tissues or blood samples, mass
spectroscopy, and immuno-PCR. In some embodiments, analyzing protein content comprises assessing proteomic
patterns, such as by mass spectrometry, chromatography, capillary electrophoresis, immunohistochemistry or 2-D gel
electrophoresis. See, e.g., Latterich M. et al. Eur J. Cancer. 44:2737-41 (2008); Conrotto P. Exp Oncol. 30:171-80 (2008).
In other embodiments, reverse-phase protein lysate microarrays are used. See Paweletz, C. P., et al., Oncogene
20:1981-1989 (2001).

Compositions of the invention

[0143] Immunoregulatory polynucleotides (IRPs) are provided herein. Described herein are also IRPs and IRCs for
use in any of the methods described herein. In particular, IRPs are provided herein for use in a method of treating an
autoimmune disease in an individual, wherein an elevated inflammatory gene expression pattern as compared to that
of control sample(s) from healthy subject(s) is present in a sample from the individual at the onset of treatment, wherein
the polynucleotide comprises a nucleotide sequence selected from the group consisting of TGCTCCTGGAG-(deoxy-
inosine)-GGTTGT (SEQ ID NO:73), (U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-
Me)-CAATCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:134), TGCTCCTGGAG-(deoxy-inos-
ine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T) and TGCTGCTCCTGGAG-(deox-
yinosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:144-(hexa-(ethylene glycol))-T). Each IRP and IRC described
herein comprises at least one immunoregulatory sequence (IRS). An IRP or IRC comprising an IRS may be single
stranded or double stranded DNA, as well as single or double-stranded RNA. An IRP or IRC comprising an IRS may be
linear, may be circular or include circular portions and/or may include a hairpin loop. IRPs and IRCs used in the disclosure
can comprise one or more ribonucleotides (containing ribose as the only or principal sugar component) and/or deoxyri-
bonucleotides (containing deoxyribose as the principal sugar component). The heterocyclic bases, or nucleic acid bases,
which are incorporated in the IRP can be the naturally-occurring principal purine and pyrimidine bases, (namely uracil,
thymine, cytosine, adenine and guanine).
[0144] As is clearly conveyed herein, it is understood that, with respect to formulae described herein, any and all
parameters are independently selected. For example, if x=0-2, y may be independently selected regardless of the values
of x (or any other selectable parameter in a formula).
[0145] In certain embodiments of any of the compositions described herein, one or more nucleotides comprise a
modification. In certain embodiments, the modification is 2’-sugar modification. In certain embodiments, the 2’-sugar
modification is a 2’-O-methyl sugar modification or a 2’-O-methoxyethyl sugar modification. In certain embodiments of
any of the methods or compositions described herein, the polynucleotide is comprised of all 2’-deoxyribo polynucleotides.
In certain embodiments of any of the methods or compositions described herein, the polynucleotide is a 2’-deoxyribo
polynucleotide and a 2’-sugar modification chimeric sequence. In certain embodiments of any of the methods or com-
positions described herein, the polynucleotide is a 2’-deoxyribo polynucleotide and a 2’-O-methyl sugar polynucleotide
chimeric sequence. In certain embodiments of any of the methods or compositions described herein, the polynucleotide
is a 2’-deoxyribo polynucleotide and a 2’-O-methyoxyethyl sugar polynucleotide chimeric sequence. In certain embod-
iments of any of the methods or compositions described herein, the polynucleotide has at least one nucleotide comprising
a modified phosphate linkage. In certain embodiments of any of the methods or compositions described herein, the



EP 2 582 398 B1

38

5

10

15

20

25

30

35

40

45

50

55

polynucleotide comprises only phosphorothioate linkages.
[0146] In certain embodiments of any of the compositions described herein that contain the formula: 5’-S1S2S3S4-3’,
wherein S1, S2, S3, and S4 are independently G, I, or 7-deaza-G, the nucleotides are all deoxyribonucleotides. In certain
embodiments of any of the methods or compositions described herein that contain the formula: 5’-S1S2S3S4-3’, wherein
S1, S2, S3, and S4 are independently G, I, or 7-deaza-G, the nucleotides are all 2’-deoxyribonucleotides. For instance,
for methods and compositions wherein the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising the nucleotide
sequence of the formula: RγJGCKαGIGGLβ-3’ (SEQ ID NO:146), wherein each R, K, and L is a nucleotide, J is U or T,
γ is an integer from about 0 to 10, α is an integer from about 1 to about 20, and β is an integer from about 1 to about 20,
each nucleotide in the GIGG portion of the sequence is a 2’-deoxyribonucleotide (e.g., G is 2’-deoxyguanosine and I is
2’-deoxyinosine).
[0147] Described herein are IRSs and IRCs for use in any of the methods described herein. In some embodiments,
the IRS includes at least one TGC trinucleotide sequence at or near the 5’ end of the polynucleotide (i.e., 5’-TGC) and/or
a nucleotide sequence of the formula: 5’-S1S2S3S4-3’, wherein S1, S2, S3, and S4 are independently G or a molecule
that is capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing. In some embodiments, the
TGC trinucleotide sequence is about any of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides from the 5’ end of the polynucleotide.
In some embodiments, the TGC trinucleotide sequence is less than about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides
from the 5’ end of the polynucleotide. In some embodiments, S1, S2, S3, and S4 are G. In some instances, all of S1, S2,
S3, and S4 are not G. Accordingly, the IRP or IRC does not comprise a 5’-GGGG-3’ sequence. In some embodiments,
S1, S2, S3, and S4 are G, I or 7-deaza G, the nucleotides are all deoxyribonucleotides. In some embodiments, polynu-
cleotide comprising a nucleotide sequence of the formula: 5’-GIGG-3’. In some embodiments, an IRP or IRC is particularly
effective when used in the single-stranded form. In some embodiments, an IRP or IRC is particularly effective when
made with a phosphothioate backbone. In some embodiments, the IRP or IRC does not comprise a CG (does not
comprise an unmethylated CpG). In some embodiments, the IRP or IRC is not an antisense oligonucleotide.
[0148] Described herein are IRSs, wherein the IRS is a polynucleotide consisting of a nucleotide sequence of the
formula: 5’-RγJGCNz-3’ (SEQ ID NO:147), wherein each R is a nucleotide, γ is an integer from about 0 to 10, J is U or
T, each N is a nucleotide, and z is an integer from about 1 to about 1000. For example, a polynucleotide consisting of
a nucleotide sequence of the formula: 5’-RγJGCNz-3’ (SEQ ID NO:147), wherein each R is a nucleotide, γ is an integer
from about 0 to 10, J is U or T, each N is a nucleotide, and z is an integer from about 1 to about 100. In some embodiments,
the polynucleotide, such as 5’-RγJGCNz-3’ (SEQ ID NO:147), further comprises another nucleotide sequence 5’-JGC-
3’, wherein J is U or T. For example, the polynucleotide comprises the sequence 5’-TGCTGC-3’.
[0149] In some embodiments, the polynucleotide, such as 5’-RγJGCNz-3’ (SEQ ID NO:147), further comprises a
nucleotide sequence of the formula: 5’-S1S2S3S4-3’, wherein S1, S2, S3, and S4 are independently G or a molecule that
is capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing. For example, the polynucleotide
consists of a nucleotide sequence of the formula: 5’-RγJGCKαS1S2S3S4Lβ-3’ (SEQ ID NO:148), wherein each R, K, and
L is a nucleotide, γ is an integer from about 0 to 10, J is U or T, S1, S2, S3, and S4 are independently G or a molecule
that is capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing, α is an integer from about
1 to about 20, and β is an integer from about 1 to about 20. In some embodiments, the molecule that is capable of
preventing G-tetrad formation and/or preventing Hoogsteen base pairing disrupts or prevents formation of tetramer-
ic/quadruplex structure of G-quadruplexes. In some embodiments, the molecule that is capable of preventing G-tetrad
formation and/or preventing Hoogsteen base pairing is a nucleotide or derivative thereof. Examples of molecules that
are capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing included, but are not limited to,
I, 7-deaza-dG, 7-deaza-2’-deoxyxanthosine, 7-deaza-8-aza-2’-deoxyguanosine, 2’-deoxynebularine, isodeoxyguanos-
ine, 8-oxo-2’-deoxyguanosine. In some embodiments, at least one, two, three, or four of S1, S2, S3, and S4 are molecules
that are capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing. In some embodiments, at
least one, two, three, or four of S1, S2, S3, and S4 are I. In some embodiments, at least one, two, three, or four of S1,
S2, S3, and S4 are 7-deaza-dG. In some embodiments, at least one, two, three, or four of S1, S2, S3, and S4 are G. In
some embodiments, S1, S2, S3, and S4 are G. In some embodiments, polynucleotide comprising a nucleotide sequence
of the formula: 5’-GIGG-3’. In some embodiments, S1, S2, S3, and S4 are not modified and/or not further modified. In
some embodiments, an IRS may comprise a sequence of the formula: X1 S1S2S3S4X2X3 (SEQ ID NO:149) wherein X1,
X2, and X3 are nucleotides, provided that if X1= C or A, then X2X3 is not AA. In some embodiments, an IRS may comprise
a sequence of the formula SEQ ID NO:149 wherein X1 is C or A. In some embodiments, an IRS may comprise a sequence
of the formula: X1S1S2S3S4X2X3 (SEQ ID NO:150) wherein X1, X2, and X3 are nucleotides, provided that if X1= C or A,
then X2X3 is not AA, and wherein X1 is C or A.
[0150] In some embodiments, γ is about any of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. In some embodiments, γ is 0 (the 5’-
JGC-3’ is a nucleotide sequence at the 5’ end of the polynucleotide). In some embodiments, γ is between about any of
0 to 7, 0 to 5, or 0 to 3.
[0151] In some embodiments, z is an integer of any of about between about 1 to about 750, between about 1 to about
500, between about 1 to about 250, between about 1 to about 200, between about 1 to about 150, between about 1 to
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about 125, between about 1 to about 100, between about 1 to about 75, between about 1 to about 50, between about
1 to about 25, between about 1 to about 20, between about 1 to about 15, between about 1 to about 10, or between
about 1 to about 5. In some variation, z is an integer between about 1 to about 100. In some embodiments, z is an integer
between 1 and 100. In some embodiments, z is an integer less than any of about 200, about 175, about 150, about 125,
about 100, about 75, about 50, about 40, about 30, about 25, about 20, about 15 or about 10. In some embodiments, z
is an integer less than 100. In some embodiments, z is an integer greater than any of about 1, about 2, about 3, about
4, about 5, about 10, about 15, or about 20.
[0152] In some embodiments, α and/or β is an integer of any of about between about 1 to about 20, between about
1 to about 15, between about 1 to about 10, or between about 1 to about 5. In some embodiments, α and/or β is an
integer less than any of about 18, about 15 or about 10. In some embodiments, z is an integer less than 100. In some
embodiments, α and/or β is an integer greater than any of about 1, about 2, about 3, about 4, about 5, about 10, about
15, or about 20.
[0153] Described herein are also IRSs, wherein the IRS is a polynucleotide comprising a nucleotide sequence of the
formula: 5’-S1S2S3S4-3’, wherein S1, S2, S3, and S4 are independently G or a molecule that is capable of preventing G-
tetrad formation and/or preventing Hoogsteen base pairing. In some embodiments, the polynucleotides comprising a
nucleotide sequence of the formula: 5’-Kp S1S2S3S4Qr -3’ (SEQ ID NO:151), wherein each K and Q is a nucleotide, p
and r is an integer from about 0 to about 500, and S1, S2, S3, and S4 are independently G or a molecule that is capable
of preventing G-tetrad formation and/or preventing Hoogsteen base pairing. In some embodiments, the molecule that
is capable of preventing G-tetrad formation and/or preventing Hoogsteen base pairing disrupts or prevents formation of
tetrameric/quadruplex structure of G-quadruplexes. In some embodiments, the molecule that is capable of preventing
G-tetrad formation and/or preventing Hoogsteen base pairing is a nucleotide or derivative thereof. In some embodiments,
at least one, two, three, or four of S1, S2, S3, and S4 are molecules that are capable of preventing G-tetrad formation
and/or preventing Hoogsteen base pairing. In some embodiments, at least one, two, three, or four of S1, S2, S3, and S4
are I. In some embodiments, at least one, two, three, or four of S1, S2, S3, and S4 are 7-deaza-dG. In some embodiments,
at least one, two, three, or four of S1, S2, S3, and S4 are G. In some embodiments, S1, S2, S3, and S4 are G. In some
embodiments, polynucleotide comprising a nucleotide sequence of the formula: 5’-GIGG-3’. In some embodiments, S1,
S2, S3, and S4 are not modified and/or not further modified. The nucleotide sequence of the formula: 5’-S1S2S3S4-3’
can be found anywhere in the polynucleotide sequence. In some variations, the nucleotide sequence of the formula: 5’-
S1S2S3S4-3’ is found internally in the polynucleotide sequence, i.e., not at the 5’ end or 3’ end of the nucleotide sequence.
In some embodiments, wherein the TLR7 and/or TLR9 inhibitor is a polynucleotide comprising the nucleotide sequence
of the formula: RγJGCKαGIGGLβ-3’ (SEQ ID NO:146), wherein each R, K, and L is a nucleotide, J is U or T, γ is an
integer from about 0 to 10, α is an integer from about 1 to about 20, and β is an integer from about 1 to about 20. The
polynucleotide of the present invention comprises or consists of a nucleotide sequence selected from the group consisting
of SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144.
[0154] In some embodiments, p and/or r is an integer of any of about between about 1 to about 750, between about
1 to about 500, between about 1 to about 250, between about 1 to about 200, between about 1 to about 150, between
about 1 to about 125, between about 1 to about 100, between about 1 to about 75, between about 1 to about 50, between
about 1 to about 25, between about 1 to about 20, between about 1 to about 15, between about 1 to about 10, or between
about 1 to about 5. In some variation, p and/or r is an integer between about 1 to about 50. In some embodiments, r is
an integer between 1 and 50. In some embodiments, p and/or r is an integer less than any of about 200, about 175,
about 150, about 125, about 100, about 75, about 50, about 40, about 30, about 25, about 20, about 15 or about 10. In
some embodiments, r is an integer less than 50. In some embodiments, r is an integer greater than any of about 1, about
2, about 3, about 4, about 5, about 10, about 15, or about 20.
[0155] In some embodiments, the polynucleotide further comprises at least one trinucleotide sequence 5’-JGC-3’, J
is U or T. In some embodiments, the 5’-JGC-3’ is about 0-10 nucleotides from the 5’ end IRS and/or IRP. The 5’-JGC-
3’ maybe between about any of 0-7, 0-5, 0-3, or 0-2 nucleotides from the 5’ end of the IRS and/or IRP. In some embod-
iments, the 5’-JGC-3’ is a 5’-TGC or 5’-UGC nucleotide sequence at the 5’ end of the polynucleotide.
[0156] For example, described herein are IRSs, wherein the IRS consists of a sequence of the formula 5’-
EζJGCFθTCCTGGAS1S2S3S4TT3ϕ-3’ (SEQ ID NO:152), wherein each E, F, and 3 are a nucleotide, ζ, θ, and (p are
an integer from about 0 to 10, J is U or T, S1, S2, S3, and S4 are independently G or a molecule that is capable of
preventing G-tetrad formation and/or preventing Hoogsteen base pairing. In some embodiments, ζ, θ, and ϕ are about
any of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. In some embodiments, the molecule that is capable of preventing G-tetrad formation
and/or preventing Hoogsteen base pairing disrupts or prevents formation of tetrameric/quadruplex structure of G-quad-
ruplexes. In some embodiments, the molecule that is capable of preventing G-tetrad formation and/or preventing Hoog-
steen base pairing is a nucleotide or derivative thereof. In some embodiments, at least one, two, three, or four of S1,
S2, S3, and S4 are molecules that are capable of preventing G-tetrad formation and/or preventing Hoogsteen base
pairing. In some embodiments, at least one, two, three, or four of S1, S2, S3, and S4 are I. In some embodiments, at
least one, two, three, or four of S1, S2, S3, and S4 are 7-deaza-dG. In some embodiments, at least one, two, three, or
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four of S1, S2, S3, and S4 are G. In some embodiments, S1, S2, S3, and S4 are G. In some embodiments, S1, S2, S3,
and S4 are not modified
and/or not further modified. The nucleotide sequence of the formula: 5’- S1S2S3S4-3’ can be found any where in the
polynucleotide sequence.
[0157] For example, the IRS is a polynucleotide consisting of one of the following sequences:

5’-TCCTAACGGGGAAGT-3’ (SEQ ID NO:1);
5’-TCCTAAGGGGGAAGT-3’ (SEQ ID NO:2);
5’-TCCTAACGGGGTTGT-3’ (SEQ ID NO:3);
5’-TCCTAACGGGGCTGT-3’ (SEQ ID NO:4);
5’-TCCTCAAGGGGCTGT-3’ (SEQ ID NO:5);
5’-TCCTCAAGGGGTTGT-3’ (SEQ ID NO:6);
5’-TCCTCATGGGGTTGT-3’ (SEQ ID NO:7);
5’-TCCTGGAGGGGTTGT-3’ (SEQ ID NO:8);
5’-TCCTGGAGGGGCTGT-3’ (SEQ ID NO:9);
5’-TCCTGGAGGGGCCAT-3’ (SEQ ID NO:10);
5’-TCCTGGAGGGGTCAT-3’ (SEQ ID NO:11);
5’-TCCGGAAGGGGAAGT-3’ (SEQ ID NO:12);
5’-TCCGGAAGGGGTTGT-3’ (SEQ ID NO:13)
5’-TGACTGTAGGCGGGGAAGATGA-3’ (SEQ ID NO:14);
5’-GAGCAAGCTGGACCTTCCAT-3’ (SEQ ID NO:15);
5’-CCTCAAGCTTGAGZ’GG-3’ (Z’=7-deaza-dG; SEQ ID NO:16);
5’-TGCTTGCAAGCTTGCAAGCA- 3’ (SEQ ID NO:17)
5’-TGCTTGCAAGCTTGCAAG-3’ (SEQ ID NO:18);
5’-TGCTTGCAAGCTTGCA-3’ (SEQ ID NO:19);
5’-GCTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:20);
5’-CTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:21);
5’-TTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:22);
5’-TGCTTGCAAGCTAGCAAGCA-3’ (SEQ ID NO:23);
5’-TGCTTGCAAGCTTGCTAGCA-3’ (SEQ ID NO:24);
5’-TGCTTGACAGCTTGACAGCA-3’ (SEQ ID NO:25);
5’-TGCTTAGCAGCTATGCAGCA-3’ (SEQ ID NO:26);
5’-TGCAAGCAAGCTAGCAAGCA-3’ (SEQ ID NO:27).
5’-TGCAAGCTTGCAAGCTTG CAA GCT T-3’ (SEQ ID NO:28);
5’-TGCTGCAAGCTTGCAGAT GAT-3’ (SEQ ID NO:29);
5’-TGCTTGCAAGCTTGCAAGC-3’ (SEQ ID NO:30);
5’-TGCAAGCTTGCAAGCTTGCAAT-3’ (SEQ ID NO:31);
5’-TGCTTGCAAGCTTG-3’ (SEQ ID NO:32);
5’-AGCTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:33);
5’-TACTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:34);
5’-TGATTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:35);
5’-AAATTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:36);
5’-TGCTGGAGGGGTTGT-3’ (SEQ ID NO:37);
5’-AAATTGACAGCTTGACAGCA-3’ (SEQ ID NO:38);
5’-TGATTGACAGCTTGACAGCA-3’ (SEQ ID NO:39);
5’-TGATTGACAGATTGACAGCA-3’ (SEQ ID NO:40);
5’-TGATTGACAGATTGACAGAC-3’ (SEQ ID NO:41);
5’-TGCTCCTGGAGGGGTTGT-3’ (SEQ ID NO:42);
5’-TGCTTGTCCTGGAGGGGTTGT-3’ (SEQ ID NO:43);
5’-TGCTTGACATCCTGGAGGGGTTGT-3’ (SEQ ID NO:44);
5’-TGCTTGACAGCTTGACAGTCCTGGAGGGGTTGT-3’ (SEQ ID NO:45);
5’-TGCTTGACAGCTTGATCCTGGAGGGGTTGT-3’ (SEQ ID NO:46);
5’-TGCTTGACAGCTTCCTGGAGGGGTTGT-3’ (SEQ ID NO:47);
5’-TGCTTGACAGCTTGCTCCTGGAGGGGTTGT-3’ (SEQ ID NO:48);
5’-TGCTTGACAGCTTGCTTGTCCTGGAGGGGTTGT-3’ (SEQ ID NO:49);
5’-TGCTTGACAGCTTGACAGCATCCTGGAGGGGTTGT-3’ (SEQ ID NO:50);
5’-TGCTTGACAGCTTGACAGCATCCTGGAGGGGTTGT-3’ (SEQ ID NO:51);
5’-TGCTTGACAGCTTGACAGCATCCTGGAGGGGT-3’ (SEQ ID NO:52);
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5’-TGCTTGACAGCTTGACAGCATCCTGGAGGGG-3’ (SEQ ID NO:53);
5’-TGCTTGCAAGCTTGCTCCTGGAGGGGTTGT-3’ (SEQ ID NO:54);
5’-TGCTTGCAAGCTTCCTGGAGGGGTTGT-3’ (SEQ ID NO:55);
5’-TGCTTGCAAGCTTGCAAGCATCCTGGAGGGGTTGT-3’ (SEQ ID NO:56);
5’-TGC TGC TCC TGG AGG GGT TGT TTG T-3’ (SEQ ID NO:57)
5’-TGC TGC TCC TTG AGG GGT TGT TTG T-3’ (SEQ ID NO:58)
5’-TGC TGC TCC TTG AGG GGT TGT-3’ (SEQ ID NO:59);
5’-TGC TGC TCC TGG AGG GGT TGT-3’ (SEQ ID NO:60);
5’-TGC TGC TCC TTG AGZ’ GGT TGT TTG T-3’, wherein Z’=7-deaza-dG (SEQ ID NO:61)
5’-TGC TGC TCC TTG AGI GGT TGT TTG T-3’, wherein I=deoxy-inosine (SEQ ID NO:62)
5’TGC TCC TTG AGI GGT TGT TTG T-3’, wherein I=deoxy-inosine (SEQ ID NO:63);
5’-TGC TTG TCC TGG AGI GGT TGT AAG T-3’, wherein I=deoxy-inosine (SEQ ID NO:64);
5’-TGC TTG TCC TGG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:65);
5’-TGC TGC TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:66);
5’-TGC TCC TGG AGG GGT TGT AAG T-3’ (SEQ ID NO:67);
5’-TGC TCC TGG AGG GGT TGT AAG TTT GT-3’ (SEQ ID NO:68);
5’-TGC TCC TTG AGG GGT TGT-3’ (SEQ ID NO:69);
5’-TGC TGC TCC TTG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:70);
5’-TGC TCC TTG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:71);
5’-TGC TGC TCC TTG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:72);
5’-TGC TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:73);
5’-TGC TTG TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:74);
5’-TGC TGC TCC TTG AGI GGT TGT AAG T-3’, wherein I=deoxy-inosine (SEQ ID NO:75);
5’-TGC TGC TCC TGG AGG GGT TGT TTG T-3’ (SEQ ID NO:76);
5’-TGC TGC TCC TGG AGI GGT TGT AAG T-3’, wherein I=deoxy-inosine (SEQ ID NO:78); and
5’-TGC TGC TCC TGG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:79).

[0158] Also described are IRPs and IRCs comprising at least one modified IRS. A modified IRS comprises at least
one modified nucleotide. The modification of at least one nucleotide may be a modified base, a modified sugar, and/or
a modified phosphate. In some embodiments, the modification of at least one nucleotide may be a naturally-occurring
modification. In some embodiments, the modification of at least one nucleotide may be a synthetic modification. In some
embodiments, the modifications may be imparted before or after assembly of the polynucleotide. In some embodiments,
the modified nucleotide comprises one or more modified nucleosides. "Modified nucleotide" or "modified nucleosides"
are herein defined as being synonymous with nucleoside or nucleotide "analogs."
[0159] In some embodiments, one or more nucleotide of the IRS polynucleotide comprises at least one modification
(e.g., nucleotide comprises a modification). In some embodiments, one or more nucleotides of the polynucleotide com-
prise a modification (e.g., sequence Nz comprises a modification). In some embodiments, the at least one modification
is the same modification for multiple or each nucleotide. In some embodiments, every nucleotide of the polynucleotide
is modified and the modification is a 2’-O-methyl sugar modification (i.e., nucleotide N consists of a modification and the
modification is a 2’-O-methyl sugar modification). In some embodiments, the at least one modification comprises more
than one different type of modifications of nucleotides.
[0160] In some embodiments, the modification of at least one nucleotide comprises a modified base. As used herein,
the term "modified base" is synonymous with "base analog", for example, "modified cytosine" is synonymous with
"cytosine analog." Examples of base modifications include, but are not limited to, addition of an electron-withdrawing
moiety to C-5 and/or C-6 of a cytosine of the IRP. Preferably, the electron-withdrawing moiety is a halogen, e.g., 5-
bromocytosine, 5-chlorocytosine, 5-fluorocytosine, 5-iodocytosine. In some embodiments, the base modifications in-
clude, but are not limited to, addition of an electron-withdrawing moiety to C-5 and/or C-6 of a uracil of the immunoreg-
ulatory polynucleotide. Preferably, the electron-withdrawing moiety is a halogen. Such modified uracils can include, but
are not limited to, 5-bromouracil, 5-chlorouracil, 5-fluorouracil, 5-iodouracil. In some embodiments, the base modifications
include the addition of one or more thiol groups to the base including, but not limited to, 6-thio-guanine, 4-thio-thymine,
and 4-thio-uracil. In some embodiments, the base modifications include, but are not limited to, N4-ethylcytosine, 7-
deazaguanine, and 5-hydroxycytosine. See, for example, Kandimalla et al. (2001) Bioorg. Med. Chem. 9:807-813. In
some embodiments, the IRS may include 2’-deoxyuridine and/or 2-amino-2’-deoxyadenosine. In some embodiments,
the modified base comprises a methylation modification. In some embodiments, the methylation modification comprises
a 5’-methyl-cytosine modification. In some embodiments, an IRS comprises multiple base modifications. In some em-
bodiments, the base modifications are the same. In some embodiments, the base modifications are different. In some
embodiments, the IRS comprises any of about 1, about 2, about 3, about 4, about 5 different base modifications. Base
modifications may also be made and combined with any phosphate modification and/or sugar modification in the prep-
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aration of a modified IRS.
[0161] In some embodiments, the modification of at least one nucleotide comprises a modified phosphate. In some
embodiments, the modified phosphate is a phosphodiester linkage modification. For example, phosphate modifications
may include, but are not limited to, methyl phosphonate, phosphorothioate, phosphoamidates, phosphoramidate (bridging
or non-bridging), phosphotriester and phosphorodithioate and may be used in any combination. In some embodiments,
the modified phosphate is a 3’-terminal internucleotide phosphodiester linkage modification. For example, the 3’-terminal
internucleotide phosphodiester linkage modifications include, but are not limited to, an alkyl or aryl phosphotriester, an
alkyl or aryl phosphonate, a hydrogen phosphonate, a phosphoramidate, and/or a phosphoroselenate linkage modifi-
cation. In some embodiments, the 3’-terminal internucleotide phophodiester linkage modification is a phosphoramidate
modification. In some embodiments, the modified phosphate includes, but is not limited to, embodiments wherein the
phosphate is replaced by P(O)S ("thioate"), P(S)S ("dithioate"), (O)NR2 (’amidate"), P(O)R, P(R)OR’, CO or CH2 ("for-
macetal"), in which each R or R’ is independently H or substituted or unsubstituted alkyl (1-20 C), optionally containing
an ether (-O-) linkage, aryl, alkenyl, cycloaklyl, cycloalkenyl, or araldyl.
[0162] In some embodiments, an IRS may comprise at least one nucleotide comprising at least phosphothioate back-
bone linkage. In some embodiments, polynucleotides of the IRS comprise only phosphorothioate backbones. In some
embodiments, polynucleotides of the IRS comprise only phosphodiester backbones. In some embodiments, an IRS may
comprise a combination of phosphate linkages in the phosphate backbone including, but not limited to, a combination
of phosphodiester and phosphorothioate linkages.
[0163] The IRS can contain phosphate-modified polynucleotides, some of which may stabilize the polynucleotide.
Accordingly, some embodiments include a stabilized immunoregulatory polynucleotides. In some embodiments, an IRS
comprises multiple phosphate modifications. In some embodiments, the phosphate modifications are the same. In some
embodiments, the phosphate modifications are different. In some embodiments, the IRS comprises any of about 1, about
2, about 3, about 4, about 5 different phosphate modifications. Phosphate modifications may also be made and combined
with any base modification and/or sugar modification in the preparation of a modified IRS.
[0164] In some embodiments, the modification of at least one nucleotide comprises a modified sugar. IRPs used in
the invention may comprise one or more modified sugars or sugar analogs. Thus, in addition to ribose and deoxyribose,
the sugar moiety can be pentose, deoxypentose, hexose, deoxyhexose, glucose, arabinose, xylose, lyxose, and a sugar
"analog" cyclopentyl group. The sugar can be in pyranosyl or in a furanosyl form. In the IRS, the sugar moiety is preferably
the furanoside of ribose, deoxyribose, arabinose or 2’-O-alkylribose. In some embodiments, the sugar can be attached
to the respective heterocyclic bases either in α or β anomeric configuration. In some embodiments, the sugar is modified
by replacing a hydroxyl group ordinarily present. The hydroxyl group ordinarily present in the sugar may be replaced
by, for example, but not limited to, phosphonate groups or phosphate groups. The 5’ and 3’ terminal hydroxyl group can
additionally be phosphorylated or substituted with amines or organic capping group moieties of from 1 to 20 carbon
atoms. In some embodiments, the modified sugars are 2’-sugar modifications including, but are not limited to, 2’-alkoxy-
RNA analogs, 2’-amino-RNA analogs, 2’-fluoro-DNA, and 2’-alkoxy- or amino-RNA/DNA chimeras. In some embodi-
ments, the modified sugars include, but are not limited to, 2’-O-methyl-, 2’-O-allyl, or 2’-azido- sugar modification. In
some embodiments, the 2’-modified sugar is 2’-O-methyl sugar modification. In some embodiments, the 2’-modified
sugar is 2’-O-methoxyethyl sugar modification. For example, a sugar modification in the IRS includes, but is not limited
to, 2’-O-methyl-uridine, 2’-O-methyl-thymidine, 2’-O-methyl-adenine, 2’-O-methyl-guanine, or 2’-O-methyl-cytidine. In
some embodiments, the sugar-modified nucleotide comprises one or more sugar modified nucleosides. The preparation
of these sugars or sugar analogs and the respective "nucleosides" wherein such sugars or analogs are attached to a
heterocyclic base (nucleic acid base) per se is known, and need not be described here, except to the extent such
preparation can pertain to any specific example. In some embodiments, an IRS comprises multiple sugar modifications.
In some embodiments, the sugar modifications are the same. In some embodiments, the sugar modifications are different.
In some embodiments, the IRS comprises any of about 1, about 2, about 3, about 4, about 5 different sugar modifications.
Sugar modifications may also be made and combined with any base modification and/or phosphate modification in the
preparation of a modified IRS.
[0165] Any of the modified polynucleotides described herein may comprise a modification any where in the polynu-
cleotide sequence. In some embodiments, the modification is a modification of the nucleotides at or near the 5’ end of
the polynucleotide sequence. In some embodiments, at the 5’ end of the polynucleotide sequence, about any of 1, 2, 3,
4, 5, 6, 7, 8, 9, or 10 nucleotides are modified. In some embodiments, at the 5’ end of the polynucleotide sequence, at
least about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides are modified. In some embodiments, the modification is a
modification of the nucleotides at or near the 3’ end of the polynucleotide sequence. In some embodiments, at the 3’
end of the polynucleotide sequence, about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides are modified. In some
embodiments, at the 3’ end of the polynucleotide sequence, at least about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides
are modified. In some embodiments, both the nucleotides at or near the 5’ end of the polynucleotide sequence and the
nucleotides at or near the 3’ end of the polynucleotide sequence are modified. In some embodiments, at the 5’ end of
the polynucleotide sequence and at the 3’ end of the polynucleotide sequence, about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or
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10 nucleotides are modified. In some embodiments, at the 5’ end of the polynucleotide sequence and at the 3’ end of
the polynucleotide sequence, at least about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides are modified.
[0166] In some embodiments, the nucleotide sequence of the formula: 5’-RγJGCNz-3’ (SEQ ID NO:147) is modified.
The modification may be any described above, for example, a modified base, a modified sugar, a modified phosphate.
In some embodiments, modification includes a 2’-sugar modification, a 3’-terminal internucleotide phosphodiester linkage
modification, and/or a 5’-methyl-cytosine modification. In some embodiments, the modification may be a phosphate or
termini modification. In some embodiments, the phosphate or termini modification may be a 3’terminal internucletide
phosphodiester linkage modification. In some embodiments, the 3’-terminal internucleotide phosphodiester linkage mod-
ification is selected from the group consisting of an alkyl or aryl phosphotriester, alkyl or aryl phosphonate, hydrogen
phosphonate, phosphoramidate, and phosphoroselenate linkage modification. In some embodiments, 3’-terminal inter-
nucleotide phosphodiester linkage modification is a phosphoramidate modification. In some embodiments, the modifi-
cation may be a sugar modification. In some embodiments, the sugar modification is a 2’-sugar modification as described
herein. In some embodiments, the 2’-sugar modification is a 2’-0-methyl sugar modification or 2’-O-methoxyethyl sugar
modification. In some embodiments, the modification is a base modified, for example, a 5’-methyl-cytosine modification.
[0167] In some embodiments, the modified IRS is (SEQ ID NO:80) 5’-UGC UCC UGG AGG GGU UGU-3’, wherein
all nucleotides are modified with phosphoramidate modification, a phosphate modification). In some embodiments, the
modified IRS is (SEQ ID NO:81) 5’-UGC UCC UGG AGG GGU UGU-3’, wherein all cytosines are modified with a 5-
methyl dC (M) modification, a base modification).
[0168] In some embodiments, the modified IRS is modified with a 2’-O-Me modification. In some embodiments, the
modified IRS modified with a 2’-O-Me modification is any of:

