Office de la Propriete Canadian CA 2685147 A1 2008/11/13

Intellectuelle Intellectual Property
du Canada Office (21) 2 685 1 47
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépbt PCT/PCT Filing Date: 2008/05/05 (51) Cl.Int./Int.Cl. C712N 5/06 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/11/13 C405 30/04(2000.01)

(71) Demandeur/Applicant:
MEDIMMUNE, LLC, US

(72) Inventeurs/Inventors:

(85) Entree phase nationale/National Entry: 2009/10/23
(86) N° demande PCT/PCT Application No.: US 2008/062639

(87) N° publication PCT/PCT Publication No.: 2008/137/835 ZMUDA JONATHAN US:
(30) Priorités/Priorities: 2007/05/03 (US60/924,219); STRANGE, CHRISTINA, US;
2007/05/03 (US60/924,220); 2007/05/21 (US60/924 ,584); WHITE, WENDY, US

2007/09/19 (US60/960,187); 200//11/05 (US60/996,176); | (74) Agent: SMART & BIGGAR
2007/11/05 (US60/996 174);, 2007/11/06 (US60/996,219);
2007/12/06 (US PCT/US2007/24947);
(US
(

2007/12/06 PCT/US2007/24941),
2007/12/06 (US60/996,820); 2008/02/08 (US61/006,963)

(54) Titre : MARQUEURS D'AUTO-ANTICORPS DE MALADIE AUTO-IMMUNE
(54) Title: AUTO-ANTIBODY MARKERS OF AUTOIMMUNE DISEASE

Figure 1

(57) Abréegée/Abstract:

The present invention encompasses auto-antibodies associated with autoimmune disorders. The auto-antibodies may be used, for
example, In methods of treating patients, methods of diagnosing patients, methods of monitoring disease progression of patients,
and methods of prognosing patients.

| ;_i:\ SNasEEy

C anad a http.//opic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191




2008/137835 A3 IV HL 00 AT AT 0 0 0 0

CA 02685147 2009-10-23

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization -
International Bureau '

(43) International Publication Date
13 November 2008 (13.11.2008)

(51) International Patent Classification:
CI2N 5/06 (2006.01) CI2N 5716 (2006.01)

(21) International Application Number:
PCT/US2008/062639

(22) International Filing Date: 5 May 2008 (05.05.2008)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/924,219 3 May 2007 (03.05.2007) US
60/924,220 3 May 2007 (03.05.2007) US
60/924,584 21 May 2007 (21.05.2007) US
60/960,187 19 September 2007 (19.09.2007) US
60/996,176 5 November 2007 (05.11.2007) US
60/996,174 5 November 2007 (05.11.2007) US
60/996,219 6 November 2007 (06.11.2007) US
PCT/US2007/24941

6 December 2007 (06.12.2007) US
PCT/US2007/24947

6 December 2007 (06.12.2007) US

(10) International Publication Number

WO 2008/137835 A3

60/996,820
61/006,963

US
US

6 December 2007 (06.12.2007)
8 February 2008 (08.02.2008)

(71) Applicant (for all designated States except US): MEDIM -
MUNE, LLC [US/US]; One Medimmune Way, Gaithers-
burg, MD 20878 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZMUDA, Jonathan
[US/US]; 3918 Shawfield Lane, Frederick, MD 21704
(US). STRANGE, Christina [US/US]; 188 Stoneybrook
Court, Frederick, MD 21702 (US). WHITE, Wendy
[US/US]; 10717 Wayfarer Road, Germantown, MD 20876
(US).

(74) Agents: HOLMES-SON, Michelle et al.; Medimmune,

LLC, One Medimmune Way, Gaithersburg, MD 20878

(US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

[Continued on next page]

(54) Title: AUTO-ANTIBODY MARKERS OF AUTOIMMUNE DISEASE

Figure 1

(57) Abstract: The present invention encompasses auto-antibodies associated with autoimmune disorders. The auto-antibodies may
be used, for example, in methods of treating patients, methods of diagnosing patients, methods of monitoring disease progression of

patients, and methods of prognosing patients.



CA 02685147 2009-10-23

WO 2008/137835 A3 IHIHHVA!H AR AR 01 1A A A

IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BEF, BJ, CF, CG,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,

SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, Published:

ZA, 7TM, ZW. —  with international search report
—  before the expiration of the time limit for amending the
(84) Designated States (unless otherwise indicated, for every claims and to be republished in the event of receipt of
kind of regional protection available): ARIPO (BW, GH, amendments

GM, KE, LS, MW, MZ., NA, SD, SL., SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), (88) Date of publication of the international search report:
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I'l, 24 December 2008



CA 02685147 2009-10-23
WO 2008/137835 PCT/US2008/062639

AUTO-ANTIBODY MARKERS OF AUTOIMMUNE DISEASE

FIELD OF THE INVENTION

The present invention relates to auto-antibodies associated with autormmune

disease and methods employing such auto-antibodies.

BACKGROUND OF THE INVENTION
The present invention encompasses auto-antibodies present in patients having an
autoimmune disease. The auto-antibodies can be used in, for example, methods of

treating patients, methods of diagnosing patients, methods of monitoring disease

progression of patients, and methods of prognosing patients.

SUMMARY OF THE INVENTION

An embodiment of the invention encompasses a method of treating a patient
having a type I IFN or IFNa-related autoimmune disorder. An agent that binds to and
modulates type I IFN or IFNa activity is administered to the patient. The patient having
the autoimmune disorder comprises auto-antibodies that bind at least any two auto-
antigens which may be: (a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78; (b) surfeit 5, transcript variant c; (c) proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (¢) Heat
shock 10 kDa protein 1 (chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like
domain, family A, member 1; (h) cytoskeleton-associated protein 1; (1) Sjogren syndrome
antigen A2 (60 kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase
(ubiquinone) 1, alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E
homolog 1 (A. nidulans); (I) MutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli); (m) leucine rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha);
(0) spastic paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein,
transcript variant 1; (r) mitochondrial ribosomal protein L45; and (s) fumarate hydratase.

The agent reduces number or levels of the auto-antibodies that bind the at least any two

auto-antigens in the patient.
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Another embodiment of the invention encompasses a method of diagnosing a
patient as having a type I IFN or IFN o-related autoimmune disorder. The presence or
absence of auto-antibodies is detected in a sample of the patient. The auto-antibodies
may bind to any two of: (a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78; (b) surfeit 5, transcript variant c; (c) proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (¢) Heat
shock 10 kDa protein 1 (chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like
domain, family A, member 1; (h) cytoskeleton-associated protein 1; (i) Sjogren syndrome
antigen A2 (60 kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase
(ubiquinone) 1, alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E
homolog 1 (A. nidulans); (I) MutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli); (m) leucine rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha);
(0) spastic paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein,
transcript variant 1; (r) mitochondrial ribosomal protein L45; and (s) fumarate hydratase.
Detecting the presence of the auto-antibodies diagnoses the patient as having the
autoimmune disorder.

A further embodiment of the invention encompasses a method of monitoring
autoimmune disorder progression of a patient receiving treatment with a therapeutic
agent that binds to and modulates type I IFN activity. Auto-antibodies are identified in a
first sample of a patient. The auto-antibodies may bind at least any two auto-antigens
which may be: (a) Myxovirus (influenza virus) resistance 1, interferon-inducible protein
p78; (b) surfeit 5, transcript variant c; (c) proteasome (prosome, macropain) activator
subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (e¢) Heat shock 10
kDa protein 1 (chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like domain,
family A, member 1; (h) cytoskeleton-associated protein 1; (i) Sjogren syndrome antigen
A2 (60 kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase
(ubiquinone) 1, alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E
homolog 1 (A. nidulans); (1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli); (m) leucine rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha);
(0) spastic paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein,
transcript variant 1; (r) mitochondrial ribosomal protein L45; and (s) fumarate hydratase.
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A therapeutic agent that binds to and modulates type I IFN activity is administered.
Auto-antibodies are identified in a second sample from the patient. The auto-antibodies
in the first and second sample from the patient are compared. A variance in the auto-
antibodies in the first and second sample indicates a level of efficacy of the therapeutic
agent that binds to and modulates type I IFN activity.

Yet a further embodiment of the invention encompasses a method of prognosing a
patient having a type I IFN or IFNa-mediated autoimmune disorder. Presence or absence
of auto-antibodies is identified in a patient. The auto-antibodies may bind auto-antigens
including: (a) Myxovirus (influenza virus) resistance 1, interferon-inducible protein p7s;
(b) surfeit 5, transcript variant c; (c) proteasome (prosome, macropain) activator subunit 3
(PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (e) Heat shock 10 kDa
protein 1 (chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like domain,
family A, member 1; (h) cytoskeleton-associated protein 1; (1) Sjogren syndrome antigen
A2 (60 kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase
(ubiquinone) 1, alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E
homolog 1 (A. nidulans); (1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli); (m) leucine rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha);
(o) spastic paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein,
transcript variant 1; (r) mitochondrial ribosomal protein L45; (s) Lin-28 homolog (C.
elegans); (t) heat shock 90 kDa protein 1, alpha; (u) dom-3 homolog Z (C. elegans); (v)
dynein, cytoplasmic, light intermediate polypeptide 2; (w) Ras-related .C3 botulinum
toxin substrate 1 (rtho family, small GTP binding protein); (x) synovial sarcoma, X
breakpoint 2, transcript variant 2; (y) moesin; (z) homer homolog (Drosophila), transcript
variant 1; (aa) GCN5 general control of amino-acid synthesis 5-like 2 (yeast); (bb)
eukaryotic translation elongation factor 1 gamma; (cc) eukaryotic translation elongation
factor 1, delta; (dd) DNA-damage-inducible transcript 3; (ee) CCAAT/enhancer binding
protein (C/EBP) gamma; and (ff) fumarate hydratase. The presence and levels of the
auto-antibodies in the sample prognoses the autormmune disorder.

