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SINGLE NUCLEOTIDE POLYMORPHISMS USEFUL TO PREDICT CLINICAL
RESPONSE FOR GLATIRAMER ACETATE

This application claims priority of U.S. Provisional Application
Nos. 61/636,560, filed April 20, 2012 and 61/545,282, filed October
10, 2011, the contents of each of which are hereby incorporated by

reference.

Throughout this application wvarious publications are referenced by
their full citations 1in parentheses. The disclosures of these
publications in their entireties are hereby incorporated by
reference into this application in order to more fully describe the

state of the art to which this invention pertains.

BACKGROUND OF THE INVENTION
Multiple Sclerosis

Multiple sclerosis (MS) is a chronic, debilitating autoimmune
disease of the central nervous system (CNS) with either relapsing-
remitting (RR) or progressive course leading to neurologic
deterioration and disability. At time of initial diagnosis, RRMS 1is
the most common form of the disease (1) which is characterized by
unpredictable acute episodes of neurological dysfunction (relapses),
followed by variable recovery and periods of clinical stability. The
vast majority of RRMS patients eventually develop secondary
progressive (SP) disease with or without superimposed relapses.
Around 15% of patients develop a sustained deterioration of their
neurological function from the beginning; this form is called
primary progressive (PP) MS. Patients who have experienced a single
clinical event (Clinically Isolated Syndrome or "CIS") and who show
lesion dissemination on subsequent magnetic resonance imaging (MRI)
scans according to McDonald's criteria, are also considered as

having relapsing MS. (2)

With a prevalence that varies considerably around the world, MS is
the most common cause of chronic neurological disability in young
adults. (3,4) Anderson et al. estimated that there were about 350,000
physician-diagnosed patients with MS in the United States in 1990
(approx. 140 per 100,000 population).(5) It is estimated that about

2.5 million individuals are affected worldwide. (6) In general, there
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has been a trend toward an increasing prevalence and incidence of MS
worldwide, but the reasons for this trend are not fully

understood. (5)

Current therapeutic approaches consist of 1) symptomatic treatment
ii) treatment of acute relapses with corticosteroids and iii)
treatment aimed to modify the course of the disease. Currently
approved therapies target the inflammatory processes of the disease.
Most of them are considered to act as immunomodulators but their
mechanisms of action have not been completely elucidated.
Immunosuppressants or cytotoxic agents are also wused 1in some
patients after failure of conventional therapies. Several
medications have Dbeen approved and c¢linically ascertained as
efficacious for the treatment of RR-MS; including BETASERON®,
AVONEX® and REBIF®, which are derivatives of the cytokine interferon
beta (IFNB), whose mechanism of action in MS is generally attributed
to its immunomodulatory effects, antagonizing pro-inflammatory
reactions and inducing suppressor cells. (7) Other approved drugs for

the treatment of MS include Mitoxantrone and Natalizumab.

Glatiramer Acetate

Glatiramer acetate (GA) 1is the active substance in Copaxone®, a
marketed product indicated for reduction of the frequency of
relapses 1in patients with RRMS. Its effectiveness 1in reducing
relapse rate and disability accumulation in RR-MS is comparable to
that of other available immunomodulating treatments. (8,9,10)
Glatiramer acetate consists o©of the acetate salts of synthetic
polypeptides containing four naturally occurring amino acids: L-
glutamic acid, L-alanine, L-tyrosine and L-lysine. The average
molecular weight of glatiramer acetate is between 5,000 and 9,000
Daltons. At a daily standard dose of 20 mg, GA is generally well
tolerated, however response to the drug is wvariable. In wvarious
clinical trials, GA reduced relapse rates and progression of
disability in patients with RR-MS. The therapeutic effect of GA 1is
supported by the results of magnetic resonance imaging (MRI)
findings from wvarious c¢linical centers (11), however there are no

validated predictive biomarkers of response to GA treatment.

A possible initial mode of action of GA is associated with binding
to MHC molecules and consequent competition with wvarious myelin

antigens for their presentation to T cells. (12) A further aspect of
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its mode of action is the potent induction of T helper 2 (Th2Z) type
cells that presumably can migrate to the brain and lead to in situ
bystander suppression. (13) It has been shown that GA treatment in MS
results in the induction of GA-specific T cells with predominant Th2
phenotype both in response to GA and cross-reactive myelin
antigens. (13,14) Furthermore, the ability of GA-specific
infiltrating cells to express anti-inflammatory cytokines such as
IL-10 and transforming growth factor-beta (TGF-fB) together with
brain-derived neurotrophic factor (BDNF) seem to correlate with the
therapeutic activity of GA in EAE. (15,16,17)

Clinical experience with GA consists of information obtained from
completed and ongoing c¢linical +trials and from post-marketing
experience. The «c¢linical program includes three double-blind,
placebo-controlled studies in RRMS subjects treated with GA 20
mg/day.(18,19,20) A significant reduction in the number of relapses,
compared with placebo, was seen. In the largest controlled study,
the relapse rate was reduced by 32% from 1.98 under placebo to 1.34
under GA 20 mg. GA 20 mg has also demonstrated beneficial effects
over placebo on MRI parameters relevant to RRMS. A significant
effect in median cumulative number of Gd-enhancing lesions over 9
months of treatment (11 lesions in the 20 mg group compared to 17

lesions under placebo) was demonstrated.

The clinical program with GA also includes one double-blind study in
chronic-progressive MS subjects, (21) one double-blind placebo-
controlled study in primary progressive patients, (22) one double-
blind placebo-controlled study in CIS patients(23) and numerous
open-label and compassionate use studies, mostly in RRMS. The
clinical use of GA has been extensively reviewed and published in
the current literature (24,25,26,27).

U.S. Patent No. 7,855,176 discloses administering glatiramer acetate
to patients afflicted with relapsing-remitting multiple sclerosis
(RRMS) by subcutaneous injection of 0.5 ml of an aqueous
pharmaceutical solution which contains in solution 20 mg glatiramer

acetate and 20 mg mannitol (34) .

U.S. Patent Application Publication No. US 2011-0046065 Al discloses
administering glatiramer acetate to patients suffering from

relapsing-remitting multiple sclerosis by three subcutaneous
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injections of a therapeutically effective dose of glatiramer acetate
over a period of seven days with at least one day between every

subcutaneous injection (35).

Pharmacogenomics

Pharmacogenomics i1s the methodology which associates genetic
variability with physiological responses to drug. Pharmacogenetics
is a subset of pharmacogenomics and is defined as "the study of
variations in DNA sequence as related to drug response" (ICH E15;

http://www.fda.gov/downloads/RegulatoryInformation/Guidances/ucml292

96.pdf. Pharmacogenetics focuses on genetic polymorphism in genes
related to drug metabolism, drug mechanism of action, disease type,
and side effects. Pharmacogenetics is the cornerstone of
Personalized Medicine which allows the development of more
individualized drug therapies to obtain more effective and safe

treatment.

Pharmacogenetics has become a core component of many drug
development programs, being used to explain wvariability in drug
response among subjects in clinical trials, to address unexpected
emerging clinical issues, such as adverse events, to determine
eligibility for a clinical trial (pre-screening) to optimize trial
yield, to develop drug-linked diagnostic tests to identify patients
who are more likely or less likely to benefit from treatment or who
may be at risk of adverse events, to provide information in drug
labels to guide physician treatment decisions, to better understand
the mechanism of action or metabolism of new and existing drugs, and

to provide better understanding of disease mechanisms.

Generally, Pharmacogenetics analyses are performed in either of two
methodology approaches: Candidate genes research technique, and
Genome Wide Association Study (GWAS). Candidate genes research
technique is based on the detection of polymorphism in candidate
genes pre-selected using the knowledge on the disease, the drug mode
of action, toxicology or metabolism of drug. The Genome Wide
Association Study (GWAS) enables the detection of more than 1 M (one
million) polymorphisms across the genome. This approach is used when
related genes are unknown. DNA arrays used for GWAS can be also

analyzed per gene as in candidate gene approach.

Pharmacogenetic studies
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Various pharmacogenetic studies were done in MS patients. For
example, a Genome-Wide Association study by Byun et al. (36) focused
on extreme clinical phenotypes in order to maximize the ability to
detect genetic differences between responders and non-responders to
interferon-beta. A multianalytical approach detected significant
associations between several SNPs and treatment response. Responders
and nonresponders had significantly different genotype frequencies
for SNPs located in many genes, including glypican 5, collagen type
XXV ol, hyaluronan proteoglycan 1link protein, calpastatin, and
neuronal PAS domain protein 3. Other studies used pharmacogenetic
analyses in order to characterize the genomic profile and gene

expression profile of IFN responders and non-responders.

Other pharmacogenetic studies analyzed the genetic background
associated with response to Glatiramer Acetate. For examples, Fusco
C et al (37) assessed a possible relationship between HLA alleles
and response to GA (N=83 RRMS). DRB1*1501 allele frequency was
increased in MS patients compared to healthy controls (10.8% wvs
2.7%; p= 0.001). 1In DRB1*1501 carriers the response rate was 81.8%
compared to 39.4% in non-carriers of DRB1*1501 and to 50 % in the
whole study population. Grossman et al (38) genotyped HLA-DRB1*1501
and 61 SNPs within a total of 27 other candidate genes, on DNA from
two c¢linical +trial cohorts. The study revealed no association
between HLA-DRB1#*1501 and response to GA. The results of the study
are disclosed in the international application published as
WO02006/116602 (39).

Pharmacogenetics is the cornerstone of personalized medicine which
allows the development of more individualized drug therapies to
obtain more effective and safe treatment. Multiple Sclerosis is a
complex disease with clinical heterogeneity. In patients afflicted
with multiple sclerosis or a single clinical attack consistent with
multiple sclerosis, the ability to determine the 1likelihood of
treatment success would be an important tool improving the
therapeutic management of the patients. As the therapeutic options
for MS and CIS increase, the importance of being able to determine
who will respond favorably to therapy and specifically to GA, has

become of increasing significance.
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SUMMARY OF THE INVENTION

This invention provides a method for human

afflicted with multiple

treating a subject

sclerosis or a single <clinical attack

consistent with multiple sclerosis with a pharmaceutical composition

comprising glatiramer acetate and a pharmaceutically acceptable
carrier, comprising the steps of:

i. determining a genotype of the subject at one or more
single nucleotide polymorphisms (SNPs) selected from the
group consisting of: rsl1l007328, rsl0083547, rsl1l0136012,
rsl10214633, rsl0277267, rsl040194, rsl041897, rsl0853605,
rs10931091, rs10935015, rs1093501¢0, rs10935019,
rs10950359, rs10950371, rs10988087, rs11009827,
rs11009835, rs11081859, rs11599624, rsll1617134,
rsl1618546, rs11694344, rs11709339, rs11719825,
rsl11761457, rs1190704¢, rs12055694, rsl2256889,
rsl229542, 1rsl1l229553, 1rsl229555, 1rsl229558, 1rsl229562,
rsl229563, 1rsl229564, 1rsl229568, 1rsl1l2340584, 1rsl234567,
rs1234947, rsl237625, rsl1l2488259, rsl12494606, rsl2496278,
rsl12524041, rsl2529764, rs12532459, rs12540494,
rsl12593600, rsl2633010, rsl2637073, rsl2639443,
rsl264423, 1rsl282540, 1rsl282546, 1rsl2968586, 1rsl1l299325,
rs13021482, rs13042992, rs1320648, rs13238613,
rs13245980, 1rsl1415557, 1rsl1538123, 1rsl1573706, 1rsl5916061,
rsl1611185, rsle683691, rs1699%9008, rsl17007730, rsl1l7087180,
rs17104665, rsl7104742, rsl17134651, rsl7575455,
rsl7588454, rsl7666347, rsl7771939, rsl7807327,
rsl7807445, 1rsl1886308, rsl18392974, 1rsl1941973, 1rs2033471,
rs2088713, rs21452¢0, rs2155262, rs2177073, rs2187495,
rs2277431, 1rs2305623, 1rs2374730, 1rs2461319, 1rs2487889,
rs2487896, 1rs2508806, 1rs2511064, 1rs2521643, 1rs2521644,
rs2530121, rs2530123, 1rs2685484, 1rs2722396, 1rs2722398,
rs28861531, 1rs2895215, rs2937395, rs3135391, rs35831078,
rs3742228, rs401618, rs4148871, rs4255033, rs4281882,
rs4289164, 1rs4306478, 1rs4343256, 1rs4344916, 1rs4369324,
rs4435429, rs4445746, 1rs4466940, 1rs4468448, 1rs4483642,
rs4565951, rs4578835, rsd4634524, 1rsd4799760, 1rs4809955,
rs4811492, rs49648o0, rs552994, rs6015147, rs6025923,
rs6025927, 1rs6091820, 1rs6097782, 1rs6097790, 1rs6097793,
rs6097797, 1rs6097801, 1rs6123749, 1rs6543934, 1rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
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rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, 1rs7178587, 1rs7180867, 1rs7232734, 1rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
rs7633210, 1rs7714122, 1rs7789703, 1rs7803164, 1rs7806265,
rs7916897, 1rs7955917, 1rs7963693, 1rs8099595, rs8118441,
rs844602, rs844608, rs844610, rs844612, rs844620,
rs860722, rs873216, rs884266, rs894857, rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs9405546, rs947603,
rs948029, rs948032, rs949298, rs9508834, rs9944913,
rs9952995, and rs998051 (hereinafter Group 1),

ii. identifying the subject as a predicted responder to
glatiramer acetate if the genotype is
AA  at 1rsl0214633, 1rsl0277267, rsl0935015, 1rsl10935019,
rs10988087, rs11081859, rsl11694344, rsl12256889,
rs12340584, rsl12494600, rs1415557, rs17007730,
rs17087180, rs17104665, rsl17104742, rs17588454,
rsl17807327, 1rsl892974, rs2088713, 1rs214526, 1rs2374730,
rs4255033, 1rs4306478, 1rs4343256, 1rs4344916, 1rs4435429,
rs4578835, rs4809955, rs496480, rs6015147, rs6097790,
rs6584894, rs6713772, rs6909321, rs702355, rs7086707,
rs7180867, rs7317000, rs844608, rs844610, rs933863,
rs9392358, rs948029, or rs9508834 (hereinafter Group 2),
AT at rsl12524041 or rs7806265,
AG at 1rsl0277267, 1rsl1l0950359, 1rsl11599624, 1rsl13245980,
rsl415557, 1rs2521643, 1rs4255033, 1rs6584894, 1rs6909321,
rs702355, or rs844626,
AC at rsl12256889, rsl229542, rs21452¢0, rs6097793,
rs7086707, rs7180867, rs844608, or rs844610,
TT at 1rsl1l007328, 1rsl0931091, 1rsll1617134, 1rsll1709339,
rs11719825, rsl1l1761457, rsl229553, rsl1l234567, rsl234947,
rsl12532459, rsl12593600, rsl264423, rsl1l3042992, rsl1320648,
rs1538123, rsl1591661, rsl17134651, rsl7666347, rsl7771939,
rs2461319, 1rs2508806, 1rs2722396, 1rs2722398, 1rs2895215,
rs401618, rsd4369324, 1rs4483642, 1rs4565951, rs4811492,
rs552994, rs6025923, rs6025927, rs6097797, rs657302,
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rs7714122, 1rs7803164,

rs844612, rs9378319, or

GT at rsl1l2532459, rs2722398, rs4369324, or rs7093143,

CT at 1rsl0950371, 1rsll761457,

rs13021482, rsl1l3238613, 1rsl538123,
rs17807445, 1rs1941973, rs2461319,

rs4634524, 1rsd4799760, 1rs6097797,

rsl1229562, rsl2529764,
rs1591661, rsl611185,
rs2685484, 1rs2895215,
rs7080507, 1rs7238006,

rs7789703, rs7803164, rs844612, or rs9%47603,

GG at 1rsl10083547, 1rsl10136012,
rs12055694, rsl1229558, rsl237625,

rs12633010, rsl2637073, rsl1l282540,

rs10950359, 1rs11599624,

rsl12496278, rsl1l2540494,
rsl1282546, rsl1l2968586,

rs1299325, rs13245980, rs16999008, rsl17104665,

rs17104742, 1rs2033471, rs2155262,

rs2511064, 1rs2521643, 1rs2530121,
rs3135391, 1rs4148871, 1rs4289164,
rs6543934, rs6558102, rs656975,
rs7244801, rs752979, rs7619350,
rs873216, rs894857, rs9315048,

rs2487889, 1rs248789¢,
rs2530123, 1rs28861531,
rs4445746, 1rs6097801,
rs6971202, rs7093143,
rs7955917, rs844620,
rs9332420, rs933864,

rs948032, rs949298, or rs998051 (hereinafter Group 4),

CG at rsl1l1618546 or rs860722, or

CC at 1rsl041897, rs10853605,

rs10935016, 1rs10950371,

rs11009827, rs11009835, rsl1161854¢0, rs1190704¢0,

rsl1l229542, 1rsl1229555, rsl229562,

rsl229563, 1rsl229564,

rslz229568, rsl2488259, rsl2639443, rs13021482,

rs13238613, rsl573706, rsl6e83691,
rs2177073, 1rs2187495, rs2277431,
rs2937395, 1rs4281882, rsd4466940,
rs4799760, 1rs6091820, 1rs6097782,
rs660075, rs7080507, rs7789703,
rs844602, rs860722, rs884266,

rs9405541, rs9405546, rs%47603, or

Group 5); and

iii. administering the pharmaceutical

rsl17575455, rsl17807445,
rs2521644, 1rs2685484,
rs4468448, 1rs4634524,
rs6097793, 1rs6l123749,
rs7963693, 1rs8099595,
rs913882, rs9378684,
rs9944913 (hereinafter

composition comprising

glatiramer acetate and a pharmaceutically acceptable
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carrier to the subject only if the subject is identified

as a predicted responder to glatiramer acetate.

The invention also provides a method of identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the method comprising
determining the genotype of the subject at one or more single
nucleotide polymorphisms (SNPs) selected from the group consisting
of the SNPs in Group 1,

wherein the subject 1s identified as a predicted responder to

glatiramer acetate if the genotype is
AA at one of the SNPs in Group 2,
AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624, rs13245980,
rsl1415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs84462¢,

AC at rsl2256889, rsl229542, rs214526, rse6097793, rs7086707,
rs7180867, rs844608, or rs844610,

TT at one of the SNPs in Group 3,
GT at rsl2532459, rs2722398, rs4369324, or rs7093143,

CT at rsl0950371, rsl11761457, rsl1229562, rsl12529764,
rs13021482, rs13238613, rsl1538123, rsl591661, rsl611185,
rs17807445, rs1941973, rs2461319, rs2685484, rs2895215,
rs4634524, rs4799760, rs6097797, rs7080507, rs7238006,
rs7789703, rs7803164, rs8446l12, or rs9%47603,

GG at one of the SNPs in Group 4,
CG at rsll618546 or rs860722, or
CC one of the SNPs in Group 5; and

wherein the subject 1is identified as a predicted non-

responder to glatiramer acetate if the genotype is
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AA at rs1040194, rs1093501¢0, rs10950359, rs11009827,
rs11599624, rs12055694, rsl229542, rs1229558, rsl1237625,
rs12488259, rs12540494, rsl12637073, rsl1282540, rsl1l282546,
rsl12968586, 1rs13245980, 1rsl1l6999008, 1rsl1l7575455, 1rs2177073,
rs2511064, rs2521643, rs4281882, rs4289164, rs4445746,
rs4811492, rs6097793, rs6097801, rs6558102, rs7244801,
rs7619350, rs7806265, rs7955917, rs844620, rs873210,
rs894857, rs9332420, or rs948032 (hereinafter Group 6),

AG at rs1040194, rs10935015, rs10935019, rs10988087,
rs11081859, rs12055694, rsl1229558, rs12340584, rsl1237625,
rs12494600, rs12540494, rsl12637073, rsl1282540, rsl1l282546,
rsl12968586, 1rs16999008, 1rs17007730, 1rsl1l7087180, 1rsl1l7104665,
rsl17104742, rs17588454, rs2374730, rs2487889, rs2487896,
rs2511064, rs3135391, rs3742228, rs4148871, rs4343256,
rsd4445740, rs4809955, rs6097801, rs6713772, rs7244801,
rs7619350, rs7955917, rs894857, rs933863, rs9392358, or
rs9508834,

AC at rs10214633, rs1093501¢0, rs11009827, rsl12488259,
rs2088713, rs2177073, rs4306478, rs496480, rs6097790, or
rs7317000,

TT at rs10136012, rs1041897, rs10853605, rs10950371,
rs11008835, rs11907046, rsl1229555, rsl1229562, rsl1229563,
rsl229564, rsl1229568, rsl2639443, rs13238613, rsl57370¢,
rs1683691, rsl1892974, rs2187495, rs2277431, rs2521644,
rs2530121, rs2530123, rs2685484, rs2937395, rs35831078,
rs4466940, rs4468448, rsd4634524, rs6091820, rs6097782,
rs6543934, rs660075, rs7789703, rs8099595, rs884260,
rs913882, rs9378684, rs9405541, rs9405546, rs947603,
rs948029, or rs9944913 (hereinafter Group 7),

GT at rsll719825, rs13042992, rs1886308, 1rs2305623, or
rs998051,

CT at rs1041897, rs10931091, rs11009835, rsll1617134,
rs11708339, rsl1229553, rsl1229555, rsl1229563, rsl1229564,
rsl1229568, rs1234567, rsl234947, rsl12593600, rsl2639443,
rs1320648, rsl1573706, rsl1683691, rsl17134651, rsl7666347,
rs2187495, rs2277431, rs250880¢, rs2937395, rs35831078,
rs4466940, rs4468448, rs4483642, rs4565951, rs552994,
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rs6091820, rs6097782, rs657302, rs660075, rs7232734,
rs7714122, rs8099595, rs9378319, rs9378684, rs9405541,
rs9405546, rs9944913, or rs9952995,

GG at rsl10277267, rs10935015, rs10935019, rs10988087,
rs11081859, 1rsllel18546, 1rsl11719825, 1rsl12340584, 1rsl2494606,
rsl12532459, 1rsl13042992, 1rsl1l7007730, 1rsl1l7087180, 1rsl7588454,
rs1886308, rs2305623, rs2722398, rs3742228, rs4255033,
rs434325¢, rs4369324, rs4435429, rs4578835, rs4809955,
rs6123749, rs6584894, rs6713772, rs7916897, rs7963693,
rs9392358, or rs9508834 (hereinafter Group 8),

CG at rs10083547, rs12496278, rsl1299325, rs2155262,
rs28861531, rs656975, rs7963693, or rs9$33864, or

CC at rs1007328, rs10083547, rs10214633, rs10931091,
rsl11617134, 1rsl11694344, 1rs11709339, 1rsl11761457, 1rsl2256889,
rsl1229553, rsl234567, rsl1234947, rs12496278, rsl12593600,
rs1299325, rs1320648, rs1538123, rsl1l591661, rsl1611185,
rsl17134651, 1rsl7666347, rsl1l7771939, 1rsl17807327, 1rsl1l941973,
rs214526, rs2461319, rs2508806, rs2722398, rs28861531,
rs2895215, rs4306478, rs43449106, rs496480, rs552994,
rs6015147, rs6025923, rs6025927, rs6097790, rs6097797,
rs656975, rs657302, rs7178587, rs7232734, rs7238006,
rs7317000, rs751370, rs7714122, rs7803164, rs844608,
rs844610, rs844612, rs9378319, or rs9952995 (hereinafter
Group 9);

and thereby identifying the subject as a predicted responder

or as a predicted non-responder to glatiramer acetate.