5’-UGC UCC UGG AGG GGU UGU-3’ (SEQ ID NO:82)
5’-UGC TCC TGG AGG GGT TGT-3’ (SEQ ID NO:83);
5’-TGC TCC TGG AGG GGU UGU-3’ (SEQ ID NO:84);
5’-UGC TCC TGG AGG GGU UGU-3’ (SEQ ID NO:85);
5’-TGC TCC TGG AGG GGT TGT-3’ (SEQ ID NO:86);
5’-UGC TTG TCC TGG AGG GGT TGT-3’ (SEQ ID NO:87);
5’-TGC TCC TGG AGG GGA AGT UUG U-3’ (SEQ ID NO:88);
5’-UGC TTG TCC TGG AGG GGU UGU-3’ (SEQ ID NO:89);
5’-UGC TTG TCC TGG AGG GGA AGT UUG U-3’ (SEQ ID NO:90);
5’-UGC TG TCC TGG AGG GGA AGT UUG U-3’ (SEQ ID NO:91);
5’-UGC G TCC TGG AGG GGA AGT UUG U-3’ (SEQ ID NO:92);
5’-UGC TTG TCC TGG AGG GG TG UUG U-3’ (SEQ ID NO:93);
5’-UGC TG TCC TGG AGG GG TG UUG U-3’ (SEQ ID NO:94);
5’-UGC G TCC TGG AGG GG TG UUG U-3’ (SEQ ID NO:95);
5’-UGC TTG TCC TGG AGG GGT UGU-3’ (SEQ ID NO:96);
5’-UGC TG TCC TGG AGG GGT UGU-3’ (SEQ ID NO:97);
5’-UGC G TCC TGG AGG GGT UGU-3’ (SEQ ID NO:98);
5’-UGC TTG TCC TGG AGG GGT TGT UUG U-3’ (SEQ ID NO:99);
5’-UGC TTG TCC TGG AGG GGT TGU UUG U-3’ (SEQ ID NO:100);
5’-UGC TGC TCC TGG AGG GGT TGT UUG U-3’ (SEQ ID NO:101);
5’-UGC TGC TCC TTG AGG GGT TGT UUG U-3’ (SEQ ID NO:102);
5’-UGC TGC TCC TTG AGG GGT GUU GU-3’ (SEQ ID NO:103);
5’-UGC TGC TCC TTG AGG GGT TGU UUG U-3’ (SEQ ID NO:104);
5’-UGC UGC UCC UUG AGA GGU UGU-3’ (SEQ ID NO:105);
5’-UGC TGC TCC TGG AGG GGT TGU UUG U-3’ (SEQ ID NO:106);
5’-UGC TGC TCC TTG AGG GGT TGT TTG T-3’ (SEQ ID NO:107); or
5’-UGC TGC TCC TGG AGG GGT TGT TTG T-3’ (SEQ ID NO:108);
5’-UGC TGC TCC TTG AGI GGT TGT TTG T-3’, wherein I=deoxy-inosine (SEQ ID NO:109);
5’-UGC TGC TCC TTG AGZ’ GGT TGT TTG T-3’, wherein Z’=7-deaza-dG (SEQ ID NO:110)
5’-UGC TGC TCC TTG AGI GGT TGT TTG-3’, wherein I=deoxy-inosine (SEQ ID NO:111);
5’-UGC TGC TCC TTG AGI GGT TGT TT-3’, wherein I=deoxy-inosine (SEQ ID NO:112);
5’-UGC TGC TCC TTG AGI GGT TGT T-3’, wherein I=deoxy-inosine (SEQ ID NO:113);
5’-UGC TGC TCC TTG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:114);
5’-UGC TGC TCC TTG AGI GGT T-3’, wherein I=deoxy-inosine (SEQ ID NO:115);
5’-UGC TGC TCC TTG AGI GGT-3’, wherein I=deoxy-inosine (SEQ ID NO:116);
5’-UGC TGC TCC TTG AGI GG-3’, wherein I=deoxy-inosine (SEQ ID NO:117);
5’-UGC TGC TCC TTG AGI G-3’, wherein I=deoxy-inosine (SEQ ID NO:118);
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5’-UGC TGC TCC TTG AGI-3’, wherein I=deoxy-inosine (SEQ ID NO:119);
5’-GC TGC TCC TTG AGI GGT TGT TTG T-3’, wherein I=deoxy-inosine (SEQ ID NO:120);
5’-C TGC TCC TTG AGI GGT TGT TTG T-3’, wherein I=deoxy-inosine (SEQ ID NO:121);
5’-UGC TGC TCC TTG AGI GGT TG-3’, wherein I=deoxy-inosine (SEQ ID NO: 122);
5’-UGC TTG TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:123);
5’-UGC TTG TCC TGG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:124);
5’-UGC TGC TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:125);
5’-UGC TGC TCC TTG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:126);
5’-UGC TGC TCC TTG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:127);
5’-UGC TGC TCC TTG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:128);
5’-UGC TGC TCC TTG AGI GGT TGT AAG T-3’, wherein I=deoxy-inosine (SEQ ID NO:129);
5’-UGC TGC TCC TGG AGI GGT TGT AAG T-3’, wherein I=deoxy-inosine (SEQ ID NO:130);
5’-UGC TCC TGG AGG GGU UGU 3’ (SEQ ID NO:131);
5’-UGC TGC TCC TGG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:132);
5’-UGC-ddd-TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine and d is diethyldithiodicarbonate (SEQ ID
NO:133);
5’-UGC CAA TCC TGG AGI GGT TGT-3’, wherein I=deoxy-inosine (SEQ ID NO:134);
5’-UGC CAA TCC TGG AGI GGT GTT GT-3’, wherein I=deoxy-inosine (SEQ ID NO:135);

wherein the bolded and italicized nucleotides are modified with a 2’-O-Me sugar modification.
[0169] Other exemplary examples of IRPs effective in suppressing TLR7 and/or TLR9 are found, for example, in
PCT/US2005/030494 and PCT/US2008/012220.
[0170] In some embodiments of any of the IRSs, a uridine (U) nucleoside of the modified IRS may be substituted with
a thymidine (T) nucleoside. In some embodiments, all uridine (U) nucleoside of the IRS may be substituted with a
thymidine (T) nucleoside. In some embodiments of any of the IRS, a thymidine (T) nucleoside of the modified IRS may
be substituted with a uridine (U) nucleoside. In some embodiments, all thymidine (T) nucleoside of the IRS may be
substituted with a uridine (U) nucleoside. In some embodiments, the modified IRS may comprise both uridine (U) nucl-
eosides and thymidine (T) nucleosides.
[0171] In some embodiments, an immunoregulatory polynucleotide is less than about any of the following lengths (in
bases or base pairs): 10,000; 5,000; 2500; 2000; 1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75;
60; 50; 40; 30; 25; 20. In some embodiments, an immunoregulatory polynucleotide is greater than about any of the
following lengths (in bases or base pairs): 20; 25; 30; 40; 50; 60; 75; 100; 125; 150; 175; 200; 250; 300; 350; 400; 500;
750; 1000; 2000; 5000; 7500; 10000; 20000; 50000. Alternately, the immunoregulatory polynucleotide can be any of a
range of sizes having an upper limit of 10,000; 5,000; 2500; 2000; 1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 150;
125; 100; 75; 60; 50; 40; 30; 25; 20 and an independently selected lower limit of 20; 25; 30; 40; 50; 60; 75; 100; 125;
150; 175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 5000; 7500, wherein the lower limit is less than the upper limit.
In some embodiments, an IRP is preferably about 200 or less bases or base pairs in length.
[0172] As demonstrated herein, particular IRPs and IRCs comprising an IRS inhibit TLR-7 dependent cell responses
and/or TLR9 dependent cell responses. In some embodiments, certain IRPs do not inhibit TLR4 dependent cell responses.
In some embodiments, IRPs and/or IRCs comprising a modified IRS, as described herein, inhibits and/or suppresses a
measurable immune response as measured in vitro, in vivo, and/or ex vivo. In some embodiments, the immune response
is an innate immune response. In some embodiments, the immune response is an adaptive immune response.
[0173] As described herein, some IRSs are particularly effective in suppressing TLR9 dependent cell responses. Such
IRSs include, but are not limited to, SEQ ID NO:1-14, 16, 37, 42-79, and 83-117, and 120-145.
[0174] As described herein, some IRSs are particularly effective in suppressing TLR7 dependent cell responses. Such
IRSs include, but are not limited to, SEQ ID NO:17-36, 37, 42-79,82-145.
[0175] As described herein, some IRSs are particularly effective in suppressing TLR7 dependent cell responses. Such
IRSs include, but are not limited to, SEQ ID NO:42-79 and 83-117, and 120-145.
[0176] In some embodiments, the IRPs or IRCs comprise an IRS selected from the group consisting of SEQ ID
NO:64-78, SEQ ID NO:123-135, and SEQ ID NO:141-145. In some embodiments, the IRS is or comprises the IRS of
one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID
NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In the present invention, the IRP comprises an IRS
selected from the group consisting of SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144.
[0177] In some embodiments of any of the IRS, the IRS has a therapeutically acceptable safety profile and may for
example, have a therapeutically acceptable histological profile including an acceptably low, if any, toxicity of the liver,
kidney, pancreas, or other organs. It has been observed that IRS can exhibit toxicity to certain organs such as the liver,
kidney and pancreas, and certain selected IRS described herein can offer an improved safety profile that is unexpected
and advantageous. In some embodiments, the therapeutically acceptable safety profile includes evaluation of toxicity,
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histological profile, and/or necrosis (for example, upon evaluation of the liver, kidneys and/or heart). In some embodi-
ments, the IRS has a therapeutically acceptable toxicity. In some embodiments, the IRS has reduced toxicity compared
to another IRS as illustrated in the examples described herein. In some embodiments, the IRS has low or reduced toxicity
(for example, compared to another IRS, e.g., SEQ ID NO:79 or SEQ ID NO:109). In some embodiments, the IRS has
a therapeutically acceptable reduction in weight compared to the initial weight. In some embodiments, the IRS induces
less than about any of 5%, 7.5%, 10%, 12.5, or 15% reduction in weight (for example as determined by the methods
described in Example 3). In some embodiments, the IRS has a therapeutically acceptable histology profile. In some
embodiments, the IRS has a better (e.g., lower score) histologic profile (for example, compared to another IRS, e.g.,
SEQ ID NO:79 or SEQ ID NO:109). In some embodiments, the IRS has a better and/or lower score) histologic profile
upon evaluation of the liver, kidneys and heart, for example, as determined by the methods described in Example 3. In
some embodiments, the IRS has a therapeutically acceptable necrosis score. In some embodiments, the IRS has reduced
necrosis and/or better (e.g., lower) necrosis score (for example, compared to another IRS, e.g., SEQ ID NO:79 or SEQ
ID NO:109). In some embodiments, the average necrosis score is less than or equal to about 3. In some embodiments,
the average necrosis score is less than or equal to about 2. In some embodiments, the average necrosis score is less
than or equal to about 1. In some embodiments, the average necrosis score is less than or equal to about 0. In some
embodiments, the IRS has reduced renal and/or hepatocellular necrosis and/or better renal and/or hepatocellular necrosis
score, for example, as determined by the methods described in Example 3. In some embodiments, the IRS is or comprises
the IRS of one of the group consisting of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73,
SEQ ID NO:78, SEQ ID NO:141, SEQ ID NO:143, and SEQ ID NO:144. In the present invention, the IRS is selected
from the group consisting of SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144.
[0178] In some embodiments of any of the IRS, the IRS has a therapeutically acceptable pK. In some embodiments
of any of the methods, the IRS has a PK profile or PK similar to another IRS as described in the examples. In some
embodiments, the therapeutically acceptable safety profile is determined in mice or rats. In some embodiments, the
therapeutically acceptable acceptable safety profile is determined in rats.
[0179] In some embodiments of any of the IRS, the IRS has a therapeutically acceptable B-cell activation. In some
embodiments, the IRS has reduced or low B-cell-related toxicity. In some embodiments, the IRS has reduced or low B-
cell activation. In some embodiments, the IRS has reduced or low B-cell activation compared to a positive control
polynucleotide (e.g., an immunostimulatory sequence (ISS)), another IRS, or negative control polynucleotide and as
illustrated in the examples described herein. In some embodiments, the IRS does not induce B-cell activation to levels
significantly higher than a control, e.g., a negative control polynucleotide. In some embodiments, the IRS induces B-cell
activation to levels significantly lower than a control, e.g., a positive control polynucleotide (e.g., an ISS). In some
embodiments, the IRS induces B-cell activation in a cell culture assay to levels less than about any of 5%, 10%, 15%,
20%, 25%, 30%, 35%, or 40% compared to a positive control polynucleotide (e.g., an ISS). In some embodiments, the
IRS induces B-cell activation in a cell culture assay to levels less than about any of 5%, 10%, 15%, or 20% compared
to a positive control polynucleotide (e.g., an ISS). In some embodiments, the B-cell activation of the IRS is normalized
to a positive control polynucleotide (e.g., an ISS). In some embodiments normalized results of multiple IRS are compared.
In some embodiments, the IRS induces B-cell activation to levels significantly lower than second IRS. In some embod-
iments, the IRS does not induce B-cell activation in a cell culture assay to levels significantly higher than media alone
or to a negative control polynucleotide. In some embodiments, the IRS induces B-cell activation in a cell culture assay
to levels significantly less than a positive control polynucleotide (e.g., an ISS). In some embodiments, the IRS shows
concentration-dependent, B-cell activation, for example over the range of about 4000 nM to about 15 nM. In some
embodiments, the IRS shows low concentration-dependent, B-cell activation, for example over the range of about 4000
nM to about 15 nM. In some embodiments, B-cell activation is determined as described in Example 1 and/or Figure 1C.
[0180] Immunostimulatory nucleic acids and other stimulators of an innate immune response have been described in
the art and their activity may be readily measured using standard assays which indicate various aspects of an innate
immune response, such as cytokine secretion, antibody production, NK cell activation, B cell proliferation, T cell prolif-
eration, dendritic cell maturation. See, e.g. Krieg et al. (1995) Nature 374:546-549; Yamamoto et al. (1992) J. Immunol.
148:4072-4076; Klinman et al. (1997) J. Immunol. 158:3635-3639; Pisetsky (1996) J. Immunol. 156:421-423; Roman
et al. (1997) Nature Med. 3:849-854; Hemmi et al. (2000), Supra; Lee et al. (2003), Supra; WO 98/16247; WO 98/55495;
WO 00/61151 and U.S. Pat. No. 6,225,292. Accordingly, these and other methods can be used to identify, test and/or
confirm immunoregulatory sequences, polynucleotides and/or compounds. For example, the effect of IRP or IRC can
be determined when cells or individuals in which an innate immune response has been stimulated are contacted with
the IRP or IRC.

Immunoregulatory Compounds

[0181] Described herein are also IRCs, which have immunoregulatory activity and comprise a nucleic acid moiety
comprising an IRS, and IRCs for use in the methods described herein. In some embodiments, the IRC comprises a
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modified IRS. In some embodiments, the IRC comprises an unmodified IRS. In some embodiments, the IRC comprises
both modified and unmodified IRS. IRCs described herein contain one or more nucleic acid moieties and one or more
non-nucleic acid spacer moieties. Compounds conforming to a variety of structural formulas are contemplated for use
as IRCs, including the core structures described in formulas I-VII, below. Formulas I-III show core sequences for "linear
IRCs." Formulas IV-VI show core sequences for "branched IRCs." Formula VII shows a core structure for "single-spacer
IRCs."
[0182] In each formula described herein, "N" designates a nucleic acid moiety (oriented in either a 5’ - 3’ or 3’ - 5’
orientation) and "S" designates a non-nucleic acid spacer moiety. A dash ("-") designates a covalent bond between a
nucleic acid moiety and a non-nucleic acid spacer moiety. A double dash ("--") designates covalent bonds between a
non-nucleic acid spacer moiety and at least 2 nucleic acid moieties. A triple dash ("---") designates covalent bonds
between a non-nucleic acid spacer moiety and multiple (i.e., at least 3) nucleic acid moieties. Subscripts are used to
designate differently positioned nucleic acid or non-nucleic acid spacer moieties. However, the use of subscripts to
distinguish different nucleic acid moieties is not intended to indicate that the moieties necessarily have a different structure
or sequence. Similarly, the use of subscripts to distinguish different spacer moieties is not intended to indicate that the
moieties necessarily have different structures. For example, in formula II, infra, the nucleic acid moieties designated N1
and N2 can have the same or different sequences, and the spacer moieties designated S1 and S2 can have the same
or different structures. Further, it is contemplated that additional chemical moieties (e.g., phosphate, mononucleotide,
additional nucleic acid moieties, alkyl, amino, thio or disulfide groups or linking groups, and/or spacer moieties) may be
covalently bound at the termini of the core structures.
[0183] Linear IRCs have structures in which the non-nucleic acid spacer moieties in the core structure are covalently
bound to no more than two nucleic acid moieties. Exemplary linear IRCs conform to the following formulas:

N1-S1-N2 (I)

N1-S1-N2-S2-N3 (II).

N1-S1-N2-S2-[Nv-Sv]A (III)

where A is an integer between 1 and about 100 and [Nv-Sv] indicates A additional iterations of nucleic acid moieties
conjugated to non-nucleic acid spacer moieties. The subscript "v" indicates that N and S are independently selected in
each iteration of "[Nv-Sv]." "A" is sometimes between 1 and about 10, sometimes between 1 and 3, sometimes exactly
1, 2, 3, 4 or 5. In some embodiments, A is an integer in a range defined by a lower limit of 1, 2, 3, 4, or 5, and an
independently selected upper limit of 10, 20, 50 or 100 (e.g., between 3 and 10).
[0184] Exemplary linear IRCs include:

N1-HEG-N2-OH (Id. at)

N1-HEG-N1-PO4 (Ib)

N1-HEG-N2-HEG (Ic)

HEG-N1-HEG-N1-HEG (Id)

N1-HEG-N2-HEG-N1 (Ie)

N1-HEG-N2-(HEG)4-N3 (If)

(Ni)2-glycerol-Ni-HEG-Ni (Ig)

PO4-N1-HEG-N2 (Ih)

N1-(HEG)15-T (Ii)

N1-HEG-T-HEG-T (Ik)

N1-HEG-N2-TEG-N3 (IIa)

wherein HEG refers to hexa- (ethylene glycol). TEG refers to tetra-(ethylene glycol). N1 and N2; and S1 and S2 are
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independently selected in examples which do not contain -[Nv-Sv]A-In some embodiments of any of the IRPs, the IRP
is a 2’-deoxyribo polynucleotide sequence. In some embodiments of any of the IRPs, the IRP is a 2’deoxyribo polynu-
cleotide and/or the 2’-O-Me sugar polynucleotide chimeric sequence. In some embodiments, the IRP has at least one
nucleotide comprising a modified phosphate linkage. In some embodiments, IRP comprises only phosphorothioate
linkages.
[0185] Preferred linear IRCs include:

5’-TGCTTGCAAGCTTGCAAGCA-HEG-TCCTGGAGGGGTTGT-3’ (SEQ ID NO:136);
5’-TGCTTGCAAGCTAGCAAGCA-HEG-TCCTGGAGGGGTTGT-3’ (SEQ ID NO:137);
5’-TGCTTGCAAGCTTGCTAGCA-HEG-TCCTGGAGGGGTTGT-3’ (SEQ ID NO:138);
5’-TGCTTGCAAGCTTGCTAGCA-HEG-TCCTGGAGZGGTTGT-3’ (SEQ ID NO:139);
5’-TCCTGGAGGGGTTGT-HEG-TGCTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:140);
5’-TGC TCC TGG AGG GGT TGT-HEG-HEG-3’ (SEQ ID NO:141);
5’-UGC TTG TCC TGG AGI GGT TG-HEG-T-3’ (SEQ ID NO:142);
5’-TGC TCC TGG AGI GGT TG-HEG-T-3’ (SEQ ID NO:143);
5’-TGC TGC TCC TGG AGI GGT TG-HEG-T-3’ (SEQ ID NO:144);
5’-UGC HEG TCC TGG AGI GGT TGT-3’ (SEQ ID NO:145);
5’-UGC HEG TCC TGG AGI GGT GTT GT-3’ (SEQ ID NO:77);

wherein the bolded and italicized nucleotides are modified with a 2’-O-Me sugar modification. In some embodiments
one or more nucleotides of the polynucleotide comprises a modification. In some embodiments, the modification com-
prises at least one phosphorothioate backbone modification. In some embodiments, the polynucleotide comprises only
phosphorothioate linkages. In some preferred embodiments, the modification comprises a 2’-sugar modification. In a
subset of these embodiments, the 2’-sugar modification comprises a 2’-0-methyl sugar modification or a 2’-O-methox-
yethyl sugar modification.
[0186] Branched IRCs comprise a multivalent spacer moiety (Sp) covalently bound to at least three (3) nucleic acid
moieties. Exemplary branched IRCs are described according to the following formulas

[Nv]A---Sp (IV)

[Sv-Nv]A---Sp (V)

(S1-N1)-Sp--(Nv-Sv)A (VI)

where Sp is a multivalent spacer covalently bonded to the quantity "A" independently selected nucleic acid moieties Nv,
Sv-Nv (which comprises a spacer moiety covalently bound to a nucleic acid moiety). The terminal iteration of "[Sv-Nv ]"
or "[Nv-Sv]" may include only Nv. For formulas IV and V, A is at least 3. In various embodiments of formulas IV and V,
A is an integer between 3 and 100 (inclusive), although A may be an integer in a range defined by a lower limit of about
3, 5, 10, 50, or 100 and an independently selected upper limit of about 5, 7, 10, 50, 100, 150, 200, 250, or 500, or
alternately A may be greater than 500. For formula VI, A is at least 2, an integer in a range defined by a lower limit of 2,
5, 10, 50, or 100 and an independently selected upper limit of 5, 10, 50, 100, 150, 200, 250, or 500, or greater than 500.
[0187] Exemplary branched IRCs include:

(N1)2-glycerol-N1 (IVa)

(N2-HEG)2-glycerol-N1 (IVb)

(N1-HEG-N2)2-glycerol-N1 (IVc)

[(N1)2-glycerol-N1]2-glycerol-N1 (IVd)

(N1-HEG)2-glycerol-HEG-N2 (IVe)

(N1-HEG)2-glycerol-N1-TEG-N1 (VIa)

wherein HEG refers to hexa- (ethylene glycol). TEG refers to tetra-(ethylene glycol). In some embodiments of any of the
IRPs, the IRP is a 2’-deoxyribo polynucleotide sequence. In some embodiments of any of the IRPs, the IRP is a 2’deoxyribo
polynucleotide and/or the 2’-O-Me sugar polynucleotide chimeric sequence. In some embodiments, the IRP has at least
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one nucleotide comprising a modified phosphate linkage. In some embodiments, IRP comprises only phosphorothioate
linkages.
Preferred branched IRCs include (5’-N1-3’-HEG)2-glycerol-HEG-5’-N1-3’ and (5’-N1-3’-HEG)2-glycerol-HEG-5’-N1’. In
some embodiments of any of the IRPs, the IRP is a 2’-deoxyribo polynucleotide sequence. In some embodiments of
any of the IRPs, the IRP is a 2’deoxyribo polynucleotide and/or the 2’-O-Me sugar polynucleotide chimeric sequence.
In some embodiments, the IRP has at least one nucleotide comprising a modified phosphate linkage. In some embod-
iments, IRP comprises only phosphorothioate linkages.
[0188] Single spacer IRCs comprise a structure in which there is a single nucleic acid moiety covalently conjugated
to a single spacer moiety, i.e.,

N1-S1 (VII)

[0189] In a preferred variation S1 has the structure of a multimer comprising smaller units (e.g., HEG, TEG, glycerol,
1’2’-dideoxyribose, C2 alkyl - C12 alkyl subunits, and the like), typically connected by an ester linkage (e.g., phosphodi-
ester or phosphorothioate ester), e.g., as described infra. See, e.g., formula VIIa, infra. The multimer can be heteromeric
or homomeric. In one variation, the spacer is a heteromer of monomeric units (e.g., HEG, TEG, glycerol, 1’2’-dideoxyri-
bose, C2 alkyl to C12 alkyl linkers, and the like) linked by an ester linkage (e.g., phosphodiester or phosphorothioate
ester). See, e.g., formula VIIb, infra.
[0190] Exemplary single spacer IRCs include:

N1-(HEG)15 (VIIa)

N1-HEG-propyl-HEG-propyl-HEG (VIIb)