In yet another embodiment of the invention is a method of treating a patient
having a type I IFN or IFNa-related autoimmune disorder. An agent that binds to and
modulates type I IFN or IFNa activity is administered. The patient having the
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autoimmune disorder comprises auto-antibodies that bind to at least a retinoic acid
receptor/retinoid X receptor (RA(X)R). The agent reduces number or levels of the auto-
antibodies that bind the (RA(X)R).

In another embodiment of the invention is a method of diagnosing a patient as
having a type I IFN or IFNa-related autoimmune disorder. Presence or absence of auto-
antibodies is detected in a sample of a patient. The auto-antibodies bind at least a retinoic
acid/retinoid X receptor (RA(X)R).

In a further embodiment of the invention is a method of monitoring autoimmune
disorder progression of a patient receiving treatment with a therapeutic agent that binds to
and modulates type I IFN or IFNa activity. Auto-antibodies in a first sample of a patient
are identified. The auto-antibodies bind at least a retinoic acid/retinoid X receptor

(RA(X)R). A therapeutic agent that binds to and modulates type I IFN or IFNa activity 1s

administered. The auto-antibodies in a second sample from the patient are identified.

The auto-antibodies in the first and the second sample from the patient are compared. A

variance in the auto-antibodies in the first and second sample indicates a level of efficacy

of the therapeutic agent that binds to and modulates type I IFN or IFNa activity.
In yet a further embodiment of the invention is a method of prognosing a patient
having a type I IFN or IFNa-mediated autoimmune disorder. Presence or absence of

auto-antibodies in a sample of a patient are identified. The auto-antibodies bind at least a

retinoic acid/retinoid X receptor (RA(X)R) in the sample of the patient. The presence

and levels of the autoantibodies in the sample prognoses the autoimmune disorder.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Schematic representation of auto-antigen array used to identify auto-antibodies

present in SLE patients.
Figure 2: Architecture of proteins as spotted on auto-antigen arrays.
Figure 3: Assay procedure for detecting auto-antibodies using auto-antigen array.

Figure 4: Auto-antibody array data for auto-antibody detection i normal subjects.
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Figure 5a and b: Auto-antigen array data for auto-antibody detection in (a) normal

subjects and (b) SLE patients having a type I IFN signature but lacking detectable IFN

activity.

Figure 6a-e: Auto-antigen array data for auto-antibody detection in (a) normal subjects,
(b) SLE patients having a type I IFN signature but lacking detectable IFN activity, (c)
SLE patients having a type I IFN signature, detectable IFN activity and detectable

Sjogren syndrome antigen A2 (SSA) antibodies, (d) SLE patients having highest type 1
IFN signature, detectable IFN activity and detectable SSA antibodies, and (e) SLE

patients having a type I IFN signature and detectable IFN activity.

Figure 7: IFNa serum activity correlates with number of autoantibodies, detected by

microarray, per SLE patient.

Figure 8: IFNo serum activity correlates with intensity of autoantibodies, detected by

microarray, per SLE patient.

Figure 9 and 9b: IFNo serum activity correlates with number and intensity of

autoantibodies, detected by Luminex. Graphical representation of the data (a) and

autoantibodies detected in the assay (b) are presented.

Figure 10: Confirmation of anti-SSA antibody detection by Luminex. Both Luminex

and microarray assays identically classified the presence of SSA antibodies 1n 20 of 20

SLE samples.

Figure 11: RARa autoantibodies are reactive against multiple domains of the RARa

protein.

Figure 12: Autoantibodies against multiple members of the RA(X)R families of proteins

are present in SLE patient sera.

DETAILED DESCRIPTION

The invention encompasses methods of treating, diagnosing, prognosing, and
monitoring autoimmune disorder progression in patients. The patient may have the
disease, disorder, or condition as a result of experimental research, e.g., 1t may be an
experimental model developed for the disease, disorder, or condition. Alternatively, the

patient may have the disease, disorder, or condition in the absence of experimental
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manipulation. Patients include humans, mice, rats, horses, pigs, cats, dogs, and any
animal used for research.

A type I IFN or IFNa-mediated disorder may be any disorder in which any one or
more type I IFN or IFNa subtype is dysregulated, e.g., the type I IFN or IFNa subtype 1s
overexpressed or levels of any type I IFN or IFNa subtype are elevated in the patient.
The IFNa or type-I IFN subtypes may include any one, any more than one, more than
two, more than three, more than four, more than five, more than six, more than seven,
more than eight, more than nine, or more than ten IFNa or type-I IFN subtypes. These
[FNa or type-I IFN subtypes may include IFNal, IFNa2, IFNo4, IFNaS5, IFNa6, IFNa7,
IFNo8, IFNa10, IFNa14, IFNal17, IFNa21, IFNB, or IFNw. The IFNa or type-1 IFN
subtypes may include IFNal, IFNa2, IFNa8, and IFNal4. Alternatively, the IFNa or
type-I IFN subtypes may include IFNal, IFNa2, IFNo4, IFNas5, IFNa8, IFNal0, and
IFNa21. The overexpression or elevated levels of the any one or more type I IFN or
IFNo subtype may be by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 60%,
70%, 75%, 80%, 90%, 95%, 100%, 125%, 150%, 200%, or 500% relative to a healthy
individual or to a healthy tissue in the patient, e.g., in non-lesional skin of a psoriasis
patient.

The autoimmune disorder may be any one of systemic lupus erythematosus,
insulin dependent diabetes mellitus, inflammatory bowel disease (including Crohn’s
disease, ulcerative colitis, and Celiac’s disease), multiple sclerosis, psoriasis, autoimmune
thyroiditis, rheumatoid arthritis, glomerulonephritis, idiopathic inflammatory myositis,
Sjogren’s syndrome, vasculitis, dermatomyositis, polymyositis, inclusion body myositis,
and sarcoidosis.

The patient having the autoimmune disorder may have auto-antibodies that bind
to auto-antigens. The auto-antigens to which these auto-antibodies bind may be any of
the auto-antigens listed in Table 2, or Table 4, or Table 5, or Table 9. The auto-antigens
may be all the auto-antigens listed in Table 2, or all the auto-antigens listed n Table 4, or
all the auto-antigens listed in Table 5, or all the auto-antigens in Table 9. If the auto-
antigens are a subset of the auto-antigens listed in any one of Tables 2, 4, 5, or 9 the auto-
antigens may be (a) Myxovirus (influenza virus) resistance 1, interferon-inducible protein

p78; (b) surfeit 5, transcript variant c; (c) proteasome (prosome, macropain) activator
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subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (¢) Heat shock 10
kDa protein 1 (chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like domain,
family A, member 1; (h) cytoskeleton-associated protein 1; (i) Sjogren syndrome antigen
A2 (60 kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase
(ubiquinone) 1, alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E
homolog 1 (A. nidulans); (1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E.
coli); (m) leucine rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha);
(o) spastic paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein,
transcript variant 1; (r) mitochondrial ribosomal protein L45; and (s) fumarate hydratase.
The auto-antigens may be those highlighted in gray in Table 2. The auto-antigens may be
those in bold in Table 2. The auto-antigens may be (a) Myxovirus (influenza virus)
resistance 1 and interferon-inducible protein p78; and (b) surfeit 5, transcript variant c.
The auto-antigens may be (a) Myxovirus (influenza virus) resistance 1, interferon-
inducible protein p78; (b) surfeit 5, transcript variant c; and (c) proteasome (posome,
macropain) activator subunit 3 (PA28 gamma; Ki) transc. The auto-antigens may be (a)
Myxovirus (influenza virus) resistance 1, interferon-inducible protein p78; (b) surteit 5,
transcript variant c; (c) proteasome (prosome, macropain) activator subunit 3 (PA28
gamma; Ki) transc; and (d) retinoic acid receptor, alpha. The auto-antigens may be (a)
Myxovirus (influenza virus) resistance 1, interferon-inducible protein p78; (b) surteit 5,
transcript variant c; (c) proteasome (prosome, macropain) activator subunit 3 (PA28
gamma; Ki) transc; (d) retinoic acid receptor, alpha; and (e) Heat shock 10 kDa protein 1
(chaperonin 10). The auto-antigens may be (a) Myxovirus (influenza virus) resistance 1,
interferon-inducible protein p78; (b) surfeit 5, transcript variant ¢; (c) proteasome
(prosome, macropain) activator subunit 3 (PA28 gamma; Ki) transc; (d) retnoic acid
receptor, alpha; (¢) Heat shock 10 kDa protein 1 (chaperonin 10); and (f) tropomyosin 3.
The autoantigens may be any 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, or 16 of
proteasome activator complex subunit 3 (PSME3), tropomysin 3 (TPM3), retinoic acid
receptor, alpha (RAR«), fumarate hydratase (FH), ribosomal protein, large, P1 (RPLP1),
Sjogren syndrome antigen A2 (SSA2), heat shock 90 kDa protein 1, alpha (HSPCA),
pyrroline-5-carboxylate reductase 1, transcript variant (PYCRI), cytoskeleton associated

protein 1 (CKAP1), spastic paraplegia 20, spartin , Troyer syndrome (SPG20), ras-related