The invention also provides a method for treating a human subject
afflicted with multiple sclerosis or a single clinical attack

consistent with multiple sclerosis comprising the steps of:

(1) administering to the human subject a therapeutic amount of a
pharmaceutical composition comprising glatiramer acetate

and a pharmaceutically acceptable carrier;

(1ii) identifying whether the human subject is a predicted responder
to glatiramer acetate by determining the genotype of the

subject at one or more single nucleotide polymorphisms
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(SNPs) selected from the group consisting of the SNPs in
Group 1,

wherein the subject is identified as a predicted responder

to glatiramer acetate if the genotype is

AA at one of the SNPs in Group 2,

AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rs11599624, rs13245980,
rsl1415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs844626,

AC at rsl2256889, rsl1229542, rs214526, rsoc097793, rs7086707,
rs7180867, rs844608, or rs844610,

TT one of the SNPs in Group 3,

GT at rsl1l2532459, rs2722398, rs4369324, or rs7093143,

CT at rs10950371, rsl11761457, rsl1229562, rsl12529764,
rs13021482, rsl13238613, 1rsl1538123, 1rsl591661, 1rslo6ll185,
rs17807445, rs1941973, rs2461319, rs2685484, rs2895215,
rs4634524, rs4799760, rs6097797, rs7080507, rs7238006,
rs7789703, rs7803164, rs844612, or rs9%47603,

GG at one of the SNPs in Group 4,

CG at rsl1l1618546 or rs860722, or

CC at one of the SNPs in Group 5; and

(1iii) continuing administration of the pharmaceutical composition if
the human subject is identified as a predicted responder to
glatiramer acetate, or modifying the administration of the
pharmaceutical composition to the human subject if the human
subject is not identified as a predicted responder to

glatiramer acetate.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a

predicted non-responder to glatiramer acetate, the kit comprising
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(1) at least one probe specific for a SNP selected from

the group consisting of the SNPs in Group 1.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising at
least one pair of PCR primers designed to amplify a DNA segment
which includes a SNP selected from the group consisting of the SNPs

in Group 1.

The invention also provides a PCR amplification kit comprising

(1) at least one pair of PCR primers designed to amplify
a DNA segment which includes a SNP selected from the group

consisting of the SNPs in Group 1, and

(1) instructions for use of the PCR primers to amplify
the segment of DNA.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising a
reagent for performing a method selected from the group consisting
of restriction fragment length polymorphism (REFLP) analysis,
sequencing, single strand conformation polymorphism analysis (SSCP),
chemical cleavage of mismatch (CCM), gene chip and denaturing high
performance liquid chromatography  (DHPLC) for determining the
identity of at least one SNP selected from the group consisting of
The SNPs in Group 1.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising
reagents for TagMan Open Array assay designed for determining the
identity of at least one SNP selected from the group consisting of
The SNPs in Group 1.

The invention also provides a probe for identifying the genotype of a

SNP selected from the group consisting of the SNPs in Group 1.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Merging of the two mostly enriched networks for broad
phenotype definition (organized by cellular compartment). Genes with
the light grey symbols are from the GWAS findings, while the others
with "empty” symbols are their pathways' specific members, and have
not been identified by any GWAS.

Figure 2. Merging of the two mostly enriched networks for narrow
phenotype definition (organized by cellular compartments). Genes
with the light grey symbols are from the GWAS findings, while the
others with "empty" symbols are their pathways' specific members,

and have not been identified by any GWAS.

Figure 3. Merging two networks for narrow phenotype definition
(organized by cellular compartments). Genes with the light grey
symbols are from the GWAS findings, while the others with "empty"
symbols are their pathways' specific members, and have not been
identified by any GWAS.
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DETAILED DESCRIPTION OF THE INVENTION

This invention provides a method for treating a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis with a pharmaceutical composition
comprising glatiramer acetate and a pharmaceutically acceptable

carrier, comprising the steps of:

i. determining a genotype of the subject at one or more
single nucleotide polymorphisms (SNPs) selected from the

group consisting of: the SNPs in Group 1,

ii. identifying the subject as a predicted responder to

glatiramer acetate if the genotype is

AA at one of the SNPs in Group 2,

AT at rsl12524041 or rs7806265,

AG at 1rsl0277267, 1rsl1l0950359, 1rsl11599624, 1rsl13245980,
rsl1415557, rs2521643, 1rs4255033, 1rs6584894, 1rs6909321,
rs702355, or rs844626,

AC at rsl12256889, rsl229542, rs21452¢0, rs6097793,
rs7086707, rs7180867, rs844608, or rs844610,

TT at one of the SNPs in Group 3,

GT at rsl1l2532459, rs2722398, rs4369324, or rs7093143,

CT at 1rsl0950371, rsll761457, 1rsl229562, 1rsl2529764,
rs13021482, rsl3238613, rsl538123, rsl591661, rsl6l1185,
rs17807445, 1rs1941973, 1rs2461319, 1rs2685484, 1rs2895215,
rs4634524, 1rs4799760, 1rse6097797, 1rs7080507, 1rs7238006,
rs7789703, rs7803164, rs844612, or rs9%47603,

GG at one of the SNPs in Group 4,

CG at rsl1l1618546 or rs860722, or

CC at one of the SNPs in Group 5; and

iii. administering the pharmaceutical composition comprising

glatiramer acetate and a pharmaceutically acceptable
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carrier to the subject only if the subject is identified

as a predicted responder to glatiramer acetate.

In some embodiments, administering the pharmaceutical composition
comprising glatiramer acetate and a pharmaceutically acceptable
carrier comprises administering to the human subject three
subcutaneous injections of the pharmaceutical composition over a
period of seven days with at least one day Dbetween every

subcutaneous injection.

In some embodiments, the pharmaceutical composition is a unit dose

of a 1 ml aqueous solution comprising 40 mg of glatiramer acetate.

In some embodiments, the pharmaceutical composition is a unit dose

of a 1 ml aqueous solution comprising 20 mg of glatiramer acetate.

In some embodiments, the pharmaceutical composition is a unit dose

of a 0.5 ml agqueous solution comprising 20 mg of glatiramer acetate.

The invention also provides a method of identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the method comprising
determining the genotype of the subject at one or more single
nucleotide polymorphisms (SNPs) selected from the group consisting
of the SNPs in Group 1,

wherein the subject 1s identified as a predicted responder to

glatiramer acetate if the genotype is
AA at one of the SNPs in Group 2,
AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624, rs13245980,
rsl1415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs84462¢,

AC at rsl2256889, rsl229542, rs214526, rse6097793, rs7086707,
rs7180867, rs844608, or rs844610,

TT at one of the SNPs in Group 3,

GT at rsl2532459, rs2722398, rs4369324, or rs7093143,
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CT at rsl0950371, rsl11761457,
rs13021482, rsl13238613, rs1538123,
rs17807445, rs1941973, rs2461319,
rs4634524, rsd4799760, rs6097797,
rs7789703, rs7803164, rs8446l12, or rs

GG at one of the SNPs in Group 4,
CG at rsll618546 or rs860722, or

CC at one of the SNPs in Group 5; and

PCT/US2012/059352

rsl229562,
rsl591661,
rs2685484,
rs7080507,
947603,

rsl2529764,
rsl1611185,
rs2895215,
rs7238006,

wherein the subject is identified as a predicted non-responder to

glatiramer acetate if the genotype is

AA at one of the SNPs in Group 6,

AG at rs1040194, rs10935015, rs10935019, rs10988087,
rs11081859, rs12055694, rsl1229558, rs12340584, rsl1237625,
rs12494600, rs12540494, rsl12637073, rsl1282540, rsl1l282546,
rsl12968586, 1rs16999008, 1rs17007730, 1rsl1l7087180, 1rsl1l7104665,
rsl17104742, rs17588454, rs2374730, rs2487889, rs2487896,
rs2511064, rs3135391, rs3742228, rs4148871, rs4343256,
rsd4445740, rs4809955, rs6097801, rs6713772, rs7244801,
rs7619350, rs7955917, rs894857, rs933863, rs9392358, or
rs9508834,

AC at rs10214633, rs1093501¢0, rs11009827, rsl12488259,
rs2088713, rs2177073, rs4306478, rs496480, rs6097790, or
rs7317000,

TT at one of the SNPs in Group 7,

GT at 1rsl11719825, 1rsl3042992, 1rsl1l886308, 1rs2305623, or
rs998051,

CT at rs1041897, rs10931091, rs11009835, rsll1617134,
rs11708339, rsl1229553, rsl1229555, rsl1229563, rsl1229564,
rsl1229568, rs1234567, rsl234947, rsl12593600, rsl2639443,
rs1320648, rsl1573706, rsl1683691, rsl17134651, rsl7666347,
rs2187495, rs2277431, rs250880¢, rs2937395, rs35831078,
rs4466940, rs4468448, rs4483642, rs4565951, rs552994,
rs6091820, rs6097782, rs657302, rs660075, rs7232734,
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rs8099595, rs9378319, rs9378684, rs9405541,
rs9944913, or rs9952995,

GG at one of the SNPs in Group 8§,

CG

rsl0083547, rsl2496278, rsl299325, rs2155262,

rs28861531, rs656975, rs7963693, or rs9$33864, or

CC at one of the SNPs in Group 9;

and thereby identifying the subject as a predicted responder

or as a predicted non-responder to glatiramer acetate.

The invention also provides a method for treating a human subject

afflicted with multiple sclerosis or a single clinical attack

consistent with multiple sclerosis comprising the steps of:

(1)

(i1)

administering to the human subject a therapeutic
amount of a pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable

carrier;

identifying whether the human subject is a predicted
responder to glatiramer acetate by determining the
genotype o0f the subject at one or more single
nucleotide polymorphisms (SNPs) selected from the

group consisting of the SNPs in Group 1,

wherein the subject is identified as a predicted

responder to glatiramer acetate if the genotype is
AA at one of the SNPs in Group 2,
AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624,
rs13245980, rsl1415557, rs2521643, rs4255033,
rs6584894, rs6909321, rs702355, or rs844626,

AC at rsl2256889, 1rsl1229542, 1rs214526, 1rs6097793,
rs7086707, rs7180867, rs844608, or rs844610,

TT at one of the SNPs in Group 3,
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GT at rs12532459, rs2722398, rs4369324, or
rs7093143,

CT at rsl1l0950371, rsll761457, rsl229562, rsl2529764,
rsl13021482, rsl3238613, rsl538123, rsl591661,

rs1611185, rs17807445, rs1941973, rs2461319,
rs2685484, rs2895215, rsd4634524, rs4799760,
rs6097797, rs7080507, rs7238006, rs7789703,

rs7803164, rs844612, or rs%47603,
GG at one of the SNPs in Group 4,
CG at rsl1l1618546 or rs860722, or
CC at one of the SNPs in Group 5; and

(1id) continuing administration of the pharmaceutical
composition if the human subject is identified as a
predicted responder to glatiramer acetate, or
modifying the administration of the pharmaceutical
composition to the human subject 1if the human
subject is not identified as a predicted responder

to glatiramer acetate.

In some embodiments, administering to the human subject a
therapeutic amount of a pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable carrier
comprises administering to the human subject three subcutaneous
injections of the pharmaceutical composition over a period of seven

days with at least one day between every subcutaneous injection.

In some embodiments, the pharmaceutical composition is a unit dose

of a 1 ml aqueous solution comprising 40 mg of glatiramer acetate.

In some embodiments, the pharmaceutical composition is a unit dose

of a 1 ml aqueous solution comprising 20 mg of glatiramer acetate.

In some embodiments, the pharmaceutical composition is a unit dose

of a 0.5 ml agqueous solution comprising 20 mg of glatiramer acetate.

In some embodiments, if the human subject is identified as a
predicted responder to glatiramer acetate, the human subject is

thereafter administered the pharmaceutical composition comprising
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glatiramer acetate and a pharmaceutically acceptable carrier as

monotherapy.

In some embodiments, if the human subject is identified as a
predicted responder to glatiramer acetate, the human subject 1is
thereafter administered the pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable carrier in

combination with at least one other multiple sclerosis drug.

In some embodiments, the genotype is determined at one or more
single nucleotide polymorphisms (SNPs) selected from the group
consisting of rs947603, rsl007328, rsl1l573706, rs2177073, rs2487896,
rs2511064, 1rs2521644, 1rs3135391, 1rs4148871, 1rsd4343256, 1rs4344916,
rs4369324, rsd4445746, rs6097801, 1rs9508834, 1rs9944913, 1rsl1l0853605,
rs10931091, rs10950359, rs10988087, rs11599624, rsll617134,
rsl2256889, rsl2639443, rs13042992, rs13238613, rs17087180,
rsl17575455, rsl17771939 and rsl17807327.

In some embodiments, the genotype is determined at one or more
single nucleotide polymorphisms (SNPs) selected from the group
consisting of rs9508834, rsl17807327, rs434491¢0, rsl12639443,
rs17087180 and rsl7771939.

In some embodiments, the genotype is determined at one or more
single nucleotide polymorphisms (SNPs) selected from the group
consisting of rs4344916, rsl2639443, rs17087180 and rsl1l7771939.

In some embodiments, the genotype is determined at SNPs rs434491¢,
rs12639443, 1rsl17087180 and rsl7771939. In other embodiments the
genotype is further determined at SNPs rs9508834 or rsl7807327. In
other embodiments the genotype is further determined at SNPs
rs9508834 and rsl7807327.

In some embodiments, the method comprises determining the genotype
of the subject at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or

more of said SNPs.

In some embodiments, the method comprises determining the genotype
of the subject at 4, 6, 10, 11, 12 or 13 of said SNPs.

In some embodiments, the method comprises determining the genotype
of the subject at 6 or 8 of said SNPs.
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In some embodiments, the method comprises determining the genotype
of the subject at 6 SNPs.

In some embodiments, the genotype is determined at SNPs rs2521644,
rsl12256889, rs214526, rsl1l7771939, rs496486, and rs949298.

In some embodiments, a score is assigned to each genotype of each
SNP, for the purpose of determining if the human subject is a
predicted responder to glatiramer acetate, wherein the scores are

approximately as shown in tables 7a-f.

In some embodiments, the genotype is determined at SNPs rs2521644,
rsl2256889, rs214526, rsl7771939, rs496486, and rs2511064.

In some embodiments, a score is assigned to each genotype of each
SNP, for the purpose of determining if the human subject is a
predicted responder to glatiramer acetate, wherein the scores are

approximately as shown in tables 9%a-f.

In some embodiments, a relative weight is assigned to each SNP, for
the purpose of determining if the human subject 1is a predicted
responder to glatiramer acetate, wherein the relative weight 1is

approximately as shown in table 10.

In some embodiments, the genotype is determined at SNPs rsl2256889,
rsl17771939, 1rs2511064, and rs2521644.

In some embodiments, a score is assigned to each genotype of each
SNP, for the purpose of determining if the human subject is a
predicted responder to glatiramer acetate, wherein the scores are

approximately as shown in tables 9%a-f.

In some embodiments, a relative weight is assigned to each SNP, for
the purpose of determining if the human subject 1is a predicted
responder to glatiramer acetate, wherein the relative weight 1is

approximately as shown in table 11.

In some embodiments, the genotype is determined at SNPs rsl11599624,

rsl2639443, rs13042992, rs13238613, rs17087180, rsl17771939,
rs17807327, rs2487896, rs3135391, rs4148871, rs434325¢,
rs4344916, and rs9508834.
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In some embodiments, the genotype is determined at SNPs rsl2256889,

rsl12639443, rs13238613, rs1573706, rs17087180, rsl1l7771939,
rs17807327, rs2487896, rs434325¢, rs434491¢, rs4369324,
rs4445746, and rs9944913.

In some embodiments, the genotype is determined at SNPs rs10988087,

rsl12639443, rs13042992, rsl13238613, rsl1573706, rs17087180,
rsl17771939, rs17807327, rs4148871, rs4344916, 1rs6097801, and
rs9508834.

In some embodiments, the genotype is determined at SNPs rs10988087,

rsl12256889, rsl12639443, rs17087180, rsl1l7771939, rs2177073,
rs25216414, rs4344916, rs4369324, rs6097801, 1rs9508834, and
rs9944913.

In some embodiments, the genotype is determined at SNPs rs10988087,

rsl1l1617134, 1rsl2639443, rs13042992, rs17087180, rsl1l7771939,
rsl17807327, rs2487896, rs4148871, rs43449106, rsd444574¢6,
rs6097801, and rs9508834.

In some embodiments, the genotype is determined at SNPs rs10988087,

rsll617134, rsl12639443, rs13042992, rs17087180, rsl1l7771939,
rsl17807327, rs2487896, rs25216414, rs4148871, rs4344916,
rs4445746, and 1rs6097801.

In some embodiments, the genotype is determined at SNPs rs10988087,
rsl12256889, rsl12639443, rs17087180, rsl17771939, rs17807327,
rs2487896, rs4148871, 1rs4344916, 1rso6097801, and 1rs9508834.

In some embodiments, the genotype is determined at SNPs rsl1007328,
rsl11617134, rsl12639443, rs13238613, rsl573706, rs17087180,
rsl17771939, rs17807327, rs434325¢, rs434491¢, rs9508834, and
rs9944913.

In some embodiments, the genotype is determined at SNPs rsl2639443,

rs17087180, rsl7771939, rsl1l7807327, rs2487896, rs4148871,
rs4343256, rs4344916, rs4369324, rs444574¢, rs6097801,
rs9508834, and rs9944913.

In some embodiments, the genotype is determined at SNPs rsll617134,
rsl12639443, rs17087180, rsl1l7771939, rsl17807327, rs2487896,
rs3135391, rs4148871, rs4344916, rs4369324, rs6097801, rs9508834,
and 1rs9944913.
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In some embodiments, the genotype is determined at SNPs rs10988087,
rsl12639443, rs13238613, rsl17087180, 1rsl1l7771939, rs2487896,
rs4148871, rs4343256, rsd4344916, and 1rs9508834.

In some embodiments, the genotype is determined at SNPs rsll617134,

rsl2256889, rsl2639443, rs13042992, rs17087180, 1rsl7771939,
rsl17807327, rs2177073, rs2487896, rs4343256, rs4344916,
rs6097801, and rs9508834.

In some embodiments, the genotype is determined at SNPs rsl10950359,
rsll617134, rsl12639443, rs17087180, rsl1l7771939, rs2487896,
rs2511064, rs3135391, rs4148871, rs4343256, rs4344916,
rs9508834, and 1rs9944913.

In some embodiments, the genotype is determined at SNPs rsl2256889,
rs12639443, rs13042992, rs17087180, rsl17771939, rs17807327,
rs2487896, rs2521644, rs4344916, and rs6097801.

In some embodiments, the genotype is determined at SNPs rsl10950359,
rs10988087, rs11599624, 1rsl1l2256889, rsl12639443, rs13042992,
rs17087180, rsl1l7771939, rsl17807327, rs2521644, rs3135391,
rs4344916, and 1rs9508834.

In some embodiments, the genotype is determined at SNPs rsl1007328,
rs10950359, rsl12256889, rsl12639443, rs13042992, rs1573706,
rs17087180, rsl17771939, rsl17807327, rsd4343256, rs4344916, rs947603,
and rs9508834.

In some embodiments, the genotype is determined at SNPs rsl11599624,
rsl2256889, rsl2639443, rsl57370¢, rs17087180, rsl17771939,
rsl7807327, 1rs2177073, 1rs2487896, rs4344916, rs6097801, rs9508834,
and rs9944913.

In some embodiments, the method further comprises the measurement of
at least one clinical variable which is indicative of response or

non-response to glatiramer acetate therapy.

In some embodiments, the at least one clinical variable is selected

from: age of the subject and Tl brain lesion volume.

In some embodiments, the method further comprises measuring the

value of a biomarker in the blood of the human subject.
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In some embodiments, the biomarker is selected from the group
consisting of IL-10 <concentration, IL-17 concentration, IL-18
concentration, TNEF-o  concentration, brain-derived neurotrophic
factor concentration, caspase-1 concentration, IL-10/IL-18 ratio,
IL-10/IL-17 ratio, IL-2 concentration and IFN-y concentration, or a

combination thereof.

In some embodiments, the genotype is determined from a nucleic acid-

containing sample that has been obtained from the subject.
In some embodiments, the genotype is determined using an array.

In some embodiments, the array is selected from the group consisting
of a gene array, a gene chip, a DNA array, a DNA microarray, a

TAgMan Open Array and a bead array.
In some embodiments, the array is a TagMan Open Array.

In some embodiments, determining the genotype comprises using a
method selected from the group consisting of restriction fragment
length polymorphism (RFLP) analysis, sequencing, single strand
conformation polymorphism analysis (SSCP), chemical cleavage of
mismatch (CCM), denaturing high performance liquid chromatography
(DHPLC) , Polymerase Chain Reaction (PCR) and an array, or a

combination thereof.

In some embodiments, the genotype is determined using at least one

pair of PCR primers and at least one probe.

In some embodiments, the genotype is determined by a method selected
from the group consisting of restriction fragment length
polymorphism (RFLP) analysis, sequencing, single strand conformation
polymorphism analysis (SSCP), chemical cleavage of mismatch (CCM),
gene chip, and denaturing high performance 1liquid chromatography
(DHPLC) .

In some embodiments, determining the genotype of the subject at said

one or more SNP comprises:

(1) obtaining DNA from a sample that has been obtained

from the subject;

(ii) optionally amplifying the DNA; and
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(111) contacting the DNA or the amplified DNA with an
array comprising a plurality of probes suitable for

determining the identity of the one or more SNPs.

In some embodiments, determining the genotype of the subject at said

one or more SNPs comprises:

(1) obtaining DNA from a sample that has been obtained

from the subject;
(ii) optionally amplifying the DNA; and

(iii) subjecting the DNA or the amplified DNA to a method
selected from the group consisting of restriction
fragment length polymorphism (RELP) analysis,
sequencing, single strand conformation polymorphism
analysis (sscpe), chemical cleavage of mismatch
(CCM), gene chip, denaturing high performance liquid
chromatography (DHPLC) and an array, or a
combination thereof for determining the identity the

one or more SNPs.

In some embodiments, the array comprises a plurality of probes

suitable for determining the identity of the one or more SNPs.
In some embodiments, the human subject is a naive patient.

In some embodiments, the human subject has been previously

administered glatiramer acetate.

In some embodiments, the human subject has been previously
administered a multiple sclerosis drug other than glatiramer

acetate.

In some embodiments, the genotype of the subject at said one or more
SNPs 1is obtained indirectly by determining the genotype of the
subject at a SNP that is in linkage disequilibrium with said one or

more SNPs.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising at
least one probe specific for a SNP selected from the group

consisting of the SNPs in Group 1.
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The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising at
least one pair of PCR primers designed to amplify a DNA segment
which includes a SNP selected from the group consisting of the SNPs

in Group 1.

The invention also provides a PCR amplification kit comprising

(1) at least one pair of PCR primers designed to amplify
a DNA segment which includes a SNP selected from the group

consisting of the SNPs in Group 1, and

(1) instructions for use of the PCR primers to amplify
the segment of DNA.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising a
reagent for performing a method selected from the group consisting
of restriction fragment length polymorphism (REFLP) analysis,
sequencing, single strand conformation polymorphism analysis (SSCP),
chemical cleavage of mismatch (CCM), gene chip and denaturing high
performance liquid chromatography  (DHPLC) for determining the
identity of at least one SNP selected from the group consisting of
the SNPs of Group 1.

In some embodiments, the kit comprises

(1) at least one pair of PCR primers designed to amplify a DNA
segment which includes a SNP selected from the group consisting of
the SNPs of Group 1, and

(1ii) at least one probe specific for a SNP selected from the group

consisting of the SNPs of Group 1.

The invention also provides a kit for identifying a human subject
afflicted with multiple sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit comprising

reagents for TagMan Open Array assay designed for determining the
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identity of at least one SNP selected from the group consisting of
The SNPs of Group 1.