wherein HEG refers to hexa- (ethylene glycol). In some embodiments of any of the IRPs, the IRP is a 2’-deoxyribo
polynucleotide sequence. In some embodiments of any of the IRPs, the IRP is a 2’deoxyribo polynucleotide and/or the
2’-O-Me sugar polynucleotide chimeric sequence. In some embodiments, the IRP has at least one nucleotide comprising
a modified phosphate linkage. In some embodiments, IRP comprises only phosphorothioate linkages.
[0191] In certain embodiments, the terminal structures of the IRC are covalently joined (e.g., nucleic acid moiety-to-
nucleic acid moiety; spacer moiety-to-spacer moiety, or nucleic acid moiety-to-spacer moiety), resulting in a circular
conformation.
[0192] IRCs for use in the immunoregulatory compositions described herein include at least one nucleic acid moiety.
The term "nucleic acid moiety," as used herein, refers to a nucleotide monomer (i.e., a mononucleotide) or polymer (i.e.,
comprising at least 2 contiguous nucleotides). As used herein, a nucleotide comprises (1) a purine or pyrimidine base
linked to a sugar that is in an ester linkage to a phosphate group, or (2) an analog in which the base and/or sugar and/or
phosphate ester are replaced by analogs, e.g., as described infra. In an IRC comprising more than one nucleic acid
moiety, the nucleic acid moieties may be the same or different.
[0193] Nucleic acid moieties used in IRCs incorporated in the immunoregulatory compositions may comprise any of
the IRS sequences disclosed herein and may additionally be sequences of six base pairs or less. It is contemplated that
in an IRC comprising multiple nucleic acid moieties, the nucleic acid moieties can be the same or different lengths. In
some embodiments where the IRC comprises more than one nucleic acid moiety, only one of the moieties need comprise
the IRS. In some embodiments, the IRS is a modified IRS. In some embodiments, the IRS is an unmodified IRS.
[0194] It is contemplated that in an IRC comprising multiple nucleic acid moieties, the nucleic acid moieties can be
the same or different. Accordingly, in various embodiments, IRCs incorporated into the immunoregulatory compositions
comprise (a) nucleic acid moieties with the same sequence, (b) more than one iteration of a nucleic acid moiety, or (c)
two or more different nucleic acid moieties. Additionally, a single nucleic acid moiety may comprise more than one IRS,
which may be adjacent, overlapping, or separated by additional nucleotide bases within the nucleic acid moiety.
[0195] As described herein, some IRPs are particularly effective in suppressing TLR9 dependent cell responses and
some IRPs are particularly effective in suppressing TLR7 dependent cell responses. Since an IRC may comprise more
than one IRP, IRPs with various activities can be combined to create an IRC with a particular activity for a particular use.
[0196] In some instances, the combination of two IRPs in an IRC leads to an immunoregulatory activity of the IRC
different from either of the IRPs alone.
[0197] The IRCs comprise one or more non-nucleic acid spacer moieties covalently bound to the nucleic acid moieties.
For convenience, non-nucleic acid spacer moieties are sometimes referred to herein simply as "spacers" or "spacer
moieties." Spacers are generally of molecular weight about 50 to about 50,000, typically from about 75 to about 5000,
most often from about 75 to about 500, which are covalently bound, in various embodiments, to one, two, three, or more
than three nucleic acid moieties. A variety of agents are suitable for connecting nucleic acid moieties. For example, a
variety of compounds referred to in the scientific literature as "non-nucleic acid linkers," "non-nucleotidic linkers," or
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"valency platform molecules" may be used as spacers in an IRC. In certain embodiments, a spacer comprises multiple
covalently connected subunits and may have a homopolymeric or heteropolymeric structure. It will be appreciated that
mononucleotides and polynucleotides are not included in the definition of non-nucleic acid spacers, without which ex-
clusion there would be no difference between nucleic acid moiety and an adjacent non-nucleic acid spacer moiety.
[0198] In certain embodiments, a spacer may comprise one or more abasic nucleotides (i.e., lacking a nucleotide
base, but having the sugar and phosphate portions). Exemplary abasic nucleotides include 1’2’-dideoxyribose, 1’-de-
oxyribose, 1’-deoxyarabinose and polymers thereof.
[0199] Other suitable spacers comprise optionally substituted alkyl, optionally substituted polyglycol, optionally sub-
stituted polyamine, optionally substituted polyalcohol, optionally substituted polyamide, optionally substituted polyether,
optionally substituted polyimine, optionally substituted polyphosphodiester (such as poly(1-phospho-3-propanol), and
the like. Optional substituents include alcohol, alkoxy (such as methoxy, ethoxy, and propoxy), straight or branched
chain alkyl (such as C1-C12 alkyl), amine, aminoalkyl (such as amino C1-C12 alkyl), phosphoramidite, phosphate,
thiophosphate, hydrazide, hydrazine, halogen, (such as F, Cl, Br, or I), amide, alkylamide (such as amide C1-C12 alkyl),
carboxylic acid, carboxylic ester, carboxylic anhydride, carboxylic acid halide, sulfonyl halide, imidate ester, isocyanate,
isothiocyanate, haloformate, carbodiimide adduct, aldehydes, ketone, sulfhydryl, haloacetyl, alkyl halide, alkyl sulfonate,
NR1R2 wherein R1R2 is -C(=O)CH=CHC(=O) (maleimide), thioether, cyano, sugar (such as mannose, galactose, and
glucose), α,β-unsaturated carbonyl, alkyl mercurial, α,β-unsaturated sulfone.
[0200] Suitable spacers may comprise polycyclic molecules, such as those containing phenyl or cyclohexyl rings. The
spacer may be a polyether such as polyphosphopropanediol, polyethyleneglycol, polypropylene glycol, a bifunctional
polycyclic molecule such as a bifunctional pentalene, indene, naphthalene, azulene, heptalene, biphenylene, asymind-
acene, sym-indacene, acenaphthylene, fluorene, phenalene, phenanthrene, anthracene, fluoranthene, acephenath-
rylene, aceanthrylene, triphenylene, pyrene, chrysene, naphthacene, thianthrene, isobenzofuran, chromene, xanthene,
phenoxathiin, which may be substituted or modified, or a combination of the polyethers and the polycyclic molecules.
The polycyclic molecule may be substituted or polysubstituted with C1-C5 alkyl, C6 alkyl, alkenyl, hydroxyalkyl, halogen
or haloalkyl group. Nitrogen-containing polyheterocyclic molecules (e.g., indolizine) are typically not suitable spacers.
The spacer may also be a polyalcohol, such as glycerol or pentaerythritol. In one variation, the spacer comprises 1-
phosphopropane)3-phosphate or 1-phosphopropane)4-phosphate (also called tetraphosphopropanediol and pentaphos-
phopropanediol). In one variation, the spacer comprises derivatized 2,2’-ethylenedioxydiethylamine (EDDA).
[0201] Specific examples of non-nucleic acid spacers useful in IRCs include "linkers" described by Cload et al. (1991)
J. Am. Chem. Soc. 113:6324; Richardson et al. (1991) J. Am. Chem. Soc. 113:5109; Ma et al. (1993) Nucleic Acids
Res. 21:2585; Ma et al. (1993) Biochemistry 32:1751; McCurdy et al. (1991) Nucleosides & Nucleotides 10:287; Jaschke
et al. (1993) Tetrahedron Lett. 34:301; Ono et al. (1991) Biochemistry 30:9914; and International Publication No. WO
89/02439.
[0202] Other suitable spacers include linkers described by Salunkhe et al. (1992) J. Am. Chem. Soc. 114:8768; Nelson
et al. (1996) Biochemistry 35:5339-5344; Bartley et al. (1997) Biochemistry 36:14502-511; Dagneaux et al. (1996) Nucleic
Acids Res. 24:4506-12; Durand et al. (1990) Nucleic Acids Res. 18:6353-59; Reynolds et al. (1996) Nucleic Acids Res.
24:760-65; Hendry et al. (1994) Biochem. Biophys. Acta 1219:405-12; Altmann et al. (1995) Nucleic Acids Res.
23:4827-35. Still other suitable spacers are described in European Pat. No. EP0313219B1 and U.S. Pat. No. 6,117,657.
[0203] Exemplary non-nucleic acid spacers comprise oligo-ethylene glycol (e.g., triethylene glycol, tetraethylene glycol,
hexaethylene glycol spacers, and other polymers comprising up to about 10, about 20, about 40, about 50, about 100
or about 200 ethylene glycol units), alkyl spacers (e.g., propyl, butyl, hexyl, and other C2 - C12 alkyl spacers, e.g., usually
C2 - C10 alkyl, most often C2 - C6 alkyl), abasic nucleotide spacers, symmetric or asymmetric spacers derived from
glycerol, pentaerythritol or 1,3,5-trihydroxycyclohexane (e.g., symmetrical doubler and trebler spacer moieties described
herein). Spacers can also comprise heteromeric or homomeric oligomers and polymers of the aforementioned compounds
(e.g., linked by an amide, ester, ether, thioether, disulfide, phosphodiester, phosphorothioate, phosphoramidate, phos-
photriester, phosphorodithioate, methyl phosphonate or other linkage).
[0204] Suitable spacer moieties can contribute charge and/or hydrophobicity to the IRC, contribute favorable phar-
macokinetic properties (e.g., improved stability, longer residence time in blood) to the IRC, and/or result in targeting of
the IRC to particular cells or organs. Spacer moieties can be selected or modified to tailor the IRC for desired pharma-
cokinetic properties or suitability for desired modes of administration (e.g., oral administration). It will be appreciated by
the reader that, for convenience, a spacer (or spacer component) is sometimes referred to by the chemical name of the
compound from which the spacer component is derived (e.g., hexaethylene glycol), with the understanding that the IRC
actually comprises the conjugate of the compound and adjacent nucleic acid moieties or other spacer moiety components.
[0205] In an IRC comprising more than one spacer moiety, the spacers may be the same or different. Thus, in one
variation all of the non-nucleic acid spacer moieties in an IRC have the same structure. In one variation, an IRC comprises
non-nucleic acid spacer moieties with at least 2, at least 3, at least 4, at least 5, or at least 6 or more different structures.
[0206] In some contemplated embodiments, the spacer moiety of an IRC is defined to exclude certain structures.
Thus, in some embodiments, a spacer is other than an abasic nucleotide or polymer of abasic nucleotides. In some
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embodiments, a spacer is other than a oligo(ethyleneglycol) (e.g., HEG, TEG and the like) or poly(ethyleneglycol). In
some embodiments a spacer is other than a C3 alkyl spacer. In some embodiments, a spacer is other than a polypeptide.
Thus, in some embodiments, an immunogenic molecule, e.g., a protein or polypeptide, is not suitable as a component
of spacer moieties. However, as discussed infra, it is contemplated that in certain embodiments, an IRC is a "proteinaceous
IRC" i.e., comprising a spacer moiety comprising a polypeptide. However, in some embodiments, the spacer moiety is
not proteinaceous and/or is not an antigen (i.e., the spacer moiety, if isolated from the IRC, is not an antigen).
[0207] Generally, suitable spacer moieties do not render the IRC of which they are a component insoluble in an
aqueous solution (e.g., PBS, pH 7.0). Thus, the definition of spacers excludes microcarriers or nanocarriers. In addition,
a spacer moiety that has low solubility, such as a dodecyl spacer (solubility < 5 mg/ml when measured as dialcohol
precursor 1,12-dihydroxydodecane) is not preferred because it can reduce the hydrophilicity and activity of the IRC.
Preferably, spacer moieties have solubility much greater than 5 mg/ml (e.g., ≥20 mg/ml, ≥50 mg/ml or ≥100 mg/ml) when
measured as dialcohol precursors.
[0208] The charge of an IRC may be contributed by phosphate, thiophosphate, or other groups in the nucleic acid
moieties as well as groups in non-nucleic acid spacer moieties. In some embodiments, a non-nucleic acid spacer moiety
carries a net charge (e.g., a net positive charge or net negative charge when measured at pH 7). In one useful variation,
the IRC has a net negative charge. In some embodiments, the negative charge of a spacer moiety in an IRC is increased
by derivatizing a spacer subunit described herein to increase its charge. For example, glycerol can be covalently bound
to two nucleic acid moieties and the remaining alcohol can be reacted with an activated phosphoramidite, followed by
oxidation or sulfurization to form a phosphate or thiophosphate, respectively. In certain embodiments the negative charge
contributed by the non-nucleic acid spacer moieties in an IRC (i.e., the sum of the charges when there is more than one
spacer) is greater than the negative charge contributed by the nucleic acid moieties of the IRC. Charge can be calculated
based on molecular formula, or determined experimentally, e.g., by capillary electrophoresis (Li, ed., 1992, Capillary
electrophoresis, Principles, Practice and Application Elsevier Science Publishers, Amsterdam, The Netherlands,
pp202-206).
[0209] As is noted supra, suitable spacers can be polymers of smaller non-nucleic acid (e.g., non-nucleotide) com-
pounds, such as those described herein, that are themselves useful as spacers, including compounds commonly referred
to as non-nucleotide "linkers." Such polymers (i.e., "multiunit spacers") may be heteromeric or homomeric, and often
comprise monomeric units (e.g., HEG, TEG, glycerol, 1’2’-dideoxyribose, and the like) linked by an ester linkage (e.g.,
phosphodiester or phosphorothioate ester). Thus, in one variation the spacer comprises a polymeric (e.g., heteropoly-
meric) structure of non-nucleotide units (e.g., from 2 to about 100 units, alternatively 2 to about 50, e.g., 2 to about 5,
alternatively e.g., about 5 to about 50, e.g., about 5 to about 20).
[0210] For illustration, IRCs containing an IRS and multiunit spacers include
5’-TCCTGGAGGGGTTGT-(C3)15-T (SEQ ID NO:153)
5’-TCCTGGAGGGGTTGT-(glycerol)15-T (SEQ ID NO:154)
5’-TCCTGGAGGGGTTGT-(TEG)8-T (SEQ ID NO:155)
5’-TCCTGGAGGGGTTGT-(HEG)4-T (SEQ ID NO:156)
where (C3)15 means 15 propyl linkers connected via phosphorothioate esters; (glycerol)15 means 15 glycerol linkers
connected via phosphorothioate esters; (TEG)8 means 8 triethyleneglycol linkers connected via phosphorothioate esters;
and (HEG)4 means 4 hexaethyleneglycol linkers connected via phosphorothioate esters. It will be appreciated that certain
multiunit spacers have a net negative charge, and that the negative charge can be increased by increasing the number
of e.g., ester-linked monomeric units.
[0211] In certain embodiments, a spacer moiety is a multivalent non-nucleic acid spacer moiety (i.e., a "multivalent
spacer"). As used in this context, an IRC containing a multivalent spacer contains a spacer covalently bound to three
(3) or more nucleic acid moieties. Multivalent spacers are sometimes referred to in the art as "platform molecules."
Multivalent spacers can be polymeric or nonpolymeric. Examples of suitable molecules include glycerol or substituted
glycerol (e.g., 2-hydroxymethyl glycerol, levulinyl-glycerol); tetraaminobenzene, heptaaminobetacyclodextrin, 1,3,5-tri-
hydroxycyclohexane, pentaerythritol and derivatives of pentaerythritol, tetraaminopentaerythritol, 1,4,8,11-tetraazacyclo
tetradecane (Cyclam), 1,4,7,10-tetraazacyclododecane (Cyclen), polyethyleneimine, 1,3-diamino-2-propanol and sub-
stituted derivatives, propyloxymethyl]ethyl compounds (e.g., "trebler"), polyethylene glycol derivatives such as so-called
"Star PEGs" and "bPEG" (see, e.g., Gnanou et al. (1988) Makromol. Chem. 189:2885; Rein et al. (1993) Acta Polymer
44:225; U.S. Pat. No. 5,171,264), and dendrimers.
[0212] Dendrimers are known in the art and are chemically defined globular molecules, generally prepared by stepwise
or reiterative reaction of multifunctional monomers to obtain a branched structure (see, e.g., Tomalia et al. (1990) Angew.
Chem. Int. Ed. Engl. 29:138-75). A variety of dendrimers are known, e.g., amine-terminated polyamidoamine, polyeth-
yleneimine and polypropyleneimine dendrimers. Exemplary dendrimers useful include "dense star" polymers or "star-
burst" polymers such as those described in U. S. Pat. Nos. 4,587,329; 5,338,532; and 6,177,414, including so-called
"poly(amidoamine) ("PAMAM") dendrimers." Still other multimeric spacer molecules suitable for use include chemically-
defined, non-polymeric valency platform molecules such as those disclosed in U.S. Pat. No. 5,552,391; and PCT appli-
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cation publications WO 00/75105, WO 96/40197, WO 97/46251, WO 95/07073, and WO 00/34231. Many other suitable
multivalent spacers can be used and will be known to those of skill in the art.
[0213] Conjugation of a nucleic acid moiety to a platform molecule can be effected in any number of ways, typically
involving one or more crosslinking agents and functional groups on the nucleic acid moiety and platform molecule.
Linking groups are added to platforms using standard synthetic chemistry techniques. Linking groups can be added to
nucleic acid moieties using standard synthetic techniques.
[0214] Multivalent spacers with a variety of valencies are useful, and in various embodiments the multivalent spacer
of an IRC is bound to between about 3 and about 400 nucleic acid moieties, often from 3 to 100, sometimes from 3-50,
frequently from 3-10, and sometimes more than 400 nucleic acid moieties. In various embodiments, the multivalent
spacer is conjugated to more than 10, more than 25, more than 50, or more than 500 nucleic acid moieties (which may
be the same or different). It will be appreciated that, in certain embodiments in which an IRC comprises a multivalent
spacer, described herein is a population of IRCs with slightly different molecular structures. For example, when an IRC
is prepared using a dendrimer as a high valency the multivalent spacer, a somewhat heterogeneous mixture of molecules
is produced, i.e., comprising different numbers (within or predominantly within a determinable range) of nucleic acid
moieties joined to each dendrimer molecule.
[0215] Polysaccharides derivatized to allow linking to nucleic acid moieties can be used as spacers in IRCs. Suitable
polysaccharides include naturally occurring polysaccharides (e.g., dextran) and synthetic polysaccharides (e.g., ficoll).
For instance, aminoethylcarboxymethylficoll (AECM-Ficoll) can be prepared by the method of Inman (1975) J. Imm.
114:704-709. AECM-Ficoll can then be reacted with a heterobifunctional crosslinking reagent, such as 6-maleimido
caproic acyl N-hydroxysuccinimide ester, and then conjugated to a thiol-derivatized nucleic acid moiety (see Lee et al.
(1980) Mol. Imm. 17:749-56). Other polysaccharides may be modified similarly.
[0216] It will be well within the ability of one of skill, guided by this specification and knowledge in the art, to prepare
IRCs using routine methods. Techniques for making nucleic acid moieties (e.g., oligonucleotides and modified oligonu-
cleotides) are known. Nucleic acid moieties can be synthesized using techniques including, but not limited to, enzymatic
methods and chemical methods and combinations of enzymatic and chemical approaches. For example, DNA or RNA
containing phosphodiester linkages can be chemically synthesized by sequentially coupling the appropriate nucleoside
phosphoramidite to the 5’-hydroxy group of the growing oligonucleotide attached to a solid support at the 3’-end, followed
by oxidation of the intermediate phosphite triester to a phosphate triester. Useful solid supports for DNA synthesis include
Controlled Pore Glass (Applied Biosystems, Foster City, CA), polystyrene bead matrix (Primer Support, Amersham
Pharmacia, Piscataway, NJ) and TentGel (Rapp Polymere GmbH, Tubingen, Germany). Once the desired oligonucleotide
sequence has been synthesized, the oligonucleotide is removed from the support, the phosphate triester groups are
deprotected to phosphate diesters and the nucleoside bases are deprotected using aqueous ammonia or other bases.
[0217] For instance, DNA or RNA polynucleotides (nucleic acid moieties) containing phosphodiester linkages are
generally synthesized by repetitive iterations of the following steps: a) removal of the protecting group from the 5’-hydroxyl
group of the 3’-solid support-bound nucleoside or nucleic acid, b) coupling of the activated nucleoside phosphoramidite
to the 5’-hydroxyl group, c) oxidation of the phosphite triester to the phosphate triester, and d) capping of unreacted 5’-
hydroxyl groups. DNA or RNA containing phosphorothioate linkages is prepared as described above, except that the
oxidation step is replaced with a sulfurization step. Once the desired oligonucleotide sequence has been synthesized,
the oligonucleotide is removed from the support, the phosphate triester groups are deprotected to phosphate diesters
and the nucleoside bases are deprotected using aqueous ammonia or other bases. See, for example, Beaucage (1993)
"Oligodeoxyribonucleotide Synthesis" in PROTOCOLS FOR OLIGONUCLEOTIDES AND ANALOGS, SYNTHESIS AND
PROPERTIES (Agrawal, ed.) Humana Press, Totowa, NJ; Warner et al. (1984) DNA 3:401; Tang et al. (2000) Org.
Process Res. Dev. 4:194-198; Wyrzykiewica et al. (1994) Bioorg. & Med. Chem. Lett. 4:1519-1522; Radhakrishna et al.
(1989) J. Org. Chem. 55:4693-4699. and U.S. Pat. No. 4,458,066. Programmable machines that automatically synthesize
nucleic acid moieties of specified sequences are widely available. Examples include the Expedite 8909 automated DNA
synthesizer (Perseptive Biosystem, Framington MA); the ABI 394 (Applied Biosystems, Inc., Foster City, CA); and the
OligoPilot II (Amersham Pharmacia Biotech, Piscataway, NJ).
[0218] Polynucleotides can be assembled in the 3’ to 5’ direction, e.g., using base-protected nucleosides (monomers)
containing an acid-labile 5’-protecting group and a 3’-phosphoramidite. Examples of such monomers include 5’-O-(4,4’-
dimethoxytrityl)-protected nucleoside-3’-O-(N,N-diisopropylamino) 2-cyanoethyl phosphoramidite, where examples of
the protected nucleosides include, but are not limited to, N6-benzoyladenosine, N4-benzoylcytidine, N2-isobutryrylgua-
nosine, thymidine, and uridine. In this case, the solid support used contains a 3’-linked protected nucleoside. Alternatively,
polynucleotides can be assembled in the 5’ to 3’ direction using base-protected nucleosides containing an acid-labile
3’-protecting group and a 5’-phosphoramidite. Examples of such monomers include 3’-O-(4,4’-dimethoxytrityl)-protected
nucleoside-5’-O-(N,N-diisopropylamino) 2-cyanoethyl phosphoramidite, where examples of the protected nucleosides
include, but are not limited to, N6-benzoyladenosine, N4-benzoylcytidine, N2-isobutryrylguanosine, thymidine, and uri-
dine (Glen Research, Sterling, VA). In this case, the solid support used contains a 5’-linked protected nucleoside. Circular
nucleic acid components can be isolated, synthesized through recombinant methods, or chemically synthesized. Chem-
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ical synthesis can be performed using any method described in the literature. See, for instance, Gao et al. (1995) Nucleic
Acids Res. 23:2025-2029 and Wang et al. (1994) Nucleic Acids Res. 22:2326-2333.
[0219] Addition of non-nucleic acid spacer moieties can be accomplished using routine methods. Methods for addition
of particular spacer moieties are known in the art and, for example, are described in the references cited supra. See,
e.g., Durand et al. (1990) Nucleic Acids Res. 18:6353-6359. The covalent linkage between a spacer moiety and nucleic
acid moiety can be any of a number of types, including phosphodiester, phosphorothioate, amide, ester, ether, thioether,
disulfide, phosphoramidate, phosphotriester, phosphorodithioate, methyl phosphonate and other linkages. It will often
be convenient to combine a spacer moiety(s) and a nucleic acid moiety(s) using the same phosphoramidite-type chemistry
used for synthesis of the nucleic acid moiety. For example, IRCs described herein can be conveniently synthesized
using an automated DNA synthesizer (e.g., Expedite 8909; Perseptive Biosystems, Framington, MA) using phosphor-
amidite chemistry (see, e.g., Beaucage, 1993, supra; Current Protocols in Nucleic Acid Chemistry, supra). However,
one of skill will understand that the same (or equivalent) synthesis steps carried out by an automated DNA synthesizer
can also be carried out manually, if desired. In such a synthesis, typically, one end of the spacer (or spacer subunit for
multimeric spacers) is protected with a 4,4’-dimethyoxytrityl group, while the other end contains a phosphoramidite group.
[0220] A variety of spacers with the requisite protecting and reacting groups are commercially available, for example:

[0221] These and a large variety of other protected spacer moiety precursors (e.g., comprising DMT and phosphora-
midite group protecting groups) can be purchased or can be synthesized using routine methods for use in preparing
IRCs disclosed herein. The instrument is programmed according to the manufacturer’s instructions to add nucleotide
monomers and spacers in the desired order.
[0222] Although use of phosphoramidite chemistry is convenient for the preparation of certain IRCs, it will be appreciated
that the IRCs described herein are not limited to compounds prepared by any particular method of synthesis or preparation.
[0223] In one variation, IRCs with multivalent spacers conjugated to more than one type of nucleic acid moiety are
prepared. For instance, platforms containing two maleimide groups (which can react with thiol-containing polynucle-
otides), and two activated ester groups (which can react with amino-containing nucleic acids) have been described (see,
e.g., PCT application publication WO 95/07073). These two activated groups can be reacted independently of each

triethylene glycol spacer 
or "TEG spacer"

9-O-(4,4’-dimethoxytrityl)triethyleneglycol-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, 22825 Davis Drive, Sterling, VA)

hexaethylene glycol 
spacer or "HEG spacer"

18-O-(4,4’-dimethoxytrityl)hexaethyleneglycol-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, Sterling, VA)

propyl spacer 3-(4,4’-dimethoxytrityloxy)propyloxy-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, Sterling, VA);

butyl spacer 4-(4,4’-dimethoxytrityloxy)butyloxy-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Chem Genes Corporation, Ashland Technology Center, 200 
Homer Ave, Ashland, MA)

Hexyl spacer 6-(4,4’-dimethoxytrityloxy)hexyloxy-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite]

2-(hydroxymethyl)ethyl 
spacer or "HME spacer"

1-(4,4’-dimethoxytrityloxy)-3-(levulinyloxy)-propyloxy-2-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite]; also called "asymmetrical branched" spacer

"abasic nucleotide 
spacer" or "abasic 
spacer"

5-O-(4,4’-dimethoxytrityl)-1,2-dideoxyribose-3-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, Sterling, VA)

"symmetrical branched 
spacer" or "glycerol 
spacer"

1,3-O,O-bis(4,4’-dimethoxytrityl)glycerol-2-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Chem Genes, Ashland, MA)

"trebler spacer" 2,2,2-O,O,O-tris[3-O-(4,4’-dimethoxytrityloxy)propyloxymethyl]ethyl-1-O-[(2-cyanoethyl) 
N,N-diisopropylphosphoramidite] (Glen Research, Sterling, VA)

"symmetrical doubler 
spacer"

1,3-O,O-bis[5-O-(4,4’-dimethoxytrityloxy)pentylamido]propyl-2-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, Sterling, VA)

"dodecyl spacer" 12-(4,4’-dimethoxytrityloxy)dodecyloxy-1-O-[(2-cyanoethyl) N,N-
diisopropylphosphoramidite] (Glen Research, Sterling, VA)
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other. This would result in an IRC containing a total of 4 nucleic acid moieties, two of each sequence.
[0224] IRCs with multivalent spacers containing two different nucleic acid sequences can also be prepared using the
symmetrical branched spacer, described above, and conventional phosphoramidite chemistry (e.g., using manual or
automated methods). The symmetrical branched spacer contains a phosphoramidite group and two protecting groups
that are the same and are removed simultaneously. In one approach, for example, a first nucleic acid is synthesized
and coupled to the symmetrical branched spacer, the protecting groups are removed from the spacer. Then two additional
nucleic acids (of the same sequence) are synthesized on the spacer (using double the amount of reagents used for
synthesis of a single nucleic acid moiety in each step).
[0225] A similar method can be used to connect three different nucleic acid moieties (referred to below as Nucleic
acids I, II, and III) to a multivalent platform (e.g., asymmetrical branched spacer). This is most conveniently carried out
using an automated DNA synthesizer. In one variation, the asymmetrical branched spacer contains a phosphoramidite
group and two orthogonal protecting groups that can be removed independently. First, nucleic acid I is synthesized, then
the asymmetrical branched spacer is coupled to nucleic acid I, then nucleic acid II is added after the selective removal
of one of the protecting groups. Nucleic acid II is deprotected, and capped, and then the other protecting group on the
spacer is removed. Finally, nucleic acid III is synthesized.
[0226] In some embodiments, a nucleic acid moiety(s) is synthesized, and a reactive linking group (e.g., amino,
carboxylate, thio, disulfide, and the like) is added using standard synthetic chemistry techniques. The reactive linking
group (which is considered to form a portion of the resulting spacer moiety) is conjugated to additional non-nucleic acid
compounds to form the spacer moiety. Linking groups are added to nucleic acids using standard methods for nucleic
acid synthesis, employing a variety of reagents described in the literature or commercially available. Examples include
reagents that contain a protected amino group, carboxylate group, thiol group, or disulfide group and a phosphoramidite
group. Once these compounds are incorporated into the nucleic acids, via the activated phosphoramidite group, and
are deprotected, they provide nucleic acids with amino, carboxylate, or thiol reactivity.
[0227] Hydrophilic linkers of variable lengths are useful, for example to link nucleic acids moieties and platform mol-
ecules. A variety of suitable linkers are known. Suitable linkers include, without limitation, linear oligomers or polymers
of ethylene glycol. Such linkers include linkers with the formula R1S(CH2CH2O)nCH2CH2O (CH2)mCO2R2 wherein n =
0-200, m = 1 or 2, R1 = H or a protecting group such as trityl, R2 = H or alkyl or aryl, e.g., 4-nitrophenyl ester. These
linkers are useful in connecting a molecule containing a thiol reactive group such as haloaceyl, maleiamide, etc., via a
thioether to a second molecule which contains an amino group via an amide bond. The order of attachment can vary,
i.e., the thioether bond can be formed before or after the amide bond is formed. Other useful linkers include Sulfo-SMCC
(sulfosuccinimidyl 4-[N-maleimidomethyl]-cyclohexane-1-carboxylate) Pierce Chemical Co. product 22322; Sulfo-EMCS
(N-[ε-maleimidocaproyloxyl sulfosuccinimide ester) Pierce Chemical Co. product 22307; Sulfo-GMBS (N-[γ-maleimido-
butyryloxy] sulfosuccinimide ester) Pierce Chemical Co. product 22324 (Pierce Chemical Co., Rockford, IL), and similar
compounds of the general formula maleimido-R-C(O)NHS ester, where R = alkyl, cyclic alkyl, polymers of ethylene
glycol, and the like.
[0228] Particularly useful methods for covalently joining nucleic acid moieties to multivalent spacers are described in
the references cited supra.
[0229] In certain embodiments, a polypeptide is used as a multivalent spacer moiety to which a plurality of nucleic
acid moieties are covalently conjugated, directly or via linkers, to form a "proteinaceous IRC." The polypeptide can be
a carrier (e.g., albumin). Typically, a proteinaceous IRC comprises at least one, and usually several or many nucleic
acid moieties that (a) are between 2 and 7, more often between 4 and 7 nucleotides in length, alternatively between 2
and 6, 2 and 5,4 and 6, or 4 and 5 nucleotides in length and/or (b) have inferior isolated immunomodulatory activity or
do not have isolated immunomodulatory activity. Methods of making a proteinaceous IRC will be apparent to one of skill
upon review of the present disclosure. A nucleic acid, for example, can be covalently conjugated to a polypeptide spacer
moiety by art known methods including linkages between a 3’ or 5’ end of a nucleic acid moiety (or at a suitably modified
base at an internal position in the a nucleic acid moiety) and a polypeptide with a suitable reactive group (e.g., an N-
hydroxysuccinimide ester, which can be reacted directly with the N4 amino group of cytosine residues). As a further
example, a polypeptide can be attached to a free 5’-end of a nucleic acid moiety through an amine, thiol, or carboxyl
group that has been incorporated into nucleic acid moiety. Alternatively, the polypeptide can be conjugated to a spacer
moiety, as described herein. Further, a linking group comprising a protected amine, thiol, or carboxyl at one end, and a
phosphoramidite can be covalently attached to a hydroxyl group of a polynucleotide, and, subsequent to deprotection,
the functionality can be used to covalently attach the IRC to a peptide.