CA 02685147 2009-10-23
WO 2008/137835 PCT/US2008/062639

C3 botulinum toxin substrate 1, rho family (RAC1), lactate dehydrogenase B (LDHB),
oxysterol binding protein-like 9, transcript variant (OSBPL9), moesin (MSN), pleckstrin
homology-like domain, family A, member 1 (PHLDA1), and mammalian homolog of
Yeast MOB1 (PRE13). The autoantigens may be any 1, 2, 3, 4, 5, 6,7,8,9,10,11, 12,
13, 14, 15, 16, or 17 of PSME3, TPM3, RARa, FH, RPLP1, SSA2, HSPCA, PYCRI,
CKAP1, SPG20, RAC1, LDHB, OSBPL9, MSN, PHLDAI, PRE13, and hydroxyacyl
glutathion hydrolase-like (HAGHL). The autoantigens may be any 1, 2, 3,4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 of ankyrin repeat domain 13;
ATP synthase, H+ transporting, mitochondrial F1 complex, beta polypeptide;
chromosome 7 open reading frame 22; hypothetical protein DJ1042K10.2; eukaryotic
translation elongation factor 1 gamma; fumarate hydratase; hepatocellular carcinoma-
associated antigen 127; isopentenyl-diphosphate delta isomerase; macrophage migration
inhibitory factor (glycosylation-inhibiting factor); mitochondrial ribosomal protein L45;
moesin; oxysterol binding protein-like 9, transcript variant 1; protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 9; proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc; ras-related C3 botulinum toxin substrate 1
(tho family, small GTP binding protein; RIO kinase 2 (yeast); ribosomal protein, large,
P1; Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro);
synovial sarcoma, X breakpoint 2, transcript variant 2; serine/threonine kinase 16; TBCI
domain family, member 2; tudor and KH domain containing protein; target of mybl
(chicken); and/or urridine monophosphate kinase. The autoantigens may be any 1, 2, 3,
4, 5. 6,7, 8,9, 10, 11, 12, or 13 of ankyrin repeat domain 13; ATP synthase, H+
transporting, mitochondrial F1 complex, beta polypeptide; fumarate hydratase; moesin;
oxysterol binding protein-like 9, transcript variant 1; proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc; ribosomal protein, large, Pl; Sjogren
syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro); synovial
sarcoma, X breakpoint 2, transcript variant 2; serine/threonine kinase 16, TBC1 domain
family, member 2; tudor and KH domain containing protein; and/or target of mybl
(chicken). The autoantigens may be any 1, 2, 3, 4, 5, 6, or 7 of fumarate hydratase;
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1), transc;

ribosomal protein, large, P1; Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein
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autoantigen SS-A/Ro); pyrroline-5-carboxylate reductase 1, transcript variant 1; retinoic
acid receptor, alpha; and/or tropomyosin 3. The autoantigens may be any 1, 2, 3, or 4 of
fumarate hydratase; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
Ki), trans; ribosomal protein, large, P1; and Sjorgren syndrome antigen A2 (60 kDa,
ribonucleoprotein autoantigen SS-A/Ro). The autoantigens may be any 1, 2, or 3 of
fumarate hydratase; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
Ki), trans; and ribosomal protein, large, P1. The autoantigens may be a member of the
RA(X)R families and fumarate hydratase. The autoantigens may be any 1, 2, or 3 of
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki), transc;
pyrroline-5-carboxylate reductase 1, transcript variant 1; and retinoic acid receptor, alpha.
The autoantigens may be any 1, 2, 3, 4, 5, 6, 7, or 8 of fumarate hydratase; proteasome
(prosome, macropain) activator subunit 3 (PA28 gamma; Ki), transc; ribosomal protein,
large, P1; Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-
A/Ro); lactate dehydrogenase B; pyrroline-5-carboxylate reductase 1, transcript variant 1;
retinoic acid receptor, alpha; and tropomyosin. The autoantigens may be any 1, ,2 3, 4, 5,
or 6 of proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1), transc;
Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro);
cytoskeleton-associated protein 1; pyrroline-5-carboxylate reductase 1, transcript variant
1; retinoic acid receptor, alpha; and tropomyosin. The autoantigens may any subset ot at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, at least 20, at least 25, or at least 30 of those shown in Table 9. The
autoantigen may be one or more of the RA(X)R family members. The RA(X)R family
members may be RARa, RARB, RARy, RXRa, RXRB, RXRy, or any isoform thereof.
The RA(X)R family members may be RARa. The autoantigens may include an RA(X)R
family member and any other 1, 2, 3,4,5,6,7,38, 9, .10, 11,12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 30, or 35 autoantigens discussed above. The auto-antigens may be any at least 2,
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, or at least 45 of those listed in Tables 2, 4, and/or 5, and/or 9.
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The patients may also exhibit any of a number of symptoms as discussed 1n, e.g.,
provisional patent application Methods of Treating Systemic Lupus Erythematosis filed
April 16, 2007.

The patients may further comprise a type I IFN or IFNa-inducible PD marker
expression profile. The type I IFN or IFNa-inducible PD marker expression profile may
comprise upregulation of any group of genes induced by a type I IFN or IFNa. One or
more upregulated PD markers may include any of RSAD2, HERCS, IRF7, MARCKS,
LY6E, RABSB, LILRAS, IFIT3, OASI1, IFIT1, EIF2AK2, G1P3, MX1, OAS3, STAT2,
MX2, IRF2, FCHO2, 1F144, IF144L, IL6ST, or G1P2. One or more upregulated PD
markers may include any of RSAD2, HERCS, IRF7, MARCKS, LY6E, RABZB,
LILRAS, IFIT3, OAS1, IFIT1, EIF2AK2, G1P3, MX1, OAS3, STAT2, MX2, IRF2,
FCHO2, IF144, IF144L, IL6ST, or G1P2. One or more upregulated PD markers may
include any of RSAD2, HERCS5, Ly6E, IFIT3, OAS1, G1P3, MX1, OAS3, or IF144. One
or more upregulated PD markers may include any of RTP4, RSAD2, HERCS, SIGLECI,
USP18, LY6E, ETV7, SERPINGI, IFIT3, OAS1, HSXIAPAF1, G1P3, MXI, OAS3,
IFI27, DNAPTP6, LAMP3, EPSTI1, IF144, OAS2, IFIT2, or ISG15. One or more
upregulated PD markers may include any of RTP4, RSAD2, HERCS, SIGLECI1, USP15,
LY6E, ETV7, SERPINGI1, IFIT3, OAS1, HSXIAPAF1, G1P3, MX1, OAS3, IFI27,
DNAPTP6, LAMP3, EPSTI1, IF144, OAS2, IFIT2, or ISG15. One or more upregulated
PD markers may include any of HSXIAPAF1 or GIP3. One or more upregulated PD
markers may include any of XAF1, IF127, IFIT2, USP18, OAS1, OAS2, EPSTII, LYG6E,
RSAD2, LAMP3, 1ISG15, SERPINGI1, ETV7, RTP4, IFl6, OAS3, SIGLECI, IFIT3,
DNAPTP6, MX1, HERCS, or IFI44. The type I IFN or IFNo-inducible PD marker
expression profile may include any at least 2, any at least 3, any at least 4, any at least 5,
any at least 6, any at least 7, any at least 8, any at least 9, any at least 10, any at least 11,
any at least 12, any at least 13, any at least 14, any at least 15, any at least 16, any at least
17, any at least 18, any at least 19, any at least 20, any at least 21, any at least 22, any at
least 23, any at least 24, any at least 25, any at least 26, any at least 27, any at least 28,
any at least 29, any at least 30, any at least 40, or any at least 50 of the genes induced by
type I IFN or IFNa. The type I IFN or IFNa-inducible genes may include MX1, LY6E,
IF127, OAS1, IFIT1, IFI6, IF144L, ISG15, LAMP3, OASL, RASD2, and 1FI44. The type
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I IFN or IFNa-inducible genes may include IFI44, IF127, IF144L, DNAPTP6, LAMP3,
LY6E, RSAD2, HERCS, IFI6, ISG15, OAS3, SIGLECI1, OAS2, USP18, RTP4, IFIT],
MX1, OAS1, EPSTI1, PLSCR1, and IFRG28. The type I IFN or IFNa-1nducible genes
may include any at least 2, any at least 3, any at least 4, any at least 5, any at least 6, any
at least 7, any at least 8, any at least 9, any at least 10, or any at least 11, or any at least
12, or any at least 13, or any at least 14, or any at least 15, or any at least 16, or any at
least 17, or any at least 18, or any at least 19, or at least 20, or any at least 21, or any at
least 22, or any at least 23, or any at least 24, or any least 25, or any at least 26, or any at
least 27, or any at least 28, or any at least 29, or any at least 30 of LAMP3, DNAPTP6,
FL.J31033, HERC6, SERPINGI1, EPSTI1, RTP4, OASL, FBXO6, IFIT2, IFI44, OAS3,
BATF2, ISG15, IRF7, RSAD2, IFI35, OAS1, LAP3, IFIT1, IFITS, PLSCR1, IFI144L,
MS4A4A, GALM, UBE2L6, TOR1B, SAMDYL, HERCS, TDRD7, TREX1, PARPI2,
and AXUDI1. The type I IFN or IFNa-inducible genes may include any at least 2, any at
least 3, any at least 4, any at least 5, any at least 6, any at least 7, any at least &, any at
least 9, any at least 10, or any at least 11, or any at least 12, or any at least 13, or any at
least 14, or any at least 15, or any at least 16, or any at least 17, or any at least 18, or any
at least 19, or at least 20, or any at least 21, or any at least 22, or any at least 23, or any at
least 24, or any least 25, or any at least 26, or any at least 27, or any at least 28, or any at
least 29, or any at least 30, or any at least 40, or any at least 50, or any at least 60, or any
at least 70, or any at least 80, or any at least 90, or any at least 100 of the type I IFN or
IFNa-inducible genes identified in U.S. provisional patent application serial number
60/873,008 filed December 6, 2006 or provisional patent application 60/907,762 filed
April 16, 2007 or provisional patent application serial number 60/924,219 filed 03-May-
2007, or provisional patent application serial number 60/924,584 filed 21-May-2007, or
provisional patent application serial number 60/960,187 filed 19-Sep-2007, or provisional
patent application entitled “interferon alpha-induced pharmacodynamic markers” filed
November 6, 2007 (attorney docket number IA200P6).