In some embodiments the kit further comprises instructions for use
of the kit for identifying a human subject afflicted with multiple
sclerosis or a single clinical attack consistent with multiple
sclerosis as a predicted responder or as a predicted non-responder

to glatiramer acetate.

In some embodiments, the one or more single nucleotide polymorphisms
(SNPs) is selected from the group consisting of rs947603,rs1007328,
rsl573706, 1rs2177073, rs2487896, 1rs2511064, 1rs2521644, 1rs3135391,
rs4148871, 1rs4343256, 1rsd4344916, 1rs4369324, 1rsd4445746, 1rse60987801,

rs9508834, rs9944913, rs10853605, rs10931091, rs10950359,
rs10988087, rsl1599624, rsll1617134, rsl12256889, rsl12639443,
rs13042992, rsl13238613, 1rsl1l7087180, 1rsl1l7575455, 1rsl17771939 and
rsl17807327.

In some embodiments, the one or more single nucleotide polymorphisms
(SNPs) is selected from the group <consisting of rs9508834,
rsl7807327, rs4344916, rsl2639443, rsl17087180 and rsl77719309.

In some embodiments, the one or more single nucleotide polymorphisms
(SNPs) are selected from the group consisting of 1rs434491¢,
rsl2639443, rsl1l7087180 and rsl77719309.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs9508834, rsl17807327, rs4344916, rsl2639443, rsl17087180 and
rsl1l7771939.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs4344916, rsl1l2639443, rs17087180 and rsl17771939.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs2521644, rsl2256889, rs214526, rsl1l7771939, rs496486, and
rs949298.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs2521644, rsl2256889, rs214526, rsl1l7771939, rs496486, and
rs2511064.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl1l2256889, rsl17771939, rs2511064, and rs2521644.
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In some embodiments, the kit is designed to determine the genotype
at SNPs rsl11599624, rsl1l2639443, rsl13042992, rs13238613, rsl1l7087180,
rsl17771939, rsl17807327, rs2487896, rs3135391, rs4148871, rs4343256,
rs4344916, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl1l2256889, rsl1l263%9443, rs13238613, rsl1l573706, rsl17087180,
rsl17771939, rsl1l7807327, rs2487896, rsd4343256, rsd4344916, rs4369324,
rs4445746, and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl10988087, 1rsl263%9443, 1rs13042992, rsl13238613, rsl1l573706,
rs17087180, rsl1l7771939, rsl1l7807327, rs4148871, rs4344916, rso6097801,
and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs10988087, rsl2256889, rsl1l2639443, rs17087180, rsl1l7771939,
rs2177073, 1rs2521644, 1rs4344916, 1rs4369324, 1rso6097801, 1rs9508834,
and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs10988087, rsll6l7134, rsl2639443, rsl1l3042992, rsl1l7087180,
rsl17771939, rsl17807327, rs2487896, 1rs4148871, rs4344916, rs4d444574¢,
rs6097801, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs10988087, rsll6l7134, rsl2639443, rsl1l3042992, rsl1l7087180,
rsl17771939, rsl17807327, rs2487896, rs2521644, rs4148871, rs434491c¢,
rs4445746, and rsc097801.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs10988087, rsl2256889, rsl1l2639443, rs17087180, rsl1l7771939,
rs17807327, rs2487896, rs4148871, rs434491¢, rs6097801, and
rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl007328, 1rsll6l7134, 1rsl2639443, 1rsl1l3238613, 1rsl57370¢,
rsl7087180, rsl7771939, rsl7807327, rs4343256, rs4344916, rs9508834,
and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl12639443, rsl17087180, rsl1l7771939, rsl1l7807327, rs2487896,
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rs4148871, 1rs4343256, 1rsd4344916, 1rs4369324, 1rsd4445746, 1rso60987801,
rs9508834, and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl1ll1617134, rsl263%9443, rsl17087180, rsl1l7771939, rsl7807327,
rs2487896, 1rs3135391, 1rs4148871, 1rs4344916, 1rs4369324, 1rs60987801,
rs9508834, and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rs10988087, rsl2639443, rsl13238613, rs17087180, rsl1l7771939,
rs2487896, rs4148871, rs4343256, rs4344916, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl1l1617134, rsl2256889, rsl1l2639443, rs1304299%92, rsl17087180,
rsl17771939, rsl17807327, rs2177073, rs2487896, rs4343256, rs434491¢,
rs6097801, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl10950359, rsl11617134, rsl1l2639443, rsl17087180, rsl7771939,
rs2487896, 1rs2511064, 1rs3135391, 1rs4148871, 1rs4343256, 1rs4344916,
rs9508834, and rs9944913.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl12256889, rsl1l2639443, rsl13042992, rs17087180, rsl1l7771939,
rs17807327, rs2487896, rs2521644, rs4344916, and rs6097801.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl109850359, rs10988087, 1rsl11599624, rsl12256889, rsl1l2639443,
rs13042992, rs17087180, rsl1l7771939, rsl17807327, rs25216414,
rs3135391, rs4344916, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl1007328, rsl10950359, 1rsl12256889, 1rsl12639443, rsl13042992,
rs1573706, rsl17087180, rsl1l7771939, rsl17807327, rs4343256, rs434491c¢,
rs947603, and rs9508834.

In some embodiments, the kit is designed to determine the genotype
at SNPs rsl11599624, rsl12256889, rsl1263%9443, rsl1573706, rsl17087180,
rsl17771939, rs17807327, rs2177073, rs2487896, rs4344916, rso6097801,
rs9508834, and rs9944913.

In some embodiments, a score is assigned to each genotype of each

SNP, for the purpose of determining if the human subject is a
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predicted responder to glatiramer acetate, wherein the scores are

approximately as shown in tables 18a-s and 19%a-h.

In some embodiments, a relative weight is assigned to each SNP, for
the purpose of determining if the human subject 1is a predicted
responder to glatiramer acetate, wherein the relative weight 1is
approximately as shown in one of tables 20-36, wherein the table

selected corresponds to the SNPs at which a genotype was determined.

As used herein, a genetic marker refers to a DNA sequence that has a
known location on a chromosome. Several non-limiting examples of
classes of genetic markers include SNP (single nucleotide
polymorphism), STR (short tandem repeat), and SFP (single feature
polymorphism) . VNTR (variable number tandem repeat), microsatellite
polymorphism, insertions and deletions. The genetic markers

associated with the invention are SNPs.

As used herein a SNP or "single nucleotide polymorphism" refers to a
specific site in the genome where there is a difference in DNA base
between individuals. In some embodiments the SNP is located in a
coding region of a gene. In other embodiments the SNP is located in
a noncoding region of a gene. In still other embodiments the SNP is

located in an intergenic region.

Several non-limiting examples of databases from which information on
SNPs or genes that are associated with human disease can be
retrieved include: NCBI resources, The SNP Consortium LTD, NCBI
dbSNP database, International HapMap Project, 1000 Genomes Project,
Glovar Variation Browser, SNPStats, PharmGKB, GEN-SniP, and SNPedia.

In some embodiments, SNPs associated with the invention comprise one
or more of the SNPs listed in Tables 1-3 or table 16. In some
embodiments, multiple SNPs are evaluated simultaneously while in
other embodiments SNPS are evaluated separately. SNPs are identified
herein using the rs identifier numbers in accordance with the NCBI
dbSNP database, which is publically available at:
http://www.ncbi.nlm.nih.gov/projects/SNP/.

In some embodiments, SNPs in linkage disequilibrium with the SNPs
found to be associated with response or non-response to GA are

useful for obtaining similar results.
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As used herein, 1linkage disequilibrium refers to the non-random
association of SNPs at one loci. Techniques for the measurement of
linkage disequilibrium are known in the art. As two SNPs are in
linkage disequilibrium if they are inherited together, the
information they provide is correlated to a certain extent. SNPs in
linkage disequilibrium with the SNPs included in the models can be
obtained from databases such as HapMap or other related databases,
from experimental setups run in laboratories or from computer-aided

in-silico experiments.

Determining the genotype of a subject at a position of SNP as
specified herein, e.g. as specified by NCBI dbSNP rs identifier, may
comprise directly genotyping, e.g. by determining the identity of
the nucleotide of each allele at the locus of SNP, and/or indirectly
genotyping, e.g. by determining the identity of each allele at one
or more loci that are in linkage disequilibrium with the SNP in
question and which allow one to infer the identity of each allele at
the locus of SNP in question with a substantial degree of

confidence.

In some cases, indirect genotyping may comprise determining the
identity of each allele at one or more loci that are in sufficiently
high linkage disequilibrium with the SNP in question so as to allow
one to infer the identity of each allele at the locus of SNP in
question with a probability of at least 85%, at least 90% or at

least 99% certainty.

A genotype at a position of SNP (genotype “at a” SNP) may be
represented by a single letter which corresponds to the identity of
the nucleotide at the SNP, where A represents adenine, T represents
thymine, C represents c¢ytosine, and G represents guanine. The
identity of two alleles at a single SNP may be represented by a two
letter combination of A, T, C, and G, where the first letter of the
two letter combination represents one allele and the second letter
represents the second allele, and where A represents adenine, T
represents thymine, C represents cytosine, and G represents guanine.
Thus, a two allele genotype at a SNP can be represented as, for
example, AA, AT, AG, AC, TT, TG, TC, GG, GC, or CC. It is understood
that AT, AG, AC, TG, TC, and GC are equivalent to TA, GA, CA, GT,
CT, and CG, respectively.
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The SNPs of the invention can be used as predictive indicators of
the response to GA in subjects afflicted with multiple sclerosis or
a single clinical attack consistent with multiple sclerosis. Aspects
of the invention relate to determining the presence of SNPs through
obtaining a patient DNA sample and genotyping the patient sample at
one or more SNPs, or at a certain set of SNPs. It should be
appreciated that a patient DNA sample can be extracted, and a SNP
can be detected in the sample, through any means known to one of
ordinary skill in art. Some non- limiting examples of known
techniques include detection wvia restriction fragment length
polymorphism (RFLP) analysis, microarrays including but mot limited
to planar microarrays or bead arrays, gene arrays, PCR arrays
including TagMan Open Array, sequencing, single strand conformation
polymorphism analysis (SSCP), chemical cleavage of mismatch (CCM),

and denaturing high performance liquid chromatography (DHPLC) .

In some embodiments, a SNP is detected through PCR amplification and

sequencing of the DNA region comprising the SNP.

In some embodiments, a SNP is detected through PCR amplification in

the presence of a probe specific for a SNP.

Probes and methods for their use in detecting SNPs are well known in
the art and are described, for example, in Barnes MR. Genetic
Variation: Methods and Protocols 1st ed. New York: Humana Press,
2010 and Komar, AA. Single Nucleotide Polymorphisms: Methods and

Protocols 2" ed. York: Humana Press, 2009.

In some embodiments SNPs are detected wusing DNA microarrays
including DNA  CHIPs. Microarrays for detection of genetic
polymorphisms, changes or mutations (in general, genetic variations)
such as a SNP in a DNA sequence, comprise a solid surface, typically
glass, on which a high number of genetic sequences are deposited
(the probes), complementary to the genetic variations to be studied.
Using standard robotic printers to apply probes to the array a high
density of individual probe features can be obtained, for example
probe densities of 600 features per cm’ or more can be typically
achieved. The positioning of probes on an array 1is precisely
controlled Dby the printing device (robot, inkjet printer,
photolithographic mask etc) and probes are aligned in a grid. The
organisation of probes on the array facilitates the subsequent

identification of specific probe-target interactions.
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Additionally it is common, but not necessary, to divide the array
features into smaller sectors, also grid-shaped, that are
subsequently referred to as sub-arrays. Sub-arrays typically
comprise 32 individual probe features although lower (e.g. 16) or

higher (e.g. 64 or more) features can comprise each subarray.

In some embodiments, detection of genetic wvariation such as the
presence of a SNP involves hybridization to sequences which
specifically recognize the normal and the mutant allele in a
fragment of DNA derived from a test sample. Typically, the fragment
has been amplified, e.g. by using the polymerase chain reaction
(PCR), and labelled e.g. with a fluorescent molecule. A laser can be
used to detect bound labelled fragments on the chip and thus an
individual who is homozygous for the normal allele can be
specifically distinguished from heterozygous individuals (in the
case of autosomal dominant conditions then these individuals are
referred to as carriers) or those who are homozygous for the mutant
allele.

In some embodiments, the amplification reaction and/or extension
reaction is carried out on the microarray or bead itself. For
differential hybridization based methods there are a number of
methods for analysing hybridization data for genotyping: Increase in
hybridization level: The hybridization levels of probes
complementary to the normal and mutant alleles are compared.
Decrease in hybridization level: Differences in the sequence between
a control sample and a test sample can be identified by a decrease
in the hybridization level of the totally complementary
oligonucleotides with a reference sequence. A loss approximating
100% 1is produced in mutant homozygous individuals while there 1is

only an approximately 50% loss in heterozygotes.

In Microarrays for examining all the bases of a sequence of "n"
nucleotides ("oligonucleotide") of length in both strands, a minimum
of "2n" oligonucleotides that overlap with the previous
oligonucleotide in all the sequence except in the nucleotide are
necessary. Typically the size of the oligonucleotides is about 25
nucleotides. However it should be appreciated that the
oligonucleotide can be any length that is appropriate as would be

understood by one of ordinary skill in the art.
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The increased number of oligonucleotides used to reconstruct the
sequence reduces errors derived from fluctuation of the
hybridization level. However, the exact change in sequence cannot be
identified with this method; in some embodiments this method 1is
combined with sequencing to identify the mutation. Where
amplification or extension is carried out on the microarray or bead
itself, three methods are presented by way of example: In the
Minisequencing strategy, a mutation specific primer is fixed on the
slide and after an extension reaction with fluorescent
dideoxynucleotides, the image of the Microarray is captured with a
scanner. In the Primer extension strategy, two oligonucleotides are
designed for detection of the wild type and mutant sequences
respectively. The extension reaction is subsequently carried out
with one fluorescently labelled nucleotide and the remaining
nucleotides unlabelled. In either case the starting material can be
either an RNA sample or a DNA product amplified by PCR. In the Tag
arrays strategy, an extension reaction is carried out in solution
with specific primers, which carry a determined 5' sequence or
"tag". The use of Microarrays with oligonucleotides complementary to
these sequences or "tags" allows the capture of the resultant
products of the extension. Examples of this include the high density
Microarray "Flex-flex" (Affymetrix). In the Illumina 1M Dou BeadChip
array

(http://www.illumina.com/products/humanlm duo dna analysis beadchip
kits.ilmn), SNP genotypes are generated from fluorescent intensities

using the manufacturer’s default cluster settings.

In some aspects of the invention, predictive models including SNPs

from tables 1-3 or table 16, are used to predict the response to GA.

In some aspects of the invention, predictive models include 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or more SNPs.

In some aspects of the invention, predictive models include 4, 6,
10, 11, 12, 13 or 14 SNPs.

In some aspects of the invention, a prediction model includes a

specific set of SNPs constituting the model.

Some specific sets of SNPs constituting models of the invention are

presented in tables 5, 8 and 17.
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In some aspects of the invention, a predictive model (or "model™) is
used to calculate the response probability p(Response) of a patient
based on the genotype of the patient at the SNPs included in the

specific model.

In some aspects of the invention, patients with a p(Response) above
a specific threshold ("a predictive threshold") are predicted to be
responders to GA while patients with a p(Response) below the same

predictive threshold are predicted to be non-responders to GA.

In other aspects of the invention, patients with a p(Response) above
a first predictive threshold (for example. 0.8) are predicted to be
responders to GA while patients with a p(Response) below a second
predictive threshold which is lower than the first threshold (for

example, 0.2) are predicted to be non-responders to GA.

In some aspects of the invention, patients with a p(Response) above
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 or 0.9 are predicted to be

responders.

In some aspects of the invention, patients with a p(Response) below
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 or 0.9 are predicted to be

non-responders.

In a certain aspect of the invention, the predictive threshold 1is
0.5, such that a patient with response probability p(Response) above
0.5 is predicted to be a responder to GA treatment and a patient
with p(Response) below 0.5 is predicted to be a non-responder to GA

treatment.

In another aspect of the invention, the predictive threshold is 0.8,
such that a patient with response probability p(Response) above 0.8
is predicted to be a responder to GA treatment and a patient with
p(Response) below 0.8 1is predicted to be a non-responder to GA

treatment.

In some aspects of the invention, the p(Response) is compared to a
predetermined threshold or thresholds in order to decide whether to
treat the patient with GA.

In certain aspects of the invention, such comparison is made by the
patient and/or a caregiver including but not limited to a healthcare
provider and a family member, or by a medical or a scientific entity

including but not limited a hospital, a medical institute or a lab.
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In other aspects of the invention, the p(Response) is used by the
patient and/or a caregiver including but not limited to a healthcare
provider and a family member or by a medical or a scientific entity
including but not limited a hospital, a medical institute or a 1lab
in order to decide whether to treat the patient with GA without
referring to a specific/predetermined predictive threshold or
thresholds.

In some aspects of the invention, the p(Response) calculation

includes using a kit.

In some aspects of the invention, the use of the kit comprises

genotyping of the patient.

In some aspects of the invention, the use of the kit comprises

calculating the p(Response) of the patient.

In certain aspects of the invention, the use of the kit comprises an
indication to the user if the patient is genetically predicted to be

a responder or a non-responder to GA.

In some aspects of the invention measurement of clinical wvariables
comprises part of the prediction model predicting response to GA
along with the genetic wvariables. Some non- limiting examples of
clinical variables are the age of the patient (in years), gender of
patient, clinical manifestations and MRI parameter. "Clinical
manifestations” include but are not limited to EDSS score and
relapse rate. "MRI parameters" include but are not limited to the
volume and/or number of T1 enhancing lesions and/or T2 enhancing
lesions. In certain aspect of the invention, the clinical wvariables
taken into account are as measured at the time of the decision about
the treatment suitable for the patient, or measured at a time point
which seams reasonable to the physician, researcher or other

professional involved in the decision.

The identification of a patient as a responder or as a non-responder
to GA based on the presence of at least one SNP from tables 1-3 or
table 16 a set of SNPs from tables 1-3, 5, 8, 16 or 17, or the
combination of a SNP or a set of SNPs from tables 1-3, 5, 8, 16 or
17 with one or more clinical variables described above, may be used

for predicting response to GA.
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Also within the scope of the invention are kits and instructions for

their use.
In some embodiments of the invention the kits are diagnostic kits.

In some embodiments of the invention the kits are PCR amplification
kits.

In some embodiments kits associated with the invention are kits for

identifying one or more SNPs within a patient sample.

In some embodiments a kit may contain primers for amplifying a

specific genetic locus.

In some embodiments, a kit may contain a probe for hybridizing to a

specific SNP.

In some embodiments kits associated with the invention contain at
least one pair of PCR primers designed to amplify a DNA segment

which includes a SNP of the invention.

In some embodiments kits associated with the invention contain a set
of pairs of PCR primers designed to amplify a specific set of SNPs

constituting a model of the invention.

In some embodiments kits associated with the invention contain at

least one probe specific for a SNP of the invention.

In some embodiments kits associated with the invention contain a set
of probes specific for a specific set of SNPs constituting a model

of the invention.

The kit of the invention can include reagents for conducting each of
the following assays including but not limited to restriction
fragment length polymorphism (RFLP) analysis, microarrays including
but not limited to planar microarrays or bead arrays, sequencing,
single strand conformation polymorphism analysis (SSCP), chemical
cleavage of mismatch (CCM), and denaturing high performance liquid
chromatography (DHPLC), PCR amplification and sequencing of the DNA
region comprising the SNP. In some aspects of the invention, the kit
comprises a TagMan Open Array or reagents for conducting a TagMan

Open Array assay.

In some aspects of the invention, the TagMan Open Array is designed

for genotyping SNPs of the invention. In some aspects of the
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invention, the TagMan Open Array is designed for genotyping a

specific set of SNPs constituting a model of the invention.

A kit of the invention can include a description of use of the
contents of the kit for participation in any biological or chemical

mechanism disclosed herein.

A kit can include instructions for use of the kit components alone
or in combination with other methods or compositions for assisting
in screening or diagnosing a sample and/or determining whether a

subject is predicted to be a responder or a non-responder to GA.

In some embodiments, a kit of the invention includes instructions
for calculating a p(Response) of a patient based on his/her genotype
in specific SNPs. In some embodiments, the instructions include a
predictive threshold or predictive thresholds and instructions or
recommendations of how to compare the calculated p(Response) to the
threshold/s in order to predict whether the subject is a responder

or non-responder to GA.

Forms of Multiple Sclerosis:

There are five distinct disease stages and/or types of MS:
1) benign multiple sclerosis;
2) relapsing-remitting multiple sclerosis (RRMS);
3) secondary progressive multiple sclerosis (SPMS) ;
4) progressive relapsing multiple sclerosis (PRMS); and
5) primary progressive multiple sclerosis (PPMS).

Benign multiple sclerosis is a retrospective diagnosis which is
characterized by 1-2 exacerbations with complete recovery, no
lasting disability and no disease progression for 10-15 years after
the initial onset. Benign multiple sclerosis may, however, progress

into other forms of multiple sclerosis.

Patients suffering from RRMS experience sporadic exacerbations or
relapses, as well as periods of remission. Lesions and evidence of

axonal loss may or may not be visible on MRI for patients with RRMS.
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SPMS may evolve from RRMS. Patients afflicted with SPMS have
relapses, a diminishing degree of recovery during remissions, less
frequent remissions and more pronounced neurological deficits than
RRMS patients. Enlarged ventricles, which are markers for atrophy of
the corpus callosum, midline center and spinal cord, are visible on
MRI of patients with SPMS.

PPMS is characterized by a steady progression of increasing
neurological deficits without distinct attacks or remissions.
Cerebral lesions, diffuse spinal cord damage and evidence of axonal
loss are evident on the MRI of patients with PPMS. PPMS has periods
of acute exacerbations while proceeding along a course of increasing
neurological deficits without remissions. Lesions are evident on MRI

of patients suffering from PRMS. (28)

A clinically isolated syndrome (CIS) 1is a single monosymptomatic
attack compatible with MS, such as optic neuritis, brain stem
symptoms, and partial myelitis. Patients with CIS that experience a
second clinical attack are generally considered to have clinically
definite multiple sclerosis (CDMS). Over 80 percent of patients with
a CIS and MRI lesions go on to develop MS, while approximately 20
percent have a self-limited process. (29,30) Patients who experience
a single clinical attack consistent with MS may have at least one
lesion consistent with multiple sclerosis prior to the development

of clinically definite multiple sclerosis.

Multiple sclerosis may present with optic neuritis, blurring of
vision, diplopia, involuntary rapid eye movement, blindness, loss of
balance, tremors, ataxia, vertigo, clumsiness of a limb, lack of co-
ordination, weakness of one or more extremity, altered muscle tone,
muscle stiffness, spasms, tingling, paraesthesia, burning
sensations, muscle pains, facial pain, trigeminal neuralgia,
stabbing sharp pains, burning tingling pain, slowing of speech,
slurring of words, changes in rhythm of speech, dysphagia, fatigue,
bladder problems (including urgency, frequency, incomplete emptying
and incontinence), bowel problems (including constipation and loss
of bowel control),impotence, diminished sexual arousal, loss of
sensation, sensitivity to heat, loss of short term memory, loss of

concentration, or loss of judgment or reasoning.

Relapsing Form of Multiple Sclerosis:

The term relapsing MS includes:
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1) patients with RRMS;
2) patients with SPMS and superimposed relapses; and

3) patients with CIS who show lesion dissemination on

subsequent MRI scans according to McDonald’s criteria.