IRP and/or IRC Complexes and Compositions

[0230] IRPs or IRCs can be directly administered to the individual or they can be administered in a composition or
complex to enhance IRP or IRC delivery to cells and/or uptake by cells. Compositions or complexes can also be use to
enhance co-delivery of two of more different IRP and/or IRC species to a cell. In some embodiments, a mixture of IRCs
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and IRPs may be complexed so as to deliver at least one IRC and IRP species. In some embodiments, the IRP and/or
IRC comprises a modified IRS. In some variation, the IRP and/or IRC comprises an unmodified IRS. In some embodi-
ments, the IRP and/or IRC comprises both modified and unmodified IRSs.
[0231] Such delivery compositions or complexes include, but are not limited to, encapsulating complexes and colloidal
dispersion systems as described herein and known in the art. Examples of such delivery compositions include oil-in-
water emulsions, micelles, and liposomes. Delivery compositions or complexes also include IRP and/or IRC linked to a
linker molecules, a platform molecule, a nanoparticle or a microparticle, as described herein. Such linkages include both
covalent and non-covalent linkages. Unless otherwise noted, complex and composition formulations described herein
for use with IRPs are also appropriate for use with IRCs.
[0232] In some embodiments, the IRP and/or IRC is conjugated with a linker molecule. The IRP and/or IRC portion
can be coupled with the linker portion of a conjugate in a variety of ways, including covalent and/or non-covalent inter-
actions.
[0233] The link between the portions can be made at the 3’ or 5’ end of the IRP and/or IRC, or at a suitably modified
base at an internal position in the IRP and/or IRC. If the linker is a peptide and contains a suitable reactive group (e.g.,
an N-hydroxysuccinimide ester) it can be reacted directly with the N4 amino group of cytosine residues. Depending on
the number and location of cytosine residues in the IRP and/or IRC, specific coupling at one or more residues can be
achieved.
[0234] Alternatively, modified oligonucleosides, such as are known in the art, can be incorporated at either terminus,
or at internal positions in the IRP and/or IRC. These can contain blocked functional groups which, when deblocked, are
reactive with a variety of functional groups which can be present on, or attached to, the linker of interest.
[0235] Where the linker is a peptide, this portion of the conjugate can be attached to the 3’-end of the IRP and/or IRC
through solid support chemistry. For example, the IRP portion can be added to a peptide portion that has been pre-
synthesized on a support. Haralambidis et al. (1990a) Nucleic Acids Res. 18:493-499; and Haralambidis et al. (1990b)
Nucleic Acids Res. 18:501-505. Alternatively, the IRP can be synthesized such that it is connected to a solid support
through a cleavable linker extending from the 3’-end. Upon chemical cleavage of the IRP from the support, a terminal
thiol group is left at the 3’-end of the oligonucleotide (Zuckermann et al. (1987) Nucleic Acids Res. 15:5305-5321; and
Corey et al. (1987) Science 238:1401-1403) or a terminal amino group is left at the 3’-end of the oligonucleotide (Nelson
et al. (1989) Nucleic Acids Res. 17:1781-1794). Conjugation of the amino-modified IRP and/or IRC to amino groups of
the peptide can be performed as described in Benoit et al. (1987) Neuromethods 6:43-72. Conjugation of the thiol-
modified IRP and/or IRC to carboxyl groups of the peptide can be performed as described in Sinah et al. (1991) Oligo-
nucleotide Analogues: A Practical Approach, IRL Press. Coupling of an oligonucleotide carrying an appended maleimide
to the thiol side chain of a cysteine residue of a peptide has also been described. Tung et al. (1991) Bioconjug. Chem.
2:464-465.
[0236] The peptide linker portion of the conjugate can be attached to the 5’-end of the IRP and/or IRC through an
amine, thiol, or carboxyl group that has been incorporated into the oligonucleotide during its synthesis. Preferably, while
the oligonucleotide is fixed to the solid support, a linking group comprising a protected amine, thiol, or carboxyl at one
end, and a phosphoramidite at the other, is covalently attached to the 5’-hydroxyl. Agrawal et al. (1986) Nucleic Acids
Res. 14:6227-6245; Connolly (1985) Nucleic Acids Res. 13:4485-4502; Kremsky et al. (1987) Nucleic Acids Res.
15:2891-2909; Connolly (1987) Nucleic Acids Res. 15:3131-3139; Bischoff et al. (1987) Anal. Biochem. 164:336-344;
Blanks et al. (1988) Nucleic Acids Res. 16:10283-10299; and U.S. Pat. Nos. 4,849,513, 5,015,733, 5,118,800, and
5,118,802. Subsequent to deprotection, the amine, thiol, and carboxyl functionalities can be used to covalently attach
the oligonucleotide to a peptide. Benoit et al. (1987); and Sinah et al. (1991).
[0237] An IRP and/or IRC conjugate can also be formed through non-covalent interactions, such as ionic bonds,
hydrophobic interactions, hydrogen bonds and/or van der Waals attractions.
[0238] Non-covalently linked conjugates can include a non-covalent interaction such as a biotin-streptavidin complex.
A biotinyl group can be attached, for example, to a modified base of an IRP and/or IRC. Roget et al. (1989) Nucleic
Acids Res. 17:7643-7651. Incorporation of a streptavidin moiety into the peptide portion allows formation of a non-
covalently bound complex of the streptavidin conjugated peptide and the biotinylated oligonucleotide.
[0239] Non-covalent associations can also occur through ionic interactions involving an IRP and/or IRC through the
use of a linker portion comprising charged residues that can interact with an oligonucleotide. For example, non-covalent
conjugation can occur between a generally negatively-charged IRP and/or IRC and positively-charged amino acid res-
idues of a peptide linker, e.g., polylysine, polyarginine and polyhistidine residues.
[0240] The linkage of the IRP and/or IRC to a lipid can be formed using standard methods. These methods include,
but are not limited to, the synthesis of oligonucleotide-phospholipid conjugates (Yanagawa et al. (1988) Nucleic Acids
Symp. Ser. 19:189-192), oligonucleotide-fatty acid conjugates (Grabarek et al. (1990) Anal. Biochem. 185:131-135; and
Staros et al. (1986) Anal. Biochem. 156:220-222), and oligonucleotide-sterol conjugates. Boujrad et al. (1993) Proc.
Natl. Acad. Sci. USA 90:5728-5731.
[0241] The linkage of the oligonucleotide to an oligosaccharide can be formed using standard known methods. These
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methods include, but are not limited to, the synthesis of oligonucleotide-oligosaccharide conjugates, wherein the oli-
gosaccharide is a moiety of an immunoglobulin. O’Shannessy et al. (1985) J. Applied Biochem. 7:347-355.
[0242] The linkage of a circular IRP and/or IRC to a peptide linker can be formed in several ways. Where the circular
IRP and/or IRC is synthesized using recombinant or chemical methods, a modified nucleoside is suitable. Ruth (1991)
in Oligonucleotides and Analogues: A Practical Approach, IRL Press. Standard linking technology can then be used to
connect the circular IRP and/or IRC to the peptide. Goodchild (1990) Bioconjug. Chem. 1:165. Where the circular IRP
and/or IRC is isolated, or synthesized using recombinant or chemical methods, the linkage can be formed by chemically
activating, or photoactivating, a reactive group (e.g. carbene, radical) that has been incorporated into the peptide.
[0243] Additional methods for the attachment of peptides and other molecules to oligonucleotides can be found in
U.S. Pat. No. 5,391,723; Kessler (1992) "Nonradioactive labeling methods for nucleic acids" in Kricka (ed.) Nonisotopic
DNA Probe Techniques, Academic Press; and Geoghegan et al. (1992) Bioconjug. Chem. 3:138-146.
[0244] An IRP and/or IRC may be proximately associated in other ways. In some embodiments, an IRP and/or IRC
are proximately associated by encapsulation. In other embodiments, an IRP and/or IRC are proximately associated by
linkage to a platform molecule. A "platform molecule" (also termed "platform") is a molecule containing sites which allow
for attachment of the IRP and/or IRC. In other embodiments, an IRP and/or IRC are proximately associated by adsorption
onto a surface, preferably a carrier particle.
[0245] In some embodiments, the methods described herein employ an encapsulating agent in association with the
IRP and/or IRC. Preferably, the composition comprising IRP and/or IRC and encapsulating agent is in the form of adjuvant
oil-in-water emulsions, microparticles and/or liposomes. More preferably, adjuvant oil-in-water emulsions, microparticles
and/or liposomes encapsulating an IRP and/or IRC are in the form of particles from about 0.04 mm to about 100 mm in
size, preferably any of the following ranges: from about 0.1 mm to about 20 mm; from about 0.15 mm to about 10 mm;
from about 0.05 mm to about 1.00 mm; from about 0.05 mm to about 0.5 mm.
[0246] Colloidal dispersion systems, such as microspheres, beads, macromolecular complexes, nanocapsules and
lipid-based system, such as oil-in-water emulsions, micelles, mixed micelles and liposomes can provide effective en-
capsulation of IRP and/or IRC-containing compositions.
[0247] The encapsulation composition further comprises any of a wide variety of components. These include, but are
not limited to, alum, lipids, phospholipids, lipid membrane structures (LMS), polyethylene glycol (PEG) and other poly-
mers, such as polypeptides, glycopeptides, and polysaccharides.
[0248] Polypeptides suitable for encapsulation components include any known in the art and include, but are not
limited to, fatty acid binding proteins. Modified polypeptides contain any of a variety of modifications, including, but not
limited to glycosylation, phosphorylation, myristylation, sulfation and hydroxylation. As used herein, a suitable polypeptide
is one that will protect an IRP and/or IRC-containing composition to preserve the immunoregulatory activity thereof.
Examples of binding proteins include, but are not limited to, albumins such as bovine serum albumin (BSA) and pea
albumin.
[0249] Other suitable polymers can be any known in the art of pharmaceuticals and include, but are not limited to,
naturally-occurring polymers such as dextrans, hydroxyethyl starch, and polysaccharides, and synthetic polymers. Ex-
amples of naturally occurring polymers include proteins, glycopeptides, polysaccharides, dextran and lipids. The addi-
tional polymer can be a synthetic polymer. Examples of synthetic polymers which are suitable for use include, but are
not limited to, polyalkyl glycols (PAG) such as PEG, polyoxyethylated polyols (POP), such as polyoxyethylated glycerol
(POG), polytrimethylene glycol (PTG) polypropylene glycol (PPG), polyhydroxyethyl methacrylate, polyvinyl alcohol
(PVA), polyacrylic acid, polyethyloxazoline, polyacrylamide, polyvinylpyrrolidone (PVP), polyamino acids, polyurethane
and polyphosphazene. The synthetic polymers can also be linear or branched, substituted or unsubstituted, homopol-
ymeric, co-polymers, or block co-polymers of two or more different synthetic monomers.
[0250] The PEGs for use in encapsulation compositions are either purchased from chemical suppliers or synthesized
using techniques known to those of skill in the art.
[0251] The term "LMS", as used herein, means lamellar lipid particles wherein polar head groups of a polar lipid are
arranged to face an aqueous phase of an interface to form membrane structures. Examples of the LMSs include lipo-
somes, micelles, cochleates (i.e., generally cylindrical liposomes), microemulsions, unilamellar vesicles, multilamellar
vesicles, and the like.
[0252] An optional colloidal dispersion system is a liposome. As used herein, a "liposome" or "lipid vesicle" is a small
vesicle bounded by at least one and possibly more than one bilayer lipid membrane. Liposomes are made artificially
from phospholipids, glycolipids, lipids, steroids such as cholesterol, related molecules, or a combination thereof by any
technique known in the art, including but not limited to sonication, extrusion, or removal of detergent from lipid-detergent
complexes. A liposome can also optionally comprise additional components, such as a tissue targeting component. It
is understood that a "lipid membrane" or "lipid bilayer" need not consist exclusively of lipids, but can additionally contain
any suitable other components, including, but not limited to, cholesterol and other steroids, lipid-soluble chemicals,
proteins of any length, and other amphipathic molecules, providing the general structure of the membrane is a sheet of
two hydrophilic surfaces sandwiching a hydrophobic core. For a general discussion of membrane structure, see The
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Encyclopedia of Molecular Biology by J. Kendrew (1994). For suitable lipids see e.g., Lasic (1993) "Liposomes: from
Physics to Applications" Elsevier, Amsterdam.
[0253] Processes for preparing liposomes containing IRP and/or IRC compositions are known in the art. The lipid
vesicles can be prepared by any suitable technique known in the art. Methods include, but are not limited to, microen-
capsulation, microfluidization, LLC method, ethanol injection, freon injection, the "bubble" method, detergent dialysis,
hydration, sonication, and reverse-phase evaporation. Reviewed in Watwe et al. (1995) Curr. Sci. 68:715-724. Tech-
niques may be combined in order to provide vesicles with the most desirable attributes.
[0254] Described herein are uses of LMSs containing tissue or cellular targeting components. Such targeting compo-
nents are components of a LMS that enhance its accumulation at certain tissue or cellular sites in preference to other
tissue or cellular sites when administered to an intact animal, organ, or cell culture. A targeting component is generally
accessible from outside the liposome, and is therefore preferably either bound to the outer surface or inserted into the
outer lipid bilayer. A targeting component can be inter alia a peptide, a region of a larger peptide, an antibody specific
for a cell surface molecule or marker, or antigen binding fragment thereof, a nucleic acid, a carbohydrate, a region of a
complex carbohydrate, a special lipid, or a small molecule such as a drug, hormone, or hapten, attached to any of the
aforementioned molecules. Antibodies with specificity toward cell type-specific cell surface markers are known in the
art and are readily prepared by methods known in the art.
[0255] The LMSs can be targeted to any cell type toward which a therapeutic treatment is to be directed, e.g., a cell
type which can regulate and/or participate in an immune response. Such target cells and organs include, but are not
limited to, APCs, such as macrophages, dendritic cells and lymphocytes, lymphatic structures, such as lymph nodes
and the spleen, and nonlymphatic structures, particularly those in which dendritic cells are found.
[0256] The LMS compositions described herein can additionally comprise surfactants. Surfactants can be cationic,
anionic, amphiphilic, or nonionic. A preferred class of surfactants are nonionic surfactants; particularly preferred are
those that are water soluble.
[0257] In some embodiments in which an IRP and/or IRC are proximately associated by linkage to a platform molecule,
the platform may be proteinaceous or non-proteinaceous (i.e., organic). Examples of proteinaceous platforms include,
but are not limited to, albumin, gammaglobulin, immunoglobulin (IgG) and ovalbumin. Borel et al. (1990) Immunol.
Methods 126:159-168; Dumas et al. (1995) Arch. Dematol. Res. 287:123-128; Borel et al. (1995) Int. Arch. Allergy
Immunol. 107:264-267; Borel et al. (1996) Ann. N.Y. Acad. Sci. 778:80-87. A platform is multi-valent (i.e., contains more
than one binding, or linking, site) to accommodate binding to more than 1 IRP and/or IRC. Accordingly, a platform may
contain 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more binding or
linking sites Other examples of polymeric platforms are dextran, polyacrylamide, ficoll, carboxymethylcellulose, polyvinyl
alcohol, and poly D-glutamic acid/D-lysine.
[0258] In some embodiments, the polymeric platform is a polymer. In some embodiments, the polymer is dextran,
polyacrylamide, ficoll, carboxymethylcellulose, polyvinyl alcohol, or poly D-glutamic acid/D-lysine. In some embodiments,
the polymeric platform is ficoll. In some embodiments, the polymeric platform is ficoll 400. In some embodiments, the
polymeric platform is ficoll 70. In some embodiments, the polymeric platform is Ficoll® PM 70 (Poly(sucrose-co-epichlo-
rhydrin)). In some embodiments, the polymeric platform is Ficoll® PM 400. In some embodiments, any of between about
1 to about 200, about 1 to about 150, about 1 to about 125, about 1 to about 100, about 1 to about 75, about 1 to about
50, or about 1 to about 25 IRPs and/or IRCs are linked to the polymeric platform. In some embodiments, between about
1 to about 100 IRPs and/or IRCs are linked to the polymeric platform. In some embodiments, the IRPs and/or IRCs
comprise modified IRSs. In some embodiments, the IRPs and/or IRCs comprise unmodified IRSs. In some embodiments,
the IRPs and/or IRCs include both unmodified and modified IRSs.
[0259] The principles of using platform molecules are well understood in the art. Generally, a platform contains, or is
derivatized to contain, appropriate binding sites for IRP and/or IRC. In addition, or alternatively, IRP and/or IRC is
derivatized to provide appropriate linkage groups. For example, a simple platform is a bi-functional linker (i.e., has two
binding sites), such as a peptide. Further examples are discussed below.
[0260] Platform molecules may be biologically stabilized, i.e., they exhibit an in vivo excretion half-life often of hours
to days to months to confer therapeutic efficacy, and are preferably composed of a synthetic single chain of defined
composition. They generally have a molecular weight in the range of about 200 to about 1,000,000, preferably any of
the following ranges: from about 200 to about 500,000; from about 200 to about 200,000; from about 200 to about 50,000
(or less, such as 30,000). Examples of valency platform molecules are polymers (or are comprised of polymers) such
as polyethylene glycol (PEG; preferably having a molecular weight of about 200 to about 8000), poly-D-lysine, polyvinyl
alcohol, polyvinylpyrrolidone, D-glutamic acid and D-lysine (in a ratio of 3:2). Other molecules that may be used are
albumin and IgG.
[0261] Other platform molecules suitable for use are the chemically-defined, non-polymeric valency platform molecules
disclosed in U.S. Pat. No. 5,552,391. Other homogeneous chemically-defined valency platform molecules suitable for
use are derivatized 2,2’-ethylenedioxydiethylamine (EDDA) and triethylene glycol (TEG).
[0262] Additional suitable valency platform molecules include, but are not limited to, tetraaminobenzene, heptaami-
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nobetacyclodextrin, tetraaminopentaerythritol, 1,4,8,11-tetraazacyclotetradecane (Cyclam) and 1,4,7,10-tetraazacy-
clododecane (Cyclen).
[0263] In general, these platforms are made by standard chemical synthesis techniques. PEG must be derivatized
and made multivalent, which is accomplished using standard techniques. Some substances suitable for conjugate
synthesis, such as PEG, albumin, and IgG are available commercially.
[0264] Conjugation of an IRP and/or IRC to a platform molecule may be effected in any number of ways, typically
involving one or more crosslinking agents and functional groups on the IRP and/or IRC and platform molecule. Platforms
and IRP and/or IRC must have appropriate linking groups. Linking groups are added to platforms using standard synthetic
chemistry techniques. Linking groups may be added to polypeptide platforms and IRP and/or IRC using either standard
solid phase synthetic techniques or recombinant techniques. Recombinant approaches may require post-translational
modification in order to attach a linker, and such methods are known in the art.
[0265] As an example, polypeptides contain amino acid side chain moieties containing functional groups such as
amino, carboxyl or sulfhydryl groups that serve as sites for coupling the polypeptide to the platform. Residues that have
such functional groups may be added to the polypeptide if the polypeptide does not already contain these groups. Such
residues may be incorporated by solid phase synthesis techniques or recombinant techniques, both of which are well
known in the peptide synthesis arts. When the polypeptide has a carbohydrate side chain(s) (or if the platform is a
carbohydrate), functional amino, sulfhydryl and/or aldehyde groups may be incorporated therein by conventional chem-
istry. For instance, primary amino groups may be incorporated by reaction of the oxidized sugar with ethylenediamine
in the presence of sodium cyanoborohydride, sulfhydryls may be introduced by reaction of cysteamine dihydrochloride
followed by reduction with a standard disulfide reducing agent, while aldehyde groups may be generated following
periodate oxidation. In a similar fashion, the platform molecule may also be derivatized to contain functional groups if it
does not already possess appropriate functional groups.
[0266] Hydrophilic linkers of variable lengths are useful for connecting IRP and/or IRC to platform molecules. Suitable
linkers include linear oligomers or polymers of ethylene glycol. Such linkers include linkers with the formula
R1S(CH2CH2O)nCH2CH2O(CH2)mCO2R2 wherein n = 0-200, m = 1 or 2, R1 = H or a protecting group such as trityl, R2

= H or alkyl or aryl, e.g., 4-nitrophenyl ester. These linkers are useful in connecting a molecule containing a thiol reactive
group such as haloaceyl, maleiamide, etc., via a thioether to a second molecule which contains an amino group via an
amide bond. These linkers are flexible with regard to the order of attachment, i.e., the thioether can be formed first or last.
[0267] In embodiments in which an IRP and/or IRC are proximately associated by adsorption onto a surface, the
surface may be in the form of a carrier particle (for example, a nanoparticle) made with either an inorganic or organic
core. Examples of such nanoparticles include, but are not limited to, nanocrystalline particles, nanoparticles made by
the polymerization of alkylcyanoacrylates and nanoparticles made by the polymerization of methylidene malonate. Ad-
ditional surfaces to which an IRP and/or IRC may be adsorbed include, but are not limited to, activated carbon particles
and protein-ceramic nanoplates. Other examples of carrier particles are described herein.
[0268] Adsorption of polynucleotides and polypeptides to a surface for the purpose of delivery of the adsorbed molecules
to cells is well known in the art. See, for example, Douglas et al. (1987) Crit. Rev. Ther. Drug. Carrier Syst. 3:233-261;
Hagiwara et al. (1987) In Vivo 1:241-252; Bousquet et al. (1999) Pharm. Res. 16:141-147; and Kossovsky et al., U.S.
Pat. No. 5,460,831. Preferably, the material comprising the adsorbent surface is biodegradable. Adsorption of an IRP
and/or IRC to a surface may occur through non-covalent interactions, including ionic and/or hydrophobic interactions.
[0269] In general, characteristics of carriers such as nanoparticles, such as surface charge, particle size and molecular
weight, depend upon polymerization conditions, monomer concentration and the presence of stabilizers during the
polymerization process (Douglas et al., 1987). The surface of carrier particles may be modified, for example, with a
surface coating, to allow or enhance adsorption of the IRP and/or IRC. Carrier particles with adsorbed IRP and/or IRC
may be further coated with other substances. The addition of such other substances may, for example, prolong the half-
life of the particles once administered to the subject and/or may target the particles to a specific cell type or tissue, as
described herein.
[0270] Nanocrystalline surfaces to which an IRP and/or IRC may be adsorbed have been described (see, for example,
U.S. Pat. No. 5,460,831). Nanocrystalline core particles (with diameters of 1 mm or less) are coated with a surface energy
modifying layer that promotes adsorption of polypeptides, polynucleotides and/or other pharmaceutical agents. Another
adsorbent surface are nanoparticles made by the polymerization of alkylcyanoacrylates. Alkylcyanoacrylates can be
polymerized in acidified aqueous media by a process of anionic polymerization. Depending on the polymerization con-
ditions, the small particles tend to have sizes in the range of 20 to 3000 nm, and it is possible to make nanoparticles
specific surface characteristics and with specific surface charges (Douglas et al., 1987). For example, oligonucleotides
may be adsorbed to polyisobutyl- and polyisohexlcyanoacrylate nanoparticles in the presence of hydrophobic cations
such as tetraphenylphosphonium chloride or quaternary ammonium salts, such as cetyltrimethyl ammonium bromide.
Oligonucleotide adsorption on these nanoparticles appears to be mediated by the formation of ion pairs between neg-
atively charged phosphate groups of the nucleic acid chain and the hydrophobic cations. See, for example, Lambert et
al. (1998) Biochimie 80:969-976, Chavany et al. (1994) Pharm. Res. 11:1370-1378; Chavany et al. (1992) Pharm. Res.
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9:441-449. Another adsorbent surface are nanoparticles made by the polymerization of methylidene malonate.
[0271] IRPs or IRCs may be administered in the form of microcarrier (MC) complexes. Accordingly, described herein
are compositions comprising IRP/MC complexes or IRC/MC complexes. IRP/MC complexes comprise an IRP bound to
the surface of a microcarrier (i.e., the IRP is not encapsulated in the MC), and preferably comprise multiple molecules
of IRP bound to each microcarrier. In certain embodiments, a mixture of different IRPs may be complexed with a
microcarrier, such that the microcarrier is bound to more than one IRP species. The bond between the IRP and MC may
be covalent or non-covalent. As will be understood by one of skill in the art, the IRP may be modified or derivatized and
the composition of the microcarrier may be selected and/or modified to accommodate the desired type of binding desired
for IRP/MC complex formation. This same description applies for IRC/MC complexes. In certain embodiments, a mixture
of IRCs and IRPs may be complexed with a microcarrier, such that the microcarrier is bound to at least one IRC and
IRP species.
[0272] Microcarriers useful are less than about 150, 120 or 100 mm in size, more commonly less than about 50-60
mm in size, preferably less than about 10 mm in size, and are insoluble in pure water. Microcarriers used are preferably
biodegradable, although nonbiodegradable microcarriers are acceptable. Microcarriers are commonly solid phase, such
as "beads" or other particles, although liquid phase microcarriers such as oil in water emulsions comprising a biode-
gradable polymers or oils are also contemplated. A wide variety of biodegradable and nonbiodegradable materials
acceptable for use as microcarriers are known in the art.
[0273] Microcarriers for use in the compositions or methods described herein are generally less than about 10 mm in
size (e.g., have an average diameter of less than about 10 mm, or at least about 97% of the particles pass through a 10
mm screen filter), and include nanocarriers (i.e., carriers of less than about 1 mm size). Preferably, microcarriers are
selected having sizes within an upper limit of about 9, 7, 5, 2, or 1 mm or 900, 800, 700, 600, 500, 400, 300, 250, 200,
or 100 nm and an independently selected lower limit of about 4, 2, or 1 mm or about 800, 600, 500, 400, 300, 250, 200,
150, 100, 50, 25, or 10 nm, where the lower limit is less than the upper limit. In some embodiments, the microcarriers
have a size of about 1.0-1.5 mm, about 1.0-2.0 mm or about 0.9-1.6 mm. In certain preferred embodiments, the micro-
carriers have a size of about 10 nm to about 5 mm or about 25 nm to about 4.5 mm, about 1 mm, about 1.2 mm, about
1.4 mm, about 1.5 mm, about 1.6 mm, about 1.8 mm, about 2.0 mm, about 2.5 mm or about 4.5 mm. When the microcarriers
are nanocarriers, preferred embodiments include nanocarriers of about 25 to about 300 nm, 50 to about 200 nm, about
50 nm or about 200 nm.
[0274] Solid phase biodegradable microcarriers may be manufactured from biodegradable polymers including, but
not limited to: biodegradable polyesters, such as poly(lactic acid), poly(glycolic acid), and copolymers (including block
copolymers) thereof, as well as block copolymers of poly(lactic acid) and poly(ethylene glycol); polyorthoesters such as
polymers based on 3,9-diethylidene-2,4,8,10-tetraoxaspiro[5.5]undecane (DETOSU); polyanhydrides such as poly(an-
hydride) polymers based on relatively hydrophilic monomers such as sebacic acid; polyanhydride imides, such as poly-
anhydride polymers based on sebacic acid-derived monomers incorporating amino acids (i.e., linked to sebacic acid by
imide bonds through the amino-terminal nitrogen) such as glycine or alanine; polyanhydride esters; polyphosphazenes,
especially poly(phosphazenes) which contain hydrolysis-sensitive ester groups which can catalyze degradation of the
polymer backbone through generation of carboxylic acid groups (Schacht et al., (1996) Biotechnol. Bioeng. 1996:102);
and polyamides such as poly(lactic acid-co-lysine).
[0275] A wide variety of nonbiodegradable materials suitable for manufacturing microcarriers are also known, including,
but not limited to polystyrene, polypropylene, polyethylene, silica, ceramic, polyacrylamide, dextran, hydroxyapatite,
latex, gold, and ferromagnetic or paramagnetic materials. Certain embodiments exclude gold, latex, and/or magnetic
beads. In certain embodiments, the microcarriers may be made of a first material (e.g., a magnetic material) encapsulated
with a second material (e.g., polystyrene).
[0276] Solid phase microspheres are prepared using techniques known in the art. For example, they can be prepared
by emulsion-solvent extraction/evaporation technique. Generally, in this technique, biodegradable polymers such as
polyanhydrates, poly(alkyl-cyanoacrylates) and poly(hydroxy esters), for example, poly(lactic acid), poly(glycolic acid),
poly(D,L-lactic-co-glycolic acid) and poly(caprolactone), are dissolved in a suitable organic solvent, such as methylene
chloride, to constitute the dispersed phase (DP) of emulsion. DP is emulsified by highspeed homogenization into excess
volume of aqueous continuous phase (CP) that contains a dissolved surfactant, for example, polyvinylalcohol (PVA) or
polyvinylpirrolidone (PVP). Surfactant in CP is to ensure the formation of discrete and suitably-sized emulsion droplet.
The organic solvent is then extracted into the CP and subsequently evaporated by raising the system temperature. The
solid microparticles are then separated by centrifugation or filtration, and dried, for example, by lyophilization or application
of vacuum, before storing at 4°C.
[0277] Physico-chemical characteristics such as mean size, size distribution and surface charge of dried microspheres
may be determined. Size characteristics are determined, for example, by dynamic light scattering technique and the
surface charge was determined by measuring the zeta potential.
[0278] Liquid phase microcarriers include liposomes, micelles, oil droplets and other lipid or oil-based particles which
incorporate biodegradable polymers or oils. In certain embodiments, the biodegradable polymer is a surfactant. In other
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embodiments, the liquid phase microcarriers are biodegradable due to the inclusion of a biodegradable oil such as
squalene or a vegetable oil. One preferred liquid phase microcarrier is oil droplets within an oil-in-water emulsion.
Preferably, oil-in-water emulsions used as microcarriers comprise biodegradable substituents such as squalene.
[0279] Covalently bonded IRP/MC complexes may be linked using any covalent crosslinking technology known in the
art. Typically, the IRP portion will be modified, either to incorporate an additional moiety (e.g., a free amine, carboxyl or
sulfhydryl group) or incorporate modified (e.g., phosphorothioate) nucleotide bases to provide a site at which the IRP
portion may be linked to the microcarrier. The link between the IRP and MC portions of the complex can be made at the
3’ or 5’ end of the IRP, or at a suitably modified base at an internal position in the IRP. The microcarrier is generally also
modified to incorporate moieties through which a covalent link may be formed, although functional groups normally
present on the microcarrier may also be utilized. The IRP/MC is formed by incubating the IRP with a microcarrier under
conditions which permit the formation of a covalent complex (e.g., in the presence of a crosslinking agent or by use of
an activated microcarrier comprising an activated moiety which will form a covalent bond with the IRP).
[0280] A wide variety of crosslinking technologies are known in the art, and include crosslinkers reactive with amino,
carboxyl and sulfhydryl groups. As will be apparent to one of skill in the art, the selection of a crosslinking agent and
crosslinking protocol will depend on the configuration of the IRP and the microcarrier as well as the desired final con-
figuration of the IRP/MC complex. The crosslinker may be either homobifunctional or heterobifunctional. When a ho-
mobifunctional crosslinker is used, the crosslinker exploits the same moiety on the IRP and MC (e.g., an aldehyde
crosslinker may be used to covalently link an IRP and MC where both the IRP and MC comprise one or more free
amines). Heterobifunctional crosslinkers utilize different moieties on the IRP and MC, (e.g., a maleimido-N-hydroxysuc-
cinimide ester may be used to covalently link a free sulfhydryl on the IRP and a free amine on the MC), and are preferred
to minimize formation of inter-microcarrier bonds. In most cases, it is preferable to crosslink through a first crosslinking
moiety on the microcarrier and a second crosslinking moiety on the IRP, where the second crosslinking moiety is not
present on the microcarrier. One preferred method of producing the IRP/MC complex is by ’activating’ the microcarrier
by incubating with a heterobifunctional crosslinking agent, then forming the IRP/MC complex by incubating the IRP and
activated MC under conditions appropriate for reaction. The crosslinker may incorporate a "spacer" arm between the
reactive moieties, or the two reactive moieties in the crosslinker may be directly linked.
[0281] In one preferred variation, the IRP portion comprises at least one free sulfhydryl (e.g., provided by a 5’-thiol
modified base or linker) for crosslinking to the microcarrier, while the microcarrier comprises free amine groups. A
heterobifunctional crosslinker reactive with these two groups (e.g., a crosslinker comprising a maleimide group and a
NHS-ester), such as succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate is used to activate the MC, then
covalently crosslink the IRP to form the IRP/MC complex.
[0282] Non-covalent IRP/MC complexes may be linked by any non-covalent binding or interaction, including ionic
(electrostatic) bonds, hydrophobic interactions, hydrogen bonds, van der Waals attractions, or a combination of two or
more different interactions, as is normally the case when a binding pair is to link the IRP and MC.
[0283] Preferred non-covalent IRP/MC complexes are typically complexed by hydrophobic or electrostatic (ionic)
interactions, or a combination thereof, (e.g., through base pairing between an IRP and a polynucleotide bound to an MC
use of a binding pair). Due to the hydrophilic nature of the backbone of polynucleotides, IRP/MC complexes which rely
on hydrophobic interactions to form the complex generally require modification of the IRP portion of the complex to
incorporate a highly hydrophobic moiety. Preferably, the hydrophobic moiety is biocompatible, nonimmunogenic, and is
naturally occurring in the individual for whom the composition is intended (e.g., is found in mammals, particularly humans).
Examples of preferred hydrophobic moieties include lipids, steroids, sterols such as cholesterol, and terpenes. The
method of linking the hydrophobic moiety to the IRP will, of course, depend on the configuration of the IRP and the
identity of the hydrophobic moiety. The hydrophobic moiety may be added at any convenient site in the IRP, preferably
at either the 5’ or 3’ end; in the case of addition of a cholesterol moiety to an IRP, the cholesterol moiety is preferably
added to the 5’ end of the IRP, using conventional chemical reactions (see, for example, Godard et al. (1995) Eur. J.
Biochem. 232:404-410). Preferably, microcarriers for use in IRP/MC complexes linked by hydrophobic bonding are made
from hydrophobic materials, such as oil droplets or hydrophobic polymers, although hydrophilic materials modified to
incorporate hydrophobic moieties may be utilized as well. When the microcarrier is a liposome or other liquid phase
microcarrier comprising a lumen and the IRP is desired to be associated with the outer surface of the MC, the IRP/MC
complex is formed by mixing the IRP and the MC after preparation of the MC, in order to avoid encapsulation of the IRP
during the MC preparation process.
[0284] Non-covalent IRP/MC complexes bound by electrostatic binding typically exploit the highly negative charge of
the polynucleotide backbone. Accordingly, microcarriers for use in non-covalently bound IRP/MC complexes are generally
positively charged (cationic) at physiological pH (e.g., about pH 6.8-7.4). The microcarrier may intrinsically possess a
positive charge, but microcarriers made from compounds not normally possessing a positive charge may be derivatized
or otherwise modified to become positively charged (cationic). For example, the polymer used to make the microcarrier
may be derivatized to add positively charged groups, such as primary amines. Alternately, positively charged compounds
may be incorporated in the formulation of the microcarrier during manufacture (e.g., positively charged surfactants may
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be used during the manufacture of poly(lactic acid)/poly(glycolic acid) copolymers to confer a positive charge on the
resulting microcarrier particles).
[0285] For example, to prepare cationic microspheres, cationic lipids or polymers, for example, 1,2-dioleoyl-1,2,3-
trimethylammoniopropane (DOTAP), cetyltrimethylammonium bromide (CTAB) or polylysine, are added either to DP or
CP, as per their solubility in these phases.
[0286] IRP/MC complexes can be preformed by adsorption onto cationic microspheres by incubation of polynucleotide
and the particles, preferably in an aqueous admixture. Such incubation may be carried out under any desired conditions,
including ambient (room) temperature (e.g., approximately 20°C) or under refrigeration (e.g., 4°C). Because cationic
microspheres and polynucleotides associate relatively quickly, the incubation may be for any convenient time period,
such as 5, 10, 15 minutes or more, including overnight and longer incubations. For example, IRPs can be adsorbed onto
the cationic microspheres by overnight aqueous incubation of polynucleotide and the particles at 4 °C. However, because
cationic microspheres and polynucleotides spontaneously associate, the IRP/MC complex can be formed by simple co-
administration of the polynucleotide and the MC. Microspheres may be characterized for size and surface charge before
and after polynucleotide association. Selected batches may then be evaluated for activity against suitable controls in,
for example, human peripheral blood mononuclear cell (PBMC) and mouse splenocyte assays. The formulations may
also be evaluated in suitable animal models.
[0287] Non-covalent IRP/MC complexes linked by nucleotide base pairing may be produced using conventional meth-
odologies. Generally, base-paired IRP/MC complexes are produced using a microcarrier comprising a bound, preferably
a covalently bound, polynucleotide (the "capture polynucleotide") that is at least partially complementary to the IRP. The
segment of complementarity between the IRP and the capture nucleotide is preferably at least 6, 8, 10 or 15 contiguous
base pairs, more preferably at least 20 contiguous base pairs. The capture nucleotide may be bound to the MC by any
method known in the art, and is preferably covalently bound to the IRP at the 5’ or 3’ end.
[0288] In other embodiments, a binding pair may be used to link the IRP and MC in an IRP/MC complex. The binding
pair may be a receptor and ligand, an antibody and antigen (or epitope), or any other binding pair which binds at high
affinity (e.g., Kd less than about 10-8). One type of preferred binding pair is biotin and streptavidin or biotin and avidin,
which form very tight complexes. When using a binding pair to mediate IRP/MC complex binding, the IRP is derivatized,
typically by a covalent linkage, with one member of the binding pair, and the MC is derivatized with the other member
of the binding pair. Mixture of the two derivatized compounds results in IRP/MC complex formation.