Up-regulation of genes induced by a type I IFN or IFNa includes any increased
level of type I IFN or IFNa genes expression or activity that is at least 10%, at least 15%,
at least 20%, at least 25%, at least 30%, at least 40%, at least 50%, at least 60%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
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least 98%, at least 99%, or at least 100% relative to a control sample (obtained from the
patient or a healthy individual).

The patient may further comprise downregulated type I IFN or IFNa PD
marker(s). The downregulated PD markers may include any one, any two, any three, any

four, any five, any six, or any seven of CYP1B1, TGST1, RRAGD, IRS2, MGST],
TGFBR3, and RGS2.

The patient may further comprise upregulation of expression of IFNa receptors,
either IFNAR1 or IFNAR2, or both, or TNFa, or IFNy, or IFNy receptors (either
IFNGR1, IFNGR2, or both IFNGRI1 and IFNGR?2). The patient may simply be identified

as one who comprises upregulation of expression of IFNa receptors, either IFNARI or
IFNAR?2, or both, or TNFa, or IFNy, or IFNy receptors (either IFNGRI1, IFNGR2, or both
IFNGR1 and IFNGR2).

The upregulation of the type I IFN or IFNa-inducible PD markers, or
upregulation of expression of IFNa or type-I IFN subtypes, or upregulation of IFNa
receptors in the patient may be by any degree relative to that of a sample from a control
(which may be from a sample that is not disease tissue of the patient or from a healthy
person not afflicted with the disease or disorder). The degree upregulation may be at
least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 75%, at least 80%, at least 90%, at least 100%, at
least 125%, at least 150%, or at least 200%, or at least 300%, or at least 400%, or at least
500% that of the control or control sample.

If the therapeutic agent is a biological agent, it may be an antibody specific for
any subtype(s) of type I IFN or IFNa.. For instance, the antibody may be specific for any
one of IFNal, IFNa2, IFNa4, IFNa5, IFNa6, IFNa7, IFNa8, IFNalO, IFNal4,
IFNa17, IFNa21, IFNB, or IFNw. Alternatively, the antibody may be specific for any
two, any three, any four, any five, any six, any seven, any eight, any nine, any ten, any
eleven, any twelve type I IFN of IFNa subtypes. If the antibody is specific for more than
one type I IFN subtype, the antibody may be specific for IFNal, IFNa2, IFNo4, IFNas,
I[FNa8, IFNa10, and IFNa21; or it may be specific for IFNal, IFNa2, IFNa4, 1IFNas3,
IFNa8, and IFNa10; or it may be specific for IFNal, IFNa2, IFNa4, IFNa5, IFNa8, and
IFNa21; or it may be specific for [IFNal, IFNa2, IFNo4, IFNa5, IFNa10, and IFNa21.
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Antibodies specific for type I IFN or IFNa include MEDI-545, any biologic or antibody
other than MEDI-545, antibodies described in U.S. patent applications 11/009,410 filed
December 10, 2004 and 11/157,494 filed June 20, 2005, 9F3 and other antibodies
described in U.S. Patent No. 7,087,726, NK-2 and YOKS5/19 (WO 84/03105), LO-22
(U.S. Patent 4,902,618), 144 BS (U.S. Patent 4,885,166), and EBI-1, EBI-2, and EBI-3
(EP 119476). A therapeutic agent that modulates IFNa activity may neutralize IFNa
activity.

A second agent other than the agent that binds to modulates I[FNa, activity may be
administered to the patient. Second agents include, but are not limited to non-steroidal
anti-inflammatory drugs such as ibuprofen, naproxen, sulindac, diclofenac, piroxicam,
ketoprofen, diflunisal, nabumetone, etodolac, and oxaprozin, indomethacin; anti-malarnal
drugs such as hydroxychloroquine; corticosteroid hormones, such as prednisone,
hydrocortisone, methylprednisolone, and dexamethasone; methotrexate;
immunosuppressive agents, such as azathioprine and cyclophosphamide; and biologic
agents that, e.g., target T cells such as Alefacept and Efalizumab, or target TNFa, such
as, Enbrel, Remicade, and Humira.

Administration of the agent that binds to and modulates type I IFN or IFNa to the
patient reduces levels of the auto-antibodies in the patient. Levels of the auto-antibodies
may be reduced to levels at least 90% those before administration of the therapeutic
agent. Levels of the auto-antibodies may be reduced to levels at least 80%, at least 75%,
at least 70%, at least 65%, at least 60%, at least 50%, at least 40%, at least 30%, at least
25%, at least 20%, at least 15%, at least 10%, at least 5%, or at least 1% those before
administration of the therapeutic agent. The reduction in levels may refer to a cumulative
reduction in overall level of all autoantibodies in the patient. The reduction in levels may
refer to a reduction in levels of any at least 1, any at least 2, any at least 3, any at least 4,
any at least 5, any at least 6, any at least 7, any at least 8, any at least 9 any at least 10,
any at least 11, any at least 12, any at least 15, any at least 20, or at least any 25
autoantibodies in the patient. The reduction in levels may refer to a reduction of the
overall level of autoantibodies in the patient to within about 90% to within about 80%, to
within about 75%, to within about 70%, to within about 65%, to within about 60%, to
within about 55%, to within about 50%, to within about 45%, to within about 40%, to
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within about 35%, to within about 30%, to within about 25%, to within about 20%, to
within about 15%, to within about 10%, to within about 9%, to within about 8%, to
within about 7%, to within about 6%, to within about 5%, to within about 4%, to within
about 3%, to within about 2%, or to within about 1% of those of normal healthy controls.

If the agent that binds to and modulates type I IFN or IFNa activity is a biologic
agent, such as an antibody, the agent may reduce the levels of auto-antibodies in the
patient at doses of 0.3 to 30 mg/kg, 0.3 to 10 mg/kg, 0.3 to 3 mg/kg, 0.3 to 1 mg/kg, 1 to
30 mg/kg, 3 to 30 mg/kg, 5 to 30 mg/kg, 10 to 30 mg/kg, 1 to 10 mg/kg, 3 to 10 mg/ke,
or 1 to 5 mg/kg.

The agent may not only reduce levels of auto-antibodies in the patient, but may
further neutralize a type 1 IFN or IFNo-inducible PD marker expression profile.
Neutralization of the type I IFN or IFNa-inducible PD marker expression profile may be
a reduction in at least one, at least two, at least three, at least five, at least seven, at least
eight, at least ten, at least twelve, at least fifteen, at least twenty, at least twenty five, at
least thirty, at least thirty five, at least forty, at least forty five, or at least fifty genes
induced by type I IFN or IFNa. Neutralization of the type I IFN or IFNa-inducible
profile is a reduction of at least 2%, at least 3%, at least 4%, at least 5%, at least 7%, at
least 8%, at least 10%, at least 15%, at least 25%, at least 30%, at least 35%, at least 40%,
at least 45%, at least 50%, at least 60%, at least 70%, at least 75%, at least 80%, or at
least 90% of any of the genes induced by type I IFN or IFNa. Alternatively,
neutralization of the type I IFN or IFNa-inducible profile refers to a reduction ot
expression of type I IFN or IFNa-inducible genes that is within at most 50%, at most
45%, at most 40%, at most 35%, at most 30%, at most 25%, at most 20%, at most 15%,
at most 10%, at most 5%, at most 4%, at most 3%, at most 2%, or at most 1% of
expression levels of those type I IFN or IFNa-inducible genes in a control sample. The
agent that binds to and modulates type I IFN or IFNa activity may further or alternatively
neutralize expression of one or more type I IFN or IFNa subtypes. The IFNa or type-1
IFN subtypes may include any more than one, more than two, more than three, more than
four, more than five, more than six, more than seven, more than eight, more than nine, or
more than ten IFNa or type-I IFN subtypes. These subtypes may include IFNal, IFNa2,
[FNo4, IFNo5, IFNa6, IFNa7, IFNa8, IFNal0, IFNal4, IFNal7, IFNa2l1, IFNB, or
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[FNw. These subtypes may include all of IFNal, IFNa2, IFNas, and IFNal4.
Neutralization of the IFNa or type-I IFN subtypes may be a reduction of at least 2%, at
least 3%, at least 4%, at least 5%, at least 7%, at least 8%, at least 10%, at least 15%, at
least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least
60%, at least 70%, at least 75%, at least 80%, or at least 90% of any of the at least one, at
least two, at least three, at least five, at least seven, at least eight, or at least ten of the
subtypes. Neutralization of the IFNa or type-I IFN subtypes may be a reduction 1n
expression of IFNa or type-I IFN subtype genes that is within at most 50%, at most 45%,
at most 40%, at most 35%, at most 30%, at most 25%, at most 20%, at most 15%, at most
10%, at most 5%, at most 4%, at most 3%, at most 2%, or at most 1% of expression
levels of those IFNa or type I IFN subtypes in a control sample.