As used herein, relapsing forms of multiple sclerosis include:
Relapsing-remitting multiple sclerosis (RRMS), characterized by
unpredictable acute episodes of neurological dysfunction (relapses),

followed by wvariable recovery and periods of clinical stability;

Secondary Progressive MS (SPMS) , wherein patients having RRMS
develop sustained deterioration with or without relapses

superimposed; and

Primary progressive-relapsing multiple sclerosis (PPRMS) or
progressive-relapsing multiple sclerosis (PRMS), an uncommon form
wherein patients developing a progressive deterioration from the

beginning can also develop relapses later on.

Kurtzke Expanded Disability Status Scale (EDSS):

The Kurtzke Expanded Disability Status Scale (EDSS) is a method of
quantifying disability in multiple sclerosis. The EDSS replaced the
previous Disability Status Scales which used to bunch people with MS

in the lower brackets. The EDSS quantifies disability in eight
Functional Systems (F'S) and allows neurologists to assign a
Functional System Score (FSS) in each of these. The Functional

Systems are: pyramidal, cerebellar, brainstem, sensory, bowel and
bladder, visual & cerebral (according to www.mult-

sclerosis.org/expandeddisabil itystatusscale).

Clinical Relapse:

A clinical relapse, which may also be used herein as “relapse,”

(4 (4

“confirmed relapse,” or “clinically defined relapse,” is defined as
the appearance of one or more new neurological abnormalities or the
reappearance of one or more previously observed neurological

abnormalities.

This change in clinical state must last at least 48 hours and be
immediately preceded by a relatively stable or improving
neurological state of at least 30 days. This criterion is different

from the clinical definition of exacerbation “at least 24 hours
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duration of symptoms,” (31) as detailed in the section “relapse

evaluation.”

An event is counted as a relapse only when the subject's symptoms
are accompanied by observed objective neurological changes,

consistent with:

a) an increase of at least 0.5 in the EDSS score or one grade in the

score of two or more of the seven FS (32); or,

b) two grades in the score of one of FS as compared to the previous

evaluation.

The subject must not be undergoing any acute metabolic changes such as
fever or other medical abnormality. A change in bowel/bladder function
or in cognitive function must not be entirely responsible for the

changes in EDSS or FS scores.

As wused herein "a predicted responder/a genetically predicted
responder to glatiramer acetate™ is a human subject afflicted with
multiple sclerosis or a single c¢linical attack consistent with
multiple sclerosis that is predicted to be a responder to glatiramer
acetate based on his/her genotype at SNPs, sets of SNPs or models of
the invention. Similarly, a subject or patient which is predicted to
be a non-responder to glatiramer acetate treatment based on his/her
genotype is called "a predicted non-responder/ genetically predicted

non-responder to glatiramer acetate”.

As used herein, a "multiple sclerosis drug" is a drug or an agent
intended to treat clinically defined MS, CIS, any form of
neurodegenerative or demyelinating diseases, or symptoms of any of
the above mentioned diseases. "Multiple sclerosis drugs" may include
but are not limited to antibodies, immunosuppressants, anti-
inflammatory agents, immunomodulators, cytokines, cytotoxic agents
and steroids and may include approved drugs, drugs in clinical
trial, or alternative +treatments, intended to treat «clinically
defined MS, CIS or any form of neurodegenerative or demyelinating
diseases. "Multiple sclerosis drugs"™ include but are not limited to
Interferon and its derivatives (including BETASERON®, AVONEX® and
REBIF®), Mitoxantrone and Natalizumab. Agents approved or in-trial
for the treatment of other autoimmune diseases, but used in a MS or
CIS patient to treat MS or CIS are also defined as multiple

sclerosis drugs.



WO 2013/055683 PCT/US2012/059352
42

As used herein, a "naive patient" is a subject that has not been
treated with any multiple sclerosis drugs as defined in the former
paragraph.

The administration of glatiramer acetate may be oral, nasal,
pulmonary, parenteral, intravenous, intra-articular, transdermal,
intradermal, subcutaneous, topical, intramuscular, rectal,

intrathecal, intraocular, buccal or by gavage.
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Experimental Details

Examples

Analysis of DNA sequence polymorphism in patients classified as
responders or non-responders to GA.

Methods

Subjects:
Relapsing-remitting multiple sclerosis patients were treated with
either 20mg GA or 40mg GA daily in the Teva FORTE clinical trial

(www.medicalnewstoday.com/articles/48863.php). Blood samples were

drawn from each subject that signed an informed consent for the

pharmacogenetic study and analyzed as described below.

The incidence of c¢linical relapses, and MRI data after 12 months
treatment (Tl and T2 enhancing lesions) were used to define patients
as responders or non-responders, according to two definitions: A
"broad definition" or A "narrow definition" described herein below.
In a first analysis, the subjects were binomially classified as
"responders"™ (R) or "non-responders"™ (NR) according to a definition
herein below defined as "broad". A further analysis was then
conducted wusing a narrower definition, excluding some of the
patients formerly classified as responders and leading to a much
smaller sample. In addition, a third analysis used a continuous
measure of response to GA, which was calculated based on the
patients' clinical data and MRI parameters as described herein below

("A continuous measure").

Response Definitions

A "broad definition"™ or "broad phenotype": Responders according to
the broad definition were defined as patients in the treatment group
which had no relapse during the 12 months treatment period, and no
Tl enhancing lesions and no new T2 enhancing lesions were observed
at 12 months (end of 12 month treatment). Non responders were
defined as patients having at least one relapse during the 12 months
treatment period, and more than one new T2 enhancing lesion at 12

months.
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A "narrow definition" or "narrow phenotype": Responders according to
the narrow definition, were defined as patients in the treatment
group which had no relapse during the 12 months treatment period,
and no Tl enhancing lesions and no new T2 enhancing lesions at 12
months, as in the "broad" definition. In addition, patients in which
no Tl enhancing lesion were observed at the time of recruitment and
subjects in which the volume of T2 lesions significantly increased
(by 1000 mm®) during the experiment were not defined as responders.
The definition of Non-responders was the same as in the "broad"

definition.

A "Composite measure", "composite phenotype" or "continuous measure”
is calculated based on the clinical and MRI parameters (relapse rate
during the 12 months treatment and Tl and T2 enhancing lesions at 12
months). This measure which is a continuous measure (in contrast to
the "responder/non-responder” Binomial measure) was used in

quantitative GWAS looking for SNPs associated with GA R/NR.

Relapse evaluation

A clinical relapse was defined as the appearance of one or more new
neurological abnormalities or the reappearance of one or more

previously observed neurological abnormalities.

This change in c¢linical state lasted at least 48 hours and was
immediately preceded by a relatively stable or improving
neurological state of at least 30 days. The criterion used in the
study was different from the clinical definition of exacerbation "at
least 24 hours duration of symptoms™. (31) Since M"in study"
exacerbation definition must be supported by an objective
neurological evaluation (see next paragraph), a neurological deficit

must sustain long enough to eliminate pseudo exacerbations.

An event was counted as a relapse only when the subject's symptoms
were accompanied by observed objective neurological <changes,
consistent with:

a) an increase of at least 0.5 in the EDSS score or one grade in the
score of two or more of the seven FS (32); or,

b) two grades in the score of one of FS as compared to the previous

evaluation.
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The subject was not undergoing any acute metabolic changes such as
fever or other medical abnormality. A change in bowel/bladder
function or in cognitive function was not entirely responsible for

the changes in EDSS or FS scores.

Subject Evaluation by the Examining Neurologist

A  complete neurological assessment was performed at months -1
(screening), 0 (baseline), 3, 6, 9, 12 (end of double-blind phase), 18

and 24 (termination/early discontinuation).

Relapse Determination by the Treating Neurologist

The decision as to whether the neurological change was considered a
confirmed relapse was made by the Treating Physician, based on EDSS/FS

actual (not converted) scores assessed by the Examining Neurologist.

Follow-up visits to monitor the course of the relapse were made at the
Treating Physician's discretion, in addition to the assessment at the
next scheduled wvisit, but the neurological assessments were performed

by the Examining Neurologist.

Relapse Evaluation Procedures

Subjects were instructed to telephone their study site within 48 hours

should any symptoms suggestive of a relapse appear.

The Examining Neurologist evaluated the subject within 7 days of
symptoms onset, conditional upon a symptomatic period of 2 48 hours.
The Treating Neurologist/Physician evaluated the subject once any

symptom suggestive of a relapse occurred.

In case of a suggestive relapse during a scheduled or unscheduled
visit, the Treating Neurologist/Physician referred the subject to

the Examining eurologist/Physician.

Analysis

The DNA chip selected for the GWAS was Illumina 1M Dou
BeadChip (http://www.illumina.com/products/humanlm duo dna analysis b
eadchip kits.ilmn) .Normalized bead intensity data obtained for each
sample were analyzed with the Illumina Genome Studio v1.0.2
software, which generated SNP genotypes (including the different
homozygotes and heterozygotes), from fluorescent intensities using

the manufacturer’s default cluster settings. Quality Controls (QC)
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included evaluation of call rate, check of SNPs with (1) no calls,
(2) with MAF less than 0.05 and (3) with genotyping rate less than
0.9. SNPs that did not match these criteria were removed from
further analyses. Data from individuals with missing genotyping >10%
were also excluded from analyses. An additional quality control step
was performed to exclude individuals and/or markers Dbased on
Mendelian error rate (PLINK; 56) version 1.04). SNPs with more than
10% and families with more than 5% Mendelian errors were discarded.
Additionally, SNPs that showed a significant deviation from Hardy-
Weinberg Equilibrium (HWE - p<0.00001) were flagged for evaluation

before excluding them from further analyses.

GWAS analyses have Dbeen performed with the PLINK software
(http://pngu.mgh.harvard.edu/~purcell/plink/), using the appropriate

subroutines to analyze binomial or continuous measures. Results have
not been corrected for multiple testing. SNPs with a p value of 107*
or lower from the three analyses are considered as having a
predictive ability of GA response. For the binomial measures (broad
and narrow definitions), a marker was selected if the distribution
of genotypes were significantly different in responders than in non

responders.

Predictive modeling

To find genotypic profiles that discriminate responders (R) from the
non-responders (NR) to the treatment, we used a backward stepwise
logistic regression procedure on the SNPs that emerged significant
using the narrow definition (e.g., at p-value = 10™ or lower). Other
models were generated based on combinatorial optimization
heuristics. Once a pool of models was created, selected models were
chosen based on the low wvalue of Akaike’s Information Criterion
(AIC) and low number SNPs in the model. The model chosen in the
previous step went through “Leave one out” <cross wvalidation,

searching for high values of the Area Under the ROC curve.

The response probability p(Response) of a specific patient was
calculated according to the tables and formulas indicated for each

specific model.

The SNPs were further genotypes by the TagMan open array assay and

the predictive wvalue in the FORTE cohort and other cohorts was
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evaluated. Some of the predictive models were also evaluated in the

same cohorts.

Results
GWAS using the three R/NR phenotypes found 86 SNPs having a
predictive value for the response to treatment with GA

As described in the "methods" section, SNPs with a p value of 107% or
lower from the three analyses were considered as having a predictive

ability of GA response.

When we conducted the GWAS analysis based on the broad definition,
17 SNPs having p value of 107 or lower were found. These SNPs are

presented in table 1.

A second analysis was performed which included responders and non-
responders according to the narrow definition. Using this
definition, 31 SNPs having p value of 10™* or lower were found. These

SNPs are presented in table 2.

Performing the analysis using the composite phenotype, Genome-Wide
(GW) significance was found for 38 SNPs having p value of 107 or

lower, which are presented in table 3.
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Tables 1-3 also include the identity of the closest genes to the
SNPs identified as having a predictive value for the response to GA
(GWAS significant SNPs), and "tagged SNPs” (SNPs which are in
linkage disequilibrium with the GWAS significant SNPs). SNPs which
are in linkage disequilibrium with the GWAS significant SNPs and/or
reside in the closest genes may also serve to predict whether the

subject is a responder or non-responder to GA.

We then compared the p wvalues of the SNPs we found using the broad
definition to results from the analysis of the narrow definition.
This comparison confirmed that the same ©SNPs had a significant
association with response to GA in both analyses, as presented in
table 4.

Table 4: results of GWAS using a narrow definition of the R / NR phenotype,
with corresponding p values also for the broad phenotype

SNP chromosome Closest gene Narrow Phenotype Broad Phenotype
rs2521644 7 NPY; OTTHUMG00000022973 6.48E-06 0.0003
rs35603463 6 AL713966.1 9.28E-06 0.0002
rs4369324 10 OTTHUMG00000019024;RP11-655H13.1 1.48E-05 9.45E-05
rs1538123 10 OTTHUMG00000019024;RP11-655H13.1 1.48E-05 0.0001
rs17807445 6 OTTHUMG00000016430; BCKDHB 2.54E-05 0.0004
rsl7771939 8 AC0O11118.1 2.62E-05 3.05E-07
rs6584894 10 OTTHUMG00000019024;RP11-655H13.1 2.90E-05 0.0003
rs496486 3 OTTHUMG00000150360; BBX 3.18E-05 6.86E-05
rs949298 11 GRIK4;OTTHUMG00000048255 3.29E-05 3.38E-05
rs948032 11 GRIK4;OTTHUMG00000048255 3.29E-05 3.38E-05
rs7086707 10 OTTHUMG00000019024;RP11-655H13.1 3.65E-05 0.0001
rs7093143 10 OTTHUMG00000019024;RP11-655H13.1 3.65E-05 0.0003
rsl1415557 10 OTTHUMG00000019024;RP11-655H13.1 3.65E-05 0.0003
rs1007328 15 AC012409.1 3.71E-05 0.0007
rsl12256889 10 CYP26C1; OTTHUMG00000018766 4.34E-05 0.0008
rs214526 6 OTTHUMG00000014319; DEK 4.35E-05 0.0018
rs9315048 13 ALOX5AP; OTTHUMGO0000016677 4.38E-05 0.0008
rs4445746 13 ALOX5AP; OTTHUMGO0000016677 4.38E-05 0.0015
rs2155262 11 GRIK4;OTTHUMG00000048255 4 .65E-05 2.93E-05
rs844626 6 SAMDS5; OTTHUMG0O0000015767 4.85E-05 0.0014
rs947603 10 CEP55; OTTHUMG0O0000018774 4.87E-05 0.0037

A predictive model based on the SNPs having a predictive value for

the response for GA treatment
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A predictive model using the SNPs from table 2 was created in order
to improve the predictive value by certain combinations of SNPs with
certain genotypes. It should be emphasized that this specific model
is created by a specific backward stepwise procedure, and 1is
therefore intended to illustrate certain preferred embodiments of
the invention and is not limiting in nature. It would be appreciated
by those of skill in the art that other sets of SNPs and
combinations of certain SNPs with certain clinical variables may be
obtained by methods known to the person skilled in the art, which
would demonstrate a predictive value for the response to GA. Other
predictive models created from SNPs from tables 1-3 and table 16 are

presented in tables 17-36.

An analysis was performed which included responders and non-
responders according to the narrow definition. Data from 33 patients
classified as responders according to the narrow definition and from
41 mpatients classified as non-responders were obtained, which
included genotypes of all 31 SNPs. Patients which were included in
the following prediction model consisting of 6 SNPs were 51 patients
classified as responders, and 61 classified as non-responders, out
of 599 patients in the FORTE cohort.

A  backward stepwise logistic regression procedure led to the
following predictive model which includes a set of 6 SNPs. The 6
SNPs and predictive values are presented in table 5. This model 1is
also called FMI.

Table 5: results from a logistic regression analysis of R/NR to Copaxone
with best resulting SNPs from the GWAS. The model has been performed with a
backward stepwise procedure (probability of removal if p < 0.05) and lead
to a pattern composed by 6 SNPs, .

respl amir | Odds Ratio Std. Err. z P>|z]| [95% Conf. Intervall]
_____________ +________________________________________________________________
rs2521644 g | 15.58231 14.09115 3.04 0.002 2.647807 91.70168
rsl12256889 a | 11.63899 11.44968 2.49 0.013 1.692618 80.03346
rs214526 a | 10.38811 9.471729 2.57 0.010 1.739496 62.03686
rsl17771939 g | .0332771 .0338315 -3.35 0.001 .0045369 .2440786
5496486 c | .0205013 .0344571 -2.31 0.021 .0007606 .5526131
rs949298 a | .1027731 .0902505 -2.59 0.010 .0183821 .5745987

In addition, the sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) were analyzed to determine

the usefulness of the predictive model to predict the response to GA
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treatment. The sensitivity of the test is defined as the proportion
of clinical responders who are correctly identified as such. The
specificity on the other hand measures the proportion of negatives
which are correctly identified. The PPV of a test is defined as the
proportion of patients with positive test results who are correctly
identified, whereas the NPV of a test is the proportion of patients

with negative test results who are correctly identified.

The predictive values derived from the logistic regression in table

5 are presented in table 6.

Table 6: Classification table from the logistic regression as in Table 7

———————— True ————————
Classified | R NR | Total
___________ +__________________________+___________
(R) | 29 3 32
(NR) | 4 38 | 42
___________ +__________________________+___________
Total | 33 41 | 74
Classified + if predicted Pr(R) >= .5
True R defined as respl amir != 0
Sensitivity Pr( +| R) 87.88%
Specificity Pr( —-|NR) 92.68%
Positive predictive wvalue Pr( R| +) 90.62%
Negative predictive value Pr (NR| -) 90.48%
False + rate for true ~D Pr( +]|NR) 7.32%
False - rate for true D Pr( -] R) 12.12%
False + rate for classified + Pr(NR| +) 9.38%
False - rate for classified - Pr( R| -) 9.52%
Correctly classified 90.54%

Based on this model, it can be concluded that the specific set of
SNPs presented in table 5 can be used to determine whether the

patient is responder to GA.

The response probability of a specific patient was calculated
according to the model. Following the genotyping of the patient at
the relevant SNPs, the values of the 6 SNPs were recoded to numeric

values as described in the following tables (7a-f):

Table 7a Table 7b

rs2521644 rs2521644 g rs12256889 | rs12256889 a
TT 0 CcC 0

CT 1 AC 1

CcC 2 AA 2
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Table 7¢ Table 7d
rs214526 rs214526 a rs17771939 rs17771939 g
cC 0 1T 0
AC 1 CT 1
AA 2 CC 2
Table 7e Table 7f
rs496486 rs496486_c rs949298 rs949298 a
AA 0 GG 0
AC 1 AG 1
CC 2 AA 2

Then, §¥was calculated according to the following formula:
BA = —1.854% + 27614 r redblledd, + JUL06 - rel225688%; + 24996 - rellabas,

— LEETH  reITFTLINEG, — RLO0LY - vedRe488, — 21377 reRd92%8
and the response probability p(Response) was calculated
using the formula:

£z
ki
P{Reapouss) = —=x¢

~ -
N

Patients with p(Response) above 0.5 were predicted to be responders
and patients with p(Response) below 0.5 were predicted to be non-
responders. When the model was retrospectively applied to the full
cohort of 599 FORTE patients, we observed that the annualized
relapse rate (ARR) in patients genetically predicted as responders
was reduced by 62% compared to all patients, and by 76% compared to
non-responders (p<.0001). When we applied the model retrospectively
to a second independent cohort of 79 patients, the model could
identify subpopulations genetically predicted to be responders and
non-responders with respectively lower (for responders) and higher
(for non-responders) relapse rate. In the placebo-treated arm no
specific pattern could be observed. This may suggest that this
genetic model is specific to response to GA and not to the MS

disease natural course.

Two other variations of the model presented in table 5 were further

created, as presented in table 8:
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Table 8:
Model SNPs in model
FMla 1512256889 1s17771939 15214526 152521644 15496486 152511064
FM2 1512256889 1s17771939 152511064 1s2521644

The response probability of a specific patient was calculated

according to each model. Following the genotyping of the

patient at the relevant SNPs, the wvalues of the SNPs were

recoded to numeric values as described in the following tables

(%9a-f):

Table 9a Table 9b
Recoded Recoded
1512256889 value 1517771939 value
AA 2 CC 2
AC 1 CT 1
cC 0 TT 0
Table 9c Table 9d
Recoded Recoded
152511064 value 152521644 value
AA 0 TT 0
AG 1 CT 1
GG 2 cC 2
Table 9e Table 9f
15496486 Rica?f: ’ Recoded
15214526 value
AA 0 AA 5
AC 1 AC )
cC 2 cC 0
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Then, gx was calculated by multiplying the recoded value of
each of the defined numeric variables by the coefficient in
the table (Table 10 for the FM1 model, table 11 for the FM2
model) :

Table 10: Table 11:
Coefficien
FM1a model parameter t Cocfficicn
Intercept -5.0447 FM?2 model parameter t
112256889 2.8853 Intercept -2.8016
1517771939 -1.9024 1512256889 1.5847
15214526 3.2451 117771939 -0.9850
152521644 1.9614 152521644 1.1482
15496486 -2.2393 152511064 1.1486
152511064 1.7477
and the response probability p(Response) was calculated
using the formula:
P{Rsaponss} = —x
L EEY FE TR

GWAS using a composite/continuous measure

A composite measure has been created using a multivariate algorithm
that considers diverse measures (Number of Relapses, Number of new
T2 lesions and number of T1 lesions) 1in a unique quantitative
measure of Response to Copaxone. Then, we performed a gquantitative
GWAS looking for SNPs that may distinguish R from NR patients. As
described above, analysis using the composite measure led to the
identification of 38 SNPs having p value of 10™* or lower, which are

presented in table 3.

Pathway analyses

We created a list of genes identified via SNPs by the GWAS analyses
for the broad and narrow phenotypes. The two lists are presented in
Table 12. Based on these genes, we identified several canonical
pathways which are significantly enriched using the broad or the
narrow definitions. Beginning with the list of "genes" presented in
table 12, we could initially find out which canonical pathways are

significantly enriched using the broad (Table 13) or the narrow
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AC016885.1 AC011118.1
CYP24A1 CYP24A1
ASNS ASNS
TAC1 TAC1
ASNS ASNS
AC083939.1 SPANXN4
HPSE2 GMDS
SPANXN4 Cl0orfll2
AC083939.1 DNAJC13
GMDS NPY
Cl0orfll2 AL713966.1
Cl0orfll2 BCKDHB
DNAJCL3 RP11-655H13.1
BBX
GRIK4
AC012409.1
CYP26C1L
DEK
ALOX5AP
SAMDS
CEP55
AC0893762.1
AL138825.1

Table 13. Canonical pathways significantly

enriched by top SNPs in

PCT/US2012/059352

Table 12. List of genes identified via SNPs from the GWAS analyses

broad definition

Stilbene,

Biosynthesis of Steroids

Nitrogen Metabolism

VDR/RXR Activation

Sphingolipid Metabolism

Ascorbate and Aldarate Metabolism

Alanine and Aspartate Metabolism

Fructose and Mannose Metabolism

Coumarine and Lignin Biosynthesis

Neuroprotective Role of THOPl in Alzheimer's Disease

Neuropathic Pain Signaling In Dorsal Horn Neurons

.28E-02
.16E-02
.81E-03
.85E-02
.14E-02
.52E-03
.90E-03
.25E-02
.62E-03

.71E-03

CYP24A1
CYP24A1
CYP24A1
TACL
ASNS
ASNS
GMDS
CYP24A1
CYP24A1

TAC1
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NRF2-mediated Oxidative Stress Response 5.46E-03 DNAJCI13

Table 14. Canonical pathways significantly enriched by top SNPs in narrow
5 definition

Stilbene, Coumarine and Lignin Biosynthesis 2.56E-02 CYP24A1, BCKDHB
Ascorbate and Aldarate Metabolism 2.33E-02 CYP24A1, BCKDHB
Aminophosphonate Metabolism 1.54E-02 BCKDHB
Biosynthesis of Steroids 7.81E-03 CYP24R1
Pentose Phosphate Pathway 1.12E-02 BCKDHB
Neuroprotective Role of THOP1 in Alzheimer's
Disease 1.85E-02 TAC1
Alanine and Aspartate Metabolism 1.14E-02 ASNS
Nitrogen Metabolism 7.52E-03 ASNS
Pentose and Glucuronate Interconversions 6.67E-03 BCKDHB
Glutamate Receptor Signaling 1.43E-02 GRIK4
Fructose and Mannose Metabolism 6.90E-03 GMDS
Eicosanoid Signaling 1.20E-02 ALOX5AP
Valine, Leucine and Isoleucine Degradation 9.01E-03 BCKDHB
Leptin Signaling in Obesity 1.22E-02 NPY
Ubiquinone Biosynthesis 8.40E-03 BCKDHB
VDR/RXR Activation 1.25E-02 CYP24A1
Tyrosine Metabolism 4.95E-03 BCKDHB
Arginine and Proline Metabolism 5.46E-03 BCKDHB
Pyruvate Metabolism 6.71E-03 BCKDHB
Sphingolipid Metabolism 8.62E-03 CYP24R1
Amyotrophic Lateral Sclerosis Signaling 8.93E-03 GRIK4
Neuropathic Pain Signaling In Dorsal Horn
Neurons 9.71E-03 TAC1
Tryptophan Metabolism 3.95E-03 BCKDHB
CREB Signaling in Neurons 5.10E-03 GRIK4
NRF2-mediated Oxidative Stress Response 5.46E-03 DNAJC13
Purine Metabolism 2.28E-03 BCKDHB

With the same enrichment strategy, we can generate various pathways
that our current findings suggest, and that are related to disorder-
10 related pathways, Molecular and cellular functions and Physiological
system development and functions. Table 15 (a and b) shows a summary

of the pathways findings.