Isolation and Synthesis of Immunoregulatory Polynucleotides

[0289] Described herein are also methods of making the immunoregulatory polynucleotides described herein. In some
embodiments, the immunoregulatory polynucleotides comprise modified immunoregulatory sequences. In some em-
bodiments, the immunoregulatory polynucleotides comprise unmodified immunoregulatory sequences. The methods
may be any of those described herein. For example, the method could be synthesizing the IRP (for example, using solid
state synthesis) and may further comprise any purification step(s). Methods of purification are known in the art.
[0290] Also described are methods for isolating and synthesizing immunoregulatory polynucleotide (IRP). In some
embodiments, the IRP is a modified IRP. In some embodiments, the IRP is an unmodified IRP.
[0291] The IRP can be synthesized using techniques and nucleic acid synthesis equipment which are well known in
the art including, but not limited to, enzymatic methods, chemical methods, and the degradation of larger oligonucleotide
sequences. See, for example, Ausubel et al. (1987); and Sambrook et al. (1989). When assembled enzymatically, the
individual units can be ligated, for example, with a ligase such as T4 DNA or RNA ligase. U.S. Pat. No. 5,124,246.
Oligonucleotide degradation can be accomplished through the exposure of an oligonucleotide to a nuclease, as exem-
plified in U.S. Pat. No. 4,650,675.
[0292] The IRP can also be isolated using conventional polynucleotide isolation procedures. Such procedures include,
but are not limited to, hybridization of probes to genomic or cDNA libraries to detect shared nucleotide sequences,
antibody screening of expression libraries to detect shared structural features and synthesis of particular native sequences
by the polymerase chain reaction.
[0293] Circular immunoregulatory polynucleotide can be isolated, synthesized through recombinant methods, or chem-
ically synthesized. Where the circular IRP is obtained through isolation or through recombinant methods, the IRP will
preferably be a plasmid. The chemical synthesis of smaller circular oligonucleotides can be performed using any method
described in the literature. See, for instance, Gao et al. (1995) Nucleic Acids Res. 23:2025-2029; and Wang et al. (1994)
Nucleic Acids Res. 22:2326-2333.
[0294] The techniques for making polynucleotides and modified polynucleotides are known in the art. Naturally oc-
curring DNA or RNA, containing phosphodiester linkages, is generally synthesized by sequentially coupling the appro-
priate nucleoside phosphoramidite to the 5’-hydroxy group of the growing oligonucleotide attached to a solid support at
the 3’-end, followed by oxidation of the intermediate phosphite triester to a phosphate triester. Once the desired poly-
nucleotide sequence has been synthesized, the polynucleotide is removed from the support, the phosphate triester
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groups are deprotected to phosphate diesters and the nucleoside bases are deprotected using aqueous ammonia or
other bases. See, for example, Beaucage (1993) "Oligodeoxyribonucleotide Synthesis" in Protocols for Oligonucleotides
and Analogs, Synthesis and Properties (Agrawal, ed.) Humana Press, Totowa, NJ; Warner et al. (1984) DNA 3:401 and
U.S. Pat. No. 4,458,066.
[0295] Synthesis of polynucleotides containing modified phosphate linkages or non-phosphate linkages is also known
in the art. For a review, see Matteucci (1997) "Oligonucleotide Analogs: an Overview" in Oligonucleotides as Therapeutic
Agents, (D.J. Chadwick and G. Cardew, ed.) John Wiley and Sons, New York, NY. The phosphorous derivative (or
modified phosphate group) which can be attached to the sugar or sugar analog moiety in the polynucleotides can be a
monophosphate, diphosphate, triphosphate, alkylphosphonate, phosphorothioate, phosphorodithioate, phosphorami-
date or the like. The preparation of the above-noted phosphate analogs, and their incorporation into nucleotides, modified
nucleotides and oligonucleotides, per se, is also known and need not be described here in detail. Peyrottes et al. (1996)
Nucleic Acids Res. 24:1841-1848; Chaturvedi et al. (1996) Nucleic Acids Res. 24:2318-2323; and Schultz et al. (1996)
Nucleic Acids Res. 24:2966-2973. For example, synthesis of phosphorothioate oligonucleotides is similar to that de-
scribed above for naturally occurring oligonucleotides except that the oxidation step is replaced by a sulfurization step
(Zon (1993) "Oligonucleoside Phosphorothioates" in Protocols for Oligonucleotides and Analogs, Synthesis and Prop-
erties (Agrawal, ed.) Humana Press, pp. 165-190). Similarly the synthesis of other phosphate analogs, such as phos-
photriester (Miller et al. (1971) JACS 93:6657-6665), non-bridging phosphoramidates (Jager et al. (1988) Biochem.
27:7247-7246), N3’ to P5’ phosphoramidiates (Nelson et al. (1997) JOC 62:7278-7287) and phosphorodithioates (U.S.
Pat. No. 5,453,496) has also been described. Other non-phosphorous based modified oligonucleotides can also be used
(Stirchak et al. (1989) Nucleic Acids Res. 17:6129-6141).
[0296] Those skilled in the art will recognize that a large number of "synthetic" non-natural nucleosides comprising
various heterocyclic bases and various sugar moieties (and sugar analogs) are available in the art, and that as long as
other criteria of the present disclosure are satisfied, the IRP can include one or several heterocyclic bases other than
the principal five base components of naturally-occurring nucleic acids. Preferably, however, the heterocyclic base in
the IRP includes, but is not limited to, uracil-5-yl, cytosin-5-yl, adenin-7-yl, adenin-8-yl, guanin-7-yl, guanin-8-yl, 4-
aminopyrrolo [2.3-d] pyrimidin-5-yl, 2-amino-4-oxopyrolo [2,3-d] pyrimidin-5-yl, 2-amino-4-oxopyrrolo [2.3-d] pyrimidin-
3-yl groups, where the purines are attached to the sugar moiety of the IRP via the 9-position, the pyrimidines via the 1-
position, the pyrrolopyrimidines via the 7-position and the pyrazolopyrimidines via the 1-position.
[0297] The preparation of base-modified nucleosides, and the synthesis of modified oligonucleotides using the base-
modified nucleosides as precursors, has been described, for example, in U.S. Pat. Nos 4,910,300, 4,948,882, and
5,093,232. These base-modified nucleosides have been designed so that they can be incorporated by chemical synthesis
into either terminal or internal positions of an oligonucleotide. Such base-modified nucleosides, present at either terminal
or internal positions of an oligonucleotide, can serve as sites for attachment of a peptide. Nucleosides modified in their
sugar moiety have also been described (including, but not limited to, e.g., U.S. Pat. Nos. 4,849,513, 5,015,733, 5,118,800,
5,118,802) and can be used similarly.

Administration and Assessment of the immune response

[0298] As with all compositions for modulation of an immune response, the effective amounts and method of admin-
istration of the particular IRP and/or IRC formulation can vary based on the individual, what condition is to be treated
and other factors evident to one skilled in the art.
[0299] Factors to be considered include whether or not the IRP and/or IRC will be administered with or covalently
attached to a delivery molecule, route of administration and the number of doses to be administered. Such factors are
known in the art and it is well within the skill of those in the art to make such determinations without undue experimentation.
A suitable dosage range is one that provides the desired regulation of immune response (e.g., suppression of IFN-α or
other cytokine production in response to an immunostimulatory nucleic acid). When suppression of an immune response
to an immunostimulatory nucleic acid is desired, a suitable dosage range is one that provides the desired suppression
of immune stimulation by the immunostimulatory nucleic acid. Generally, dosage is determined by the amount of IRP
and/or IRC administered to the patient, rather than the overall quantity of IRP-containing composition administered.
Useful dosage ranges of the IRP and/or IRC, given in amounts of IRP and/or IRC delivered, may be, for example, from
about any of the following: 0.5 to 10 mg/kg, 1 to 9 mg/kg, 2 to 8 mg/kg, 3 to 7 mg/kg, 4 to 6 mg/kg, 5 mg/kg, 1 to 10
mg/kg, or 5 to 10 mg/kg. The absolute amount given to each patient depends on pharmacological properties such as
bioavailability, clearance rate and route of administration.
[0300] The effective amount and method of administration of the particular IRP and/or IRC formulation can vary based
on the individual patient, desired result and/or type of disorder, the stage of the disease and other factors evident to one
skilled in the art. The route(s) of administration useful in a particular application are apparent to one of skill in the art.
Routes of administration include but are not limited to topical, dermal, transdermal, transmucosal, epidermal, parenteral,
gastrointestinal, and naso-pharyngeal and pulmonary, including transbronchial and transalveolar. A suitable dosage
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range is one that provides sufficient IRP-containing composition to attain a tissue concentration of about 1-50 mM as
measured by blood levels. The absolute amount given to each patient depends on pharmacological properties such as
bioavailability, clearance rate and route of administration.
[0301] As described herein, tissues in which unwanted immune activation is occurring or is likely to occur are preferred
targets for the IRP and/or IRC. Thus, administration of IRP and/or IRC to lymph nodes, spleen, bone marrow, blood, as
well as tissue exposed to virus, are preferred sites of administration.
[0302] Provided herein are IRP formulations suitable for topical application including, but not limited to, physiologically
acceptable implants, ointments, creams, rinses and gels. Exemplary routes of dermal administration are those which
are least invasive such as transdermal transmission, epidermal administration and subcutaneous injection.
[0303] Compositions provided herein may comprise an IRP or IRC and a pharmaceutically acceptable excipient.
Pharmaceutically acceptable excipients, including buffers, are described herein and well known in the art. Remington:
The Science and Practice of Pharmacy, 20th edition, Mack Publishing (2000).
[0304] Transdermal administration is accomplished by application of a cream, rinse, gel, etc. capable of allowing the
IRP and/or IRC to penetrate the skin and enter the blood stream. Compositions suitable for transdermal administration
include, but are not limited to, pharmaceutically acceptable suspensions, oils, creams and ointments applied directly to
the skin or incorporated into a protective carrier such as a transdermal device (so-called "patch"). Examples of suitable
creams, ointments etc. can be found, for instance, in the Physician’s Desk Reference. Transdermal transmission may
also be accomplished by iontophoresis, for example using commercially available patches which deliver their product
continuously through unbroken skin for periods of several days or more. Use of this method allows for controlled trans-
mission of pharmaceutical compositions in relatively great concentrations, permits infusion of combination drugs and
allows for contemporaneous use of an absorption promoter.
[0305] Parenteral routes of administration include but are not limited to electrical (iontophoresis) or direct injection
such as direct injection into a central venous line, intravenous, intramuscular, intraperitoneal, intradermal, or subcuta-
neous injection. Formulations of IRP and/or IRC suitable for parenteral administration are generally formulated in USP
water or water for injection and may further comprise pH buffers, salts bulking agents, preservatives, and other phar-
maceutically acceptable excipients. Immunoregulatory polynucleotide for parenteral injection may be formulated in phar-
maceutically acceptable sterile isotonic solutions such as saline and phosphate buffered saline for injection.
[0306] Gastrointestinal routes of administration include, but are not limited to, ingestion and rectal routes and can
include the use of, for example, pharmaceutically acceptable powders, pills or liquids for ingestion and suppositories for
rectal administration.
[0307] Naso-pharyngeal and pulmonary administration include are accomplished by inhalation, and include delivery
routes such as intranasal, transbronchial and transalveolar routes. Formulations of IRP and/or IRC suitable for admin-
istration by inhalation including, but not limited to, liquid suspensions for forming aerosols as well as powder forms for
dry powder inhalation delivery systems are provided. Devices suitable for administration by inhalation of IRP or IRC
formulations include, but are not limited to, atomizers, vaporizers, nebulizers, and dry powder inhalation delivery devices.
[0308] As is well known in the art, solutions or suspensions used for the routes of administration described herein can
include any one or more of the following components: a sterile diluent such as water for injection, saline solution, fixed
oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as ethylene-
diaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity such
as sodium chloride or dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide.
The parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.
[0309] As is well known in the art, pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. For intravenous administration, suitable carriers include physiological saline, bacteriostatic water,
Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy syringability exists. It should be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms such as bacteria and fungi.
The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the
like. It may be preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, sodium
chloride in the composition. Prolonged absorption of the injectable compositions can be brought about by including in
the composition an agent which delays absorption, for example, aluminum monostearate and gelatin.
[0310] As is well known in the art, sterile injectable solutions can be prepared by incorporating the active compound(s)
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in the required amount in an appropriate solvent with one or a combination of ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by incorporating the active compound into a sterile
vehicle which contains a basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying which yields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.
[0311] The above-mentioned compositions and methods of administration are meant to describe but not limit the
methods of administering the formulations of IRPs and IRCs described herein. The methods of producing the various
compositions and devices are within the ability of one skilled in the art and are not described in detail here.

Combination Therapy

[0312] The IRP of the invention can be administered in combination with other therapeutic agent, as described herein,
and can be combined with a physiologically acceptable carrier thereof (and as such includes these compositions described
herein). The methods described herein may be practiced in combination with other therapies which make up the standard
of care for the disorder, such as administration of anti-inflammatory agents. The IRP can be administered in combination
with a corticosteroid, as described herein, and can be combined with a physiologically acceptable carrier thereof (and
as such \includes these compositions described herein). The IRP may be any of those described herein. The IRP of the
invention comprises a modified IRS. In some embodiments, the IRP comprises both unmodified and modified IRSs.
[0313] In some embodiments, an IRP is administered in combination with a corticosteroid. In some embodiments, the
corticosteroid is a glucocorticosteroid. In some embodiments, the corticosteroid is a mineralocorticoid. Corticosteroids
include, but are not limited to, corticosterone and derivatives, prodrugs, isomers and analogs thereof, cortisone and
derivatives, prodrugs, isomers and analogs thereof (i.e., Cortone), aldosterone and derivatives, prodrugs, isomers and
analogs thereof, dexamethasone and derivatives, prodrugs, isomers and analogs thereof (i.e., Decadron), prednisone
and derivatives, prodrugs, isomers and analogs thereof (i.e., Prelone), fludrocortisones and derivatives, prodrugs, iso-
mers and analogs thereof (i.e. Florinef®), hydrocortisone and derivatives, prodrugs, isomers and analogs thereof (i.e.,
cortisol or Cortef), hydroxycortisone and derivatives, prodrugs, isomers and analogs thereof, betamethasone and de-
rivatives, prodrugs, isomers and analogs thereof (i.e., Celestone), budesonide and derivatives, prodrugs, isomers and
analogs thereof (i.e., Entocort EC), methylprednisolone and derivatives, prodrugs, isomers and analogs thereof (i.e.,
Medrol), prednisolone and derivatives, prodrugs, isomers and analogs thereof (i.e., Deltasone, Crtan, Meticorten, Ora-
sone, or Sterapred), triamcinolone and derivatives, prodrugs, isomers and analogs thereof (i.e., Kenacort or Kenalog),
and the like. In some embodiments, the corticosteroid is fludrocortisone or a derivative, prodrug, isomer or analog thereof.
In some embodiments, the corticosteroid is fludrocortisone. In some embodiments, the corticosteroid is hydroxycortisone
or a derivative, prodrug, isomer or analog thereof. In some embodiments, the corticosteroid is hydroxycortisone.
[0314] In some embodiments, the corticosteroid is administered any of between about 0.001 mg to about 1 mg, about
0.5 mg to about 1 mg, about 1 mg to about 2 mg, about 2 mg to about 20 mg, about 20 mg to about 40 mg, about 40 to
about 80 mg, about 80 to about 120 mg, about 120 mg to about 200 mg, about 200 mg to about 500 mg, about 500 mg
to about 1000 mg per day. In some embodiments, the corticosteroid is administered any of between about 0.1 mg/kg to
about 0.5 mg/kg, about 0.5 mg/kg to about 1 mg/kg, about 1 mg/kg to about 2 mg/kg, about 2 mg/kg to about 5 mg/kg,
about 5 mg/kg to about 10 mg/kg, about 10 mg/kg to about 15 mg/kg, about 15 mg/kg to about 20 mg/kg, about 20 mg/kg
to about 25 mg/kg, about 25 mg/kg to 35 mg/kg, or about 35 mg/kg to about 50 mg/kg per day.
[0315] In some embodiments, the IRP and/or IRC used in combination therapy, given in amounts of IRP and/or IRC
delivered, may be, for example, from about any of the following: 0.5 to 10 mg/kg, 1 to 9 mg/kg, 2 to 8 mg/kg, 3 to 7
mg/kg, 4 to 6 mg/kg, 5 mg/kg, 1 to 10 mg/kg, or 5 to 10 mg/kg.
[0316] In some embodiments, the IRP is administered simultaneously with the other therapeutic agent including, but
not limited to, a corticosteroid (simultaneous administration). In some embodiments, the IRP is administered sequentially
with the other therapeutic agent including, but not limited to, a corticosteroid (sequential administration). In some em-
bodiments, the IRP is administered by the same route of administration as the other therapeutic agent. In some embod-
iments, the IRP is administered by a different route of administration than the other therapeutic agent. In some embod-
iments, the other therapeutic agent is administered parentally (e.g., central venous line, intra-arterial, intravenous, in-
tramuscular, intraperitoneal, intradermal, or subcutaneous injection), orally, gastrointestinally, topically, naso-pharyngeal
and pulmonary (e.g. inhalation or intranasally). In some embodiments, the other therapeutic agent is a corticosteroid.
[0317] In some embodiments, the combination of an IRP with an other therapeutic agent reduces the effective amount
(including, but not limited to, dosage volume, dosage concentration, total drug dose administered) of the IRP and/or the
other therapeutic agents compared to the effective amount when the IRP or other therapeutic agent is administered
alone. In some embodiments, the combination of an IRP with a corticosteroid reduces the effective amount compared
to a corticosteroid administered alone. In some embodiments, the combination of an IRP with another therapeutic agent
reduces the frequency of administrations of the other therapeutic agent compared to administration of the other therapeutic
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agent alone. In some embodiments, the combination of an IRP with another therapeutic agent reduces the total duration
of treatment compared to administration of the other therapeutic agent alone. In some embodiments, the combination
of an with another therapeutic agent reduces the side effects associated with administration of the other therapeutic
agent alone. In some embodiments, the other therapeutic agent is a corticosteroid. In some embodiments, the corticos-
teroid is fludrocortisone or a derivative, prodrug, isomer or analog thereof. In some embodiments, the corticosteroid is
fludrocortisone.
[0318] In some embodiments, the combination therapy including but not limited to the combination of an IRP and a
corticosteroid is used in the treatment of an inflammatory disease. In some embodiments, the inflammatory disease is
an autoimmune disease. In some embodiments, the autoimmune disease is rheumatoid arthritis. In some embodiments,
the autoimmune disease is lupus. In some embodiments, the autoimmune disease systemic lupus erythematosus (SLE).
In some embodiments, the lupus is associated with renal flares. In some embodiments, the renal flares are moderate
renal flares. In some embodiments, the renal flares are severe renal flares.

Kits

[0319] Described here are kits. In certain embodiments, the kits described herein generally comprise one or more
containers comprising any IRP and/or IRC as described herein. In some embodiments, the kits comprise an IRP and/or
IRC with a modified IRS. In some embodiments, the kits comprise an IRP and/or IRC with an unmodified IRS. In some
variation, the kit comprises IRPs and/or IRCs with both modified and unmodified IRSs. In some embodiments, the kits
may further provide another therapeutic agent. In some embodiments, the other therapeutic agent is a corticosteroid.
[0320] The kits may further comprise a suitable set of instructions, generally written instructions, relating to the use of
the IRP and/or IRC for any of the methods described herein (e.g., suppression of a response to an immunostimulatory
nucleic acid, suppression of a TLR7 and/or TLR9 dependent response, ameliorating one or more symptoms of an
autoimmune disease, ameliorating a symptom of chronic inflammatory disease, decreasing cytokine production in re-
sponse to a virus).
[0321] The kits may comprise IRP and/or IRC packaged in any convenient, appropriate packaging. For example, if
the IRP or IRC is a dry formulation (e.g., freeze dried or a dry powder), a vial with a resilient stopper is normally used,
so that the IRP or IRC may be easily resuspended by injecting fluid through the resilient stopper. Ampoules with non-
resilient, removable closures (e.g., sealed glass) or resilient stoppers are most conveniently used for liquid formulations
of IRP or IRC. Also contemplated are packages for use in combination with a specific device, such as an inhaler, nasal
administration device (e.g., an atomizer), a syringe or an infusion device such as a minipump.
[0322] The instructions relating to the use of IRP and/or IRC generally include information as to dosage, dosing
schedule, and route of administration for the intended method of use. The containers of IRP or IRC may be unit doses,
bulk packages (e.g., multi-dose packages) or subunit doses. Instructions supplied in the kits described herein are typically
written instructions on a label or package insert (e.g., a paper sheet included in the kit), but machine-readable instructions
(e.g., instructions carried on a magnetic or optical storage disk) are also acceptable.
[0323] In some embodiments, kits described herein comprise materials for production of IRP and/or IRC as complexes
for administration, for example, encapsulation material, microcarrier complex material and so on. Generally, the kit
includes separate containers of IRP or IRC and the complex material(s). The IRP or IRC and complexes are preferably
supplied in a form which allows formation of IRP- or IRC-complex upon mixing of the supplied IRP or IRC and complex
material. This configuration is preferred when the IRP- or IRC-complex is linked by non-covalent bonding. This config-
uration is also preferred when the IRP- or IRC-complex are to be crosslinked via a heterobifunctional crosslinker; either
IRP/IRC or the complex is supplied in an "activated" form (e.g., linked to the heterobifunctional crosslinker such that a
moiety reactive with the IRP/IRC is available).

EXAMPLES

[0324] The following examples are provided to illustrate, but not limit, the disclosure. The IRPs used in the examples
were synthesized as 2’-deoxyribo polynucleotide sequences with all phosphorothioate linkages, unless otherwise noted
(e.g., particular nucleotides noted as 2’-O-methyl sugar modifications).
[0325] Abbreviations: ELHA (enzyme-linked hybridization assay); ELISA (enzyme-linked immunosorbent assay); GC
(glucocorticoids); IC50 (half maximal inhibitory concentration); IC90 (90% maximal inhibitory concentration); IFN (inter-
feron); IP (intraperitoneal); IRP (immunoregulatory polynucleotide); ISS (immunostimulatory sequence); IV (intravenous);
MOI (multiplicity of infection); PBMC (peripheral blood mononuclear cells); PDC (plasmacytoid dendritic cells); SC (sub-
cutaneous); SLE (systemic lupus erythematosus); TLR (toll-like receptor).



EP 2 582 398 B1

65

5

10

15

20

25

30

35

40

45

50

55

Example 1: Human B-cells Cultured in the Presence of IRPs

[0326] To further investigate the effect of IRPs on B-cell stimulatory activity, various sequences or control samples
were assayed for IL-6.
[0327] For the human B-cell assay, B-cells were purified from total blood cells obtained from healthy donors using
magnetic beads (CD 19 positive). Cells were resuspended in fresh medium (RPMI 1640 with 10% fetal calf serum, 50
units/mL penicillin, 50 mg/mL streptomycin, and 2 mM glutamine). The cells were then incubated with various concen-
trations of IRPs or a control sequences as indicated in the figures. At 48 hours, supernatants were collected and cytokine
levels, IL-6, were measured using immunoassay. A description for the IRPs tested is found in Table 1-1.
[0328] Figures 1A and 1B show IL-6 produced (pg/mL) in the presence of the tested IRPs or controls. Phosphorothioate-
modified oligodeoxynucleotides induce some human B-cell response due to their backbone in vitro, but no evidence of
B-cell activation has been shown in vivo in primates. However, B-cells can infiltrate organs in rodents. C532, DV177,
and SEQ ID NO:109 induced a B-cell response as evidenced by increased IL-6. Surprisingly, SEQ ID NO:42 was different
and did not induce any B-cell response.
[0329] Figure 1C shows the percent IL-6 from CpG-ISS stimulated with ISS (TLR9 ligand) either alone or in the
presence of the tested IRPs. SEQ ID NO: 79, SEQ ID NO:73, SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144
had low B-cell stimulatory activity.

Example 2: Monomer and Tetramer Formation of IRPs

[0330] Theoretically IRP containing the quad-G repeat can form a parallel stranded G-tetrad. To further investigate
tetramer formation, the effects of substituting inosine for guanine in the quad-G repeat was assessed.
[0331] Solutions were prepared of the by mixing 100 mg/mL of the IRP sequences in PBS and 0.5M KCl and storing
at room temperature for three to five weeks. The solutions were subsequently analyzed by size-exclusion HPLC.
[0332] After storage at room temperature for three weeks, 45.99% of SEQ ID NO:42, which includes 5’-GGGG-3’, in
the solution was in a tetramer form while only 54.01% was in monomer form. In contrast, 100% of SEQ ID NO:109,
which includes 5’-GIGG-3’, was in monomer form.
[0333] After storage at room temperature for five weeks, 100% of SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:109,
SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144, all of which include 5’-GIGG-3’, were in monomer form.

Table 1-1: Sequences of IRPs and Controls

Sequence (SEQ ID NO) Comments*

CpG-ISS
5’-TGA CTG TGA ACG TTC GAG ATG A-3’ (SEQ ID NO:157)

CpG-ISS
5’-TCG TCG AAC GTT CGA GAT GAT-3’(SEQ ID NO:158)

CTRL SEQ
5’-NNN NNN NNN NNN NNN NNN NNN N-3’ (SEQ ID NO:159) random oligonucleotide

CTRL SEQ
5’- TCC TGC AGG TTA AGT-3’ (SEQ ID NO:160)

5’-TGC TCC TGG AGG GGT TGT-3’ (SEQ ID NO:42)

5’-UGC TGC TCC TTG AGI GGT TGT TTG T-3’ (SEQ ID NO:109) 2’OMe on 5’-UGC,

5’-TGC TCC TGG AGI GGT TGT-3’(SEQ ID NO:73)

5’-TGC TCC TGG AGI GGT TG-HEG-T-3’ (SEQ ID NO:143)

5’-TGC TGC TCC TGG AGI GGT TG-HEG-T-3’ (SEQ ID NO:144)

5’-TGC TGC TCC TGG AGI GGT GTT GT-3’ (SEQ ID NO:79)

5’-UGC CAA TCC TGG AGI GGT TGT-3’ (SEQ ID NO:134) 2’OMe on 5’-UGC,

* I = deoxy-inosine
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Example 3: High Dosages of IRPs in Rats

[0334] To test the activity of IRPs at high dosages in rats, IRPs (SEQ ID NO:42 and SEQ ID NO:109) or a control
(PBS) were subcutaneously administered to 8-9 weeks old, female Sprague Dawley rats at a dosage of 100 mg/kg or
10 mg/kg on days 0, 3, 6, and 9 (n=6 per group). Rats were weighed prior to administration and on days 1, 3, 4, 6, 7,
and 9. Organs were harvested at the end of the study, and organ weights and tissues levels of the oligonucleotides were
determined. In addition, histolocial evaluation of the liver, kidney, and heart was performed.
[0335] There was no significant difference in organ weight of the liver, heart, kidney, or spleen upon administration of
either 10 mg/kg or 100 mg/kg of SEQ ID NO:42 and SEQ ID NO:109. At 100 mg/kg of SEQ ID NO:109, a decrease in
total weight and % weight gain/loss was observed as shown in Figures 2A and 2B.
[0336] To further test the activity of IRPs at high dosages, IRPs (SEQ ID NO:73, SEQ ID NO: 79, SEQ ID NO:109,
SEQ ID NO:134, SEQ ID NO:143, and SEQ ID NO:144) or a control (saline) were subcutaneously administered to 8-9
weeks old, female Sprague Dawley rats at a dosage of 90 mg/kg on days 0, 3, 6, and 9 (n=6 per group). Rats were
weighed prior to administration and on days 1, 3, 6, 7, and 9. Organs were harvested at the end of the study, and organ
weights and tissues levels of the oligonucleotides were determined. In addition, histological evaluation of the liver, kidney,
and heart was performed.
[0337] In the group administered SEQ ID NO:109, one rat died two days after the administration of the first dose. In
the group administered SEQ ID NO:79, two rats died two days after the administration of the first dose and one rat died
two days after the administration of the second dose. Rat total body weight and percent weight gain/loss is shown in
Figures 2C and 2D.
[0338] The histology evaluation of the liver, kidneys and heart is shown in Table 3-1.



EP 2 582 398 B1

67

5

10

15

20

25

30

35

40

45

50

55



EP 2 582 398 B1

68

5

10

15

20

25

30

35

40

45

50

55

[0339] SEQ ID NO:73, SEQ ID NO:143, and SEQ ID NO:134 have favorable toxicity profiles. Probable treatment-
related changes were noted in the heart, kidney and liver. Cardiac changes were characterized by hemorrhage, necrosis
and cell vacuolation. The hemorrhage and necrosis were noted in SEQ ID NO:109 (90 mg/kg) and SEQ ID NO:79 (90
mg/kg) groups. Cellular vacuolation (characterized by a few interstitial cells with vacuolated bluish cytoplasm) was
present in some animals from groups SEQ ID NO:109, SEQ ID NO:79, SEQ ID NO:134, SEQ ID NO:143, and SEQ ID
NO:144 (90 mg/kg). Kidney changes consisted of tubular changes, tubular basophilia and necrosis. Tubular changes
(characterized by increased eosinophilia with some cytoplasmic stippling of proximal tubules) occurred in various inci-
dences in all treated groups. Tubular basophilia and atrophy involved cortical tubules and ranged from multifocal to
diffuse, and was also occasionally associated with individual tubular cell necrosis and mild interstitial mononuclear cell
infiltration. The tubular basophilia occurred in groups SEQ ID NO:42, SEQ ID NO:79, SEQ ID NO:134, SEQ ID NO:143,
and SEQ ID NO:144 (90 mg/kg) and SEQ ID NO:109 (90 mg/kg and 10 mg/kg). Renal necrosis was noted only in the
SEQ ID NO:109 and SEQ ID NO:79 (90 mg/kg) groups. Liver changes were characterized by: a) hepatocellular necrosis
(either individual cell necrosis or foci of necrosis) in groups SEQ ID NO:42, SEQ ID NO:109, SEQ ID NO:79, and SEQ
ID NO:144 (90 mg/kg) and b) hepatocellular cytoplasmic vacuolation in groups SEQ ID NO:109, SEQ ID NO:79, SEQ
ID NO:134, SEQ ID NO:143, and SEQ ID NO:144 (90 mg/kg) and SEQ ID NO:134 and SEQ ID NO:144 (10 mg/kg).