The reduction of the levels of the auto-antibodies in the patient receiving the
agent may be detected by any means known in the art. For example, the auto-antibodies
may be detected using protein arrays spotted with auto-antigens for which the auto-
antibodies are specific. Protein arrays have been described in the art and are routinely
prepared. For example, protein arrays are produced by Ciphergen Biosystems (Fremont,
Calif.), Packard BioScience Company (Meriden Conn.), Zyomyx (Hayvard, Calit.),
Phylos (Lexington, Mass.) and Procognia (Sense Proteomic Limited) (Maidenhead,
Berkshire, UK). Examples of such protein arrays are described in International
publication WO200157198 (Blackburn et al., “Methods of Generating Protein Expression
Arrays and Use Thereof in Rapid Screening,” Jan. 31, 2001); U.S. Pat. No. 6,225,047
(Hutchens and Yip, "Use of retentate chromatography to generate difference maps,” May
1, 2001); International publication WO 99/51773 (Kuimelis and Wagner, "Addressable
protein arrays,” Oct. 14, 1999); U.S. Pat. No. 6,329,209 (Wagner et al., "Arrays of
protein-capture agents and methods of use thereof," Dec. 11, 2001), International
publication WO 00/56934 (Englert et al., "Continuous porous matrix arrays,” Sep. 28,
2000), United States patent publication US 2003/0180957 Al (Koopman et al., "Target
and method," Sep. 25, 2003) and United States patent publication US 2003/0173513 Al
(Koopman et al., "Probe for mass spectrometry," Sep. 18, 2003). Other assays that can

be used to detect reduction of levels of auto-antibodies that bind to auto-antigens include

immunoprecipitations and pulldown assays.
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If type I IFN or IFNa-inducible PD marker expression or activity is to be detected
in the patient before or after administering the agent, expression or activity may be
determined by any means known in the art. For example, up- or down-regulation of gene
expression may be detected by determining mRNA levels. mRNA expression may be
determined by northern blotting, slot blotting, quantitative reverse transcriptase
polymerase chain reaction, or gene chip hybridization techniques. See U.S. Pat. Nos.
5.744,305 and 5,143,854 for examples of making nucleic acid arrays for gene chip
hybridization techniques. Type I IFN or IFNo-inducible PD marker expression or
activity may be determined by detecting protein levels. Methods for detecting protein
expression levels include immuno-based assays such as enzyme-linked immunosorbant
assays, western blotting, protein arrays, and silver staining. Type I IFN or IFNa-
inducible PD marker expression or activity may be determined by protein activity
including, but not limited to, detectable phosphorylation activity, de-phosphorylation
activity, or cleavage activity. Furthermore, up- or down-regulation of gene expression or
activity of IFNa-inducible PD markers may be determined by detecting any combination
of these gene expression levels or activities.

Another embodiment encompasses diagnosis of a patient with an autoimmune
disorder. Such a patient may exhibit one or more symptoms of an autoimmune disorder
or may not exhibit any symptoms at all. Samples may be obtained from the patient for
detection of auto-antibodies. Samples include any biological fluid or tissue, such as
whole blood, saliva, urine, synovial fluid, bone marrow, cerebrospinal fluid, nasal
secretions, sputum, amniotic fluid, bronchoalveolar lavage fluid, peripheral blood
mononuclear cells, total white blood cells, lymph node cells, spleen cells, tonsil cells, or
skin. The samples may be obtained by any of the well known means in the art.

Presence or absence of auto-antibodies is detected in the sample. The auto-
antigens to which these auto-antibodies bind may be any of the auto-antigens listed in
Table 2, or Table 4, Table 5, or Table 9. The auto-antigens may be all the auto-antigens
listed in Table 2, or all the auto-antigens listed in Table 4, or all the auto-antigens histed
in Table 5, or all the auto-antigens listed in Table 9. If the auto-antigens are a subset of
the auto-antigens listed in any one of Tables 2, 4, 5, or 9 the auto-antigens may be (a)

Myxovirus (influenza virus) resistance 1, interferon-inducible protein p78; (b) surfeit 5,
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transcript variant c¢; (c) proteasome (prosome, macropain) activator subunit 3 (PA28
gamma; Ki) transc; (d) retinoic acid receptor, alpha; (e) Heat shock 10 kDa protem 1
(chaperonin 10); (f) tropomyosin 3; (g) pleckstrin homology-like domain, family A,
member 1; (h) cytoskeleton-associated protein 1; (i) Sjogren syndrome antigen A2 (60
kDa, ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase (ubiquinone) 1,
alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E homolog 1 (A.
nidulans); (1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli); (m) leucine
rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha); (o) spastic
paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein, transcript variant
1; (r) mitochondrial ribosomal protein L45; and fumarate hydratase. The auto-antigens
may be those highlighted in gray in Table 2. The auto-antigens may be those 1n bold 1n
Table 2. The auto-antigens may be (a) Myxovirus (influenza virus) resistance 1 and
interferon-inducible protein p78; and (b) surfeit 5, transcript variant c. The auto-antigens
may be (a) Myxovirus (influenza virus) resistance 1, interferon-inducible protein p78; (b)
surfeit 5, transcript variant c; and (c) proteasome (prosome, macropain) activator subunit
3 (PA28 gamma; Ki) transc. The auto-antigens may be (a) Myxovirus (influenza virus)
resistance 1, interferon-inducible protein p78; (b) surfeit 5, transcript variant c; (c)
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1) transc; and (d)
retinoic acid receptor, alpha. The auto-antigens may be (a) Myxovirus (influenza virus)
resistance 1, interferon-inducible protein p78; (b) surfeit 5, transcript variant c; (c)
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1) transc; (d)
retinoic acid receptor, alpha; and (e) Heat shock 10 kDa protein 1 (chaperonin 10). The
auto-antigens may be (a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78; (b) surfeit 5, transcript variant ¢; (¢) proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (e) Heat
shock 10 kDa protein 1 (chaperonin 10); and (f) tropomyosin 3. The autoantigens may be
any 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, or 16 of PSME3, TPM3, RARa, FH,
RPLP1, SSA2, HSPCA, PYCR1, CKAPI, SPG20, RAC1, LDHB, OSBPL9, MSN,
PHLDAI1, and PRE13. The autoantigens may be any 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, or 17 of PSME3, TPM3, RAR«a, FH, RPLP1, SSA2, HSPCA, PYCRI,
CKAPI1, SPG20, RAC1, LDHB, OSBPL9, MSN, PHLDAI, PRE13, and HAGHL. The
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autoantigens may be any 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, or 24 of ankyrin repeat domain 13; ATP synthase, H+ transporting,
mitochondrial F1 complex, beta polypeptide; chromosome 7 open reading frame 22;
hypothetical protein DJ1042K10.2; eukaryotic translation elongation factor 1 gamma;
fumarate hydratase; hepatocellular carcinoma-associated antigen 127; 1sopentenyl-
diphosphate delta isomerase; macrophage migration inhibitory factor (glycosylation-
inhibiting factor); mitochondrial ribosomal protein L45; moesin; oxysterol binding
protein-like 9, transcript variant 1; protein phosphatase 1, regulatory (inhibitor) subunit 2
pseudogene 9; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1),
transc; ras-related C3 botulinum toxin substrate 1 (tho family, small GTP binding
protein; RIO kinase 2 (yeast); ribosomal protein, large, P1; Sjogren syndrome antigen A2
(60kDa, ribonucleoprotein autoantigen SS-A/Ro); synovial sarcoma, X breakpoint 2,
transcript variant 2; serine/threonine kinase 16; TBCl domain family, member 2; tudor
and KH domain containing protein; target of mybl (chicken); and/or urridine
monophosphate kinase. The autoantigens may be any 1, 2, 3, 4, 5, 6,7,8,9, 10,11, 12,
or 13 of ankyrin repeat domain 13; ATP synthase, H+ transporting, mitochondrial Fl
complex, beta polypeptide; fumarate hydratase; moesin; oxysterol binding protein-like 9,
transcript variant 1; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
Ki), transc; ribosomal protein, large, P1; Sjogren syndrome antigen A2 (60kDa,
ribonucleoprotein autoantigen SS-A/Ro); synovial sarcoma, X breakpoint 2, transcript
variant 2: serine/threonine kinase 16; TBC1 domain family, member 2; tudor and KH
domain containing protein; and/or target of myb1 (chicken). The autoantigens may be
any 1, 2, 3, 4, 5, 6, or 7 of fumarate hydratase; proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc; ribosomal protem, large, Pl; Sjogren
syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro); pyrroline-5-
carboxylate reductase 1, transcript variant 1; retinoic acid receptor, alpha; and/or
tropomyosin 3. The autoantigens may be any 1, 2, 3, or 4 of fumarate hydratase;
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma, K1), trans;
ribosomal protein, large, P1; and Sjorgren syndrome antigen A2 (60 kDa,
ribonucleoprotein autoantigen SS-A/Ro). The autoantigens may be any 1, 2, or 3 of