Table 15a-15b.

15.a BROAD PHENOTYPE
TOP BIO FUNCTIONS

Disease and disorders P-value Genes

Neuroclogical Disease 1.66E-03-3.68E-02 GMDS, TAC1, HPSEZ2, ASNS, C100RF112

Cancer 1.9E-03-1.9E-03 CYP24A1
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Endocrine System Disorders

Connective Tissue Disorders

Genetic Disorder

Psychological Disorders

71

1.95-03-2.73E-02

4.22E-02-4.22E-02

1.9E-03-3.68E-02

1.98E-03-3.37E-02

PCT/US2012/059352

CYP24A1, GMDS, HPSE2, C100RF112

GMDS, TAC1, HPSE2

CYP24A1,GMDS, TAC1, HPSE2, ASNS, CLOORF112

GMDS, TAC1, HPSE2, C1O0ORF112

Molecular and cellular functions P-value P-value
Amino Acid Metabolism 4.76E-04-1.93E-02 TACL
Cell Cycle 4.76E-04-5.69E-03 TACL
Cell Signaling 4.76E-04-2.63E-02 TACL

Drug Metabolism

Lipid Metabolism

4.76E-04-3.37E-02

4.76E-04-3.74E-02

CYP24A1,TAC1

CYP24A1,TAC1

Physiological System Development P-value P-value
and Functions

Connective Tissue Development and 4.76E-04-2.85E-03 TACL
Function

Digestive System Development and 4.76E-04-2.45E-02 TACL
Function

Organ Morphology 4.76E-04-2.38E-03 TACL

Skeletal and Muscular System
Development and Function

4.76E-04-8.53E-03

CYP24A1,TAC1

Tissue Morphology 4.76E-04-1.93E-02 TACL
15.b NARROW PHENOTYPE

TOP BIO FUNCTIONS

Disease and disorders P-value Genes

Connective Tissue Disorders

2.93E-04-2.72E-02

NPY, DEK, GMDS, GRIK4, SAMDS, ALOX5AP, TACL, BCKDH
B

Inflammatory Disease

2.93E-04-2.72E-02

NPY, DEK, GMDS, GRIK4, SAMDS, ALOX5AP, TACT, C1O0OR
F112, BCKDHB

Skeletal and Muscular Disorders

2.93E-04-2.72E-02

NPY, DEK, GMDS, GRIK4, SAMDS, ALOX5AP, TACL, ASNS,
BCKDHB

Hypersensitivity Response

1.02E-03-7.11E-03

NPY, TACL

Inflammatory Response

1.02E-03-4E-02

NPY, DEK, ALOX5AF, TACL

Molecular and cellular functions

P-value

P-value

Cell Morphology

1.84E-05-2.82E-02

NPY, GRIK4, TACL

Amino Acid Metabolism

7.77E-04-2.52E-02

NPY, TACL, BCKDHB

Molecular Transport

7.77E-04-3.63E-02

NPY, CYP24A1L, GRIK4, ALOX5AP, TACL
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Small Molecule Biochemistry 7.77E-04-3.71E-02 NPY, CYP24A1, GMDS, CYP26C1, ALOX5AP, TACL, BCKDH
B
Cell Cycle 1.02E-03- DEK, TACL, BSNS, CEPS5
4.98E-02
Physiological System Development P-value P-value
and Functions
Behavior 5.99E-04-4.88E-02 NPY, TACL
Nervous System Development and 2.1E-03-4.67E-02 NPY, GRIK4, TACL
Function
Connective Tissue Development and 1.02E-03-2.62E-02 NPY, TACL
Function
Digestive System Development and 1.02E-03-4.59E-02 NPY, TACL
Function
Organ Morphology 1.02E-03-5.09E-03 TAC1,ALOX5AP

As examples, Figures 1-2 were created using the Ingenuity Systems
Pathway Analysis software, show how a set of genes from some of the
enriched pathways reported in Table 15 can be arranged within the
blueprint of a cellular layout, to suggest possible functional
hypotheses of how genes indirectly related to Response to Copaxone

by proxy SNPs may act.

Figure 1 relates to the broad phenotype findings, points to genes
related to Inflammatory Response, Cell-To-Cell Signaling and
Interaction and Hematological System Development and Function (AIMZ2,
ANXAll, ASNS, CAK, CYB561, CYP24Al, DDR2, DNAJB4, DNAJB6, DNAJB7,
DNAJC13, EOMES, ESM1, GDPmannose 4,6-dehydratase, GLS, GMDS, GPNME,
H6PD, HLA Class I, HLA-DMA, HNF4A, Hsp70, IFI30, IFNG, IGH-2,
IL17RB, LY6A, MEFV, MRC1l, NDRG4, PTEN, ROBO3, SMTN, TAC1l, TAC4,
TGFB1, TTC28, TYMP, ZFPM1)

Figure 2, relates to the narrow phenotype findings, points to
pathways relating to Cell Death; Cell-To-Cell Signaling and
Interaction; Cellular Development via another set of genes that are
again identified by the resulting significant SNPs from the GWAS on
narrow phenotype (ALOX5AP, ASNS, B4GALNTI1, BBX, BCKDHE, beta-
estradiol, CCRN4L, CD276, CEP55, CYP24Al1, CYP26C, CYP26Cl, DEK,
DNAJC13, GCAT, GMDS, GRIK4, HCG 1787519, HCRTR1l, HRAS, Hsp90, IL17B,
IL4, LADl, NFRKB, NPY, NUDT1, PGLYRP1l, PTEN, SLC14A1, SPRR2B, SPRR2G
(includes EG:6706), TAC1, TACR3, TCRB-V8.3, TNF, ZNF267).

We have further repeated the analysis using the Ingenuity Systems
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Pathway Analysis software and created a modified pathway analysis.

Figure 3, relates to the narrow phenotype findings, points to
pathways relating to connective Tissue Disorders, Metabolic Disease,
Lipid Metabolism wvia another set of genes that are relating to Cell
Cycle, DNA Replication, Recombination, and Repair, Cellular Growth
and Proliferation. The two networks are functionally related to each
other and together make a single large Gene Regulatory Network
orchestrated by TNFa and CEBPB. A third, independent pathway is

related to GRIK4 (Glutamatergic transmission).

Prediction using the broad, narrow, and composite definitions of R /
NR

We tested 81 GWAS significant SNPs from tables 1-3 and SNPs which
are in linkage disequilibrium with those SNPS ("tagged SNPs") in a
confirmation study. The SNPs were genotypes by the TagMan Open Array
assay and the predictive wvalue in the FORTE cohort was evaluated.
Table 16 suggests an interpretation of genotype data to
Response/Non-Response prediction according to the narrow definition.
For the SNPs and tagged SNPs originating in the broad and narrow
phenotypes, PPV, NPV, specificity and sensitivity values are given.
For SNPs and tagged SNPs originating in the composite phenotype, R
square is given. When tested in non-treated patients (from the CORAL
study), none of the SNPs that were found highly associated with
response 1in the FORTE study were found associated with response.
Table 1l6a presents data for the broad phenotype, Table 16b presents

data for the narrow and composite phenotypes.
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Prediction models using GWAS significant SNPs and tagged SNPs

Additional models were established based on 30 SNPs that were chosen
out of the 201 SNPs listed in table 16, based on having low p-
values. The 30 SNPs chosen were rs947603, 1rsl1007328, rsl1l573706,
rs2177073, 1rs2487896, 1rs25110604, 1rs2521644, 1rs3135391, 1rs4148871,
rs4343256, 1rs4344916c, 1rsd4369324, 1rs4445746, 1rso6097801, 1rs98508834,
rs9944913, rs10853605, rs10931091, rs10950359, rs10988087,
rs11599624, rsll1617134, rsl12256889, rs12639443, rs13042992,
rsl3238613, rsl1l7087180, rsl7575455, rsl7771939 and rsl7807327.

A pool of model candidates was generated based on combinatorial
optimization heuristics. Selected models were chosen based on low
value of Akaike’s Information Criterion (AIC) and low number of
SNPs. The model chosen in the previous step went through “Leave one
out” cross validation - searching for high values of the Area Under
the ROC curve.

Table 17:

Model SNPs in model

GM1003 1811599624 1512639443 1513042992 rs13238613 rs17087180 1517771939
1817807327 152487896 153135391 rs4148871 154343256 154344916 159508834

GM1006 1812256889 1512639443 1513238613 151573706 1517087180 1517771939 1517807327
152487896 154343256 154344916 154369324 154445746 159944913

GM1011 1310988087 1512639443 1513042992 1s13238613 151573706 1517087180 1517771939
1317807327 154148871 154344916 156097801 159508834

GM1012 1310988087 1512256889 1512639443 1517087180 rs17771939 152177073 1s2521644
154344916 154369324 156097801 159508834 159944913

GM2004 1310988087 1511617134 1512639443 1s13042992 rs17087180 1517771939
1817807327 152487896 154148871 1s4344916 154445746 156097801 159508834

GM2014 1310988087 1511617134 1512639443 1s13042992 rs17087180 1517771939
1817807327 152487896 152521644 1s4148871 154344916 154445746 156097801

GM2022 1310988087 1512256889 1512639443 1517087180 rs17771939 rs17807327 1s2487896
154148871 1s4344916 16097801 159508834

GM2027 1s1007328 1511617134 1312639443 1513238613 151573706 1317087180 1517771939
1817807327 154343256 154344916 1s9508834 159944913

GM2043 1812639443 1517087180 1517771939 1517807327 rs2487896 154148871 154343256
154344916 154369324 154445746 156097801 1$9508834 159944913

GM2068 1811617134 1512639443 1517087180 1s17771939 rs17807327 152487896 rs3135391
154148871 154344916 154369324 156097801 1$9508834 159944913

GM2090 1310988087 1512639443 1513238613 rs17087180 rs17771939 1s2487896 rs4148871
154343256 154344916 159508834

GM2094 rs11617134 1512256889 1512639443 1s13042992 1s17087180 1517771939
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1517807327 152177073 rs2487896 154343256 154344916 156097801 rs9508834

GM2277 1510950359 1511617134 1512639443 1517087180 rs17771939 rs2487896 rs2511064
153135391 154148871 154343256 154344916 1rs9508834 159944913

GM2338 1512256889 1512639443 1513042992 1517087180 1517771939 rs17807327 rs2487896
152521644 154344916 156097801

GM3102 1510950359 1510988087 1511599624 1512256889 1512639443 1513042992
1517087180 1517771939 1517807327 1s2521644 153135391 1s4344916 rs9508834

GM3150 11007328 rs10950359 1512256889 1512639443 1513042992 151573706 1517087180
1517771939 1517807327 154343256 154344916 1rs947603 1rs9508834

GM3332 1511599624 1512256889 1512639443 151573706 1517087180 1517771939 1517807327
152177073 152487896 rs4344916 rs6097801 rs9508834 rs9944913

The response probability of a specific patient was calculated
according to each model. Following the genotyping of the patient at
the relevant SNPs, the wvalues of the SNPs were recoded to numeric

5 values as described in the following tables (18a-s):

Table 18a: Table 18b:
Recoded Recoded
1s1007328 value 1$10950359 value
CcC 0 AA 0
CT 1 AG 1
TT 2 GG 2
Table 18c: Table 18d:
Recoded Recoded
110988087 value 1511617134 value
AA 0 CC 0
AG 1 CT 1
GG 1 TT 2
Table 18e: Table 18f:
Recoded Recoded
1512256889 value 1$13042992 value
AA 0 TT 0
AC 1 GG 1
CcC 2 GT 1
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Table 18g:
Recoded
1513238613 value
CcC 0
CT 1
TT 2
Table 18i:
Recoded
152177073 value
CcC 0
AA 1
AC 1
Table 18k:
Recoded
152521644 value
CcC 0
CT 1
TT 2
Table 18m:
Recoded
154344916 value
AA 0
AC 1
CcC 2

94
Table 18h:
Recoded
1517087180 value
AA 0
AG 1
GG 2
Table 187:
Recoded
152511064 value
AA 0
AG 1
GG 2
Table 181:
Recoded
154343256 value
AA 0
AG 1
GG 2
Table 18n:
Recoded
154369324 value
GG 0
GT 1
TT 2

PCT/US2012/059352
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Table 18o0: Table 18p:
Recoded Recoded
154445746 value 1$6097801 value
AA 0 AA 0
AG 1 AG 1
GG 2 GG 2
5 Table 18qg: Table 18r:
Recoded Recoded
15947603 value 159508834 value
CC 0 AA 0
CT 1 AG 1
TT 2 GG 2
Table 18s:
10
Recoded
159944913 value
CC 0
CT 1
TT 1

For each of the following SNPs define two new numeric variables as

described in the following tables (1%a-h):
15 Table 19%a: Table 19b:
11599624 A rs12639443 | 1s12639443_CC | 1s12639443_CT
1s11599624 A 1511599624 AG cC 1 0
AA 1 0 CT 0 1
AG 0 1 TT -1 -1
GG -1 -1
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Table 19c: Table 19d:
151573706_C 1s17771939 1517771939 _CC | rs17771939 _CT
1s1573706 C 1s1573706 CT
- CC 1 0
CC 1 0
CT 0 1
CT 0 1
TT -1 -1
TT -1 -1
5
Table 19e: Table 19f:
1517807327 _A
1s17807327 A 1517807327 _AC 152487896 152487896 _AA 152487896 _AG
AA 1 0 AA 1 0
AC 0 1 AG 0 1
CcC -1 -1 GG -1 -1
10 Table 19g: Table 1%h:
1s3135391 1s3135391_AA | 153135391 _AG 154148871 | rs4148871 AA 154148871 _AG
AA 1 0 AA 1 0
AG 0 1 AG 0 1
GG -1 -1 GG -1 -1

#% was calculated by multiplying the recoded wvalue of each of the

15 defined numeric wvariables

table defines a model) :

by the

coefficient

in the table

(each
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Table 20: GM1003 model parameterization Table 21: GM1006 model parameterization

Vaiabe COGfﬁCiel: . coefficien

variable t
Intercept 9.3288 Intercept 0.8934
rs11599624 AA -0.6054 512256889 10.3642
rs11599624 AG 1.8340 1512639443 CC 0.3262
1$12639443_CC 1.6819 1512639443 CT -2.8743
rs12639443 CT -5.2952 £s13238613 -1.2795
rs13042992 -2.1062 151573706 CC 0.2463
1513238613 -1.6323 151573706 _CT -1.3858
rs17087180 -5.6010 1517087180 -1.3097
1517771939_CC -8.0785 1517771939 CC -3.1145
rs17771939_CT 2.0671 1317771939 _CT 0.5409
rs17807327_AA -4.1034 1517807327 _AA | -3.2420
1s17807327_AC 7.1312 1517807327 AC 4.8105
152487896 _AA 3.4005 152487896 _AA -1.4076
152487896 _AG ~4.5188 152487896 _AG -1.0467
rs3135391 AA 1.1864 4343256 -4.0890
13135391 _AG 0.4869 4344916 2.4887
1s4148871 AA -3.8189 154369324 1.7375
rs4148871 AG 2.5264 4445746 2.8535
154343256 -6.9897 159944913 -1.8489
rs4344916 -4.3873
19508834 -4.0794
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Table 22: GM1011 model parameterization
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Table 23: GM1012 model parameterization

variable coefficient
Intercept 4.8013
1510988087 -1.3216
1512256889 -1.4875
1512639443 CC 0.8026
1512639443 CT -2.1054
1s17087180 -0.9015
1s17771939_CC -4.1661
1817771939 _CT 1.2859
152177073 0.7441
152521644 -1.6096
154344916 -2.1699
154369324 1.5320
156097801 0.4036
159508834 -2.7916
159944913 -2.3396

coefficien
variable t
Intercept 6.2733
1510988087 -1.6114
1512639443 CC 1.3759
1512639443 CT -1.4160
1513042992 -1.9210
1513238613 -2.9116
151573706 CC 1.2609
151573706 CT -0.7329
1s17087180 -5.9857
1s17771939_CC -3.3508
1817771939 _CT 1.2529
1s17807327 A -3.0312
A
1517807327 AC 1.9158
154148871 AA -0.5022
154148871 AG 0.4602
154344916 -2.3358
156097801 1.3835
159508834 -2.8596
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Table 24: GM2004 model parameterization
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Table 25: GM2014 model parameterization

coefficien
variable t
Intercept -2.4137
1510988087 -3.2236
1s11617134 3.2842
1512639443 CC 2.5129
1512639443 CT -5.6785
1513042992 -2.2749
1s17087180 -7.7618
1s17771939_CC -7.4691
1817771939 _CT 1.7498
1s17807327 A -3.8468
A
1517807327 AC 6.1901
152487896 AA 3.2967
152487896 AG -5.6031
154148871 AA -3.4591
154148871 AG 2.3145
154344916 -4.3650
154445746 -0.7965
156097801 1.5690
159508834 -5.2894

coefficien
variable t
Intercept -7.8077
1510988087 -2.6273
1s11617134 2.8140
1512639443 CC 2.6274
1512639443 CT -5.5577
1513042992 -2.6555
1517087180 -8.5303
1817771939 _CC -7.6788
1817771939 _CT 2.1630
1517807327 A -3.9942
A
1517807327 AC 5.4647
152487896 AA 2.5228
152487896 AG -5.2338
152521644 -1.0118
154148871 AA -2.9546
154148871 AG 1.6983
154344916 -4.6078
154445746 3.3039
156097801 0.9950
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Table 26: GM2022 model parameterization

coefficien
variable t
Intercept 0.7315
1510988087 -2.7341
1512256889 -0.6341
1512639443 CC 2.2261
1512639443 CT -3.7174
1s17087180 -3.8342
1s17771939_CC -4.7874
1817771939 _CT 0.9707
1s17807327 A -2.3173
A
1517807327 AC 4.6672
152487896 AA 1.4718
152487896 AG -3.3924
154148871 AA -2.0086
154148871 AG 0.8390
154344916 -3.3546
156097801 1.6744
159508834 -3.6073
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Table 27: GM2027 model parameterization

coefficien
variable t
Intercept 6.1931
1s1007328 1.0823
1s11617134 1.0945
1512639443 CC 0.5046
1512639443 CT -2.5608
1513238613 -2.2037
151573706 CC 0.4573
151573706 CT -1.0221
1s17087180 -6.2114
1s17771939_CC -2.8678
1817771939 _CT 1.0193
1s17807327 A -3.6846
A
1517807327 AC 1.0093
154343256 -4.1274
154344916 -1.7464
159508834 -3.2225
159944913 -1.0139
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Table 28: GM2043 model parameterization
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Table 29: GM2068 model parameterization

coefficien
variable t
Intercept 0.9415
1512639443 CC 0.5518
1512639443 CT -4.7541
1s17087180 -4.2930
1s17771939_CC -5.9952
1817771939 _CT 1.4480
1s17807327 A -3.7064
A
1517807327 AC 4.9288
152487896 AA 1.3741
152487896 AG -3.4768
154148871 AA -2.5161
154148871 AG 1.7311
154343256 -4.8515
154344916 -3.2447
154369324 1.6196
154445746 0.3546
156097801 1.7405
159508834 -3.8363
159944913 -2.3385

coefficien
variable t
Intercept -10.0845
1s11617134 4.5538
1512639443 CC 2.7799
1512639443 CT -5.9539
1s17087180 -3.3532
1s17771939_CC -8.8437
1817771939 _CT 1.4087
1s17807327 A -3.3124
A
1517807327 AC 7.3851
152487896 AA 1.8417
152487896 AG -5.5723
1s3135391 AA 2.6828
1s3135391 AG -0.4052
154148871 AA -4.3161
154148871 AG 2.2073
154344916 -4.6260
154369324 2.0398
156097801 2.3816
159508834 -5.9421
159944913 -2.3240
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Table 30: GM2090 model parameterization

coefficien
variable t
Intercept 4.0746
1510988087 -2.0102
1512639443 CC 1.6253
1512639443 CT -3.1638
1513238613 -1.6126
1s17087180 -2.6288
1s17771939_CC -4.5000
1817771939 _CT 0.9317
152487896 AA 1.0289
152487896 AG -2.7833
154148871 AA -1.7042
154148871 AG 0.4143
154343256 -1.5111
154344916 -3.9136
159508834 -3.2171
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Table 31: GM2094 model parameterization

variable coefficient
Intercept -0.5847
1s11617134 2.6429
1512256889 -0.6230
1512639443 CC 0.9349
1512639443 CT -3.4318
1513042992 -1.1986
1517087180 -3.1618
1s17771939_CC -4.0279
1817771939 _CT 0.7481
1517807327 AA -2.9966
1517807327 AC 3.5249
152177073 -1.0156
152487896 AA 0.6515
152487896 AG -2.4396
154343256 -3.2118
154344916 -2.6570
156097801 0.7221
159508834 -3.3025
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Table 32: GM2277 model parameterization
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Table 33: GM2338 model parameterization

variable coefficient
Intercept 4.9303
1512256889 -1.1920
1512639443 CC 1.6753
1512639443 CT -2.6864
1513042992 -2.9155
1s17087180 -1.7977
1s17771939_CC -4.7042
1817771939 _CT 1.4442
1s17807327 AA -2.2426
1517807327 AC 3.9474
152487896 AA -0.0709
152487896 AG -2.2441
152521644 -1.8304
154344916 -2.8265
156097801 0.4595

coefficien
variable t
Intercept -8.0820
1510950359 0.6756
1s11617134 3.0151
1512639443 CC 1.8613
1512639443 CT -4.7429
1s17087180 -3.0913
1s17771939_CC -5.5319
1817771939 _CT 1.5306
152487896 AA 1.9046
152487896 AG -4.3657
152511064 2.0087
1s3135391 AA 1.3667
1s3135391 AG 0.1182
154148871 AA -3.7287
154148871 AG 0.7481
154343256 -1.2743
154344916 -4.1012
159508834 -2.9978
159944913 -2.3903
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Table 34: GM3102 model parameterization
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Table 35: GM3150 model parameterization

coefficien
variable t
Intercept 5.5127
1510950359 1.4764
1510988087 -2.9752
1511599624 AA -0.6179
1511599624 AG 2.8171
1512256889 -1.1438
1512639443 CC 2.0266
1512639443 CT -2.4140
1513042992 -1.3091
1s17087180 -4.0442
1s17771939_CC -3.7615
1817771939 _CT 1.0481
1s17807327 AA -1.3721
1517807327 AC 2.5104
152521644 -1.6019
1s3135391 AA -1.4040
1s3135391 AG 0.7262
154344916 -2.4904
159508834 -2.7692

coefficien
variable t
Intercept 4.7936
rs1007328 1.5777
rs10950359 1.7864
1812256889 -0.4262
1812639443 CC 1.5767
1812639443 CT -2.3687
rs13042992 -1.5894
181573706 CC 0.4357
151573706 CT -1.4587
rs17087180 -3.4853
1s17771939_CC -2.4489
1817771939 CT 0.5208
1817807327 A -3.1700
A
1817807327 AC 2.8718
184343256 -2.7644
184344916 -2.0371
18947603 -1.0418
189508834 -3.1861
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Table 36: GM3332 model parameterization

variable coefficient
Intercept 3.9516
1511599624 AA -1.1461
1511599624 AG 2.2491
1512256889 -0.7295
1512639443 CC 0.6782
1512639443 CT -2.7278
151573706 CC 1.1868
1s1573706 CT -1.4399
1s17087180 -1.5211
1s17771939_CC -3.5821
1817771939 _CT 0.5404
1s17807327 AA -2.0945
1517807327 AC 4.1007
152177073 -1.0741
152487896 AA -0.1642
152487896 AG -1.8886
154344916 -2.5787
156097801 0.4844
159508834 -3.0143
159944913 -1.5636

The response probability was calculated using the formula:

We have noticed that the following four SNPs were common to all
models: rs4344916, rsl12639443, rs17087180 and rsl1l7771939. Two
additional SNPs were common to at least 25/30 models containing the
four SNPs described above: rs9508834 and rsl7807327. Therefore, it
would be appreciated by a person skilled in the art that sets of
SNPs comprising rs4344916, rsl12639443, rsl1l7087180 and rsl7771939 are
expected to constitute models which are effective in predicting
response to GA. The models may include other SNPs in addition to
rs4344916, rsl12639443, rs17087180 and rsl1l7771939, including
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rs9508834, rs17807327, both, or other SNPs.