Example 4: High Dosages of IRPs in Mice

[0340] To test the activity of IRPs at high dosages in mice, IRPs or a control (saline) were subcutaneously administered
to BALB/c mice at a dosage of 4 mg/kg, 20 mg/kg, 50 mg/kg, or 100 mg/kg on days 1, 4, 7, and 10 (n=5 per group).
Mice were weighed prior to administration and on days 2, 4, 7, 9, and 11. Serum cytokines were assayed at two hours
post the first and third injections and 24 hours post the fourth injection. Organs were harvested at the end of the study,
and organ weights and tissues levels of the oligonucleotides were determined. In addition, histological evaluation of the
liver, kidney, and heart was performed.
[0341] SEQ ID NO:109 at 100 mg/kg, but not SEQ ID NO:42 provoked weight loss as indicated by % gain versus pre-
dose in mice as shown in Figures 3A and 3B.
[0342] To further test the activity of IRPs at high dosages, IRPs (SEQ ID NO:42, SEQ ID NO:73, SEQ ID NO: 79, SEQ
ID NO:134, SEQ ID NO:143, and SEQ ID NO:144 at 100 mg/kg) or a control (saline and ISS (5 mg/kg)) were subcuta-
neously administered to BALB/c mice on days 0, 3, 6, and 9 (n=6 per group). Mice were weighed prior to administration
and on days 1, 3, 4, 6, 7, and 9. Organs were harvested at the end of the study, and organ weights and tissues levels
of the oligonucleotides were determined. In addition, histological evaluation of the liver, kidney, and heart was performed.
[0343] As shown in Figure 3C, the tested IRS sequences did not significantly effect body weight as determined by %
gain versus pre-dose. Further, there was no significant difference in organ weight of the liver, heart, kidney, or spleen
as shown in Figure 4A-D. The histology evaluation of the liver, kidneys and heart is shown in Table 4-1.
[0344] No treatment-related changes were noted in the heart. Observed cardiac changes included mineralization,
and/or chronic inflammation in the subpericardial regions of the right ventricle represent a common finding in some
strains of mice. Probable treatment-related liver changes were characterized by: a) hypertrophy of some sinusoidal cells
with cytoplasmic vacuolation and a bluish staining of the cytoplasm of the sinusoidal cells, b) mixed cell infiltration,
characterized by both hemapoietic elements and what appeared to be inflammatory components (this change was
difficult to distinguish from a normal focal mixed cell infiltration, which is commonly seen in the mouse but was definitely
treatment related.), and c) mild increase in cytoplasmic vacuolation consistent with fat. Renal changes that were probably
associated with treatment were characterized by: a) tubular changes, which consisted of varying degrees, generally
minimal to mild, of black stippling in the cytoplasm of convoluted tubules, particularly in the subcapsular regions and b)
focal areas of mild tubular basophilia in cortical regions (this is found occasionally in mice and therefore may not be
treatment related, although a treatment effect cannot be excluded).
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Example 5: Mouse Splenocytes Stimulated with 1018 ISS (TLR9 ligand) or R848 (TLR7 ligand) in the Presence 
of IRPs

[0345] IRPs or control samples were assayed for immunoregulatory activity on mouse cells. For mouse cell assays,
splenocytes from 6-12 week-old BALB/c mice spleen were harvested and mechanically dispersed by forcing the digested
fragments through metal screens. The dispersed splenocytes were pelleted by centrifugation, then resuspended in fresh
medium (RPMI 1640 with 10% fetal calf serum, plus 50 units/mL penicillin, 50 mg/mL streptomycin, 2 mM glutamine,
and 0.05 mM β-mercaptoethanol). In a dose-dependent manner, the cells were then stimulated with 1 mM of 1018 ISS
(TLR9 ligand; 5’-TGACTGTGAACGTTCGAGATGA-3’ (SEQ ID NO:157)) or 1 mM of R848 (TLR7 ligand; a small molecule
imidazoquinoline also called resiquimod) either alone or in the presence of the tested IRPs. At 48 hours, supernatants
were collected and cytokine levels, IL-6, were measured using immunoassays. Three separate experiments were con-
ducted.
[0346] Figure 5A shows the percentage of IL-6 produced compared to R848 alone when stimulated with R848 (TLR7
ligand) either alone or in the presence of the tested IRPs. Figure 5B shows the percentage of IL-6 produced compared
to CpG-ISS alone when stimulated with CpG-ISS (TLR9 ligand) either alone or in the presence of the tested IRPs.

Example 6: Rat Splenocytes and B-cells Stimulated with 1018 ISS (TLR9 ligand) or R848 (TLR7 ligand) in the 
Presence of IRPs

[0347] IRPs or control samples were assayed for immunoregulatory activity on rat cells. For rat cell assays, splenocytes
and B-cells from 8-9 weeks old, female Sprague Dawley rats were harvested and mechanically dispersed by forcing the
digested fragments through metal screens. The dispersed splenocytes and B-cells were pelleted by centrifugation, then
resuspended in fresh medium (RPMI 1640 with 10% fetal calf serum, plus 50 units/mL penicillin, 50 mg/mL streptomycin,
2 mM glutamine, and 0.05 mM β-mercaptoethanol). In a dose-dependent manner, the cells were then stimulated with
1 mM of CpG-ISS 1018 ISS (TLR9 ligand; 5’-TGACTGTGAACGTTCGAGATGA-3’ (SEQ ID NO:157)) or 1 mM of R848
(TLR7 ligand; a small molecule imidazoquinoline also called resiquimod) either alone or in the presence of the tested
IRPs. At 48 hours, supernatants were collected and cytokine levels, IL-6, were measured using immunoassays. Two
separate experiments were conducted for the splenocytes and one experiment was conducted for the B-cells.
[0348] Figure 6A and 6B show the percentage of IL-6 produced compared to R848 alone or level of IL-6 (pg/ml)
produced when stimulated with R848 (TLR7 ligand) either alone or in the presence of the tested IRPs in splenocytes
and B-cells, respectively. Figure 6C and 6D show the percentage of IL-6 produced compared to CpG-ISS alone or level
of IL-6 (pg/ml) produced when stimulated with CpG-ISS (TLR9 ligand) either alone or in the presence of the tested IRPs
in splenocytes and B-cells, respectively.

Example 7: Human B-cells Stimulated in the Presence of IRPs

[0349] To further investigate the effect of IRPs on TLR7 and TLR9 activation, various IRPs or control samples were
assayed for immunoregulatory activity on human B-cells. Human B-cells were stimulated with 1 mM of CpG-ISS 1018
ISS (TLR9 ligand; 5’-TGACTGTGAACGTTCGAGATGA-3’ (SEQ ID NO:157)) or 1 mM of R848 (TLR7 ligand; a small
molecule imidazoquinoline also called resiquimod) either alone or in the presence of the tested IRPs.
[0350] Figure 7A shows the percentage of IL-6 produced compared to CpG-ISS alone when stimulated with CpG-ISS
(TLR9 ligand) either alone or in the presence of the tested IRPs. Figure 7B shows the percentage of IL-6 produced
compared to R848 alone when stimulated with R848 (TLR7 ligand) either alone or in the presence of the tested IRPs.

Example 8: Human Plasmacytoid Dendritic Cells (PDCs) Stimulated in the Presence of IRPs

[0351] To further investigate the effect of IRPs on TLR7 and TLR9 activation, various IRPs or control samples were
assayed for immunoregulatory activity on human PDCs.
[0352] Human PDCs infected with herpes simplex virus type 1 (HSV-1 KOS strain) respond by producing IFN-α and
this response is dependent on TLR-9 signaling. Human PDCs infected with influenza virus (FLU H1N1 strain, A/PR/8/34
from a patient in Puerto Rico 1934; See ATCC catalog VR-95) also respond by producing IFN-α, however, this response
is dependent on TLR-7 signaling and independent of TLR-9. The effect of IRPs on innate immune response cytokine
production by infected cells was examined. In a dose-dependent manner, the primary human PDCs were thus stimulated
with HSV-1 (4 MOI) or influenza (2 MOI), either alone or in the presence of the tested IRPs. At 24 hours, supernatants
were collected and cytokine levels, IFN-alpha, were measured by immunoassay.
[0353] Human PDCs from 16-18 donors were purified and infected with influenza virus (strain PR/8) or HSV-1. HSV
was used at 4 MOI, while the influenza virus was used at 2 MOI. The amount of IFN-α produced by the cells was
measured and compared to the amount of virus used for infection.
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[0354] Figures 7C and 7D show the percentage of IFN-α produced compared to virus alone when stimulated with
influenza virus (TLR7 ligand) or stimulated with HSV (TLR9 ligand), respectively, either alone or in the presence of the
tested IRPs.
[0355] Human PDC were stimulated with TLR9L CpG-ISS 274 (5’-TCG TCG AAC GTT CGA GAT GAT-3’ (SEQ ID
NO:158)) or with TLR9L DNA-IC or TLR7L RNP-IC either alone or in the presence of 1 mM of the tested IRPs. DNA-IC
(anti-double strand DNA immune complexes) trigger TLR9 in human PDC by inducing the release of IFN-α. DNA-IC
were obtained from anti-dsDNA positive plasma from SLE patients and used at 10% culture well volume. RNP-IC (anti-
ribonuclear protein immune complexes) trigger TLR7 in human PDC by inducing the release of IFN-α. RNP-IC were
purified IgG from anti-RNP positive plasma from SLE patients and was used at 0.5 mg/ml. After 24 hours of culture at
37°C, supernatants were harvested and IFN-α was measured by immunoassay.
[0356] Figure 8A shows the level of IFN-α produced when stimulated with CpG-ISS alone or in the presence of the
tested IRPs. Figures 8B and 8C show the percentage of IFN-α produced compared to DNA-IC alone when stimulated
with DNA-IC, respectively, either alone or in the presence of the tested IRPs.

Example 9: IC50 and IC90 Values of IRPs for TLR7- and TLR9-Stimulated Human PDC

[0357] To further investigate the effectiveness of IRPs on TLR7 and TLR9 activation, various IRPs or control samples
were assayed for immunoregulatory activity on human PDCs as described in Example 8.
[0358] Figures 9A and 9B show IC50 values (half maximal inhibitory concentration) when stimulated with HSV (TLR9
ligand). Figures 9C and 9D show IC90 values (90% maximal inhibitory concentration) when stimulated with FLU (TLR7
ligand).
[0359] Figure 10A shows dose response curve of human PDC stimulated with TLR9L HSV or TLR71 FLU either alone
or in the presence of various concentration of SEQ ID 73. IC50 (nM) values are 25 and 13 for HSV and FLU, respectively.
IC90 (nM) values are 99 and 101 for HSV and FLU, respectively.

Example 10: Monkey PBMC Stimulated in the Presence of IRPs

[0360] To further investigate the effect of IRPs on TLR7 and TLR9 activation, various IRPs or control samples were
assayed for immunoregulatory activity on monkey PBMCs.
[0361] PBMC from Rhesus Macque monkeys were stimulated with TLR7L FLU at MOI 10 either alone or in the presence
of various concentrations of the tested IRPs. Supernatants were collected 24hr later and assayed for IFN-α by immu-
noassay.
[0362] Fig 10B shows show the percentage of IFN-α produced compared to virus alone when stimulated with influenza
virus (TLR7 ligand), either alone or in the presence of the tested IRPs.

Example 11: In Vivo Activity of Modified IRPs When Stimulated by an ISS

[0363] IRPs effect on TLR7 and TLR9 activation was assayed in vivo on 6 to 12 week-old BALB/c mice. Mice were
injected subcutaneously (SC) with 25 mg of 1018 ISS (5’-TGACTGTGAACGTTCG AGATGA-3’ (SEQ ID NO:157)) alone
or in the presence of various concentrations of tested IRPs. Two hours following injections, blood was harvested and
serum prepared using standard procedures. IL-6 levels were measured.
[0364] Figure 10C and 10D show the level of IL-6 (pg/ml) produced or the percentage of IL-6 produced compared to
CpG-ISS alone when stimulated with CpG-ISS (TLR9 ligand) either alone or in the presence of the tested IRPs. The
tested IRPs have strong activity in vivo.

Table 11-1 Provides a Summary of the IRPs Tested in Mice.

Inhibition of Spenocvte IL-
6

Inhibition of B-Cell IL-
6 Inhibition of PDC IFN-α Mice IL-6

SEQ ID ISS R848 ISS R848 ISS HSV FLU DNA IC RNP IC In Vivo

NO:42 +++ ++ +++ +++ + ++ + +++ +++ ++

NO:109 +++ +++ + + +++ +++ ++ ++ +++ +++

NO:79 +++ ++ +++ ++ ++ +++ ++ ++ +++ ++

NO:73 +++ ++ +++ +++ ++ +++ ++ ++ ++

NO:134 ++ +++ + ++ ++ ++ ++ +++ +++ ++
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Example 12: pK Studies

[0365] To investigate the pharmacokinetics (pK) of various IRP candidates, IRPs were subcutaneously administered
to BALB/C mice or female Sprague Dawley rats as described below.
[0366] Tissue samples were prepared by placing approximately 30-60 mg of tissue pieces into an eppendorf tubes.
Tissue homogenization buffer (20 mM Tris, pH 8, 20 mM EDTA, 100 mM NaCl, 0.2% SDS; 20 mL/mg of tissue) was
added and tissues were homogenized on a TissueLyzer (Qiagen). Proteinase K was added (2 mg/mg of tissue) and
sample incubated for 2-18 hrs at 50°C. Then the Proteinase K was heat-inactivated and three dilutions of each tissue
homogenate were analyzed in the Enzyme-linked Hybridization Assay (ELHA).
[0367] Dilutions of the Proteinase K-treated homogenate samples were mixed with detection probe (50 mg/mL final
concentration). The detection probe is a biotinylated oligonucleotide complementary to the 3’ end of the target sequence
or analyte. This probe-homogenate mixture was added to an assay plate (NUNC Immobilizer Amino plate) whose wells
were coated with a capture probe. The capture probe is complementary to the 5’ end of the target sequence or analyte
and has an amino functional group that allows covalent attachment to the assay plate. After incubation (37°C for 1 hour),
plates were washed (Tris-buffered saline, 0.05% Tween-20) followed by incubation (room temperature, 30 minutes) with
streptavidin-horse radish peroxidase (HRP). Unbound streptavidin-HRP was washed away and HRP substrate was
added to detect and quantify the amount of target sequence or analyte. The dilution of homogenate that provided a value
within the range of the assay was used to determine the concentration of target sequence or analyte. The amount of
analyte (oligonucleotide) was back-calculated against a standard curve to provide a microgram of analyte (oligonucle-
otide) per gram of tissue value.
[0368] In Figures 11A and 11B, IRPs were subcutaneously administered to BALB/C mice at a dosage of 5 mg/kg (n=6
per group). Organs were harvested at day 1, 3, 6, and 9 post injection. Liver and kidney tissue was analyzed for tested
IRPs. Tissue concentrations for the liver and kidney are shown in Figures 11A and 11B.
[0369] As shown in Figures 11C and 11D, SEQ ID NO:73 and SEQ ID NO:109 were subcutaneously administered to
BALB/c mice at a dosage of 50 mg/kg or 100 mg/kg on days 0, 3, 7, and 10 (n=6 per group). Organs were harvested
24 hours after last injection. Liver, kidney, spleen, and heart tissue was analyzed for SEQ ID NO:73 and SEQ ID NO:109
as described above. Tissue concentrations for the liver, kidney, spleen, and heart are shown in Figures 11C and 11D.
[0370] For Figures 12A and 12B, SEQ ID NO:73 were subcutaneously administered to female Sprague Dawley rats
at a dosage of 5 mg/kg on days 0.25, 1, 3, 6, and 9 (n=6 per group). Organs were harvested at the end of the study.
Liver, kidney, spleen, and heart tissue was analyzed for SEQ ID NO:73 and analyzed as described above. Tissue
concentrations for the liver, kidney, spleen, and heart are shown in Figures 12A and 12B.
[0371] For Figures 12C and 12D, SEQ ID NO:73 and SEQ ID NO:109 were subcutaneously administered to female
Sprague Dawley rats at a dosage of 10 mg/kg or 90 mg/kg on days 0, 3, 7, and 10 (n=6 per group). Organs were
harvested at the end of the study. Liver, kidney, spleen, and heart tissue was analyzed for SEQ ID NO:73 and SEQ ID
NO:109 as described above. Tissue concentrations for the liver, kidney, and spleen are shown in Figures 12C and 12D.

Example 13: Methods and Reagents Used in Examples 14 to 17.

Reagents.

[0372] Phosphorothioate ODNs were prepared as previously described (Duramad et al, 2005). The prototype for ISS
class C used was: CpG-ISS (C274): 5’-TCGTCGAACG TTCGAGATGA T (SEQ ID NO:158). The prototype for inhibitor
of TLR7 and 9 used was 5’-TGCTCCTGGA GGGGTTGT-3’(SEQ ID NO:42). Control oligonucleotide was 5’-TCCT-
GCAGGT TAAGT-3’ (SEQ ID NO:160). Heat inactivated influenza virus (FLU H1N1, strain A/PR/8/34) was obtained
from ATCC (Manassas, VA). Hydrocortisone and dexamethasone were purchased from SIGMA. Purification of anti-
RNP IC was performed as previously described (Barrat et al., 2005). Human IFN-α ELISA set were purchased from PBL
Biomedical Laboratories (Piscataway, NJ). PI3K inhibitors LY294002 (LY), p38 MAPK inhibitors, SB203580 and p38
MAPK III and NF-kB inhibitor (IKK-2 IV) were purchased from Calbiochem. P50 and NEMO inhibitory peptides were
purchase from Imgenex.

(continued)

Inhibition of Spenocvte IL-
6

Inhibition of B-Cell IL-
6 Inhibition of PDC IFN-α Mice IL-6

NO:143 +++ ++ +++ ++ ++ ++ ++ +++ +++ ++

NO:144 +++ ++ +++ ++ ++ ++ ++ +++ +++ ++
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Patients and Healthy Donors

[0373] Pediatric patients were recruited at Baylor University Medical Center, Texas Scottish Rite Hospital, and Chil-
dren’s Medical Center, all in Dallas, TX. The study was approved by the institutional review board of all three institutions.
Informed consents were obtained from all patients (legal representatives and patients over 10 years of age). The de-
mographic characteristics of 71 SLE patients are displayed in Table 13-1. Briefly, there were 85% females, 15% males;
42% Hispanic, 32% African Americans, 15% White. The average patient age was 14.162.4 years. The average SLEDAI
was 8.266.1. Forty one healthy age- and ethnicity-matched children were included in Microarray and Nanostring exper-
iments as controls.

Table 13-1: Patient Information

Subject Ethic Gender Age

SLE-20 AA Female 16

SLE-29 Hispanic Male 16

SLE-31 Hispanic Female 12

SLE-33 Asian Female 11

SLE-34 Hispanic Female 16

SLE-40 AA Female 15

SLE-55 AA Female 16

SLE-60 Hispanic Female 15

SLE-64 White Female 16

SLE-79 Hispanic Female 14

SLE-80 AA Female 16

SLE-83 AA Female 15

SLE-87 White Female 17

SLE-91 Asian Female 14

SLE-95 AA Female 17

SLE-110 AA Female 15

SLE-121 Hispanic Female 15

SLE-123 Hispanic Male 13

SLE-125 Hispanic Female 15

SLE-128 AA Female 16

SLE-141 Hispanic Male 14

SLE-142 White Female 17

SLE-143 Hispanic Female 15

SLE-144 White Female 14

SLE-154 Hispanic Male 13

SLE-157 AA Female 17

SLE-158 Hispanic Female 17

SLE-163 White Female 11

SLE-168 Hispanic Female 17

SLE-169 Hispanic Female 14

SLE-171 Hispanic Female 13
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(continued)

Subject Ethic Gender Age

SLE-172 Hispanic Female 11

SLE-175 White Female 12

SLE-179 Hispanic Female 13

SLE-181 Hispanic Female 12

SLE-182 Hispanic Male 15

SLE-183 Hispanic Female 11

SLE-184 AA Female 7

SLE-185 Asian Female 13

SLE-186 Asian Female 18

SLE-187 Hispanic Female 13

SLE-188 Hispanic Female 12

SLE-189 AA Female 14

SLE-191 AA Female 16

SLE-192 Hispanic Male 16

SLE-196 AA Female 14

SLE-198 AA Male 18

SLE-208 AA Female 14

SLE-212 AA Female 14

SLE-213 White Female 12

SLE-214 Hispanic Female 16

SLE-215 Other Female 12

SLE-216 White Male 12

SLE-225 Hispanic Female 16

SLE-226 Asian Male 15

SLE-229 AA Female 17

SLE-231 AA Female 17

SLE-233 White Female 11

SLE-237 Hispanic Female 12

SLE-238 White Female 17

SLE-240 Hispanic Female 15

SLE-241 AA Female 13

SLE-242 Hispanic Female 10

SLE-244 Hispanic Female 9

SLE-249 AA Male 9

SLE-252 AA Female 14

SLE-260 AA Female 12

SLE-270 Asian Female 14

SLE-276 White Male 12
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Blood Sample Collection

[0374] Blood samples for gene expression analysis were collected in Tempus tubes and immediately delivered to
Baylor Institute for Immunology Research (Dallas, TX) at room temperature and stored at -20 °C before processing. For
flow cytometry analysis, 100 mL of blood and 3-10 mL of each antibody were incubated for 30 min. The blood was then
lysed with FACS Lysing Solution (BD Biosciences), rinsed with PBS, centrifuged at 300 g for 10 min, and resuspended
in 1% paraformaldehyde. Samples were then acquired on a FACSCalibur flow cytometer and analyzed with CellQuest
software (BD Biosciences). The following fluorochrome-conjugated anti-human antibodies were used for whole-blood
stainings: LINEAGE-fluorescein isothiocyanate (FITC) cocktail (containing CD3, CD 14, CD 16, CD 19, CD20, and
CD56), CD123 -phycoerythrin (PE), HLA-DR-peridin chlorophyll protein (PerCP), CD11c-allophycocyanin (APC), CD4-
FITC, CD8-PE, CD3-PerCP, and CD14-APC (BD Biosciences).

Modular Analysis

[0375] A set of transcriptional modules was used as a framework for the analysis of microarray data. The approach
used for the construction of such framework was previously reported (Chaussabel et al., 2008). Briefly, genes with
coordinate expression within or across whole blood datasets corresponding to nine human diseases where selected in
multiple rounds of clique and paraclique clustering to form a transcriptional module framework. Ingenuity Pathway
Analysis (IPA) (Ingenuity Systems, Redwood City, CA), PUBMED and iHOP databases were used for module annotation
and functional analysis. Module expression level is defined as the average normalized data for all the genes in the
module (Table I). Color intensity indicates the proportion of genes within each module that are expressed at significantly
different levels in SLE patients. Red: over expressed. Blue: under expressed. Expression was normalized to an age-
and ethnicity-matched control group (n=9).

NanoString nCounter Assay

[0376] The details of the nCounter Analysis System (NanoString Technologies) were described previously (Geiss et
al., 2008). The nCounter code set includes 240 genes of interest and 20 control genes. Samples were hybridized using
100ng of total RNA. The expression levels of each gene were normalized to those of 20 control genes.

Isolation and in vitro stimulation of purified PDC and measurement of cell survival

[0377] Buffy coats were obtained either from the Stanford Blood Center (Palo Alto, CA) and cells were used under
internal Institutional Review Board-approved protocols, or from adult healthy donors (Saint-Antoine Crozatier Blood
Bank, Paris, France) where all donors signed informed consent to allow the use of their blood for research purposes.
PDC were isolated either by using positive selection using BDCA-4 conjugated beads or by using negative depletion
(Miltenyi Biotech) as previously described (Guiducci et al., 2006). PDC were 94-99 % BDCA2+ CD123+ as determined
by flow cytometry. For viability 1x105 PDC were stimulated in 96-well U-bottom plates with CpG-C (0.5 mM), or FLU (2
MOI) in the presence of different doses of hydrocortisone. Alternatively, 1x105 PDCs were cultured with 50,000 UV-
irradiated (60 mJ) U937 cells in the presence of 0.5 mg/ml of purified IgG from anti-RNP-positive SLE patients (Barrat
et al., 2005). When indicated, soluble IFN-α was used at 20 ng/ml and blocking IFN was achieved using a combination
of anti-IFN-α (5000 neutralizing U/ml), anti-IFN-β (2000 neutralizing U/ml) and mouse anti-IFN-α/β receptor MAb (20
mg/ml). Cell survival was assessed at 24-48 hr by flow cytometry using Invitrogen’s "live or dead cell viability kit" according
to manufacture instructions.

Measurement of NF-kB transcriptional activity

[0378] Untouched naive PDC were purified using the PDC negative selection kit from Miltenyi Biotech and stimulated
for 3hr as indicated. Alternatively monocytes were purified from human blood using CD14-conjugated beads (Miltenyi
Biotech) and stimulated as indicated for 1 hr. Nuclear extracts were prepared using Active Motif nuclear extraction kit

(continued)

Subject Ethic Gender Age

SLE-277 Hispanic Female 17

SLE-282 AA Female 17
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according to manufacture’s instructions. Nuclear extracts (2 mg) were analyzed for the binding activity of NF-kB p65
subunit using TransAM NF-kB kit (Active Motif) according to manufacture’s instructions.

Treatment of mice and cellular analysis.

[0379] 8-12 weeks old C57BL/6 and 129 mice were purchased from Charles River Laboratories. (NZBxNZW)F1 female
mice were purchased from Jackson laboratories and used at 16-17 weeks of age. In some experiments (NZBxNZW)F1
female mice were used at 3 weeks of age. TLR7.6 transgenic mice overexpressing TLR7 (C57BL/6 background) were
previously described (Deane et al., 2007) and used at 8 weeks of age. Mice were pre-bled in the morning and immediately
treated with intra peritoneal (IP) glucocorticoid, dexamethasone (DEX, SIGMA). In some experiments IP DEX was
administered with SC TLR7 and TLR9 inhibitors (IRPs) as specified in the figure legends. Mice were analyzed 18 hr
after DEX administration. Flow cytometric analyses was performed using fluorochrome-conjugated monoclonal antibod-
ies to mouse CD3, CD1 1b, GR1, B220, CD11c (BD bioscience), PDCA1 (Miltenyi Biotech) and 120G8 (Invivogen).
Specific gating was done as follow: PDC were CD11c low, B220+, GR1+, PDCA1+; conventional DC were CD11c high
B220-; B cells were B220+; T cells were CD3+; granulocytes GR1+. For quantification of cellular subsets in the spleen,
collagenase D treated splenocyte suspension was counted before performing flow cytometric analysis and total number
of specific subsets was calculated according to %. Absolute cell number in blood was calculated by adding an internal
microsphere counting standard to the flow cytometry samples (CountBright counting beads; Invitrogen).

Real-time quantitative PCR (TaqMan) analysis

[0380] PCR reactions were performed as described previously (Barrat et al., 2005). In brief, RNA was extracted from
collagenase D-treated splenocyte suspensions with Qiagen RNA and cDNA was generated with SuperScript First-Strand
Synthesis System (Invitrogen). ECT was threshold cycle (CT) values for each gene were normalized to the housekeeping
genes ubiquitin or β-action using the formula Eq. 1.8(HSKGENE) (100,000), where HSK is the mean CT of triplicate
housekeeping gene runs, GENE is the mean CT of duplicate runs of the gene of interest, and 100,000 is arbitrarily
chosen as a factor to bring all values above 0.

Statistical analysis

[0381] Data were analyzed using a Mann-Whitney U-test (2-tailed Student’s t test using non parametric criteria for
independent samples). All analyses were performed using Prism software (GraphPad Software, San Diego, CA). Dif-
ferences were considered significant at a P level less than 0.05.

Example 14: Level of expression of PDC-induced IFN signature in GC-treated SLE patients correlates with 
circulating blood PDC

[0382] Lupus patients without treatment or with maintenance hydroxychloroquine (HCQ) treatment (200-400 mg/day)
displayed characteristic transcriptional changes in their blood cells. These changes can be analyzed using "modules"
of transcriptionally co-regulated genes (Chaussabel et al., 2008). In Figure 38a and b, modules with a slash correspond
to decreased expression relative to control genes and modules without slashes correspond to increased expression. As
previously published (Bennett et al. J.Exp.Med, 2003) and confirmed here (See Figure 38), multiple transcriptional
modules normalized in patients receiving oral glucocorticoids (GC) (5-20 mg/day) and/or mycophenolate mofetil reflecting
the strong immunosuppressive effect of GC affecting most of the disregulated pathways in SLE patients (Bennett et al,
2003 and Figure 38a). However, the IFN pathway was not affected in patients treated by oral GC (Bennett et al, 2003
and Figure 38a and Figure 13b upper panel that summarize data from 71 SLE patients). Consistent with this, GC did
not significantly reduce the production of IFN-α upon PDC activation with the TLR7 and TLR9 ligands influenza virus
(FLU) or CpG-ISS, or with IC from SLE patients (Figure 13a and Figure 17). This was confirmed by measuring IFN-α
protein levels (Figure 18b). Addition of a bifunctional TLR7/9 inhibitor (IRS, dashed line) (Barrat et al., 2005) however,
was effective at blocking IFN-α production (Figure 13a and Figure 17).
[0383] In contrast, IV pulse therapy normalized the IFN signature (Bennett et al, 2003, Figure 38b (* is after pulse
therapy) and Figure 13b). This demonstrated that the level of GC used in these patients correlated with reduction of the
IFN signature in patients. This also correlated with a reduction in PDC (Figure 13b) but not other cells, such as CD14+
monocytes in the blood (Figure 13b). Similar reduction in PDC was observed in healthy donors but at much lower GC
doses (15 mg/day) (Shodell et al., 2003) suggesting that continuous triggering of TLR7 and TLR9 on PDC by ICs in SLE
patients counteracted the activity of GC on the IFN pathway. The partial reduction in PDC number with oral GC treatment
did not significantly affect IFN module expression, which represents genes induced with varying sensitivity by IFN. The
inhibition of the IFN-signature by pulse therapy was transient, returning to pre-pulse levels by day 8 (Figure 13d and
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Figure 38b). Similarly, the number of PDC was dramatically reduced 1 day after pulse therapy but rebounded by day 6
(Figure 13c,d)

Example 15: GC do not affect viability of TLR7 and TLR9-activated PDC due to its lack of activity on TLR-induced 
NF-κB activation

[0384] GC induce apoptosis in many cell types (Montague et al., 1995), including PDC, where TLR signaling confers
partial protection. Freshly isolated PDC from healthy donors stimulated with TLR7 or TLR9 ligands, were protected from
GC-induced cell death (Figure 14a, and Fig 18a,b). This dose-dependent protection correlated with the production of
IFN-α by PDC (Figure 18b) supporting data obtained at a single cell level (Figure 13a). Blocking this pathway with SEQ
ID NO:42 (Barrat et al, 2005) restored GC sensitivity to PDC in vitro (Figure 14a,b) although IRS itself was not cytotoxic
(Figure 18c). Likewise, RNP-IC from SLE patients protected PDC (Figure 14a), a finding directly relevant to SLE. Type
I IFNs were not required for protection by TLR7 and TLR9 ligands as neutralizing antibodies for type I IFN did inhibit
protection (Figure 14b) and IRS-mediated cell death was not reversed by exogenous IFN-α (Figure 14b). Thus signaling
through TLR7 or TLR9 protects human PDC from GC-induced cell death.
[0385] The signaling pathway of TLR-mediated PDC survival, was examined with specific inhibitors of molecules
involved in TLR signaling: PI-3Kinase, P38 MAPK and NF-kB. Inhibitors of NF-kB, but not of p38 or PI-3Kinase blocked
PDC survival induced by stimulation through TLR9 (Figure 14c) and TLR7 (not shown). This observation was confirmed
with three different NF-kB inhibitors (Figure 14d). Exogenous IFN-α had no effect as well (Figure 18e). Increased NF-
kB transcriptional activity was observed in TLR9-stimulated PDC relative to unstimulated cells (Figure 14e). Although
GC inhibited NF-kB in many cellular systems (Figure 14g and Parker et al., 2003), no inhibition of NF-kB measured by
DNA-binding activity (Figure 14f) or p65 phosphorylation after TLR7 and TLR9 triggering in PDC (Figure 19a,b) was
observed. The inability of GC to interfere with the NF-kB pathway in PDC may explain why TLR-activated PDC were
resistant to GC-mediated death.