fumarate hydratase; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
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Ki), trans; and ribosomal protein, large, P1. The autoantigens may be a member of the
RA(X)R families and fumarate hydratase. The autoantigens may be any 1, 2, or 3 of
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma, K1), transc;
pyrroline-5-carboxylate reductase 1, transcript variant 1; and retinoic acid receptor, alpha.
The autoantigens may be any 1, 2, 3, 4, 5, 6, 7, or 8 of fumarate hydratase; proteasome
(prosome, macropain) activator subunit 3 (PA28 gamma; K1), transc; ribosomal protein,
large, P1; Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-
A/Ro); lactate dehydrogenase B; pyrroline-5-carboxylate reductase 1, transcript variant 1;
retinoic acid receptor, alpha; and tropomyosin. The autoantigens may beany 1, ,2 3,4, 5,
or 6 of proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1), transc;
Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro);
cytoskeleton-associated protein 1; pyrroline-5-carboxylate reductase 1, transcript variant
1: retinoic acid receptor, alpha; and tropomyosin. The autoantigens may any subset of at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 3, at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, at least 20, at least 25, or at least 30 shown in Table 9. The autoantigen
may be one or more RA(X)R family member. The RA(X)R family member may be
RARa, RARB, RARy, RXRa, RXRB, RXRy, or any isoform thereof. The RA(X)R
family member may be RARa. The autoantigens may include an RA(X)R family
member and any other 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 20, 25,
30, or 35 autoantigens discussed above. The auto-antigens may be any at least 2, at least
3. at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at least 35,
at least 40, or at least 45 of those listed in Tables 2, 4, and/or 5 and/or 9. The antibodies
to the autoantigens may be detected with upregulation of one or more PD marker. The
PD marker may include any one or more of RSAD2, HERCS, IRF7, MARCKS, LY6E,
RABSB, LILRAS, IFIT3, OASI, IFIT1, EIF2AK2, G1P3, MX1, OAS3, STAT2, MX2,
IRF2, FCHO2, IF144, IF144L, IL6ST, or G1P2. The PD marker may include any one or
more of RSAD2, HERCS, IRF7, MARCKS, LY6E, RABSB, LILRAS, IFIT3, OASI,
IFIT1, EIF2AK2, G1P3, MX1, OAS3, STAT2, MX2, IRF2, FCHO2, IF144, I1F144L,
IL6ST, or GIP2. The PD marker may include any one or more of RSAD2, HERCS,
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Ly6E, IFIT3, OASI1, G1P3, MX1, OAS3, or IFI44. The PD marker may include any one
or more of RTP4, RSAD2, HERCS5, SIGLECI1, USP18, LY6E, ETV7, SERPINGI,
IFIT3, OAS1, HSXIAPAF1, G1P3, MX1, OAS3, IF127, DNAPTP6, LAMP3, EPSTII,
IF144, OAS2, IFIT2, or ISG15. The PD marker may include any one or more of RTP4,
RSAD2, HERCS, SIGLEC1, USP18, LY6E, ETV7, SERPINGI, IFIT3, OASI,
HSXIAPAF1, G1P3, MX1, OAS3, IF127, DNAPTP6, LAMP3, EPSTII, 1FI44, OAS2.,
IFIT2, or ISG15. The PD marker may include any one or more of HSXIAPAF1 or GIP3.
The PD marker may include any one or more of XAF1, IFI27, IFIT2, USP13, OASI,
OAS2, EPSTI1, LY6E, RSAD2, LAMP3, ISG15, SERPING1, ETV7, RTP4, IFI6,
OAS3, SIGLECI, IFIT3, DNAPTP6, MX1, HERCS, or 1F144.

Presence of the auto-antibodies may be detected by any means known m the art
and as described above, e.g., protein arrays, immunoprecipitation, and pulldown assays.
The autoimmune disorder may be any one of systemic lupus erythematosus, msulin
dependent diabetes mellitus, inflammatory bowel disease (including Crohn’s disease,
ulcerative colitis, and Celiac’s disease), multiple sclerosis, psoriasis, autoimmune
thyroiditis, theumatoid arthritis, glomerulonephritis, idiopathic inflammatory myositis,
Sjogren’s syndrome, vasculitis, dermatomyositis, polymyositis, inclusion body myositis,
and sarcoidosis.

If a patient has been diagnosed with the autoimmune disorder and progression of
the disorder is being monitored, samples from the patient may be obtained before and
after administration of an agent that binds to and modulates type I IFN or IFNa activity.
Auto-antibodies are identified in the (before and after agent administration) samples. The
auto-antibodies in the samples are compared. Comparison may be of the number of auto-
antibodies present in the samples or may be of the quantity of auto-antibodies present in
the samples, or any combination thereof. Efficacy of the therapeutic agent is indicated 1t
the number of auto-antibodies decreases in the sample obtained after administration of
the therapeutic agent relative to the sample obtained before administration of the
therapeutic agent. The number of auto-antibodies may decrease by at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or at least 10. The
level of any given auto-antibody may decrease by at least 10%, at least 20%, at least

25%. at least 30%, at least 35%, at least 40%, at least 50%, at least 60%, at least 70%, at
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least 80%, at least 90%, or at least 95%. The number of auto-antibodies with decreased
levels may be at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 15, at least 20, at least 25, at least 30, or at least 35.
Any combination of decreased number and decreased level of auto-antibody may indicate
efficacy.

The sample obtained from the patient may be obtained prior to a first
administration of the agent, i.e., the patient is naive to the agent. Alternatively, the
sample obtained from the patient may occur after administration of the agent in the
course of treatment. For example, the agent may have been administered prior to the
initiation of the monitoring protocol. Following administration of the agent an additional

samples may be obtained from the patient and auto-antibodies in the samples are

compared.

The samples may be obtained at any time before and after the administration of
the therapeutic agent. The sample obtained after administration of the therapeutic agent
may be obtained at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 12, or at least 14 days after administration of the therapeutic
agent. The sample obtained after administration of the therapeutic agent may be obtamned
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, or at least 8 weeks after
administration of the therapeutic agent. The sample obtained after administration of the

therapeutic agent may be obtained at least 2, at least 3, at least 4, at least 5, or at least 6

months following administration of the therapeutic agent.

Additional samples may be obtained from the patient following administration of
the therapeutic agent. At least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 12, at least 15, at least 20, at least 25 samples may
be obtained from the patient to monitor progression or regression of the autoimmune
disorder over time. Disease progression may be monitored over a time period of at least
1 week, at least 2 weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6
weeks, at least 7 weeks, at least 2 months, at least 3 months, at least 4 months, at least
months, at least 6 months, at least 1 year, at least 2 years, at least 3 years, at least 4 years,
at least 5 years, at least 10 years, or over the lifetime of the patient. Additional samples

may be obtained from the patient at regular intervals such as at monthly, bi-monthly,
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once a quarter year, twice a year, or yearly intervals. The samples may be obtained from
the patient following administration of the agent at regular intervals. For mstance, the
samples may be obtained from the patient at one week following each administration of
the agent, or at two weeks following each administration of the agent, or at three weeks
following each administration of the agent, or at one month following each
administration of the agent, or at two months following each administration of the agent.
Alternatively, multiple samples may be obtained from the patient following an or each

administration of the agent.

Disease progression in a patient having an autoimmune disorder may similarly be
monitored, in the absence of administration of an agent. Samples may periodically be
obtained from the patient having the autoimmune disorder. Disease progression may be
identified if the number of auto-antibodies increases in a later-obtained sample relative to
an earlier obtained sample. The number of auto-antibodies may increase by at least 1, at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or at least
10. Disease progression may be identified if level of any given auto-antibody mcreases
by at least 10%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or at least 95%. The
number of auto-antibodies with increased levels may be at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15, at least
20, at least 25, at least 30, or at least 35. Any combination of increased number and
increased level of auto-antibody may indicate disease progression. Disease regression
may also be identified in a patient having an autoimmune disorder, not treated by an
agent. In this instance, regression may be identified if the number of auto-antibodies
decreases in a later-obtained sample relative to an earlier obtained sample. The number
of auto-antibodies may decrease by at least 1, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, or at least 10. Disease regression may be identified
if level of any given auto-antibody decreases by at least 10%, at least 20%, at least 25%,
at least 30%, at least 35%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, or at least 95%. The number of auto-antibodies with decreased levels
may be at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10, at least 15, at least 20, at least 25, at least 30, or at least 35. Any
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combination of decreased number and increased level of auto-antibody may indicate
disease regression. Disease progression or disease regression may be monitored by
obtaining samples over any period of time and at any interval. Disease progression or
disease regression may be monitored by obtaining samples over the course of at least 1
week, at least 2 weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6
weeks, at least 7 weeks, at least 2 months, at least 3 months, at least 4 months, at least 5
months, at least 6 months, at least 1 year, at least 2 years, at least 3 years, at least 4 years,
at least S years, at least 10 years, or over the lifetime of the patient. Disease progression
or disease regression may be monitored by obtaining samples at least monthly, bi-
monthly, once a quarter year, twice a year, or yearly. The samples need not be obtained
at strict intervals.

In another embodiment is a method of prognosis of an auto-immune disorder of a
patient. The autoimmune disorder may be any one of systemic lupus erythematosus,
insulin dependent diabetes mellitus, inflammatory bowel disease (including Crobn’s
disease, ulcerative colitis, and Celiac’s disease), multiple sclerosis, psoriasis, autoimmune
thyroiditis, rheumatoid arthritis, glomerulonephritis, idiopathic inflammatory myositis,
Sjogren’s syndrome, vasculitis, dermatomyositis, polymyositis, inclusion body myositis,
and sarcoidosis.. Presence or absence of auto-antibodies is identified in a sample of the
patient. Samples include any biological fluid or tissue, such as whole blood, saliva,
urine, synovial fluid, bone marrow, cerebrospinal fluid, nasal secretions, sputum,
amniotic fluid, bronchoalveolar lavage fluid, peripheral blood mononuclear cells, total
white blood cells, lymph node cells, spleen cells, tonsil cells, or skin. The samples may

be obtained by any of the well known means 1n the art.