The models were retrospectively applied to the full cohort of 599
FORTE patients using different predictive thresholds. The ratios
between the Annualized Relapse Rate (ARR) of genetically predicted
responder patients (R) compared to the average ARR in genetically
predicted non-responder patients (NR), and the ratios between the
average ARR observed in the genetically predicted responder patients
(R) compared to average ARR in the whole study population (All),
according to each predictive threshold or two predictive thresholds,
are presented in table 37. Table 37a shows data for models FMI1,
FM2, FMla and GM1003, table 37b shows data for models GM1006,
GM1011, GM1012 and GM2004, table 37c shows data for models GM2014,
GM2022, GM2027 and 2043, table 37d shows data for models GM2068,
GM2090, GM2094 and GM2277, and table 37e shows data for models
GM2338, GM3102, GM3150 and GM3332.

Applying the 0.8 threshold for the FM1 model (presented in tables 5-
7) 1in the FORTE cohort as well as two other cohorts (European/
Canadian study and CORAL), we found that the average ARR in the GA-
treated patients that were genetically predicted as responders in
the FORTE and in the FEuropean/ Canadian study was 76% and 81% lower,
respectively, than in patients predicted as NR and 64% and 77%
lower, respectively, than in the whole study population. 1In
comparison, the average ARR in either placebo-treated patients or
non treated patients (from FEuropean/ Canadian study and CORAL,
respectively) genetically predicted as responders was -7% and 26%
lower, respectively, than in patients predicted as Non-Responders
and 10% and 11% lower than in the whole study population. The
reduction in average ARR by GA over placebo-treated patients in the

responders population in the European/ Canadian study was 79%.
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Discussion

Using GWAS, we have found SNPs having a predictive ability of GA
response, which are presented in tables 1-3 or table 16. We have
also created predictive models which predict with high accuracy the
response to GA based on a certain set of SNPs from tables 1-3 or
table 16. Other models can be created which use one or more SNPs
from tables 1-3 or table 16 or combinations of one or more SNPs
indicated in tables 1-3 or table 16 with c¢linical wvariables
described in the application or others which can be contemplated by
the person skilled in the art, in order to predict the response to
GA. In addition, kits based on SNPs or models of the invention may
be used in order to predict whether a patient is a responder or a
non-responder to GA. Predicting whether a subject afflicted with
multiple sclerosis or a single c¢linical attack consistent with
multiple sclerosis is a responder to GA based on the determination
of the patient's genotype at one or more SNP from table 1-3 or table
16 or a combination of SNPs indicated in tables 1-3 with clinical
variables should assist 1in planning an effective treatment for
patients afflicted with multiple sclerosis or a single clinical

attack consistent with multiple sclerosis.
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What is claimed is:

1. A method for afflicted with

multiple sclerosis or a single clinical attack consistent

treating a human subject

with multiple sclerosis with a pharmaceutical composition

comprising glatiramer acetate and a pharmaceutically

acceptable carrier, comprising the steps of:

i. determining a genotype of the subject at one or more

single nucleotide polymorphisms (SNPs) selected from
the group consisting of: 1rsl007328, 1rsl10083547,
rs10136012, rs10214633, rs10277267, rs1040194,
rs1041897, rs10853605, rs10931091, rs10935015,
rs10935016, rs10935019, rs10950359, rs10950371,
rs10988087, rs11009827, rs11009835, rs11081859,
rs11599624, rsll1617134, rs11618546, rs11694344,
rs11709339, rsl11719825, rsll761457, rs1190704¢0,
rs12055694, rsl12256889, rsl1229542, rs1229553,
rsl1229555, rsl1229558, rsl1229562, rsl1229563,
rsl1229564, rsl1229568, rs12340584, rsl234567,
rsl1234947, rsl1237625, rs12488259, rs12494606,
rsl1l2496278, rsl12524041, rsl2529764, rs12532459,
rs12540494, rsl12593600, rsl2633010, rsl2637073,
rs12639443, rsl264423, rs1282540, rsl28254¢6,
rs12968586, rsl1299325, rs13021482, rs13042992,
rs1320648, rsl13238613, rs13245980, rs1415557,
rs1538123, rsl1573706, rs1591661, rsl1611185,
rsl1l683691, rs16999008, rs17007730, rs17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl7666347, rsl1l7771939, rsl17807327,
rs17807445, rs1886308, rs1892974, rs1941973,
rs2033471, rs2088713, rs214526, rs2155262,
rs2177073, rs2187495, rs2277431, rs2305623,
rs2374730, rs2461319, rs2487889, rs248789¢,
rs250880¢, rs2511064, rs2521643, rs2521644,
rs2530121, rs2530123, rs2685484, rs272239¢,
rs2722398, rs28861531, rs2895215, rs2937395,
rs3135391, rs35831078, rs3742228, rs401618,
rs4148871, rs4255033, rs4281882, rs4289164,
rs4306478, rs4343250, rs4344916, rs4369324,
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rs4435429, rs444574¢, rs4466940, rs4468448,
rs4483642, rs4565951, rs4578835, rs4634524,
rs4799760, rs4809955, rs4811492, rs496486, rs552994,
rs6015147, rs6025923, rs6025927, rs6091820,
rs6097782, rs6097790, rs6097793, rs6097797,
rs6097801, rs6123749, rs6543934, rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507,
rs7086707, rs7093143, rs7178587, rs7180867,
rs7232734, rs7238006, rs7244801, rs7317000,
rs751370, rs752979, rs7619350, rs7633210, rs7714122,
rs7789703, rs7803164, rs7806265, rs7916897,
rs7955917, rs7963693, rs8099595, rs8118441,
rs844602, 1rs844608, 1rs844610, 1rs8446l12, 1rs8446260,
rs860722, 1rs873216, 1rs884266, 1rs894857, 1rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs9405546,
rs947603, 1rs9%48029, 1rs948032, rs949298, 1rs9508834,
rs9944913, rs9952995, and rs998051,

ii. identifying the subject as a predicted responder to

glatiramer acetate if the genotype is

AR at rs10214633, rsl0277267, rs10935015,
rs10935019, 1rs10988087, 1rsl11081859, 1rsl11694344,
rsl12256889, rs12340584, rs12494¢600, rs1415557,
rs17007730, 1rsl17087180, 1rsl7104665, 1rsl17104742,
rs17588454, rsl17807327, rs1892974, rs2088713,
rs214526, rs2374730, rs4255033, rs4306478,
rs4343256, rs434491¢, rs4435429, rs4578835,
rs4809955, rs49648o0, rs6015147, rs6097790,
rs6584894, rs6713772, rs6909321, rs702355,
rs7086707, rs7180867, rs7317000, rs844608,
rs844610, rs933863, rs9392358, rs948029, or
rs9508834,

AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624,
rs13245980, rsl1415557, rs2521643, rs4255033,
rs6584894, rs6909321, rs702355, or rs844626,
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AC at rsl2256889, rsl228542, rs214526, rsoc097793,
rs7086707, rs7180867, rs844608, or rs844610,

TT at rs1007328, rs10931091, rsll1617134,
rs11709339, rsl11719825, rsll761457, rsl1229553,
rsl1234567, rs1234947, rsl2532459, rsl12593600,
rsl1264423, rs13042992, rs1320648, rsl538123,
rs1591661, rsl17134651, rsl7666347, rsl1l7771939,
rs2461319, rs2508806, rs272239¢, rs2722398,
rs2895215, rs401618, rs4369324, rs4483642,
rs4565951, rs4811492, rs552994, rs6025923,
rs6025927, rs6097797, rs657302, rs7232734,
rs751370, rs7633210, rs7714122, rs7803164,
rs7806265, rs7916897, rs8118441, rs844612,
rs9378319, or rs9952995,

GT at rs12532459, rs2722398, rs4369324, or
rs7093143,

CT at rs10950371, rsl1l1761457, rsl1229562,
rsl12529764, rs13021482, rsl13238613, rsl1538123,
rs1591661, rs1611185, rs17807445, rs1941973,
rs2461319, rs2685484, rs2895215, rs4634524,
rs4799760, rs6097797, rs7080507, rs7238006,
rs7789703, rs7803164, rs844612, or rs9%47603,

GG at rs10083547, rs10136012, rs10950359,
rs11599624, rs12055694, rs1229558, rsl1237625,
rs12496278, 1rsl12540494, 1rsl12633010, 1rsl1l2637073,
rsl1282540, rsl1282546, rsl296858¢, rsl299325,
rs13245980, 1rs16999008, 1rsl17104665, 1rsl17104742,
rs2033471, rs2155262, rs2487889, rs248789¢,
rs2511064, rs2521643, rs2530121, rs2530123,
rs28861531, rs3135391, rs4148871, rs4289164,
rsd444574¢6, rs6097801, rs6543934, rs6558102,
rs656975, rs6971202, rs7093143, rs7244801,
rs752979, rs7619350, rs7955917, rs844620,
rs873216, rs894857, rs9315048, rs9332420,
rs933864, rs948032, rs949298, or rs9%988051,

CG at rsl1l1618546 or rs860722, or
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ccC at rs1041897, rs10853605, rs1093501¢0,
rs10950371, 1rs11009827, 1rs11009835, 1rsll6l8540,
rs11907046, rsl1229542, rsl1229555, rsl1229562,
rsl1229563, rsl1229564, rsl229568, rsl2488259,
rsl2639443, 1rsl3021482, rsl3238613, 1rsl573706,
rsl683691, rsl7575455, rs17807445, rs2177073,
rs2187495, rs2277431, rs2521644, rs2685484,
rs2937395, rsd4281882, rs4466940, rs4468448,
rs4634524, rs4799760, rs6091820, rs6097782,
rs6097793, rs6123749, rs660075, rs7080507,
rs7789703, rs7963693, rs8099595, rs844602,

rs860722, rs884260, rs913882, rs9378684,
rs9405541, 1rs9405546, 1rs%47603, or 1rs9944913 ;
and

iii. administering the pharmaceutical composition

comprising glatiramer acetate and a pharmaceutically
acceptable carrier to the subject only if the
subject is identified as a predicted responder to

glatiramer acetate.

2. The method of c¢laim 1, wherein administering the
pharmaceutical composition comprising glatiramer acetate
and a pharmaceutically acceptable carrier comprises
administering to the human subject three subcutaneous
injections of the pharmaceutical composition over a period
of seven days with at least one day between every

subcutaneous injection.

3. The method of claim 1 or claim 2, wherein the
pharmaceutical composition 1is a unit dose of a 1 ml

aqueous solution comprising 40 mg of glatiramer acetate.

4. The method of claim 1 or claim 2, wherein the
pharmaceutical composition 1is a unit dose of a 1 ml

aqueous solution comprising 20 mg of glatiramer acetate.

5. The method of claim 1 or claim 2, wherein the
pharmaceutical composition is a unit dose of a 0.5 ml

aqueous solution comprising 20 mg of glatiramer acetate.
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subject afflicted with

multiple sclerosis or a single clinical attack consistent

with multiple sclerosis as
predicted non-responder to

comprising determining the

glatiramer acetate,

a predicted responder or as a

the method

genotype of the subject at one

or more single nucleotide polymorphisms (SNPs) selected
from the group consisting of rs1007328, rsl10083547,
rs10136012, rsl10214633, rsl0277267, rsl1l040194, rs1041897,
rs10853605, rs10931091, rs10935015, rs1093501¢0,
rs10935019, rs10950359, rs10950371, rs10988087,
rs11009827, rs11009835, rs11081859, rsl11599624,
rsll1617134, rs11618546, rs11694344, rs11709339,
rs11719825, rsl1761457, rs11907046, rs12055694,
rsl2256889, 1rsl229542, 1rsl229553, 1rsl229555, 1rsl229558,
rsl229562, 1rsl229563, 1rsl229564, 1rsl229568, 1rsl2340584,
rsl1l234567, rsl1l234%947, rsl1l237625, rsl2488259, 1rsl12494606,
rsl1l2496278, rsl12524041, rsl2529764, rs12532459,
rsl2540494, rsl12593600, rsl2633010, rsl2637073,
rsl2639443, rsl264423, 1rsl282540, 1rsl1l282546, 1rsl296858¢,
rsl299325, rsl13021482, rsl3042992, rs1320648, rsl3238613,
rs13245980, rsl1415557, rsl1538123, 1rsl1l573706, 1rsl5916061,
rsl1611185, rsl683691, rsl1l6999008, rs17007730, rsl17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rsl7588454, rsl7666347, rsl17771939, rs17807327,
rsl7807445, 1rsl886308, 1rsl892974, 1rsl1l9%41973, 1rs2033471,
rs2088713, rs2145260, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, 1rs2374730, 1rs2461319, 1rs2487889,
rs2487896, 1rs2508806, 1rs2511064, 1rs2521643, 1rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, 1rs2937395, rs3135391, 1rs35831078,
rs3742228, rs401618, rs4148871, rsd4255033, rs4281882,
rs4289164, 1rs4306478, 1rs4343256, 1rs4344916, 1rsd4369324,
rs4435429, rsd444574¢6, rs4466940, rs4468448, rsd4483642,
rs4565951, rs4578835, 1rs4634524, rs4799760, 1rs4809955,
rs4811492, rs496480, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, 1rs6097782, 1rs6097790, 1rs6097793,
rs6097797, rse6097801, 1rs6123749, rs6543934, 1rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, rs7178587, 1rs7180867, rs7232734, 1rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
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rs7633210, rs7714122, rs7789703, 1rs7803164, 1rs7806265,
rs7916897, rs7955917, 1rs7963693, rs8099595, rs8118441,
rs844602, rs844608, rs844610, rs8446l12, rs844620,
rs860722, rs873216, rs884266, rs894857, rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs940554¢, rs947603,
rs948029, rs948032, rs949298, rs9508834, rs9944913,
rs9952995, and rs998051,

wherein the subject is identified as a predicted responder to

glatiramer acetate if the genotype is

AA at rs10214633, rsl0277267, rs10935015, rs10935019,
rs10988087, 1rsl11081859, 1rsl11694344, 1rsl1l2256889, 1rsl1l2340584,
rsl12494606, 1rsl1415557, 1rsl1l7007730, 1rsl1l7087180, 1rsl1l7104665,
rsl17104742, rs17588454, rsl17807327, rs1892974, rs2088713,
rs214526, rs2374730, rs4255033, rs4306478, rs434325¢,
rs434491¢, rs4435429, rs4578835, rs4809955, rs49648o0,
rs6015147, rs6097790, rs6584894, rs6713772, rs6909321,
rs702355, rs7086707, rs7180867, rs7317000, rs844608,
rs844610, rs933863, rs9392358, rs9%48029, or rs9508834,

AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624, rs13245980,
rsl1415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs84462¢,

AC at rsl2256889, rsl229542, rs214526, rse6097793, rs7086707,
rs7180867, rs844608, or rs844610,

TT at rsl007328, rs10931091, rsll1617134, rs11709339,
rs11719825, rsl1761457, rsl1229553, rsl234567, rsl1234947,
rs12532459, rs12593600, rsl264423, rs13042992, rs1320648,
rs1538123, rsl1591661, rsl17134651, 1rsl7666347, 1rsl7771939,
rs2461319, rs2508806, rs272239¢, rs2722398, rs2895215,
rs401618, rs4369324, rs4483642, rs4565951, rs4811492,
rs552994, rs6025923, rs6025927, rs6097797, rs657302,
rs7232734, rs751370, rs7633210, rs7714122, rs7803164,
rs7806265, rs7916897, rs8118441, rs844612, rs9378319, or
rs9952995,

GT at rsl2532459, rs2722398, rs4369324, or rs7093143,
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CT at rsl0950371, rsl1761457, rsl229562, rsl12529764,
rs13021482, rsl3238613, rsl1538123, rsl591661, rsl611185,
rs17807445, rs1941973, rs2461319, rs2685484, rs2895215,
rs4634524, rs4799760, rs6097797, rs7080507, rs7238006,
rs7789703, rs7803164, rs8446l12, or rs9%47603,
GG at rs10083547, rs10136012, rs10950359, rs11599624,
rsl12055694, rsl229558, rsl237625, rsl2496278, rsl2540494,
rsl12633010, 1rsl2637073, rsl1l282540, 1rsl282546, 1rsl2968586,
rsl1299325, 1rsl13245980, 1rsl1l6999008, 1rsl7104665, 1rsl7104742,
rs2033471, rs2155262, rs2487889, rs2487896, rs2511064,
rs2521643, rs2530121, rs2530123, rs28861531, rs3135391,
rs4148871, rs4289164, rsd444574¢6, rs6097801, rs6543934,
rs6558102, rs656975, rs6971202, rs7093143, rs7244801,
rs752979, rs7619350, rs7955917, rs844626, rs873216, rs8%94857,
rs9315048, rs9332420, rs933864, rs948032, rs949298, or
rs998051,
CG at rsll618546 or rs860722, or
ccC at rs1041897, rs10853605, rs10935016, rs10950371,
rs11009827, 1rsl11009835, 1rsll6l8546, 1rsl11907046, 1rsl229542,
rsl1229555, rsl229562, rsl1229563, rsl1l229564, rsl1229568,
rsl12488259, 1rsl1l2639443, 1rsl3021482, 1rsl1l3238613, 1rsl573706,
rsl1683691, rsl7575455, rsl7807445, rs2177073, rs2187495,
rs2277431, rs2521644, rs2685484, rs2937395, rs4281882,
rs4466940, rs4468448, rsd4634524, rsd4799760, rs6091820,
rs6097782, rs6097793, rs6123749, rs660075, rs7080507,
rs7789703, rs7963693, rs8099595, rs844602, rs860722,
rs884260, rs913882, rs9378684, rs9405541, rs9405546,
rs947603, or rs9944913; and
wherein the subject 1is identified as a predicted non-

responder to glatiramer acetate if the genotype is

AR at rs1040194, rs10935016, rs10950359,

rs11599624, rs12055694, rsl229542, rsl1229558,
rs12488259, rs12540494, rsl12637073, rs1282540,
rsl12968586, 1rsl13245980, 1rsl1l6999008, 1rsl1l7575455,
rs2511064, rs2521643, rs4281882, rs4289164,
rs4811492, rs6097793, rs6097801, rs6558102,

rs11009827,
rsl1237625,
rsl1l282546,
rs2177073,
rs4445746,
rs7244801,
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rs7619350, rs7806265, rs7955917, rs844620, rs873210,
rs894857, rs9332420, or rs%48032,

AG at rs1040194, rs10935015, rs10935019, rs10988087,
rs11081859, rs12055694, rsl1229558, rs12340584, rsl1237625,
rs12494600, rs12540494, rsl12637073, rsl1282540, rsl1l282546,
rsl12968586, 1rs16999008, 1rs17007730, 1rsl1l7087180, 1rsl1l7104665,
rsl17104742, rs17588454, rs2374730, rs2487889, rs2487896,
rs2511064, rs3135391, rs3742228, rs4148871, rs4343256,
rsd4445740, rs4809955, rs6097801, rs6713772, rs7244801,
rs7619350, rs7955917, rs894857, rs933863, rs9392358, or
rs9508834,

AC at rs10214633, rs1093501¢0, rs11009827, rsl12488259,
rs2088713, rs2177073, rs4306478, rs496480, rs6097790, or
rs7317000,

TT at rs10136012, rs1041897, rs10853605, rs10950371,
rs11008835, rs11907046, rsl1229555, rsl1229562, rsl1229563,
rsl229564, rsl1229568, rsl2639443, rs13238613, rsl57370¢,
rs1683691, rsl1892974, rs2187495, rs2277431, rs2521644,
rs2530121, rs2530123, rs2685484, rs2937395, rs35831078,
rs4466940, rs4468448, rsd4634524, rs6091820, rs6097782,
rs6543934, rs660075, rs7789703, rs8099595, rs884260,
rs913882, rs9378684, rs9405541, rs9405546, rs947603,
rs948029, or rs9944913,

GT at rsll719825, rs13042992, rs1886308, 1rs2305623, or
rs998051,

CT at rs1041897, rs10931091, rs11009835, rsll1617134,
rs11708339, rsl1229553, rsl1229555, rsl1229563, rsl1229564,
rsl1229568, rs1234567, rsl234947, rsl12593600, rsl2639443,
rs1320648, rsl1573706, rsl1683691, rsl17134651, rsl7666347,
rs2187495, rs2277431, rs250880¢, rs2937395, rs35831078,
rs4466940, rs4468448, rs4483642, rs4565951, rs552994,
rs6091820, rs6097782, rs657302, rs660075, rs7232734,
rs7714122, rs80995895, rs9378319, rs9378684, rs9405541,
rs9405546, rs9944913, or rs9952995,

GG at rsl10277267, rs10935015, rs10935019, rs10988087,
rs11081859, 1rsll1618546, rsll1719825, rsl12340584, 1rsl12494600,
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rsl1l2532459, 1rsl13042992, 1rsl7007730,
rs1886308, rs2305623, rs2722398,
rs434325¢, rs4369324, rs4435429,
rs6123749, rs6584894, rs6713772,
rs9392358, or rs9508834,

CG at rs10083547, rs12496278,
rs28861531, rs656975, rs7963693,

CC at rs1007328, rs10083547,
rs11617134, 1rsll694344, 1rs11709339,
rsl1229553, rsl234567, rsl1234947,
rs1299325, rs1320648, rs1538123,
rsl17134651, 1rsl7666347, 1rsl1l7771939,
rs214520, rs2461319, rs2508806,
rs2895215, rs4306478, rs43449106,
rs6015147, rs6025923, rs6025927,
rs656975, rs657302, rs7178587,
rs7317000, rs751370, rs7714122,
rs844610, rs844612, rs9378319,

PCT/US2012/059352
rsl17087180, 1rsl17588454,
rs3742228, rs4255033,
rs4578835, rs4809955,
rs7916897, rs7963693,
rsl299325, rs2155262,

or rs933864, or

rs10214633, rs10931091,
rs11761457, 1rsl2256889,
rs12496278, rs12593600,
rsl1591661, rs1611185,
rsl17807327, 1rsl1941973,
rs2722398, rs28861531,
rs49648o0, rs552994,
rs6097790, rs6097797,
rs7232734, rs7238006,
rs7803164, rs844608,

or rs9952995;

and thereby identifying the subject as a predicted responder

or as a predicted non-responder to glatiramer acetate.