Example 16: TLR9 activation in vivo renders PDC more resistant to GC treatment

[0386] Next, the effect of GC on PDC in mouse models was investigated in vivo. In normal mice, PDC were extremely
sensitive to GC treatment and promptly disappeared from blood (Figure 15a) and spleen (Figure 15b). Other TLR9+ cell
types, including conventional DC (CD 11 c+) and B cells (B220+) were similarly reduced (Figure 15a,b). In contrast,
neutrophils (GR1+) were not responsive to GC treatment, consistent with observations that GC promote survival, not
death, of human neutrophils in vitro. TLR9 activation in vivo with CpG-ISS afforded significant protection from GC-
induced cell death to conventional and plasmacytoid DC in both spleen and blood (Figure 15c,d). Splenic B cells were
similarly protected from death by TLR9 activation, but circulating blood B cells were not (Figure 15c,d). Co-injection of
IRS prevented CpG-ISS-induced activation (Figure 20), resulting in increased GC-induced cell death in both blood and
spleen (Figure 15c,d). Thus, naive circulating PDC are significantly more susceptible to GC-induced cell death than
TLR-activated PDC in vivo.

Example 17: PDC from lupus prone mice have intrinsic resistance to GC-induced cell death as compared to WT 
mice due to TLR7 and TLR9 activation by self nucleic acid

[0387] This phenomenon was further studied in a disease model using the lupus-prone mouse strains (NZBxNZW)F1
and TLR7.Tg.6. (NZBxNZW)F1. These mice spontaneously develop a disease resembling human SLE with increased
nucleic acid-containing ICs. Type I IFNs are associated with development of disease (Rozzo et al., 2001; Santiago-
Raber et al., 2003; and Mathian et al., 2005) and blocking TLR7 and TLR9 reduced autoantibody titers and end-organ
damage (Barrat et al., 2007). The TLR7.Tg.6 strain displays increased TLR7 expression, accumulation of anti-RNA
autoantibodies, upregulation of type I IFN gene signature and an autoimmune syndrome resembling human SLE (Deane
et al., 2007). Both strains are models of spontaneous autoimmunity due to recognition of endogenous nucleic acids by
TLR7 and TLR9 as in SLE patients.
[0388] TLR7 and TLR9 bearing cells such as PDC, cDC and B cells were significantly more resistant to GC induced
death in lupus-prone mice compared to normal strains such as 129 or C57/BL6, in which 0.5 mg GC induced a 50-75%
reduction in live PDC (Figure 16a,b). In both lupus strains, as in SLE patients, chronically activated cells thus had a
reduced response to GC treatment. Blocking TLR7 and TLR9 in vivo with SEQ ID NO:42 enhanced the sensitivity to
GC of PDC, cDC and B cells in both spleen (Figure 16c,d) and blood (Figure 21a,b). The expansion of neutrophils upon
GC treatment (Figure 21a,b) is consistent with the expansion of granulocytes in mice and humans following GC admin-
istration (Shodell et al., 2003; Athens et al., 1961; Laakko et al., 2002; and Trottier et al., 2008) and with the persistence
of a low density neutrophil gene signature after high dose steroids in SLE patients (Bennet et al., 2003). Interestingly,
a reduction of the GC-induced neutrophil expansion was observed upon IRS administration (Figure 21a,b) perhaps
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indicating that blocking TLR7 and TLR9 could impact the dysregulated granulopoiesis in SLE. Inhibition of TLR7 and
TLR9 was similar in both lupus-prone mouse strains and specific for nucleic acid-induced inflammation as i) IRS did not
induce cell death without GC (Figure 22a,b), ii) blocking TLR7 and TLR9 had no effect on PDC in normal mice injected
with GC (Figure 22c) and iii) PDC from young (NZBxNZW)F1 mice (before disease onset) were more sensitive to GC
than PDC from older mice (Figure 22d). The increased GC activity in mice pre-treated with IRS was significant at GC
doses that had no effect on PDC survival in normal mice (Figure 23a). These findings support the hypothesis that innate
inflammation through self-nucleic acid recognition is a dominant feature in the unresponsiveness of SLE patients to GC
treatment. As observed in human SLE, type I IFN-regulated genes are stimulated to some extent in both (NZBxNZW)F1
and TLR7.Tg.6 model (Trottier et al., 2008; and Rozzo et al., 2001). In both lupus-prone strains, IRS pre-treatment
reduced the expression of IFN-regulated genes but not TNF-α (Figure 23b,c), demonstrating that activation through
TLR7 and TLR9 is central to inflammation in these mice.
[0389] These results demonstrate, in vitro and in vivo, that stimulation of PDC through TLR7 and TLR9 can account
for the reduced activity of GC to inhibit the IFN pathway in SLE patients and in two lupus-prone mouse strains. The
triggering of PDC through TLR7 and TLR9 by nucleic acid-containing immune complexes or by synthetic ligands activates
the NF-kB pathway essential for PDC survival. GC do not affect NF-kB activation in PDC, preventing GC induction of
PDC death and the consequent reduction of systemic IFN-α levels. These findings unveil a novel understanding of the
role of self recognition of DNA and RNA by TLR as an important inflammatory amplifier in SLE and indicate that inhibitors
of TLR7 and TLR9 signaling could prove to be effective corticosteroid-sparing drugs. These data also stress the potential
utilization of bi-functional TLR7/9 inhibitors (e.g., IRS) as corticosteroid-sparing drugs.

Example 18: Methods and Reagents Used in Examples 19 to 23.

Reagents.

[0390] Phosphorothioate ODNs were prepared as previously described (Duramad et al., 2003). The prototype TLR7
and TLR9 inhibitors used were 5’-TGCTCCTGGA GGGGTTGT-3 (SEQ ID NO:42) and/or 5’-UGC TGC TCC TTG AGI
GGT TGT TTG T-3’ (SEQ ID NO:109), wherein I=deoxy-inosine (Barrat et al., 2005). Control oligonucleotide used was
5’-TCCTGCAGGT TAAGT-3 (SEQ ID NO:160). Mouse IFN-α ELISA sets were purchased from PBL Biomedical Labo-
ratories (Piscataway, NJ).

Animals and in vivo treatments.

[0391] C57BL/6 and 129 mice were purchased from Charles River Laboratories. (NZBxNZW)F1 female mice were
purchased from Jackson Laboratories and used at 18-22 weeks of age. MyD88/KO and TLR9/KO mouse colonies were
maintained at Simonsen Laboratories and used with age matched C57BL/6 wild type controls at 8-12 weeks of age.
Tape stripping was performed after shaving the dorsal area (3x3 cm) using 10 strokes with duct tape. IRS was administered
just before tape stripping SC at a distant site. Alternatively, in (NZBxNZW)F1 mice, IRS was administered long term. In
certain experiments PDC and neutrophils were depleted with 250 mg of antibody given IP at day -2 and day 0, eight
hours before tape stripping. Anti-120G8 (Imgenex) was used for depletion of PDC (Asselin-Paturel et al., 2003), and
anti-GR1-LY6G (clone 1A8; Biolegend) was used for depletion of neutrophils (Daley et al., 2008). Over 95% cellular
depletion was achieved in both blood stream and skin infiltrate. In experiments where PDC were depleted, long term
120G8 depleting antibody was administered. Experiments in (NZBxNZW)F1 were terminated between 15-23 days after
initial tape stripping, depending on the progression of the lesions in the untreated groups in each experiment. Percentage
of area with open lesions in (NZBxNZW)F1 and normal mice was evaluated with Nikon software NIS-elements.

Histological analysis. of skin inflammation and tissue pathology

[0392] The biopsy specimens were fixed in formalin and embedded in paraffin. Sections were stained with hematoxylin-
eosin. Multiple skin sections of 12-30 mice per group were evaluated in a blinded fashion. The following histological
features were assessed and graded on a scale of 1 to 3: i) epidermis thickness ii) degree of ulceration iii) intraepithelial
inflammation, iv) dermal inflammation, and v) panniculum inflammation. Histological grading was assigned as follows:
0, normal skin architecture, few dermal leukocytes and regular adnexa; 1, mild inflammation, slight epidermal hyperplasia
and signs of dermal fibroblast proliferation; 2, moderate inflammation, noticeable epidermal hyperplasia (two- to four-
fold increase in epithelial thickness) with hyperkeratosis, significant leukocyte/ neutrophil-granulocyte dermal infiltrate
with few macrophages, moderate fibrosclerosis of the dermis, reduction in the number of adnexa, slight degenerative
changes of the hypodermic adipose tissue; 3, severe inflammation, marked epidermal hyperplasia (> four-fold increase
in epithelial thickness) with hyperkeratosis, formation of keratin-filled craters and cysts, diffuse discontinuity of the epi-
dermal layer (ulceration), extensive dermal infiltrate with abundant neutrophils and macrophages, pronounced dermal
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fibrosclerosis, vanishing of adnexa and evident degenerative changes of the hypodermic adipose tissue. The different
parameters were scored separately and summed to obtained a total disease score (Table 22-1). Statistical significance
among groups was calculated with a Mann-Whitney U-test.

Skin sample processing and flow cytometry

[0393] For analysis of cellular infiltrate mice were sacrificed 24 hr later and epidermis and derma were mechanically
separated followed by enzymatic digestion with 0.28U/ML of Liberase 3 (Roche) for 20 minutes at 37°C, passed trough
a 70 mm filter washed in RPMI without serum, counted and stained for flow cytometric analyses. Flow cytometric analyses
was performed using fluorochrome-conjugated monoclonal antibodies to mouse CD3, CD8, CD4, B220, CD1 1c (BD
bioscience), GR1-LY6G (1A8 clone), F4/80 (Biolegend), PDCA1 (Miltenyi Biotech) and 120G8 (Imgenex). Specific gating
to characterize skin infiltrate was done as follows: PDC were CD1 1c+, PDCA1+; 120G8+, Ly-6C+, myeloid DC were
CD11c+ PDCA1- 120G8- Ly-6C-; T cells were CD3+ CD4+; CD3+CD8+, neutrophils were GR1-Ly6-G high F4/80-,
macrophages were GR1- Ly6-G low F480+. In these experiments IFN-α production by PDC was evaluated by FACS
analysis, skin was processed as described above but in the presence of 5 mg/ml of Brefeldin A. Cellular infiltrate was
seeded in non coated plastic plates at a concentration of 1x106/ml in RPMI medium (supplemented with 10% FCS) with
the addition of 5 mg/ml of Brefeldin A for 2hr. Afterwards cells were stained for surface markers with anti-CD1 1c plus
anti-PDCA1 conjugated antibodies to identify PDC. Cells were then fixed in 2% paraformaldyde and permeabilized for
10 minutes in 0.5% Saponin 1%BSA in PBS and then stained in the same buffer with anti- IFN-α conjugated antibody
(5mg/ml) (PBL Biomedical Laboratories). As a positive control, BM-derived PDC were stimulated for 4hr with CpG-C
ISS, and 5 mg/ml of Brefeldin A was added in the last 2 hr of stimulation. In some experiments, the ability of skin infiltrating
neutrophils to produce NET was assayed as previously described (Brinkmann et al., 2004; Fuchs et al., 2007; Kessen-
brock et al., 2009; and Wartha and Henriques-Normark, 2008). In brief, skin infiltrating cells were seeded on coated
glass (0.001 % polylysin; SIGMA) at a concentration of 1x106 /ml for 10 minutes at 37°C in RPMI with 2% FCS. Afterwards
cells were stained with anti-LY6G conjugated antibody for 10 minutes on ice and immediately fixed in 2% paraformaldyde
and counterstained for DNA with SYTOX green (1 to 5000 Invitrogen) (Fuchs et al., 2007). In some experiments, after
fixation, neutrophils were further stained with anti-LL37/CRAMP antibody (Innovagen) (5 mg/ml) and then counterstained
for DNA with SYTOX green (1 to 5000 Invitrogen) or with a specific RNA dye SYTO RNA Select (1 to 5000 Invitrogen).

Real-time quantitative PCR (TaqMan) analysis

[0394] PCR reactions were performed as described previously (Barrat et al., 2005). In brief, RNA was extracted from
skin infiltrating cells using RNA micro kit (Qiagen) and from skin tissues with a fibrous tissue RNA extraction kit (Qiagen)
according to the manufacturer’s instructions. RNA and cDNA was generated with SuperScript First-Strand Synthesis
System (Invitrogen). ECT was threshold cycle (CT) values for each gene were normalized to the housekeeping gene
ubiquitin or β-actin using the formula Eq. 1.8 (HSKGENE) (100,000), where HSK is the mean CT of triplicate housekeeping
gene runs, GENE is the mean CT of duplicate runs of the gene of interest, and 100,000 is arbitrarily chosen as a factor
to bring all values above. Primers sequences used were as follow:

IFI202R 5’-CTAGGATGCCACTGCTGTTG-3’ (SEQ ID NO:184),
IFI202F 5’-CAAGCCTCTCCTGGACCTAA-3’ (SEQ ID NO:185),
IRF7R 5’-TCCAAGCTCCCGGCTAAGT-3’ (SEQ ID NO:186),
IRF7F 5’-ACAGGGCGTTTTATCTTGCG-3’ (SEQ ID NO:187),
ISG15R 5’-CCCCTTTCGTTCCTCACCAG-3’ (SEQ ID NO:188),
ISG15F 5’-ACGGTCTTACCCTTTCCAGTC-3’ (SEQ ID NO:189),
ISG20R 5’-CCACCAGCTTGCCTTTCAGAA-3’ (SEQ ID NO:190),
ISG20F 5’-GTCACGCCTCAGCACATGGT-3’ (SEQ ID NO:191),
NMIR 5’-AATGCCTTCTAATCCGGTCA-3’ (SEQ ID NO:192),
NMIF 5’-AGTGGAAAGCGTGGATTATGA-3’ (SEQ ID NO:193),
IFIT1R 5’-TCTGGATTTAACCGGACAGC-3’ (SEQ ID NO:194),
IFIT1F 5’-AGGCTGGAGTGTGCTGAGAT-3’ (SEQ ID NO:195),
IL-1AR 5’-CCGACAGCACGAGGCTTT-3’ (SEQ ID NO:196),
IL-1*F 5’-TGGTGTGTGACGTTCCCATT-3’ (SEQ ID NO:197),
TNF-AR 5’-GGTCTGGGCCATAGAACTGATG -3’ (SEQ ID NO:198)
TNF-AF 5’-GCCACCACGCTCTTCTGTCT-3’ (SEQ ID NO:199),
IL-1- BR 5’-AAACCGTTTTTCCATCTTCTTCTTT-3’ (SEQ ID NO:200),
IL-1-BF 5’-GACGGCACACCCACCCT-3’ (SEQ ID NO:201),
IP-10F 5’-GACGGTCCGCTGCAACTG -3’ (SEQ ID NO:202), and
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IP-10R 5’-GCTTCCCTATGGCCCTCATT -3’ (SEQ ID NO:203).

Statistical analysis.

[0395] Data were analyzed using a 2-tailed Student’s t test. All analyses were performed using Prism software (Graph-
Pad Software, San Diego, CA). Differences were considered significant at a P level less than 0.05.

Example 19: Activated PDC and neutrophils infiltrate skin rapidly after tape stripping

[0396] Tape-stripping was employed as a method to induce mild cutaneous injury and inflammation. This method was
previously used to provoke disease in mouse models of psoriasis and atopic-dermatitis (Inoue et al., 2005; Jin et al.,
2009; and Sano et al., 2005). Tape stripping has also been used as a non-invasive method for detecting and diagnosing
lupus, as lupus patients overreact to this mild cutaneous injury as compared to healthy individuals. The nature of the
inflammatory response to tape-stripping however has not been well characterized at the cellular or molecular level. At
24 hr following tape stripping, a pronounced increase of inflammatory cells in the skin was observed (Figure 24A)
compared to untreated skin, including a cell population expressing the PDC markers, CD11c+ and PDCA1+ (Figure
24A) as well as 120G8+, Ly-6C (not shown). The PDC were functionally active as they produced IFN-α, measured by
intracellular staining in cells isolated from the skin (Figure 24B). Flow cytometric analysis also revealed a massive influx
of neutrophils (Ly6G+ cells) and a lesser increase in macrophages (F4/80+ cells), along with CD4+ and CD8+ T cells
(Figure 24A).
[0397] Activated neutrophils produce neutrophil extracellular trap (NET), which are essential to kill bacteria in vivo
(Brinkmann et al., 2004; Fuchs et al., 2007; and Wartha and Henriques-Normark, 2008). Neutrophils infiltrating tape-
stripped skin were activated, producing abundant NETs with long chromatin fibers (Figure 24D), whereas no NET
formation was observed in unstimulated bone marrow neutrophils that were used as controls (Figure 24C). In skin
neutrophils, the long fibers of the NETs contained both DNA and RNA and were associated with LL37/CRAMP (Figure
24E and F), a cationic antimicrobial peptide secreted by activated neutrophils (Kessenbrock et al., 2009; and Wartha
and Henriques-Normark, 2008).

Example 20: Signaling through TLR7 and TLR9 lead to rapid induction of IFN-regulated and pro- inflammatory 
genes at the site of cutaneous injury

[0398] Accompanying the cellular infiltration, epidermal injury resulted in strong induction of many prominent inflam-
matory genes in mRNA isolated from both skin biopsies and infiltrating leukocytes (Figure 25 and Figure 31). The
induction of these genes required MyD88, as shown by the lack of gene induction in MyD88-deficient mice (Figure 25A
and Figure 31A). To define the regulation of these genes, the experiment was repeated using IFNAR-/- mice, lacking
one chain of the type I IFN receptor. In these IFNa/(3-unresponsive mice, IFIT1, ISG15, IRF7 and ISG20, all IFN-regulated
genes, were not induced (Figure 25B and Figure 31B) in either compartment and IP-10 was reduced in the skin (Figure
25B) but not in the infiltrating cells (Figure 31B). Another IFN-regulated gene IFI202 was induced in IFNAR-/- mice,
consistent with previous studies showing an IFN-independent signaling pathway for this gene in mice (Asefa et al., 2004;
and Choubey and Panchanathan, 2008). In contrast, the lack of IFNa/β signaling did not reduce the induction of TNF-
a or IL-la or β (Figure 25B and Figure 31B). Instead, expression of these inflammatory genes was somewhat increased
in the IFNAR-/- in mRNA from total skin (Figure 25B), but not in infiltrating cells (Figure 33B), possibly reflecting the
previously reported reciprocal regulation of the Type I IFN and TNF pathways (Banchereau et al., 2004). The clear
requirement for MyD88 in the induction of all three pro-inflammatory genes demonstrates an important role for signaling
through members of IL-1R or TLR receptor families.
[0399] To test whether the two nucleic acid-specific TLR, TLR7 and TLR9, were involved in the induction of these
inflammatory genes signatures, tape-stripped mice were treated with SEQ ID NO:42 (IRS), a bifunctional oligonucleotide
antagonist that blocks activation by TLR7 or TLR9 agonists in vitro (Barrat et al., 2005) and in vivo (Barrat et al., 2007).
Treatment with SEQ ID NO:42 (IRS) significantly reduced the expression of both IFN-α regulated genes and pro-
inflammatory genes, in some cases, reducing expression to the levels found in untreated mouse skin (Figure 26B and
Figure 33). Thus, signaling through TLR7 and/or TLR9 is central to the principal gene expression changes induced by
tape-stripping. In contrast, SEQ ID NO:42 (IRS) treatment had no measurable effect on infiltration of cells, including
PDC and neutrophils into the site of injury (Figure 26B and Figure 32). This shows clearly that cell migration and cytokine
secretion, although they appear coordinately regulated, are induced by different stimuli arising from tissue injury.



EP 2 582 398 B1

81

5

10

15

20

25

30

35

40

45

50

55

Example 21: PDC and neutrophils are responsible for different patterns of cytokine indtiction in response to 
tape stripping.

[0400] To determine the relative contribution of each of these two prominent cell types in this model of skin inflammation,
each cell type was specifically depleted prior to tape stripping. Depletion of PDC with the 120G8 monoclonal antibody
led to strong reduction of the type I IFN-regulated genes (IFI202, IFIT, ISG15, ISG20, IP-10) in infiltrating cells (Figure
27A) and skin biopsies (Figure 27B), whereas these genes were relatively unaffected by depletion of neutrophils (Figure
27). In contrast, neutrophil depletion resulted in a 70-90% reduction in TNF-α, IL1-α and IL1-β mRNA, whereas depletion
of PDC led to a more modest 20-50% reduction in expression of these genes. Concurrent depletion of both cell types,
as expected, resulted in large reductions in expression of both groups of genes (not shown). Collectively, these results
suggest that in this acute skin injury model, PDC and neutrophils are major components of the TLR 7and TLR9, MyD88
dependent inflammation, but promote two separate inflammatory responses, one regulated by the type I IFNs produced
by PDC and one that involves neutrophil-dependent pro-inflammatory cytokines.

Example 22: Lupus prone (NZBxNZW)F1 mice develop chronic skin lesions resembling human CLE after tape 
strapping.

[0401] Patients with SLE or CLE are often much more sensitive to mild cutaneous irritation and injury, suggesting that
injury initiates a process that is exacerbated and sustained by autoimmune processes. Hybrid (NZBxNZW)F1 mice
spontaneously develop high levels of circulating anti-DNA and anti-RNA autoantibodies (Furukawa and Yoshimasu,
2005), leading to immune complex formation and lupus nephritis resembling that observed in SLE patients. Although
these mice rarely show spontaneous development of skin lesions, there is an accumulation of immune complexes at
the epidermis-dermis junction, similar to those observed in human CLE (Furukawa and Yoshimasu, 2005; McCauliffe,
1996). As immune complexes containing endogenous RNA or DNA are potent ligands for TLR7 and TLR9, respectively
(Barrat et al., 2005; and Means et al., 2005), (NZBxNZW)F1 mice may exhibit a prolonged or exacerbated response to
tape stripping.
[0402] The initial response to tape stripping in (NZBxNZW)F1 mice was very similar to that in normal mice, with involved
skin showing a consistent increase in the number of PDC and neutrophils (Figure 34A-C). The abundant cellular infiltrate
was accompanied by increased expression of IFN-regulated and pro-inflammatory genes. A single injection of SEQ ID
NO:42 (IRS) prior to tape stripping efficiently inhibited this gene induction, consistent with a role of TLR7 and TLR9 in
driving the acute response in this strain (Figure 34D). However, in contrast to the transient course of inflammation in
normal mice, the inflammatory response in (NZBxNZW)F1 mice was sustained for many days, with mRNA for both IFN-
regulated genes and proinflammatory cytokines remaining significantly elevated for up to three weeks after tape stripping
(Figure 28A). This suggests that either these mice fail to properly resolve the inflammation or conditions exist to perpetuate
the inflammatory signals once initiated by the injury of tape stripping. Three weeks after tape stripping, skin lesions of
(NZBxNZW)F1 mice extended over 50% of tape stripped area, while in normal mice lesions were healed (Figure 28C).
At very early time points, 1 and 4 days after tape stripping, (NZBxNZW)F1 mice had severe multifocal thinning of the
epidermis with epidermal necrosis and diffuse dermo-epidermal leukocytic infiltrates composed largely of neutrophils
and macrophages. By about three weeks after the initial tape stripping, (NZBxNZW)F1 mice showed prominent epidermal
hyperplasia with hyperkeratosis, keratin-filled craters or cysts, dermal fibrosclerosis and degenerative changes of the
subcutaneous fat tissue (Figure 28F-H and Figure 35). In man, epidermal changes and vacuolar degeneration of the
dermoepidermal junction is characteristic of all the forms of CLE while other features of this model, such as the presence
of keratin filled cysts and the degeneration of subcutaneous fat are more prominent in discoid CLE (DLE) and verrucous
DLE (Baltaci and Fritsch, 2009). Cutaneous lesions in (NZBxNZW)F1 mice showed persistent leukocyte infiltration,
composed mainly of neutrophils, macrophages and T cells, involving the epidermis, dermis and adnexa, as well as the
subcutaneous fat (Figure 28F-H and Figure 35). In the non-autoimmune mouse strains, 129 and C57/BL6, although a
transient inflammation was observed involving the dermis (early time points 1 day and 4 days), it resolved spontaneously
without producing sclerotic lesions and at the same time points, infiltrating leukocytes were scarce and similar in number
to untreated control skin (Figure 28D and E). A systematic review of the histopathological changes, based on the semi-
quantitative evaluation of multiple disease parameters: epidermis thickness, degree of ulceration, degree of intraepithelial,
dermal and panniculum inflammation is shown in Table 22-1. Overall disease score in lesions was significantly higher
in (NZBxNZW)F1 compared to normal mice.
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Example 23: PDC and signaling through TLR7 and TLR9 are required for the initiation and maintenance of 
cutaneous lesions in (NZBxNZW)F1 mice.

[0403] To demonstrate that PDC and recognition of nucleic acids by TLR7 and TLR9 are central to the tape-stripping
response in (NZBxNZW)F1 mice, animals were treated with SEQ ID NO:42 (IRS) before skin injury and for the duration
of the experiment, according to the schedule in Figure 36. In contrast to untreated mice (Figure 29A and C), IRS-treated
mice healed completely or had small lesions (less than 15% of the stripped area) (Figure 29A). Skin from IRS treated
mice showed a very mild hyperplasia of the epithelium with slight hyperkeratosis and absence of ulceration. The inflam-
matory infiltrate and fibrotic reaction of the dermis appeared greatly reduced as compared to untreated animals and no
cellular infiltration was present in the epidermis (Figure 29D and E). Depletion of PDC starting before tape stripping
(Figure 36) produced a very similar inhibition of the response to tape-stripping. PDC-depleted mice had normal appear-
ance (Figure 29A) with normal to slight hyperplasic epithelium, negligible alterations of the dermis, epidermis and adnexa
and minimal presence of inflammatory infiltration of the dermis (Figure 29F and G). Histological disease score confirmed
these results and showed a significant difference between untreated mice and mice treated with IRS or depleted of PDC
(Table 22-1). These results indicate that PDC are key cells in the response to cutaneous injury through their ability to
sense DNA and RNA through the two nucleic acid-specific TLRs expressed by PDC.
[0404] To evaluate whether TLR7 and TLR9 signaling continues to be required for the prolonged response in (NZ-
BxNZW)F1 mice, or is primarily involved in the initiation of the response, the first IRS treatment was delayed until 4 days
after the tape stripping, at a time when the lesions were fully developed. Strikingly, the cutaneous lesions of mice treated
with IRS beginning at day 4 were almost completely healed by day 15-23 with only 10% of the surface still covered by
open lesions (Figure 30A). In contrast, untreated animals had substantial unhealed lesions (Figure 30A and B) at these
time points. Skin specimens from IRS treated mice presented moderate alterations with very modest dermal inflammatory
infiltration and fibrosclerosis and negligible involvement of the adipose tissue (Figure 30D and E and Table 22-1). These
findings demonstrate that the chronic activation of TLR7 and/or TLR9 in PDC is required both to initiate and maintain
the inflammation in the skin of (NZBxNZW)F1 mice. These results also indicate that blocking this process with a specific
TLR7/9 inhibitor is effective in a therapeutic setting to resolve ongoing skin inflammation.
[0405] Studies of the pathogenic mechanisms of CLE and development of new therapies for CLE have been hampered
by the absence of animal models of interface dermatitis that replicate key features and pathway of the human disease.
Examples 19 to 23 report that skin injury due to tape-striping in normal mice is followed by an acute inflammatory
response accompanied by conspicuous infiltration of innate immune cells including PDC and neutrophils, paralleled with
induction of Type I IFN-regulated genes and pro-inflammatory cytokines. This increased expression of cytokine genes
is completely abrogated in MyD88 deficient mice and in mice treated with a specific inhibitor of TLR7 and TLR9 indicating
a central role for stimulation by RNA and/or DNA. Among the leukocytes that infiltrate the lesional skin, both PDC and
neutrophils express TLR7 and TLR9 receptors (Edwards et al., 2003; Hayashi et al., 2003; and Kadowaki et al., 2001).
The magnitude and composition of the cellular infiltrate is not significantly altered by TLR7 and TLR9 inhibition suggesting
that these pathways are not required for extravasation and homing. Using specific depleting antibodies, it is demonstrated
that PDC, not neutrophils are the source of Type I IFN response, while pro-inflammatory cytokines IL1-α, IL1-β and TNF-

Table 22-1: Pathologic Evaluation Of Skin Lesions Following Tape Stripping

Mice
Epidermis 
thickness Ulceration

Intraepithelial 
inflammation

Dermal 
inflammation

Panniculum 
inflammation

Total 
Disease 
Score

(NZBxNZW)F1 2.961.7 1.660.2 1.060.16 2.360.14 1.760.12 8.460.6

C57/BL6 0.460.3 2.360.14 2.360.14 0.860.2 1.460.3 3.460.8

p<0.001 p<0.05 p<0.05 p<0.001 p<0.05 p<0.001

129 1.060.2 0.060.0 0.060.0 1.660.2 1.260.2 3.160.4

p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

(NZBxNZW)F1 + 
IRS (pre-injury)

0.760.2 0.060.0 0.260.2 1.360.2 0.860.1 3.260.5

p<0.001 p<0.001 p<0.05 p<0.001 p<0.001 p<0.001

(NZBxNZW)F1 + 
IRS (therapeutic)

1.060.2 0.260.1 0.260.2 1.260.1 1.060.0 3.560.4

p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

(NZBxNZW)F1 
depleted of PDC

1.460.3 0.160.1 0.160.1 1.460.2 1.060.2 4.060.5

p<0.05 p<0.001 p<0.05 p<0.001 p<0.001 p<0.001
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α are profoundly inhibited by neutrophil depletion. The reduction in cytokine gene expression in skin depleted of PDC
or neutrophils is similar in RNA samples extracted from infiltrating leukocytes or from whole skin biopsies, indicating that
keratinocytes or endothelial cells are not major contributors to this gene expression pattern. The finding that both IRS
and neutrophil depletion inhibit pro-inflammatory cytokines to a similar extent suggest that neutrophils do respond directly
through one or both of TLR7 and TLR9. Alternatively, the inhibition of TLR7 and TLR9 may prevent induction of factor
made by another cell type (not PDC) that activates neutrophils.
[0406] The most likely ligands for TLR7 and TLR9 in injured skin are endogenous nucleic acids released from kerat-
inocytes and other cell types dying as a consequence of mechanical injury or neutrophil cytotoxicity. A second potential
source is DNA specifically extruded from neutrophils in the form of NETs. This is not likely the major source of the initial
TLR stimulation, as neutrophil depletion prior to injury does not reduce the activation of PDC (Figure 27), however this
may be a relevant source in the chronic activation observed in autoimmune mice. Tissue injury in a largely sterile
environment has been shown to stimulate a similar nucleic acid-dependent inflammatory response. Indeed, DNA release
from necrotic hepatocytes stimulate cytokine production by neutrophils in a TLR9 dependent manner, and this has been
suggested to be a primary mechanism of liver damage following some forms of hepatic injury (Bamboat et al., 2010;
and Imaeda et al., 2009).
[0407] In 129 or C57/BL6 mice, the burst of mRNA encoding inflammatory cytokines is transient and gene expression
levels return to pretreatment levels within 10 days of tape stripping. This is paralleled by reduction in cellular infiltration
and progressive wound healing. Thus, this model represents an acute activation of pathways that are activated chronically
in lupus, CLE and related diseases. In contrast, tape stripping of lupus-prone (NZBxNZW)F1 mice produces a lesion
quite similar to that in non-autoimmune strains, but instead of healing spontaneously, it evolves into lesions that resemble
the human CLE situation both clinically and histologically. Although the initial source of TLR ligands may be similar in
normal and autoimmune mice, an important difference may be the continued presence of ligands for TLR7 and TLR9
in (NZBxNZW)F1 mice, specifically the IC that accumulate at the derma-epidermis junction (Furukawa and Yoshimasu,
2005; and McCauliffe, 1996), and the presence of circulating anti-DNA and anti-RNA autoantibodies in these mice
(Furukawa and Yoshimasu, 2005). A similar phenomenon may take place in human CLE, where anti-DNA and RNA IC,
in circulation and deposited in skin tissue have been extensively described (McCauliffe, 1996; and Wenzel and Tuting,
2008). Another source of DNA and RNA for this continued stimulation might be the neutrophils themselves. Skin neu-
trophils are highly activated after tape stripping and produce abundant NET fibers containing DNA and RNA molecules.
NET-producing neutrophils were found in normal mice only at early time points, before the inflammatory response is
resolved. In (NZBxNZW)F1 mice, however significant infiltration of NET-producing neutrophils are detectable at later
time points in well-established lesions, suggesting that they may constitute a source of endogenous nucleic-acid leading
to chronic TLR signaling. Interestingly, it was found that the antimicrobial peptide LL37 was associated with the fibers
of the NETs from skin neutrophils. LL37 is a cationic antimicrobial peptide highly inducible in keratinocytes and has been
shown to convert endogenous DNA and RNA into a potent TLR9 or TLR7 agonists by promoting aggregation and
enhanced uptake by PDC in vitro (Ganguly et al., 2009; and Lande et al., 2007).
[0408] The development of cutaneous lesions following injury in lupus prone mice is similar to the Koebner phenomenon
observed in patients with CLE and other autoimmune disease of the skin after skin trauma (Ueki, 2005). Indeed, these
patients are highly sensitive to skin trauma and even minor skin scratches can result in development chronic lesions
within weeks. The development of the lesions in (NZBxNZW)F1 is characterized by a persistent IFN-signature and a
high level of pro-inflammatory mediators such as IL-1a, IL-1β and TNF-α. Similarly, in human CLE, both the IFN-signature
but also TNF-α and IL-1 overexpression correlate with disease severity (Clancy et al., 2004; Popovic et al., 2005; Werth,
2007; and Werth et al., 2002). The absence of spontaneous macroscopic lesions in lupus-prone mice is not surprising
as many mouse models of other skin diseases such as atopic dermatitis or psoriasis, develop the pathology exclusively
after mild wounding (Matsunaga et al., 2007; Sano et al., 2005; and Spergel et al., 1999).
[0409] The difference in outcome in lupus-prone versus normal mice following mild injury in the skin thus reflects the
nature of the response, acute vs chronic, by PDC and neutrophils to endogenous nucleic acids in the skin. The inflam-
mation is mediated by TLR7 and TLR9 as the treatment of (NZBxNZW)F1 mice with the specific TLR7/9 inhibitor SEQ
ID NO:42 (IRS) is able to prevent disease onset as shown by gross appearance of the skin, histological examination
and by the normalization of the gene signatures. The outcome was similar in mice depleted of PDC suggesting that PDC
are the key cells that respond to TLR7 and TLR9 ligands and are responsible to establish the disease (Figure 29-30).
However, this does not exclude the possibility that the inhibitors and depletion of PDC might act differently in breaking
the inflammatory loop that leads to disease. TLR7 and TLR9 activation is required not only for the induction of the
inflammatory response but also for continuation of the chronic response seen in lupus-prone mice. This is shown clearly
by the fact that SEQ ID NO:42 (IRS) treatment initiated after the development of the initial cellular infiltrate and cutaneous
lesions leads to accelerated healing. This finding identifies TLR7 and TLR9 as important targets for therapy in CLE and
related cutaneous autoimmune diseases.
[0410] In conclusion, the results shown in Examples 19-23 provide evidence that an abnormal response to endogenous
ligands leading to chronic activation of both TLR7 and TLR9 constitutes a fundamental trigger of autoimmunity in the
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skin. These data indicate that an abnormal, chronic response to TLR7 and TLR9 ligands can establish a self-perpetuating
inflammatory loop driving diseases such as CLE or other diseases with interface dermatitis. These studies also demon-
strate that novel oligonucleotide-based inhibitors of TLR7 and TLR9 are valuable therapeutics for skin autoimmune
diseases.