The auto-antibodies may bind to any of the auto-antigens listed in Table 2, or
Table 4, or Table 5, or Table 9. The auto-antigens may be all the auto-antigens listed in
Table 2, or all the auto-antigens listed in Table 4, or all the auto-antigens listed in Table
5, or all the auto-antigens listed in Table 9. If the auto-antigens are a subset of the auto-
antigens listed in any one of Tables 2, 4, 5, or 9 the auto-antigens may be (a) Myxovirus
(influenza virus) resistance 1, interferon-inducible protein p78; (b) surfeit 5, transcript
variant c; (c) proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki)

transc; (d) retinoic acid receptor, alpha; (e) Heat shock 10 kDa protein 1 (chaperonin 10);
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(f) tropomyosin 3; (g) pleckstrin homology-like domain, family A, member 1; (h)
cytoskeleton-associated protein 1; (i) Sjogren syndrome antigen A2 (60 kDa,
ribonucleoprotein auto-antigen SS-A/Ro); (j) NADH dehydrogenase (ubiquinone) 1,
alpha/beta subcomplex 1, 8 kDa; (k) NudE nuclear distribution gene E homolog 1 (A.
nidulans); (1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli); (m) leucine
rich repeat (in FLII) interacting protein 2; (n) tropomyosin 1 (alpha); (o) spastic
paraplegia 20, spartin (Troyer syndrome); (p) preimplantation protein, transcript variant
1; (r) mitochondrial ribosomal protein L45; and (s) fumarate hydratase. The auto-
antigens may be those highlighted in gray in Table 2. The auto-antigens may be those n
bold in Table 2. The auto-antigens may be (a) Myxovirus (influenza virus) resistance 1
and interferon-inducible protein p78; and (b) surfeit 5, transcript variant ¢. The auto-
antigens may be (a) Myxovirus (influenza virus) resistance 1, interferon-inducible protein
p78; (b) surfeit 5, transcript variant c; and (c) proteasome (prosome, macropain) activator
subunit 3 (PA28 gamma; Ki) transc. The auto-antigens may be (a) Myxovirus (influenza
virus) resistance 1, interferon-inducible protein p78; (b) surfeit 5, transcript variant c; (¢)
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki) transc; and (d)
retinoic acid receptor, alpha. The auto-antigens may be (a) Myxovirus (influenza virus)
resistance 1, interferon-inducible protein p78; (b) surfeit 5, transcript variant c¢; (c)
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1) transc; (d)
retinoic acid receptor, alpha; and (¢) Heat shock 10 kDa protein 1 (chaperonin 10). The
auto-antigens may be (a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78; (b) surfeit 5, transcript variant c¢; (c) proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki) transc; (d) retinoic acid receptor, alpha; (¢) Heat
shock 10 kDa protein 1 (chaperonin 10); and (f) tropomyosin 3. The autoantigens may be
any 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, or 16 of PSME3, TPM3, RARa, FH,
RPLP1, SSA2, HSPCA, PYCRI1, CKAP1, SPG20, RAC1, LDHB, OSBPL9, MSN,
PHLDAI1, and PRE13. The autoantigens may be any 1, 2,3, 4,5, 6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, or 17 of PSME3, TPM3, RARa, FH, RPLP1, SSA2, HSPCA, PYCRI,
CKAP1, SPG20, RAC1, LDHB, OSBPL9, MSN, PHLDA1, PRE13, and HAGHL. The
autoantigens may be any 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, or 24 of ankyrin repeat domain 13; ATP synthase, H+ transporting,
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mitochondrial F1 complex, beta polypeptide; chromosome 7 open reading frame 22;
hypothetical protein DJ1042K10.2; eukaryotic translation elongation factor 1 gamma;
fumarate hydratase; hepatocellular carcinoma-associated antigen 127; isopentenyl-
diphosphate delta isomerase; macrophage migration inhibitory factor (glycosylation-
inhibiting factor); mitochondrial ribosomal protein L45; moesin; oxysterol binding
protein-like 9, transcript variant 1; protein phosphatase 1, regulatory (inhibitor) subunit 2
pseudogene 9; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; K1),
transc; ras-related C3 botulinum toxin substrate 1 (rtho family, small GTP binding
protein; RIO kinase 2 (yeast); ribosomal protein, large, P1; Sjogren syndrome antigen A2
(60kDa, ribonucleoprotein autoantigen SS-A/Ro); synovial sarcoma, X breakpomt 2,
transcript variant 2; serine/threonine kinase 16; TBC1 domain family, member 2; tudor
and KH domain containing protein; target of mybl (chicken); and/or urridine
monophosphate kinase. The autoantigens may be any 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
or 13 of ankyrin repeat domain 13; ATP synthase, H+ transporting, mitochondrial F1
complex, beta polypeptide; fumarate hydratase; moesin; oxysterol binding protein-like 9,
transcript variant 1; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
Ki), transc; ribosomal protein, large, P1; Sjogren syndrome antigen A2 (60kDa,
ribonucleoprotein autoantigen SS-A/Ro); synovial sarcoma, X breakpoint 2, transcript
variant 2: serine/threonine kinase 16; TBC1 domain family, member 2; tudor and KH
domain containing protein; and/or target of mybl (chicken). The autoantigens may be
any 1, 2, 3, 4, 5, 6, or 7 of fumarate hydratase; proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc; ribosomal protein, large, P1; Sjogren
syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro); pyrroline-5-
carboxylate reductase 1, transcript variant 1; retinoic acid receptor, alpha; and/or
tropomyosin 3. The autoantigens may be any 1, 2, 3, or 4 of fumarate hydratase;
proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki), trans;
ribosomal protein, large, Pl; and Sjorgren syndrome antigen A2 (60 kDa,
ribonucleoprotein autoantigen SS-A/Ro). The autoantigens may be any 1, 2, or 3 of
fumarate hydratase; proteasome (prosome, macropain) activator subunit 3 (PA28 gamma;
Ki), trans; and ribosomal protein, large, P1. The autoantigens may be a member of the

RA(X)R families and fumarate hydratase. The autoantigens may be any 1, 2, or 3 of
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proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki), transc;
pyrroline-5-carboxylate reductase 1, transcript variant 1; and retinoic acid receptor, alpha.
The autoantigens may be any 1, 2, 3, 4, 5, 6, 7, or 8 of fumarate hydratase; proteasome
(prosome, macropain) activator subunit 3 (PA28 gamma; Ki), transc; ribosomal protein,
large, P1; Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-
A/Ro); lactate dehydrogenase B; pyrroline-5-carboxylate reductase 1, transcript variant 1;
retinoic acid receptor, alpha; and tropomyosin. The autoantigens may be any 1, 2, 3, 4, 5,
or 6 of proteasome (prosome, macropain) activator subunit 3 (PA28 gamma, Ki), transc;
Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro);
cytoskeleton-associated protein 1; pyrroline-5-carboxylate reductase 1, transcript variant
1; retinoic acid receptor, alpha; and tropomyosin. The autoantigens may any subset of at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least
18, at least 19, at least 20, at least 25, or at least 30 shown in Table 9. The autoantigen
may be one or more RA(X)R family member. The RA(X)R family member may be
RARa, RARB, RARy, RXRa, RXRf, RXRy, or any isoform thereof. The RA(X)R
family member may be RARa. The autoantigens may include an RA(X)R family
member and any other 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25,
30, or 35 autoantigens discussed above. The auto-antigens may be any at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at least 35,
at least 40, or at least 45 of those listed in Tables 2, 4, and/or 5 and/or 9. The
autoantibodies to the autoantigens may be detected with one or more upregulated PD
markers. The upregulated PD markers may be any one or more of RSAD2, HERCS,
IRF7, MARCKS, LY6E, RAB8B, LILRAS, IFIT3, OAS1, IFIT1, EIF2AK2, GI1P3,
MX1, OAS3, STAT2, MX2, IRF2, FCHO2, IF144, IFI44L, IL6ST, and G1P2. The
upregulated PD markers may be any one or more of RSAD2, HERCS, IRF7, MARCKS,
LY6E, RAB8B, LILRAS, IFIT3, OASI, IFIT1, EIF2AK2, G1P3, MX1, OAS3, STAT2,
MX2, IRF2, FCHO2, IF144, IF1441L, IL6ST, and G1P2. The upregulated PD markers
may be any one or more of RSAD2, HERCS, Ly6E, IFIT3, OAS1, G1P3, MX1, OAS3,
and IF144. The upregulated PD markers may be any one or more of RTP4, RSAD?2,
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HERCS5, SIGLECI1, USP18, LY6E, ETV7, SERPINGI, IFIT3, OASI, HSXIAPAFI,
G1P3, MX1, OAS3, IF127, DNAPTP6, LAMP3, EPSTII1, IFI44, OAS2, IFIT2, and
ISG15. The upregulated PD markers may be any one or more of RTP4, RSAD?2,
HERCS5, SIGLEC1, USP18, LY6E, ETV7, SERPINGI, IFIT3, OASI, HSXIAPAFI,
G1P3, MX1, OAS3, IFI27, DNAPTP6, LAMP3, EPSTI1, IFI44, OAS2, IFIT2, and
ISG15. The upregulated PD markers may be any one or more of HSXIAPAF1 and GIP3.
The upregulated PD markers may be any one or more of XAF1, IF127, IFIT2, USP18,
OAS1, OAS2, EPSTI1, LY6E, RSAD2, LAMP3, ISG15, SERPINGI, ETV7, R1P4,
IF16, OAS3, SIGLEC1, IFIT3, DNAPTP6, MX1, HERCS, and IF144.