7. The

method of

any

one of

claims

1-5, wherein the

pharmaceutical composition comprising glatiramer acetate

and a pharmaceutically acceptable carrier is administered

as monotherapy.

8. The

method of

any

one of

claims

1-5, wherein the

pharmaceutical composition comprising glatiramer acetate

and a pharmaceutically acceptable carrier is administered

in combination with at least one other multiple sclerosis

drug.

9. The method of any one of claims 1-8,

is determined at

polymorphisms (SNPs)

rs947603, rsl1007328, rsl1573706,
rs2511064, «rs2521644, 1rs3135391,
rs4344916, rs4369324, rsd444574¢6,
rs9944913, rsl1l0853605, rs10931091,

one or

more

wherein the genotype

single nucleotide

selected from the group consisting of

rs2177073, rs2487896,
rs4148871, rs4343256,
rs6097801, 1rs9508834,
rs10950359, rsl10988087,
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rs11599624, rsll617134, rsl12256889, rsl12639443,
rs13042992, rs13238613, rsl1l7087180, rsl1l7575455, rsl1l7771939
and rsl1l7807327.

The method of any one of claims 1-9, wherein the genotype
is determined at one or more single nucleotide
polymorphisms (SNPs) selected from the group consisting of
rs9508834, 1rsl7807327, 1rs4344916, 1rsl2639443, 1rsl7087180
and rsl1l7771939.

The method of any one of claims 1-10, wherein the
genotype 1s determined at one or more single nucleotide
polymorphisms (SNPs) selected from the group consisting of
rs4344916, rsl1l2639443, rsl7087180 and rsl7771939.

The method of any one of claims 1-9, wherein the genotype
is determined at SNPs rs4344916, rsl1l2639443, 1rsl17087180
and rsl1l7771939.

The method of claim 12, further comprising determining
the genotype at SNPs rs9508834 or rsl7807327.

The method of claim 12, further comprising determining
the genotype at SNPs rs9508834 and rsl7807327.

The method of any one of claims 1-9, wherein the method
comprises determining the genotype of the subject at 1, 2,
3, 4, 5, e, 7, 8, 9, 10, 11, 12, 13, 14 or more of said
SNPs.

The method of c¢laim 14, wherein the method comprises
determining the genotype of the subject at 4, 6, 10, 11,
12 or 13 of said SNPs.

The method of any one of claims 1-8, wherein the genotype
is determined at SNPs 1rs2521644, 1rsl2256889, 1rs214526,
rsl17771939, rs496486, and rs949298.

The method of claim 17, wherein a score is assigned to
each genotype of each SNP, for the purpose of determining
if the human subject 1s a predicted responder to
glatiramer acetate, wherein the scores are approximately

as shown in tables 7a-f.
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. The method of any one of claims 1-8, wherein the genotype
is determined at SNPs 1rs2521644, 1rsl2256889, 1rs214526,
rs17771939, rs496486, and rs2511064.

The method of claim 19, wherein a score is assigned to
each genotype of each SNP, for the purpose of determining
if the human subject 1s a predicted responder to
glatiramer acetate, wherein the scores are approximately

as shown in tables %a-f.

The method of claim 19, wherein a relative weight is
assigned to each SNP, for the purpose of determining if
the human subject is a predicted responder to glatiramer
acetate, wherein the relative weight 1is approximately as

shown in table 10.

The method of any one of claims 1-8, wherein the genotype
is determined at SNPs rsl1l2256889, rsl1l7771939, rs2511064,
and rs2521644.

The method of claim 22, wherein a score is assigned to
each genotype of each SNP, for the purpose of determining
if the human subject 1s a predicted responder to
glatiramer acetate, wherein the scores are approximately

as shown in tables %a-f.

The method of claim 22, wherein a relative weight is
assigned to each SNP, for the purpose of determining if
the human subject is a predicted responder to glatiramer
acetate, wherein the relative weight 1is approximately as

shown in table 11.

The method of any one of claims 1-9 or 15-16, wherein
the genotype is determined at SNPs rsl11599624, rsl2639443,
rs13042992, rs13238613, rs17087180, rsl17771939,
rsl7807327, 1rs2487896, 1rs3135391, 1rs4148871, 1rs434325¢,
rs4344916, and rs9508834.

The method of any one of claims 1-9 or 15-16, wherein the
genotype 1is determined at SNPs rsl2256889, 1rsl2639443,
rsl3238613, rsl1l573706, rsl1l7087180, rsl7771939, rsl7807327,
rs2487896, rs4343256, rs4344916, rs4369324, rs4445746, and
rs9944913.
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27. The method of any one of claims 1-9 or 15-1¢6,
determined at SNPs 1rsl10988087,
rs13238613, rsl1l573706, rsl1l7087180,

rs4148871, rs4344916,

genotype 1is
rs13042992,
rsl17807327,

rs9508834.

28. The method of any one of claims 1-9 or 15-1¢6,
determined at SNPs 1rsl10988087,
rs17087180, rsl17771939, rs2177073,

rsd4369324, rso6097801, rs9508834,

genotype 1is
rsl12639443,

rs4344916,

29. The method of any one of claims 1-9 or 15-1¢6,
determined at SNPs 1rsl10988087,
rs13042992, rs17087180,
rs2487896, 1rs4148871, 1rs434491¢,

and rs9508834.

genotype 1is
rsl2639443,
rsl17807327,

rs6097801,

30. The method of any one of claims 1-9 or 15-1¢6,
determined at SNPs 1rs10988087,
rs13042992, rs17087180,
rs2487896, 1rs2521644, 1rs4148871,

and rs6097801.

genotype 1is
rsl2639443,
rsl17807327,

rs4445746,

31. The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl10988087,
rs17087180, rsl17771939, rsl1l7807327,

rs4344916, rs6097801, and rs9508834.

genotype 1is
rsl2639443,

rs4148871,

32. The method of any one of claims 1-9 or 15-16,
at SNPs 1rsl1007328,
rsl573706, rsl7087180,

rs4344916,

determined
rsl13238613,
rs4343256,

genotype 1is
rsl2639443,
rsl17807327,

rs9944913.

33. The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl12639443,
rsl17807327, rs2487896, 1rs4148871,

rs4369324, rs4445746, rs6097801,

genotype 1is
rsl7771939,
rs4344916,

rs9944913.

34. The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl1ll1617134,

rsl17771939, rsl17807327, rs24878%6,

genotype 1is

rsl17087180,

rs6097801,

rs9508834,

rs9508834,

PCT/US2012/059352

wherein the
rsl12639443,
rsl1l7771939,

and

wherein the
rsl12256889,
rs2521644,

and rs9944913.

wherein the
rsllel7134,
rsl1l7771939,

rs4445746,

wherein the
rs11617134,
rsl1l7771939,

rs4344916,

wherein the
rsl12256889,
rs2487896,

wherein the
rsll617134,
rsl1l7771939,

and

wherein the
rs17087180,
rs4343256,

and

wherein the
rsl12639443,
rs3135391,
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rs4148871,
rs9944913.

rs4344916, rs4369324, rsoc097801,

The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl10988087,
rs17087180, rsl17771939, rs248789%¢,

rs4344916, and rs9508834.

genotype 1is
rsl3238613,

rs4343256,

The method of any one of claims 1-9 or 15-16,
determined at SNPs rsll6l7134,
rs13042992, rsl17087180,
rs2177073, rs24878%6, 1rs4343250,

and rs9508834.

genotype 1is
rsl12639443,
rs17807327,

rs6097801,

The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl10950359,
rs17087180, rsl17771939, rs248789%¢,
rs4148871, rs4343256, rs434491o0,

genotype 1is
rsl12639443,
rs3135391,

rs9944913.

rs9

The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl2256889,
rs17087180, rsl17771939, rsl1l7807327,

rs4344916, and rs6097801.

genotype 1is
rs13042992,

rs2521644,

The method of any one of claims 1-9 or 15-16,
determined at SNPs 1rsl10950359,
rsl2256889, rsl2639443,
rsl17771939, rsl17807327, rs2521644,

and rs9508834.

genotype 1is
rs11599624,
rs17087180,

rs4344916,

The method of any one of claims 1-9 or 15-16,
at SNPs 1rsl1l007328,

rs13042992, rsl57370¢,
rs4343256, 1rs434491¢,

determined
rsl2256889, rsl2639443,

rsl17771939, 1rsl17807327,
and rs9508834.

genotype 1is

The method of any one of claims 1-9 or 1516,

determined at SNPs 1rsl11599624,
rs1573706, rsl17087180, rsl1l7771939,
rs2487896, rs4344916, rsoc097801,

genotype 1is
rsl12639443,
rs2177073,

rs9944913.

rs9

rs9508834,

PCT/US2012/059352

and

wherein the
rsl12639443,
rs4148871,

wherein the
rsl12256889,
rsl1l7771939,

rs4344916,

wherein the
rsll617134,
rs2511064,

508834, and

wherein the
rsl12639443,
rs2487896,

wherein the
rs10988087,
rs13042992,

rs3135391,

wherein the
rs10950359,
rs17087180,

rs947603,

wherein the
rsl12256889,
rsl17807327,

508834, and
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. The method of any of claims 9-41, wherein a score 1is

assigned to each genotype of each SNP, for the purpose of
determining if the human subject is a predicted responder
to glatiramer acetate, wherein the scores are

approximately as shown in tables 18a-s and 19%a-h.

The method of any of claims 9-42, wherein a relative
weight 1s assigned to each SNP, for the purpose of
determining if the human subject is a predicted responder
to glatiramer acetate, wherein the relative weight 1is
approximately as shown in one of tables 20-36, wherein the
table selected corresponds to the SNPs at which a genotype

was determined.

The method of any one of claims 14-43, wherein the
genotype 1s determined from a nucleic acid-containing

sample that has been obtained from the subject.

The method of any one of claims 1-44, wherein determining
the genotype comprises using a method selected from the
group consisting of restriction fragment length
polymorphism (RFLP) analysis, sequencing, single strand
conformation polymorphism analysis (sscp), chemical
cleavage of mismatch (CCM), denaturing high performance
liquid chromatography (DHPLC), Polymerase Chain Reaction

(PCR) and an array, or a combination thereof.

The method of «c¢laim 45, wherein the genotype 1is
determined using at least one pair of PCR primers and at

least one probe.

The method of c¢laim 45, wherein the array is selected
from the group consisting of a gene array, a gene chip, a
DNA array, a DNA microarray, a TagMan Open Array and a

bead array.

The method of claim 45, wherein the array is a TagMan

Open Array.

The method of any one of claims 1-43, wherein determining
the genotype of the subject at said one or more SNPs

comprises:
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(1) obtaining DNA from a sample that has been obtained

from the subject;

(ii) optionally amplifying the DNA; and

(iii) subjecting the DNA or the amplified DNA to a method

50

51.

52.

53.

54.

55.

selected from the group consisting of restriction
fragment length polymorphism (RFLP) analysis,
sequencing, single strand conformation polymorphism
analysis (SSCP), chemical cleavage of mismatch
(CCM), denaturing high performance liquid
chromatography (DHPLC), and an array, or a
combination thereof, for determining the identity

the one or more SNPs.

. The method of claim 47, wherein the array comprises a

plurality of probes suitable for determining the identity

of the one or more SNPs.

The method of any one of claims 1-50, wherein the human

subject is a naive patient.

The method of any of claims 1-50, wherein the human
subject has been previously administered glatiramer

acetate.

The method of any of claims 1-50, wherein the human
subject has been previously administered a multiple

sclerosis drug other than glatiramer acetate.

The method of any one of claims 1-53, wherein the
genotype of the subject at said one or more SNPs 1is
obtained indirectly by determining the genotype of the
subject at a SNP that is in linkage disequilibrium with

salid one or more SNPs.

A kit for identifying a human subject afflicted with
multiple sclerosis or a single clinical attack consistent
with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit
comprising at least one probe specific for a SNP selected
from the group consisting of rs1007328, rsl10083547,
rsl10136012, rsl10214633, rsl0277267, rsl1040194, rs1041897,
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and rs998051.
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rs10853605, rs10931091, rs10935015, rs1093501¢0,
rs10935019, rs10950359, rs10950371, rs10988087,
rs11009827, rs11009835, rs11081859, rs11599624,
rsll1617134, rs11618546, rs11694344, rs11709339,
rs11719825, rsl1761457, rs11907046, rs12055694,
rsl2256889, 1rsl229542, 1rsl229553, 1rsl229555, 1rsl229558,
rsl229562, 1rsl229563, 1rsl229564, 1rsl229568, 1rsl2340584,
rsl1l234567, rsl1l234%947, rsl1l237625, rsl2488259, 1rsl12494606,
rsl12496278, rsl12524041, rsl2529764, rs12532459,
rs12540494, rsl12593600, rsl2633010, rsl2637073,
rs12639443, rsl264423, 1rsl282540, rsl282546, rsl2968586,
rsl299325, rsl13021482, rsl3042992, rs1320648, rsl3238613,
rs13245980, rsl1415557, rsl1538123, 1rsl1l573706, 1rsl5916061,
rsl1l611185, rsl683691, rsl1le6999008, rs17007730, rsl17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl17666347, rsl17771939, rs17807327,
rs17807445, 1rsl1886308, 1rsl1l892974, 1rsl1941973, 1rs2033471,
rs2088713, rs2145260, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, rs2374730, rs2461319, 1rs2487889,
rs2487896, 1rs2508806, 1rs2511064, 1rs2521643, 1rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, 1rs2937395, rs3135391, 1rs35831078,
rs3742228, rs401618, rs4148871, rsd4255033, rs4281882,
rs4289164, 1rs4306478, 1rs4343256, rs4344916, 1rsd4369324,
rs4435429, rsd444574¢6, rs4466940, rs4468448, rsd4483642,
rs4565951, rs4578835, 1rs4634524, rs4799760, 1rs4809955,
rs4811492, rs496480, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, 1rs6097782, 1rs6097790, 1rs6097793,
rs6097797, rse6097801, 1rs6123749, rs6543934, 1rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, rs7178587, 1rs7180867, rs7232734, 1rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
rs7633210, rs7714122, 1rs7789703, 1rs7803164, 1rs7806265,
rs7916897, rs7955917, 1rs7963693, rs8099595, rs8118441,
rs844602, rs844608, rs844610, rs8446l12, rs844620,
rs860722, rs873216, rs884266, rs894857, rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs940554¢, rs947603,
rs948029, rs948032, rs949298, rs9508834, rs9944913,
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A kit for identifying a human subject afflicted with
multiple sclerosis or a single clinical attack consistent
with multiple sclerosis as a predicted responder or as a
to the kit

comprising at least one pair of PCR primers designed to

predicted non-responder glatiramer acetate,

amplify a DNA segment which includes a SNP selected from

the group consisting of rsl007328, rsl0083547, rsl0136012,
rsl0214633, rsl0277267, rsl040194, rs1041897, rsl0853605,
rs10931091, rs10935015, rs1093501¢0, rs10935019,
rs10950359, rs10950371, rs10988087, rs11009827,
rs11009835, rs11081859, rs11599624, rs11617134,
rsl1618546, rs11694344, rs11709339, rs11719825,
rs11761457, rs11907046, rsl1l2055694, rsl2256889, rsl229542,
rsl1229553, 1rsl1229555, 1rsl1229558, rsl1l229562, 1rsl229563,
rsl1229564, 1rsl1l229568, 1rsl12340584, 1rsl1l234567, 1rsl2349%947,
rsl1237625, rsl1l2488259, rsl2494606, rsl2496278, rsl12524041,
rsl12529764, rs12532459, rsl2540494, rsl12593600,
rs12633010, rsl1l2637073, rsl2639443, rsl264423, rsl282540,
rsl282546, rsl2968586, rsl299325, rsl13021482, rsl3042992,
rs1320648, rsl1l3238613, 1rsl13245980, rsl1415557, rsl1538123,
rs1573706, 1rsl1l591661, rsle6ll1l185, 1rsl1l683691, 1rsl1l6999008,
rs17007730, rs17087180, rs17104665, rsl17104742,
rs17134651, rsl17575455, rs17588454, rsl7666347,
rsl17771939, rsl17807327, rsl7807445, rs1886308, rsl1892974,
rs1941973, rs2033471, rs2088713, rs214520, rs2155262,
rs2177073, rs2187495, rs2277431, rs2305623, rs2374730,
rs2461319, 1rs2487889, 1rs24878%96, 1rs2508806, rs2511064,
rs2521643, rs2521644, 1rs2530121, rs2530123, 1rs2685484,
rs2722396, 1rs2722398, 1rs28861531, 1rs2895215, 1rs2937395,
rs3135391, rs35831078, 1rs3742228, 1rs401618, 1rs4148871,
rs4255033, rs4281882, 1rs4289164, 1rs4306478, rsd434325¢,
rs4344916, rs4369324, rs4435429, rsd444574¢6, rs4466940,
rs4468448, 1rs4483642, 1rs4565951, rs4578835, 1rsd4634524,
rs4799760, rs4809955, rs4811492, rs496480, rs552994,
rs6015147, rs6025923, 1rs6025927, 1rs6091820, 1rs6097782,
rs6097790, 1rs6097793, 1rs6097797, 1rs6097801, 1rs6l123749,
rs6543934, rs6558102, rs656975, rs657302, rs6584894,
rs660075, rs6713772, rs6909321, rs6971202, rs702355,
rs7080507, rs7086707, 1rs7093143, 1rs7178587, rs7180867,
rs7232734, rs7238006, rs7244801, rs7317000, rs751370,
rs752979, rs7619350, rs7633210, rs7714122, rs7789703,
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rs7803164, 1rs7806265, 1rs7916897, 1rs7955917, 1rs7963693,
rs8099595, rs8118441, rs844602, rs844608, rs844610,
rs844612, rs8446260, rs860722, rs873210, rs884260,
rs894857, rs913882, rs9315048, rs9332420, rs933863,
rs933864, rs9378319, rs9378684, rs9392358, rs9405541,
rs9405546, rs947603, rs948029, rs948032, rs949298,
rs9508834, rs9944913, rs9952995, and rs998051.

A kit for identifying a human subject afflicted with
multiple sclerosis or a single clinical attack consistent
with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit
comprising a reagent for performing a method selected from
the group consisting of restriction fragment length
polymorphism (RFLP) analysis, sequencing, single strand
conformation polymorphism analysis (sscp), chemical
cleavage of mismatch (CCM), gene chip and denaturing high
performance liquid chromatography (DHPLC) for determining
the identity of at least one SNP selected from the group
consisting of rs1007328, rs10083547, rs10136012,
rsl0214633, rsl0277267, rsl040194, rs1041897, rsl0853605,

rs10931091, rs10935015, rs1093501¢0, rs10935019,
rs10950359, rs10950371, rs10988087, rs11009827,
rs11009835, rs11081859, rs11599624, rs11617134,
rsl1618546, rs11694344, rs11709339, rs11719825,

rs11761457, rs11907046, rsl1l2055694, rsl1l2256889, rsl229542,
rsl1229553, rsl1229555, 1rsl1229558, rsl1l229562, 1rsl229563,
rsl229564, 1rsl229568, 1rsl1l2340584, 1rsl1l234567, 1rsl234947,
rsl1237625, rsl1l2488259, rsl12494606, rsl1l2496278, rsl1l2524041,
rsl12529764, rs12532459, rsl2540494, rs12593600,
rs12633010, rsl1l2637073, rsl2639443, rsl264423, rsl282540,
rsl282546, rsl2968586, rsl299325, rsl13021482, rsl3042992,
rs1320648, rsl1l3238613, 1rs13245980, rsl1415557, rsl1538123,
rs1573706, 1rsl1l591661, 1rsle6ll1l185, 1rsl1l6836%1, 1rsl1l6999008,
rs17007730, rs17087180, rs17104665, rsl17104742,
rs17134651, rsl17575455, rs17588454, rsl7666347,
rsl17771939, rsl17807327, rsl7807445, rs1886308, rsl1892974,
rs1941973, rs2033471, rs2088713, rs214520, rs2155262,
rs2177073, rs2187495, rs2277431, rs2305623, rs2374730,
rs2461319, 1rs2487889, 1rs24878%96, 1rs2508806, rs2511064,
rs2521643, rs2521644, 1rs2530121, 1rs2530123, rs2685484,
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rs2722396, 1rs2722398, 1rs28861531, 1rs2895215, 1rs2937395,
rs3135391, rs35831078, 1rs3742228, 1rs401618, 1rs4148871,
rs4255033, rs4281882, 1rs4289164, 1rs4306478, rsd434325¢,
rs4344916, rs4369324, rs4435429, rsd444574¢6, rs4466940,
rs4468448, 1rs4483642, 1rs4565951, rs4578835, 1rsd4634524,
rs4799760, rs4809955, rs4811492, rs496480, rs552994,
rs6015147, rs6025923, 1rs6025927, 1rs6091820, 1rs6097782,
rs6097790, 1rs6097793, 1rs6097797, 1rs6097801, 1rs6l123749,
rs6543934, rs6558102, rs656975, rs657302, rs6584894,
rs660075, rs6713772, rs6909321, rs6971202, rs702355,
rs7080507, rs7086707, 1rs7093143, 1rs7178587, rs7180867,
rs7232734, rs7238006, rs7244801, rs7317000, rs751370,
rs752979, rs7619350, rs7633210, rs7714122, rs7789703,
rs7803164, 1rs7806265, 1rs7916897, 1rs7955917, 1rs7963693,
rs8099595, rs8118441, rs844602, rs844608, rs844610,
rs844612, rs8446260, rs860722, rs873210, rs884260,
rs894857, rs913882, rs9315048, rs9332420, rs933863,
rs933864, rs9378319, rs9378684, rs9392358, rs9405541,
rs9405546, rs947603, rs948029, rs948032, rs949298,
rs9508834, rs9944913, rs9952995, and rs998051.