Example 24: TLR7 and TLR9 Contribution To Response

[0411] To test the role of TLR7 and TLR9 in the inflammatory response, the response to tape stripping in the individual
receptor deficient animals was measured. A partial reduction of the levels of gene expression in the skin was observed
following injury in either TLR7- (Figure 37A) or TLR9- (Figure 37B) deficient mice. However, none of the genes was
exclusively dependent on any one of these receptors. As expected, the addition of the bifunctional TLR7/9 inhibitor SEQ
ID NO:42 completed the inhibition in the TLR9-deficient animals (Figure 37B). Figure 37 shows that the upregulation of
Type I IFN-regulated and inflammatory genes was dependent on both TLR7 and TLR9 receptors. No exacerbation of
skin inflammation was observed in the TLR9-deficient animals. Both TLR7 and TLR9 contributed to the response and
blocking only one of these did not fully prevent inflammation.

Example 25: Human B-cells Cultured in the Presence of IRPs

[0412] To further investigate the effect of IRPs on B-cell stimulatory activity, a wide variety of IRP sequences were
assayed for IL-6, along with positive and negative controls. The experiment was performed as described in Example 1
using doses of IRP of either 4.0 mM or 2.0 mM. The positive control was an immunostimulatory sequence (ISS) with
SEQ ID NO:157. The amount of IL-6 induced by the IRP was divided by that induced by the positive control to normalize
the results across individual experiments and the results are presented in Tables 25-1 and 25-2. The results are presented
as the average normalized IL-6 response over several experiments.
[0413] The results in the following tables show that different IRP sequences induce a range of IL-6 responses from B
cells, ranging from 4% - 63% of the IL-6 response of the positive control. It is preferable that IRPs minimally activate B
cells (e.g., induce less than 20% IL-6 compared to the positive control).

Table 25-1 Normalized IL-6 Response (Percentage of Positive Control).

SEQ 
ID 
NO

Experiment # Max Conc
1 2 3 4 5 6

4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM

42 5’-TGC TCC TGG AGG GGT TGT 13% 14% 5% 9% 10% 6%

204 5’-TGC TTG TCC TGG AGG GGT TGT 9%

141
5’-TGC TCC TGG AGG GGT TGT-HEG-
HEG-3’

8%

67 5’-TGC TCC TGG AGG GGT TGT AAG T 8% 7% 4%

68
5’-TGC TCC TGG AGG GGT TGT AAG 
TTT GT

12% 6%

83 5’-UGC TCC TGG AGG GGT TGT 6%

87 5’-UGC TTG TCC TGG AGG GGT TGT 16% 12%

69 5’-TGC TCC TTG AGG GGT TGT 11%

104
5’-UGC TGC TCC TTG AGG GGT TGU 
U UG U

7%

59 5’-TGC TGC TCC TTG AGG GGT TGT 12%

60 5’-TGC TGC TCC TGG AGG GGT TGT 10%

71 5’-TGC TCC TTG AGI GGT TGT 12% 15% 10%

73 5’-TGC TCC TGG AGI GGT TGT 11% 13% 6%

143 5’-TGC TCC TGG AGI GGT TG-HEG-T 5%
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(continued)

SEQ 
ID 
NO

Experiment # Max Conc
1 2 3 4 5 6

4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM

144
5’-TGC TGC TCC TGG AGI GGT TG-
HEG-T

10%

85 5’-UGC TCC TGG AGG GGU UGU 18%

57
5’-TGC TGC TCC TGG AGG GGT TGT 
TTG T

22% 17%

117 5’-UGC TGC TCC TTG AGI GG 17% 13%

78
5’-TGC TGC TCC TGG AGI GGT TGT 
AAG T

26%

79 5’-TGC TGC TCC TGG AGI GGT GTT GT 33% 18%

74 5’-TGC TTG TCC TGG AGI GGT TGT 21% 25%

134 5’-UGC CAA TCC TGG AGI GGT TGT 31% 21%

66 5’-TGC TGC TCC TGG AGI GGT TGT 20%

77 5’-UGC HEG TCC TGG AGI GGT GTT GT 24%

58
5’-TGC TGC TCC TTG AGG GGT TGT 
TTG T

33% 29%

62
5’-TGC TGC TCC TTG AGI GGT TGT 
TTG T

49%

107
5’-UGC TGC TCC TTG AGG GGT TGT 
TTG T

43%

109
5’-UGC TGC TCC TTG AGI GGT TGT 
TTG T

58% 52% 39% 45% 53% 58%

114 5’-UGC TGC TCC TTG AGI GGT TGT 40% 39% 39%

63 5’-TGC TCC TTG AGI GGT TGT TTG T 46% 48% 41%

125 5’-UGC TGC TCC TGG AGI GGT TGT

126 5’-UGC TGC TCC TTG AGI GGT TGT

127 5’-UGC TGC TCC TTG AGI GGT TGT

179 5’-TGC TGC TCC TTG AGI GGT GTT GT

180 5’-UGC TGC TCC TTG AGI GGT GTT GT

175
5’-TGC TGC TCC TTG AGI GGT TGT 
AAG T

129
5’-UGC TGC TCC TTG AGI GGT TGT 
AAG T

130
5’-UGC TGC TCC TGG AGI GGT TGT 
AAG T

182 5’-UGC TGC TCC TGG AGI GGT GTT GT

123 5’-UGC TTG TCC TGG AGI GGT TGT 35%

124 5’-UGC TTG TCC TGG AGI GGT GTT GT

135 5’-UGC CAA TCC TGG AGI GGT GTT GT

142
5’-UGC TTG TCC TGG AGI GGT TG-
HEG-T

35%
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(continued)

SEQ 
ID 
NO

Experiment # Max Conc
1 2 3 4 5 6

4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM 4.0 uM

64
5’-TGC TTG TCC TGG AGI GGT TGT 
AAG T

33%

65 5’-TGC TTG TCC TGG AGI GGT GTT GT 38%

Table 25-2 Normalized IL-6 Response (Percentage of Positive Control).

SEQ ID NO Experiment # Max Conc
7 8 9 10 11

4.0 uM 2.0 uM 2.0 uM 2.0 uM 2.0 uM

42 5’-TGC TCC TGG AGG GGT TGT 9% 8% 6% 18% 10%

43 5’-TGC TTG TCC TGG AGG GGT TGT 9%

141 5’-TGC TCC TGG AGG GGT TGT-HEG-HEG-3’ 8%

67 5’-TGC TCC TGG AGG GGT TGT AAG T 8%

68 5’-TGC TCC TGG AGG GGT TGT AAG TTT GT

83 5’-UGC TCC TGG AGG GGT TGT 6%

87 5’-UGC TTG TCC TGG AGG GGT TGT

69 5’-TGC TCC TTG AGG GGT TGT 11%

104 5’-UGC TGC TCC TTG AGG GGT TGU U UG U 7%

59 5’-TGC TGC TCC TTG AGG GGT TGT 12%

60 5’-TGC TGC TCC TGG AGG GGT TGT 10%

71 5’-TGC TCC TTG AGI GGT TGT 12% 4% 14%

73 5’-TGC TCC TGG AGI GGT TGT 11%

143 5’-TGC TCC TGG AGI GGT TG-HEG-T

144 5’-TGC TGC TCC TGG AGI GGT TG-HEG-T

85 5’-UGC TCC TGG AGG GGU UGU 18%

57 5’-TGC TGC TCC TGG AGG GGT TGT TTG T

117 5’-UGC TGC TCC TTG AGI GG

78 5’-TGC TGC TCC TGG AGI GGT TGT AAG T 29%

79 5’-TGC TGC TCC TGG AGI GGT GTT GT 28%

74 5’-TGC TTG TCC TGG AGI GGT TGT 23%

134 5’-UGC CAA TCC TGG AGI GGT TGT 22%

66 5’-TGC TGC TCC TGG AGI GGT TGT 18%

77 5’-UGC HEG TCC TGG AGI GGT GTT GT

58 5’-TGC TGC TCC TTG AGG GGT TGT TTG T

62 5’-TGC TGC TCC TTG AGI GGT TGT TTG T 49%

107 5’-UGC TGC TCC TTG AGG GGT TGT TTG T 43%

109 5’-UGC TGC TCC TTG AGI GGT TGT TTG T 45% 42% 64% 63% 54%

114 5’-UGC TGC TCC TTG AGI GGT TGT 40%

63 5’-TGC TCC TTG AGI GGT TGT TTG T 46%
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Example 26: Administration of an IRS to Systemic Lupus Erythematosus (SLE) Patients

[0414] A clinical trial is conducted to determine the safety and efficacy of an IRS in subjects with a diagnosis of SLE
according to the revised American College of Rheumatology classification criteria. Eligible subjects have active disease
graded on SELENA (safety of estrogen in lupus erythematosus national assessment)-modified SLEDAI (SLE disease
activity index). Additionally subjects have an elevated interferon signature score during screening based on nanostring
analysis. The interferon signature is a component of an inflammatory gene expression pattern. The interferon signature
is also a component of an SLE signature. In some instances, an elevated interferon signature is a score of at least 1.5-,
2.0-, 2.5-, 3.0-, 4.0-, 5.0-, 7.5-10-, 15-, or 30-fold over control or reference sample(s). In other instances, an elevated
interferon signature is a score of at least +1, +2 or +3 standard deviations over the average of the control or reference
samples. In some instances, the control or reference sample(s) are from healthy adult subject(s).
[0415] A pharmaceutical composition comprising an IRS is administered to subjects at a dose of 15, 30, 60, 120 or
more mg SC on a weekly basis for eight weeks. The following samples are collected to determine the impact of treatment
on the gene expression levels in SLE patients (IFN-signature alone or as part of a SLE signature): i) plasma - pre-dose
and several time points post start of treatment; and ii) PBMC - at least two pre-dose to establish the baseline, and then
at least at 4 weeks, 8 weeks and 12 weeks post start of treatment will be collected and analyzed. Additional time points
may be added to provide additional data points for curve. Gene analysis is performed by nanostring.
[0416] Endpoints include but are not limited to the following listing. A decrease in IFN-signature score from initial to
week 8 and other time points. A decrease in SLE signature score from initial to week 8 and other time points. Proportion
of subjects with a reduction in any gene signature scores over 8 weeks. The decrease can be determined using various
statistical approaches, such as but not limited to comparison of area of the curve of treated vs. placebo-treat subjects.
Change in clinical disease activity measures including SELENA-SELDAI and BILAG index (e.g., decrease in disease
severity). Change in serologic disease measures such as a reduction in complement or autoantibodies (e.g., anti-nuclear
antigen antibodies: anti-dsDNA, anti-Sm [Smith antigen], anti-histone, anti-RNP, anti-Ro [SSA], anti-La [SSB], etc.; see
e.g., Riemekasten and Hahn, Rheumatology, 44:975-982, 2005). An increase in PDCs in peripheral blood over 8 weeks
as determined by flow cytometry. A corticosteroid-sparing effect in the treated groups as compared to the placebo group.

References:

[0417]

(continued)

SEQ ID NO Experiment # Max Conc
7 8 9 10 11

4.0 uM 2.0 uM 2.0 uM 2.0 uM 2.0 uM

125 5’-UGC TGC TCC TGG AGI GGT TGT 38%

126 5’-UGC TGC TCC TTG AGI GGT TGT 37%

127 5’-UGC TGC TCC TTG AGI GGT TGT 46%

179 5’-TGC TGC TCC TTG AGI GGT GTT GT 40%

180 5’-UGC TGC TCC TTG AGI GGT GTT GT 46%

181 5’-TGC TGC TCC TTG AGI GGT TGT AAG T 38%

129 5’-UGC TGC TCC TTG AGI GGT TGT AAG T 51%

130 5’-UGC TGC TCC TGG AGI GGT TGT AAG T 49%

182 5’-UGC TGC TCC TGG AGI GGT GTT GT 53%

123 5’-UGC TTG TCC TGG AGI GGT TGT 35%

124 5’-UGC TTG TCC TGG AGI GGT GTT GT 33%

135 5’-UGC CAA TCC TGG AGI GGT GTT GT 42%

142 5’-UGC TTG TCC TGG AGI GGT TG-HEG-T 22%

64 5’-TGC TTG TCC TGG AGI GGT TGT AAG T 19%

65 5’-TGC TTG TCC TGG AGI GGT GTT GT 21%
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Claims

1. A polynucleotide comprising a nucleotide sequence selected from the group consisting of
TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),
(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inos-
ine)-GGTTGT (SEQ ID NO:134),
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TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T)
and
TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:144-(hexa-(ethylenegly-
col))-T).

2. The polynucleotide of Claim 1, wherein the polynucleotide consists of the nucleotide sequence selected from the
group consisting of
TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),
(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inos-
ine)-GGTTGT (SEQ ID NO:134),
TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T)
and
TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO: 144-(hexa-(ethylene gly-
col))-T).

3. The polynucleotide of Claim 1, wherein the polynucleotide does not comprise a CG.

4. The polynucleotide of Claim 1 or Claim 3, wherein the polynucleotide is less than 50 bases or base pairs in length.

5. The polynucleotide of any one of Claims 1-4, wherein one or more nucleotides comprises a modification.

6. The polynucleotide of Claim 5, wherein the modification comprises at least one phosphorothioate backbone modi-
fication.

7. The polynucleotide of Claim 6, wherein the polynucleotide consists of the nucleotide sequence TGCTCCTGGAG-(de-
oxy-inosine)-GGTTGT (SEQ ID NO:73).

8. The polynucleotide of Claim 6, wherein the polynucleotide consists of the nucleotide sequence (U modified with 2’-
O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID
NO:134).

9. The polynucleotide of Claim 6, wherein the polynucleotide consists of the nucleotide sequence TGCTCCTGGAG-(de-
oxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T).

10. The polynucleotide of Claim 6, wherein the polynucleotide consists of the nucleotide sequence TGCTGCTCCT-
GGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:144-(hexa-(ethylene glycol))-T).

11. The polynucleotide of any one of Claims 1-10, for use in treating an autoimmune disease in an individual.

12. A polynucleotide for use in treating an autoimmune disease in an individual, wherein an elevated inflammatory gene
expression pattern as compared to that of control sample(s) from healthy subject(s) is present in a sample from the
individual at the onset of treatment, and wherein the polynucleotide comprises a nucleotide sequence selected from
the group consisting of
TGCTCCTGGAG-(deoxy-inosine)-GGTTGT (SEQ ID NO:73),
(U modified with 2’-O-Me)-(G modified with 2’-O-Me)-(C modified with 2’-O-Me)-CAATCCTGGAG-(deoxy-inos-
ine)-GGTTGT (SEQ ID NO:134),
TGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO:143-(hexa-(ethylene glycol))-T)
and
TGCTGCTCCTGGAG-(deoxy-inosine)-GGTTG-(hexa-(ethylene glycol))-T (SEQ ID NO: 144-(hexa-(ethylene gly-
col))-T).

13. The polynucleotide for use in treating an autoimmune disease in an individual according to Claim 12, wherein treating
the autoimmune disease achieves one or more of the following outcomes:

a.) reduces the inflammatory gene expression pattern in a post-treatment sample from the individual;
b.) reduces a clinical disease activity measure of the autoimmune disease;
c.) reduces a serologic disease measure of the autoimmune disease;
d.) increases plasmacytoid dendritic cells in a post-treatment peripheral blood mononuclear cell sample from
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the individual; and
e.) reduces concurrent corticosteroid use by the individual.

14. The polynucleotide for use in treating an autoimmune disease in an individual according to Claim 12 or 13, wherein
the individual is a human patient.

15. The polynucleotide for use in treating an autoimmune disease in an individual according to any one of Claims 12-14,
wherein the autoimmune disease is systemic lupus erythematosus (SLE) or cutaneous lupus erythematosus (CLE).

16. The polynucleotide for use in treating an autoimmune disease in an individual according to any one of Claims 12-15,
wherein the elevated inflammatory gene expression pattern comprises an interferon (IFN) signature comprising
elevated levels in the sample of one or more biomarkers selected from the group consisting of BATF2, CMPK2,
DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3, ISG15, LAMP3, LOC26010, MX1, OAS1,
OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1, cl02h05 5, Agencourt-7914287 NIH-
MCG_71, ISG20, IRF7, and AIM2, as compared to the control sample(s).

17. The polynucleotide for use in treating an autoimmune disease in an individual according any one of Claims 12-16,
wherein the elevated inflammatory gene expression pattern comprises elevated levels in the sample of one or more
cytokines selected from the group consisting of IL-lalpha, IL-1 beta, TNF-alpha, IL-6, IL-17, IFN-alpha, IFN-omega,
IFN-lambdal, IFN-lambda2, and IP-10, as compared to the control sample(s).

Patentansprüche

1. Polynukleotid, umfassend eine Nukleotidsequenz ausgewählt aus der Gruppe bestehend aus
TGCTCCTGGAG-(deoxy-inosin)-GGTTGT (SEQ ID NO:73),
(U-modifiziert mit 2’-O-Me)-(G-modifiziert mit 2’-O-Me)-(C-modifiziert mit 2’-O-Me)-CAATCCTGGAG-(deoxy-ino-
sin)-GGTTGT (SEQ ID N0:134),
TGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:143-(hexa-(ethylenglycol))-T) und
TGCTGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:144-(hexa-(ethylenglycol))-T).

2. Polynukleotid nach Anspruch 1, wobei das Polynukleotid aus der Nukleotidsequenz besteht, die ausgewählt ist aus
der Gruppe bestehend aus
TGCTCCTGGAG-(deoxy-inosin)-GGTTGT (SEQ ID NO:73),
(U-modifiziert mit 2’-O-Me)-(G-modifiziert mit 2’-O-Me)-(C-modifiziert mit 2’-O-Me)-CAATCCTGGAG-(deoxy-ino-
sin)-GGTTGT (SEQ ID N0:134),
TGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:143-(hexa-(ethylenglycol))-T) und
TGCTGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:144-(hexa-(ethylenglycol))-T).

3. Polynukleotid nach Anspruch 1, wobei das Polynukleotid kein CG umfasst.

4. Polynukleotid nach Anspruch 1 oder Anspruch 3, wobei das Polynukleotid eine Länge von weniger als 50 Basen
oder Basenpaaren aufweist.

5. Polynukleotid nach einem der Ansprüche 1 bis 4, wobei ein oder mehrere Nukleotide eine Modifikation umfassen.

6. Polynukleotid nach Anspruch 5, wobei die Modifikation mindestens eine Phosphorothioat-Backbone-Modifikation
umfasst.

7. Polynukleotid nach Anspruch 6, wobei das Polynukleotid aus der Nukleotidsequenz TGCTCCTGGAG-(deoxy-ino-
sin)-GGTTGT (SEQ ID NO:73) besteht.

8. Polynukleotid nach Anspruch 6, wobei das Polynukleotid aus der Nukleotidsequenz (U-modifiziert mit 2’-O-Me)-(G-
modifiziert mit 2’-O-Me)-(C-modifiziert mit 2’-O-Me)-CAATCCTGGAG-(deoxy-inosin)-GGTTGT (SEQ ID NO:134)
besteht.

9. Polynukleotid nach Anspruch 6, wobei das Polynukleotid aus der Nukleotidsequenz TGCTCCTGGAG-(deoxy-ino-
sin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:143-(hexa-(ethylenglycol))-T) besteht.
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10. Polynukleotid nach Anspruch 6, wobei das Polynukleotid aus der Nukleotidsequenz TGCTGCTCCTGGAG-(deoxy-
inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:144-(hexa-(ethylenglycol))-T) besteht.

11. Polynukleotid nach einem der Ansprüche 1 bis 10 zur Anwendung bei der Behandlung einer Autoimmunerkrankung
eines Individuums.

12. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums, wobei im Ver-
gleich zu dem aus Kontrollprobe/n von einem gesunden Individuum/gesunden Individuen ein erhöhtes entzündliches
Genexpressionsmuster in einer Probe von dem Individuum vorhanden ist, das am Beginn einer Behandlung steht,
und wobei das Polynukleotid eine Nukleotidsequenz umfasst, die ausgewählt ist aus der Gruppe bestehend aus
TGCTCCTGGAG-(deoxy-inosin)-GGTTGT (SEQ ID NO:73),
(U-modifiziert mit 2’-O-Me)-(G-modifiziert mit 2’-O-Me)-(C-modifiziert mit 2’-O-Me)-CAATCCTGGAG-(deoxy-ino-
sin)-GGTTGT (SEQ ID N0:134),
TGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO: 143-(hexa-(ethylenglycol))-T) und
TGCTGCTCCTGGAG-(deoxy-inosin)-GGTTG-(hexa-(ethylenglycol))-T (SEQ ID NO:144-(hexa-(ethylenglycol))-T).

13. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums nach Anspruch
12, wobei das Behandeln der Autoimmunerkrankung eines oder mehrere der folgenden Ergebnisse erzielt:

a. verringert das erhöhte entzündliche Genexpressionsmuster in einer Nachbehandlungsprobe des Individuums;
b. verringert eine klinische Messgröße der Krankheitsaktivität der Autoimmunerkrankung;
c. verringert eine serologische Krankheits-Messgröße der Autoimmunerkrankung;
d. erhöht plasmazytoide dendritische Zellen in einer peripheren mononuklearen Blutzellenprobe des Individuums
nach der Behandlung und
e. verringert eine zeitgleiche Anwendung von Kortikosteroid des Individuums.

14. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums nach Anspruch
12 oder 13, wobei das Individuum eine menschliche Patientin/ ein menschlicher Patient ist.

15. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums nach einem der
Ansprüche 12 bis 14, wobei die Autoimmunerkrankung systemischer Lupus erythematodes (SLE) oder kutaner
Lupus erythematodes (CLE) ist.

16. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums nach einem der
Ansprüche 12 bis 15, wobei das erhöhte entzündliche Genexpressionsmuster eine Interferon (IFN)-Signatur umfasst,
die erhöhte Werte eines oder mehrerer Biomarker in der Probe umfasst, wobei die Biomarker ausgewählt sind aus
der Gruppe bestehend aus BATF2, CMPK2, DDX60, EPSTI1, HERCS, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3,
ISG15, LAMP3, LOC26010, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1,
cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IRF7 und AIM2, im Vergleich zu der/den Kontrollprobe/n.

17. Polynukleotid zur Anwendung bei der Behandlung einer Autoimmunerkrankung eines Individuums nach einem der
Ansprüche 12 bis 16, wobei das erhöhte entzündliche Genexpressionsmuster erhöhte Werte eines oder mehrerer
Zytokine in der Probe umfasst, wobei die Zytokine ausgewählt sind aus der Gruppe bestehend aus IL-1alpha, IL-1
beta, TNF-alpha, IL-6, IL-17, IFN-alpha, IFN-omega, IFN-lambda1, IFN-lambda2 und IP-10, im Vergleich zu der/den
Kontrollprobe/n.

Revendications

1. Polynucléotide comprenant une séquence nucléotidique choisie dans le groupe constitué par
TGCTCCTGGAG-(désoxyinosine)-GGTTGT (SEQ ID N° : 73),
(U modifié avec 2’-O-Me)-(G modifié avec 2’-O-Me)-(C modifié avec 2’-O-Me)-CAATCCTGGAG-(désoxyinosi-
ne)-GGTTGT (SEQ ID N° : 134),
TGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 143-(hexa-(éthylène glycol))-T)
et
TGCTGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 144-(hexa-(éthylène gly-
col))-T).
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2. Polynucléotide de la revendication 1, le polynucléotide étant constitué par la séquence nucléotidique choisie dans
le groupe constitué par
TGCTCCTGGAG-(désoxyinosine)-GGTTGT (SEQ ID N° : 73),
(U modifié avec 2’-O-Me)-(G modifié avec 2’-O-Me)-(C modifié avec 2’-O-Me)-CAATCCTGGAG-(désoxyinosi-
ne)-GGTTGT (SEQ ID N° : 134),
TGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 143-(hexa-(éthylène glycol))-T)
et
TGCTGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 144-(hexa-(éthylène gly-
col))-T).

3. Polynucléotide de la revendication 1, le polynucléotide ne comprenant pas de CG.

4. Polynucléotide de la revendication 1 ou de la revendication 3, le polynucléotide ayant une longueur inférieure à 50
bases ou paires de base.

5. Polynucléotide de l’une quelconque des revendications 1 à 4, dans lequel au moins un nucléotide comprend une
modification.

6. Polynucléotide de la revendication 5, dans lequel la modification comprend au moins une modification du squelette
phosphorothioate.

7. Polynucléotide de la revendication 6, le polynucléotide étant constitué par la séquence nucléotidique TGCTCCTG-
GAG-(désoxyinosine)-GGTTGT (SEQ ID N° : 73).

8. Polynucléotide de la revendication 6, le polynucléotide étant constitué par la séquence nucléotidique (U modifié
avec 2’-O-Me)-(G modifié avec 2’-O-Me)-(C modifié avec 2’-O-Me)-CAATCCTGGAG-(désoxyinosine)-GGTTGT
(SEQ ID N° : 134).

9. Polynucléotide de la revendication 6, le polynucléotide étant constitué par la séquence nucléotidique TGCTCCTG-
GAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N°:143-(hexa-(éthylène glycol))-T).

10. Polynucléotide de la revendication 6, le polynucléotide étant constitué par la séquence nucléotidique TGCTGCTCC-
TGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))- T (SEQ ID N° : 144-(hexa-(éthylène glycol))-T).

11. Polynucléotide de l’une quelconque des revendications 1 à 10, destiné à une utilisation dans le traitement d’une
maladie auto-immune chez un individu.

12. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu, dans lequel
un profil d’expression génique inflammatoire élevé comparé à celui d’un ou plusieurs échantillons témoins provenant
de sujets sains est présent dans un échantillon provenant de l’individu au début du traitement, le polynucléotide
comprenant une séquence nucléotidique choisie dans le groupe constitué par
TGCTCCTGGAG-(désoxyinosine)-GGTTGT (SEQ ID N° : 73),
(U modifié avec 2’-O-Me)-(G modifié avec 2’-O-Me)-(C modifié avec 2’-O-Me)-CAATCCTGGAG-(désoxyinosi-
ne)-GGTTGT (SEQ ID N° : 134),
TGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 143-(hexa-(éthylène glycol))-T)
et
TGCTGCTCCTGGAG-(désoxyinosine)-GGTTG-(hexa-(éthylène glycol))-T (SEQ ID N° : 144-(hexa-(éthylène gly-
col))-T).

13. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu selon la
revendication 12, dans lequel le traitement de la maladie auto-immune obtient au moins un des résultats suivants :

a. ) réduction du profil d’expression génique inflammatoire dans un échantillon post-traitement provenant de
l’individu ;
b. ) réduction d’une mesure d’activité pathologique clinique de la maladie auto-immune ;
c. ) réduction d’une mesure pathologique sérologique de la maladie auto-immune ;
d. ) augmentation des cellules dendritiques plasmacytoïdes dans un échantillon post-traitement de cellules
mononuclées du sang périphérique ; et
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e.) réduction de l’utilisation concomitante de corticostéroïdes par l’individu.

14. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu selon la
revendication 12 ou 13, l’individu étant un patient humain.

15. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu selon l’une
quelconque des revendications 12 à 14, la maladie auto-immune étant le lupus érythémateux disséminé (LED) ou
le lupus érythémateux cutané (LEC).

16. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu selon l’une
quelconque des revendications 12 à 15, dans lequel le profil d’expression génique inflammatoire élevé comprend
la signature d’un interféron (IFN) comprenant un taux élevé dans l’échantillon d’au moins un biomarqueur choisi
dans le groupe constitué par BATF2, CMPK2, DDX60, EPSTI1, HERC5, HES4, IFI44, IFI44L, IFIT1, IFIT3, IFITM3,
ISG15, LAMP3, LOC26010, MX1, OAS1, OAS2, OAS3, OASL, OTOF, RSAD2, RTP4, SERPING1, TRIM6, XAF1,
cl02h05 5, Agencourt-7914287 NIH-MCG_71, ISG20, IRF7 et AIM2, en comparaison avec le ou les échantillons
témoins.

17. Polynucléotide destiné à une utilisation dans le traitement d’une maladie auto-immune chez un individu selon l’une
quelconque des revendications 12 à 16, dans lequel le profil d’expression génique inflammatoire élevé comprend
un taux élevé dans l’échantillon d’au moins une cytokine choisie dans le groupe constitué par IL-1 alpha, IL-1 bêta,
TNF-alpha, IL-6, IL-17, IFN-alpha, IFN-oméga, IFN- lambda 1, IFN-lambda 2 et IP-10, en comparaison avec le ou
les échantillons témoins.
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