Presence of the auto-antibodies may be detected by any means known in the art
and as described above, e.g., protein arrays, immunoprecipitation, and pulldown assays.
Presence and levels of the auto-antibodies prognoses the autoimmune disorder. The
presence of elevated numbers of auto-antibodies may indicate poor prognosis for the
patient. Elevated number of auto-antibodies may be at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least
12, at least 15, at least 20 auto-antibodies more in a patient having an autoimmune
disorder relative to a control patient or in the patient having the autoimmune disorder
relative to a sample obtained at an earlier date. The presence of elevated levels ot auto-
antibodies may indicate poor prognosis for the patient. Elevated levels of auto-antibodies
may be at least a 10% increase, at least a 15% increase, at least a 20% increase, at least a
25% increase, at least a 30% increase, at least a 40% increase, at least a 50% increase, at
least a 60% increase, at least a 70% increase, at least an 80% increase, at least a 90%
increase, or at least a 100% increase in at least 1, at least 2 at least 3, at least 4, at least 5,
at least 6, at least 7, at least 8, at least 9, at least 10, at least 12, at least 15, at least 20, or
at least 25 auto-antibodies in the patient relative to a healthy control or in the
autoimmune disorder patient at an earlier date. Poor prognosis may be indicated by any
combination of increased number and level of auto-antibodies in the autoimmune disease
patient.

The presence of decreased numbers of auto-antibodies may indicate good
prognosis for the patient. Decreased number of auto-antibodies may be at least 1, at least

2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
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least 11, at least 12, at least 15, at least 20 auto-antibodies fewer in a patient having an
autoimmune disorder relative to a control patient or in the patient having the autoimmune
disorder relative to a sample obtained at an earlier date. The presence of decreased levels
of auto-antibodies may indicate good prognosis for the patient. Decreased levels of auto-
antibodies may be at least a 10% decrease, at least a 15% decrease, at least a 20%
decrease, at least a 25% decrease, at least a 30% decrease, at least a 40% decrease, at
least a 50% decrease, at least a 60% decrease, at least a 70% decrease, at least an 80%
decrease, at least a 90% decrease, or at least a 100% decrease 1n at least 1, at least 2 at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
12, at least 15, at least 20, or at least 25 auto-antibodies in the patient relative to a healthy
control or in the autoimmune disorder patient at an earlier date. Good prognosis may be
indicated by any combination of decreased number and level of auto-antibodies in the

autoimmune disease patient.

Applicants provide a set of non-limiting embodiments to describe some of the

aspects of the invention.

Embodiments

Embodiment 1. A method of treating a patient having a type I IFN or IFNa-related
autoimmune disorder comprising:
administering an agent that binds to and modulates type I IFN or IFNa activity;
wherein the patient having the autoimmune disorder comprises auto-
antibodies that bind at least any two auto-antigens of:
(a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78;
(b) surfeit 5, transcript variant c;
(c) proteasome (posome, macropain) activator subunit 3 (PA23
gamma; K1) transc;
(d) retinoic acid receptor, alpha;
(e) Heat shock 10 kDa protein 1 (chaperonin 10);
(f) tropomyosin 3;
(g) pleckstrin homology-like domain, family A, member 1;

(h) cytoskeleton-associated protein 1;
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(1) Sjogren syndrome antigen A2 (60 kDa, ribonucleoprotein auto-
antigen SS-A/Ro);
(j) NADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex
1, 8 kDa;
(k) NudE nuclear distribution gene E homolog 1 (A. mdulans);
(1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli);
(m) leucine rich repeat (in FLII) interacting protein 2;
(n) tropomyosin 1 (alpha);
(0) spastic paraplegia 20, spartin (Troyer syndrome);
(p) preimplantation protein, transcript variant 1;
(r) mitochondrial ribosomal protein L.45; and
(s) fumarate hydratase and
wherein the agent reduces number or levels of the auto-antibodies that
bind the at least any two auto-antigens in the patient.
Embodiment 2. The method of embodiment 1 further comprising detecting reduction of
the number or levels of the auto-antibodies that bind the at least any two auto-antigens 1n
the patient.
Embodiment 3. The method of embodiment 1 wherein the patient further comprises a
type I IFN or IFNa-inducible PD marker expression profile, said profile comprising up-
regulated expression or activity of genes MX1, LY6E, IFI27, OAS]1, IFIT1, IFI6, 1F144L,
ISG15, LAMP3, OASL, RSAD?2, and IFI44.
Embodiment 4. The method of embodiment 1 wherein the agent is a biologic agent.
Embodiment 5. The method of embodiment 4 wherein the agent is an antibody.
Embodiment 6. The method of embodiment 5 wherein the antibody 1s MEDI-545.
Embodiment 7. The method of embodiment 5 wherein the antibody 1s specific for one or
more type I IFNs, but 1s not MEDI-545.
Embodiment 8. The method of embodiment 1 wherein administering the agent alleviates

one or more symptom of the disorder.

Embodiment 9. The method of embodiment 5 wherein the antibody i1s administered at a

dose between approximately 0.03 and 30 mg/kg.
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Embodiment 10. The method of embodiment 9 wherein the antibody is administered at a

dose between 0.03 and 3.0 mg/kg.

Embodiment 11. The method of embodiment 10 wherein the antibody is administered at

a dose between 0.03 and 1 mg/kg.

Embodiment 12. The method of any one of embodiments 9-11 wherein levels of the

auto-antibodies are reduced at least 10%.

Embodiment 13. The method of embodiment 12 wherein levels of the auto-antibodies

are reduced at least 20%

Embodiment 14. The method of embodiment 12 wherein levels of the auto-antibodies

are reduced at least 30%.

Embodiment 15. The method of embodiment 12 wherein levels of the auto-antibodies

are reduced at least 50%.

Embodiment 16. The method of embodiment 1 wherein the autoimmune disorder 1s one
of lupus, psoriasis, vasculitis, sarcoidosis, Sjogren’s syndrome, or idiopathic
inflammatory myositis.

Embodiment 17. The method of embodiment 16 wherein the autoimmune disorder 1s

lupus.

Embodiment 18. The method of embodiment 16 wherein the autoimmune disorder 1s
pSOr1asis.

Embodiment 19. The method of embodiment 1 wherein the type I IFN or IFNa-related
autoimmune disorder is mediated by upregulated expression or activity of at least IFN
subtypes 1, 2, 8, and 14.

Embodiment 20. The method of embodiment 3 wherein the type I IFN or IFNa-inducible

PD marker expression profile is neutralized at least 10%.
Embodiment 21. The method of embodiment 20 wherein the type I IFN or IFNa-
inducible PD marker expression profile is neutralized at least 20%.

Embodiment 22. The method of embodiment 21 wherein the type I IFN or IFNa-

inducible PD marker expression profile is neutralized at least 30%.

Embodiment 23. The method of embodiment 22 wherein the type I IFN or IFNa-

inducible PD marker expression profile is neutralized at least 50%.
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Embodiment 24. The method of any one of embodiments 20-23 wherein levels of the

auto-antibodies are reduced at least 10%.

Embodiment 25. The method of embodiment 24 wherein levels of the auto-antibodies

are reduced at least 20%.

Embodiment 26. The method of embodiment 25 wherein levels of the auto-antibodies

are reduced at least 30%.

Embodiment 27. The method of embodiment 26 wherein levels of the auto-antibodies
are reduced at least 50%.

Embodiment 28. The method of embodiment 1 wherein the auto-antibodies bind at least
any three of the auto-antigens.

Embodiment 29. The method of embodiment 28 wherein the auto-antibodies bind at least

any four of the auto-antigens.
Embodiment 30. The method of embodiment 29 wherein the auto-antibodies bind at least
any five of the auto-antigens.
Embodiment 31. A method of diagnosing a patient as having a type I IFN or IFNa-
related autoimmune disorder comprising:
detecting presence or absence of auto-antibodies in a sample of a patient;
wherein the auto-antibodies bind at least any two auto-antigens of:
(a) Myxovirus (influenza virus) resistance 1, interferon-inducible
protein p78;
(b) surteit 3, traﬁscript variant c;
(c) proteasome (posome, macropain) activator subunit 3 (PA28
gamma; K1) transc;
(d) retinoic acid receptor, alpha;
(e) Heat shock 10 kDa protein 1 (chaperomn 10);
(f) tropomyosin 3;
(g) pleckstrin homology-like domain, family A, member 1;
(h) cytoskeleton-associated protein 1;

(i) Sjogren syndrome antigen A2 (60 kDa, ribonucleoprotein auto-
antigen SS-A/Ro);
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(j) NADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex
1, 8 kDa;
(k) NudE nuclear distribution gene E homolog 1 (A. nidulans);
(1) MutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli);
(m) leucine rich repeat (in FLII) interacting protein 2;
(n) tropomyosin 1 (alpha);
(0) spastic paraplegia 20, spartin (Troyer syndrome);
(p) preimplantation protein, transcript variant 1;
(r) mitochondrial ribosomal protein L45; and
(s) fumarate hydratase
wherein detecting the presence of the auto-antibodies diagnoses the patient
as having the autoimmune disorder.

Embodiment 32. The method of embodiment 31 wherein the auto-antibodies bind at least

any three of the auto-antigens.

Embodiment 33. The method of embod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>