58. The kit of claims 55 or claim 56, the kit comprising

(1) at least one pair of PCR primers designed to amplify

a DNA segment which includes a SNP selected from the

group consisting of rs1007328, rs10083547,
rs10136012, rs10214633, rs10277267, rs1040194,
rs1041897, rs10853605, rs10931091, rs10935015,
rs10935016, rs10935019, rs10950359, rs10950371,
rs10988087, rs11009827, rs11009835, rs11081859,
rs11599624, rsll1617134, rs11618546, rs11694344,
rs11709339, rsl11719825, rsll761457, rs1190704¢0,
rs12055694, rsl12256889, rsl1229542, rs1229553,
rsl1229555, rsl1229558, rsl1229562, rsl1229563,
rslz229564, rsl229568, rsl12340584, rsl234567,
rsl234947, rsl1237625, rs12488259, rs12494606,
rsl2496278, rsl12524041, rsl2529764, rs12532459,
rsl12540494, rsl12593600, rsl2633010, rsl2637073,
rsl12639443, rsl264423, rs1282540, rsl28254¢6,
rs12968586, rsl1299325, rs13021482, rs13042992,
rs1320648, rsl13238613, rs13245980, rs1415557,
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rs1538123, rsl1573706, rs1591661, rsl1611185,
rsl1l683691, rs16999008, rs17007730, rs17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl7666347, rsl1l7771939, rsl17807327,
rs17807445, rs1886308, rs1892974, rs1941973,
rs2033471, rs2088713, rs214526, rs2155262,
rs2177073, rs2187495, rs2277431, rs2305623,
rs2374730, rs2461319, rs2487889, rs248789¢,
rs250880¢, rs2511064, rs2521643, rs2521644,
rs2530121, rs2530123, rs2685484, rs272239¢,
rs2722398, rs28861531, rs2895215, rs2937395,
rs3135391, rs35831078, rs3742228, rs401618,
rs4148871, rs4255033, rs4281882, rs4289164,
rs4306478, rs4343250, rs4344916, rs4369324,
rs4435429, rs444574¢, rs4466940, rs4468448,
rs4483642, rs4565951, rs4578835, rs4634524,
rs4799760, rs4809955, rs4811492, rs496486, rs552994,
rs6015147, rs6025923, rs6025927, rs6091820,
rs6097782, rs6097790, rs6097793, rs6097797,
rs6097801, rs6123749, rs6543934, rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507,
rs7086707, rs7093143, rs7178587, rs7180867,
rs7232734, rs7238006, rs7244801, rs7317000,
rs751370, rs752979, rs7619350, rs7633210, rs7714122,
rs7789703, rs7803164, rs7806265, rs7916897,
rs7955917, rs7963693, rs8099595, rs8118441,
rs844602, 1rs844608, 1rs844610, 1rs8446l12, 1rs844626,
rs860722, 1rs873216, 1rs884266, 1rs894857, 1rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs9405546,
rs947603, 1rs9%48029, 1rs948032, 1rs949298, 1rs9508834,
rs9944913, rs9952995, and rs998051, and

at least one probe specific for a SNP selected from

the group
rsl10136012,
rs1041897,
rs10935016,
rs10988087,
rs11599624,

consisting
rsl10214633,
rsl0853605,
rs10935019,
rs11009827,
rsll1617134,

of 1rs1007328,
rs10277267,
rs10931091,
rs10950359,
rs11009835,
rsl1161854¢0,

rs10083547,

rs1040194,
rs10935015,
rs10950371,
rs11081859,
rs11694344,
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rs11709339, rsl11719825, rsll761457, rs1190704¢0,
rs12055694, rsl12256889, rsl1229542, rs1229553,
rsl1229555, rsl1229558, rsl1229562, rsl1229563,
rsl1229564, rsl1229568, rs12340584, rsl234567,
rsl1234947, rsl1237625, rs12488259, rs12494606,
rsl1l2496278, rsl12524041, rsl2529764, rs12532459,
rs12540494, rsl12593600, rsl2633010, rsl2637073,
rs12639443, rsl264423, rs1282540, rsl28254¢6,
rs12968586, rsl1299325, rs13021482, rs13042992,
rs1320648, rsl13238613, rs13245980, rs1415557,
rs1538123, rsl1573706, rs1591661, rsl1611185,
rsl1l683691, rs16999008, rs17007730, rs17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl7666347, rsl1l7771939, rsl17807327,
rs17807445, rs1886308, rs1892974, rs1941973,
rs2033471, rs2088713, rs214526, rs2155262,
rs2177073, rs2187495, rs2277431, rs2305623,
rs2374730, rs2461319, rs2487889, rs248789¢,
rs250880¢, rs2511064, rs2521643, rs2521644,
rs2530121, rs2530123, rs2685484, rs272239¢,
rs2722398, rs28861531, rs2895215, rs2937395,
rs3135391, rs35831078, rs3742228, rs401618,
rs4148871, rs4255033, rs4281882, rs4289164,
rs4306478, rs4343250, rs4344916, rs4369324,
rs4435429, rs444574¢, rs4466940, rs4468448,
rsd4483642, rs4565951, rs4578835, rsd4634524,
rs4799760, rs4809955, rs4811492, rs496486, rs552994,
rs6015147, rs6025923, rs6025927, rs6091820,
rs6097782, rs6097790, rs6097793, rs6097797,
rs6097801, rs6123749, rs6543934, rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507,
rs7086707, rs7093143, rs7178587, rs7180867,
rs7232734, rs7238006, rs7244801, rs7317000,
rs751370, rs752979, rs7619350, rs7633210, rs7714122,
rs7789703, rs7803164, rs7806265, rs7916897,
rs7955917, rs7963693, rs8099595, rs8118441,
rs844602, 1rs844608, 1rs844610, 1rs8446l12, 1rs8446260,
rs860722, 1rs873216, 1rs884266, 1rs894857, 1rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs9405546,
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rs947603, 1rs9%48029, 1rs948032, rs949298, 1rs9508834,
rs9944913, rs9952995, and rs998051.

59.A kit for identifying a human subject afflicted with
multiple sclerosis or a single clinical attack consistent
with multiple sclerosis as a predicted responder or as a
predicted non-responder to glatiramer acetate, the kit
comprising reagents for TagMan Open Array assay desgined
for determining the identity of at least one SNP selected
from the group consisting of rs1007328, rsl10083547,
rs10136012, rsl10214633, rsl0277267, rsl1l040194, rs1041897,

rs10853605, rs10931091, rs10935015, rs1093501¢0,
rs10935019, rs10950359, rs10950371, rs10988087,
rs11009827, rs11009835, rs11081859, rs11599624,
rsll1617134, rs11618546, rs11694344, rs11709339,
rs11719825, rsl1761457, rs11907046, rs12055694,

rsl2256889, 1rsl229542, 1rsl229553, 1rsl229555, 1rsl229558,
rsl229562, 1rsl229563, 1rsl229564, 1rsl229568, 1rsl2340584,
rsl1l234567, rsl1l234%947, rsl1l237625, rsl2488259, 1rsl12494606,
rsl1l2496278, rsl12524041, rsl2529764, rs12532459,
rs12540494, rsl12593600, rsl2633010, rsl2637073,
rs12639443, rsl264423, rsl282540, rsl282546, rsl2968586,
rsl299325, rsl13021482, rsl3042992, rs1320648, rsl3238613,
rs13245980, rsl1415557, rsl1538123, 1rsl1l573706, 1rsl5916061,
rsl1611185, rsl683691, rsl1l6999008, rs17007730, rsl17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl17666347, rsl17771939, rs17807327,
rs17807445, 1rsl1886308, 1rsl1l892974, 1rsl1941973, 1rs2033471,
rs2088713, rs2145260, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, rs2374730, rs2461319, 1rs2487889,
rs2487896, 1rs2508806, 1rs2511064, 1rs2521643, 1rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, 1rs2937395, rs3135391, 1rs35831078,
rs3742228, rs401618, rs4148871, rsd4255033, rs4281882,
rs4289164, 1rs4306478, 1rs4343256, 1rs4344916, 1rsd4369324,
rs4435429, rsd444574¢6, rs4466940, rs4468448, rsd4483642,
rs4565951, rs4578835, 1rs4634524, rs4799760, 1rs4809955,
rs4811492, rs496480, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, 1rs6097782, 1rs6097790, 1rs6097793,
rs6097797, rse6097801, 1rs6123749, rs6543934, 1rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
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rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, rs7178587, 1rs7180867, rs7232734, 1rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
rs7633210, rs7714122, 1rs7789703, 1rs7803164, 1rs7806265,
rs7916897, rs7955917, 1rs7963693, rs8099595, rs8118441,
rs844602, rs844608, rs844610, rs8446l12, rs844620,
rs860722, rs873216, rs884266, rs894857, rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs940554¢, rs947603,
rs948029, rs948032, rs949298, rs9508834, rs9944913,
rs9952995, and rs9%98051.

The kit of any of claims 55-59, further comprising
instructions for use of the kit for identifying a human
subject afflicted with multiple sclerosis or a single
clinical attack consistent with multiple sclerosis as a
predicted responder or as a predicted non-responder to

glatiramer acetate.

The kit of any one of claims 55-60, wherein the one or
more single nucleotide polymorphisms (SNPs) selected from
the group consisting of rs947603, 1rsl1l007328, rsl573706,
rs2177073, rs2487896, 1rs2511064, 1rs2521644, 1rs3135391,
rs4148871, rs4343256, rs4344916, rs4369324, rsd444574¢6,
rs6097801, rs9508834, 1rs9944913, 1rsl10853605, rs10931091,
rs10950359, rs10988087, rs11599624, rsll1617134,
rsl2256889, rsl2639443, rs13042992, rs13238613,
rs17087180, rsl7575455, rsl1l7771939 and rsl17807327.

The kit of any one of claims 55-60, wherein the one or
more single nucleotide polymorphisms (SNPs) selected from
the group consisting of rs9508834, rsl1l7807327, rs434491¢,
rsl2639443, rsl1l7087180 and rsl77719309.

The kit of any one of claims 55-60, wherein the one or
more single nucleotide polymorphisms (SNPs) selected from
the group consisting of rs4344916, rsl2639443, rs17087180
and rsl1l7771939.

The kit of any one of claims 55-60, wherein the kit is

designed to determine the genotype at SNPs rs9508834,
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rsl7807327, rs4344916, rsl2639443, rs17087180 and
rsl7771939.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs 1rs434491¢,
rsl2639443, rsl1l7087180 and rsl77719309.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rs2521644,
rsl12256889, rs214526, rsl1l7771939, rs496486, and rs949298.

The kit of any one of claims 55-60, wherein the the kit
is designed to determine the genotype at SNPs rs2521644,
rsl2256889, rs214526, rsl7771939, rs496486, and rs2511064.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl2256889,
rsl7771939, rs2511064, and rs2521644.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl11599624,
rsl2639443, rs13042992, rsl13238613, rsl17087180,
rsl7771939, rsl17807327, rs2487896, 1rs3135391, rs4148871,
rs4343256, rs4344916, and rs9508834.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl2256889,
rsl1l2639443, rsl13238613, rsl1l573706, rsl1l7087180, rsl1l7771939,
rsl7807327, 1rs2487896, 1rs4343256, 1rs4344916, 1rsd4369324,
rs4445746, and rs9944913.

. The kit of any one of claims 55-60, wherein the kit is

designed to determine the genotype at SNPs rsl10988087,
rsl2639443, rsl13042992, rsl13238613, rsl1l573706, rsl1l7087180,
rsl7771939, rsl17807327, rs4148871, rs4344916, rs6097801,
and rs9508834.

The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl10988087,
rsl2256889, rsl1263%9443, rsl17087180, rsl1l7771939, rs2177073,
rs2521644, rs4344916, rs4369324, rse097801, rs9508834, and
rs9944913.
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. The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rsll1617134, rsl12639443, rs13042992,

rsl17771939, rsl7807327, 1rs2487896, 1rs4148871,

rs4445746, rs6097801, and rs9508834.

The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rsll1617134, rsl12639443, rs13042992,

rsl17771939, rsl7807327, 1rs2487896, rs2521644,

rs4344916, rsd4445746, and rs6097801.

The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rsl12256889, rsl12639443, rs17087180,

rsl17807327, 1rs2487896, 1rs4148871, 1rs434491¢0,

and rs9508834.

The kit of any one of claims 55-60, wherein
the genotype at SNPs
rs13238613, rsl1l573706,
rs4343256, 1rs434491e6,

designed to determine
rs11617134, rsl1l2639443,
rsl7771939, 1rsl17807327,

and rs9944913.

The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rs17087180, rsl17771939, rsl17807327, rs248789%6,
rs4343256, rs4344916, 1rs4369324, rs444574¢6,

rs9508834, and rs9944913.

The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rs12639443, rs17087180, rsl1l7771939, rsl17807327,
rs3135391, rs4148871, 1rs4344916, 1rs4369324,

rs9508834, and rs9944913.

The kit of any one of claims 55-60, wherein
designed to determine the genotype at SNPs
rsl2639443, rsl13238613, rs17087180, rsl77713939,

rs4148871, rs4343256, rs4344916, and rs9508834.

The kit of any one of claims 55-60, wherein

designed to determine the genotype at SNPs

PCT/US2012/059352

the kit is
rs10988087,
rs17087180,
rs4344916,

the kit is
rs10988087,
rs17087180,
rs4148871,

the kit is
rs10988087,
rsl1l7771939,
rs6097801,

the kit is
rs1007328,
rs17087180,
rs9508834,

the kit is
rsl12639443,
rs4148871,
rs6097801,

the kit is
rs11617134,
rs2487896,
rs6097801,

the kit is
rs10988087,
rs2487896,

the kit is
rs11617134,
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rsl2256889, rsl2639443, rs13042992, rsl17087180,
rsl17771939, rs17807327, rs2177073, rs2487896, rsd4343256,
rs4344916, rs6097801, and rs9508834.
The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl10950359,
rsl11617134, rsl1l2639443, rs17087180, rsl17771939, rs2487896,
rs2511064, rs3135391, rs4148871, rs4343256, rs4344916,
rs9508834, and rs9944913.
The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl2256889,
rsl12639443, rs13042992, rs17087180, rsl1l7771939,
rsl1l7807327, rs2487896, rs2521644, rs4344916, and
rs6097801.
The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl10950359,
rs10988087, rs11599624, rsl2256889, rsl2639443,
rs13042992, rs17087180, rsl7771939, rsl17807327, rs2521644,
rs3135391, rs4344916, and rs9508834.
The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl1l007328,
rs10950359, rsl12256889, rsl12639443, rs13042992, rsl1l573706,
rs17087180, rsl17771939, rsl1l7807327, rs4343256, rsd4344916,
rs947603, and rs9508834.
The kit of any one of claims 55-60, wherein the kit is
designed to determine the genotype at SNPs rsl11599624,
rsl12256889, rsl1263%9443, rsl1573706, rsl1l7087180, rsl1l7771939,
rsl7807327, 1rs2177073, 1rs248789%6, 1rs4344916, 1rs6097801,
rs9508834, and rs9944913.
A probe for identifying the genotype of a SNP selected
from the group consisting of rs1007328, rsl10083547,
rs10136012, rsl1l0214633, rsl0277267, rsl1l040194, rs1041897,
rs10853605, rs10931091, rs10935015, rs1093501¢0,
rs10935019, rs10950359, rs10950371, rs10988087,
rs11009827, rs11009835, rs11081859, rsl11599624,
rsll1617134, rs11618546, rs11694344, rs11709339,
rs11719825, rsl1761457, rs11907046, rs12055694,
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rsl2256889, 1rsl229542, 1rsl229553, 1rsl229555, 1rsl229558,
rsl229562, 1rsl229563, 1rsl229564, 1rsl229568, 1rsl2340584,
rsl1l234567, rsl1l234%947, rsl1l237625, rsl2488259, 1rsl12494606,
rsl12496278, rsl12524041, rsl2529764, rs12532459,
rs12540494, rsl12593600, rsl2633010, rsl2637073,
rs12639443, rsl264423, 1rsl282540, rsl282546, rsl2968586,
rsl299325, rsl13021482, rsl3042992, rs1320648, rsl3238613,
rs13245980, rsl1415557, rsl1538123, 1rsl1l573706, 1rsl5916061,
rsl1l611185, rsl683691, rsl1le6999008, rs17007730, rsl17087180,
rs17104665, rsl17104742, rs17134651, rsl17575455,
rs17588454, rsl17666347, rsl17771939, rs17807327,
rs17807445, 1rsl1886308, 1rsl1l892974, 1rsl1941973, 1rs2033471,
rs2088713, rs2145260, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, rs2374730, rs2461319, 1rs2487889,
rs2487896, 1rs2508806, 1rs2511064, 1rs2521643, 1rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, 1rs2937395, rs3135391, 1rs35831078,
rs3742228, rs401618, rs4148871, rsd4255033, rs4281882,
rs4289164, 1rs4306478, 1rs4343256, rs4344916, 1rsd4369324,
rs4435429, rs4445746, 1rsd4466940, 1rs4468448, 1rs4483642,
rs4565951, rs4578835, 1rs4634524, rs4799760, 1rs4809955,
rs4811492, rs496480, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, 1rs6097782, 1rs6097790, 1rs6097793,
rs6097797, rse6097801, 1rs6123749, rs6543934, 1rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, rs7178587, 1rs7180867, rs7232734, 1rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
rs7633210, rs7714122, 1rs7789703, 1rs7803164, 1rs7806265,
rs7916897, rs7955917, 1rs7963693, rs8099595, rs8118441,
rs844602, rs844608, rs844610, rs8446l12, rs844620,
rs860722, rs873216, rs884266, rs894857, rs913882,
rs9315048, rs9332420, rs933863, rs933864, rs9378319,
rs9378684, rs9392358, rs9405541, rs940554¢, rs947603,
rs948029, rs948032, rs949298, rs9508834, rs9944913,
rs9952995, and rs9%98051.

87. A probe for identifying the genotype of a SNP selected from
the group consisting of rsl1007328, 1rsl10083547, 1rsl1l0136012,
rs10214633, rsl10277267, rs1040194, rs1041897, rs10853605,
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rs10931091, 1rs10935015, rs10835016, rsl10935019, 1rsl10950359,
rs10950371, rs10988087, 1rs11008827, 1rs11009835, 1rs11081859,
rs1159%9624, 1rslle6l17134, 1rsll618546, 1rsl1ll1694344, 1rsl11709339,
rs11719825, 1rsl11761457, 1rsl11907046, 1rsl1l2055694, 1rsl1l2256889,
rsl229542, rs1229553, rsl229555, rsl229558, rsl229562,
rsl229563, rsl229564, rsl229568, rsl12340584, rsl234567,
rsl1234947, rsl237625, rs12488259, rsl12494600, rsl12496278,
rsl12524041, rsl2529764, 1rsl12532459, 1rsl12540494, 1rsl12593600,
rsl2633010, rsl2637073, rs12639443, rsl1264423, rs1282540,
rsl1l282546, rsl1296858¢0, rsl1299325, rs13021482, rs13042992,
rs1320648, rs13238613, rs13245980, rsl1415557, rs1538123,
rs1573706, rsl1l591661, rsl1l611185, rsl1683691, rs16999008,
rsl17007730, 1rs17087180, 1rsl17104665, 1rsl17104742, 1rsl7134651,
rsl17575455, rs17588454, rsl7666347, 1rsl17771939, 1rsl1l7807327,
rsl7807445, rs1886308, rsl1892974, rsl1941973, rs2033471,
rs2088713, rs2145260, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, rs2374730, rs2461319, rs2487889,
rs2487896, rs2508806, rs2511064, rs2521643, rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, rs2937395, rs3135391, rs35831078,
rs3742228, rs401618, rs4148871, rsd4255033, rs4281882,
rs4289164, rs4306478, rs434325¢, rs434491¢, rs4369324,
rs4435429, rs4445746, rs4466940, rs4468448, rs4483642,
rs4565951, rs4578835, rsd4634524, rs4799760, rs4809955,
rs4811492, rs496486, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, rs6097782, rs6097790, rs6097793,
rs6097797, rs6097801, rs6123749, rs6543934, rs6558102,
rs656975, rs657302, rs6584894, rse660075, rs6713772, rs6909321,
rs6971202, rs702355, rs7080507, rs7086707, rs7093143,
rs7178587, rs7180867, rs7232734, rs7238006, rs7244801,
rs7317000, rs751370, rs752979, rs7619350, rs7633210,
rs7714122, rs7789703, rs7803164, rs7806265, rs7916897,
rs7955917, rs7963693, rs8099595, rs8118441, rs844602,
rs844608, 1rs844610, rs844612, 1rs844626, 1rs860722, 1rs87321¢,
rs884266, rs894857, rs913882, rs9315048, rs9332420, 1rs933863,
rs933864, rs9378319, rs9378684, rs9392358, rs9405541,
rs9405546, rs947603, rs948029, rs948032, rs949298, rs9508834,
rs9944913, rs9952995, and rs998051.

A kit for identifying a human subject afflicted with

multiple sclerosis or a single clinical attack consistent with
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multiple sclerosis as a predicted responder or as a predicted

non-responder to glatiramer acetate, the kit comprising
a)at least one probe specific for at least one SNP;

b)yat least one pair of PCR primers designed to amplify a DNA

segment which includes at least one SNP;

c)least one pair of PCR primers designed to amplify a DNA
segment which includes at least one SNP and at least one

probe specific for at least one SNP;

d)a reagent for performing a method selected from the group

consisting of restriction fragment length polymorphism
(RFLP) analysis, sequencing, single strand conformation
polymorphism analysis (SSCP), chemical cleavage of mismatch
(CCM), gene chip and denaturing high performance liquid
chromatography (DHPLC) for determining the identity of at
least one SNP; or
e) reagents for TagMan Open Array assay designed for
determining the identity of at least one SNP,
wherein the at least one SNP 1is selected from the group
consisting of rsl1007328, 1rsl10083547, 1rsl0136012, 1rsl0214633,
rsl10277267, rs1040194, rs1041897, rs10853605, rs10931091,
rs10935015, rs10935016, rs10835019, rs10950359, rs10950371,
rs10988087, 1rs11009827, 1rs11008835, 1rs11081859, 1rsl11599624,
rsl11617134, 1rslle6l8546, 1rsl11694344, rsl11709339, 1rsl11719825,
rsl1l1761457, rs11907046, rs12055694, rsl12256889, rsl1229542,
rsl1229553, rsl1229555, rs1229558, rsl1229562, rsl1229563,
rsl1229564, rs1229568, rs12340584, rsl234567, rsl1234947,
rsl1237625, rs12488259, rs12494606, rs12496278, rsl12524041,
rslz2529764, 1rsl2532459, 1rsl12540494, rsl12593600, 1rsl2633010,
rsl12637073, rsl12639443, rsl264423, rsl282540, rsl1l282546,
rsl12968580, rsl299325, rs13021482, rsl13042992, rs1320648,
rsl13238613, rs13245980, rsl1415557, rs1538123, rs1573706,
rs1591661, rsl1l611185, rsl1683691, rs16999008, rs17007730,
rsl7087180, 1rsl7104665, 1rsl17104742, 1rsl17134651, 1rsl7575455,
rsl17588454, rsl7666347, 1rsl1l7771939, rsl17807327, 1rsl1l7807445,
rs1886308, rs1892974, rs1941973, rs2033471, rs2088713,
rs2145260, rs2155262, rs2177073, rs2187495, rs2277431,
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rs2305623, rs2374730, rs2461319, rs2487889, rs2487896,
rs2508806, rs2511064, rs2521643, rs2521644, rs2530121,
rs2530123, rs2685484, rs2722396, rs2722398, rs28861531,
rs2895215, rs2937395, rs3135391, rs35831078, rs3742228,
rs401618, rs4148871, rs4255033, rsd4281882, rs4289164,
rs4306478, rs434325¢, rs434491¢, rs4369324, rs4435429,
rs4445746, rs4466940, rs4468448, rs4483642, rs4565951,
rs4578835, rsd4634524, rs4799760, rs4809955, rs4811492,
rs496480, rs552994, rs6015147, rs6025923, rs6025927,
rs6091820, rs6097782, rs6097790, rs6097793, rs6097797,
rs6097801, rs6123749, rs6543934, rs6558102, rs656975,
rs657302, rs6584894, rs660075, rs6713772, rs6909321,
rs6971202, rs702355, rs7080507, rs7086707, rs7093143,
rs7178587, rs7180867, rs7232734, rs7238006, rs7244801,
rs7317000, rs751370, rs752979, rs7619350, rs7633210,
rs7714122, rs7789703, rs7803164, rs7806265, rs7916897,
rs7955917, rs7963693, rs8099595, rs8118441, rs844602,
rs844608, 1rs844610, rs844612, 1rs844626, 1rs860722, 1rs87321¢,
rs884266, rs894857, rs913882, rs9315048, rs9332420, 1rs933863,
rs933864, rs9378319, rs9378684, rs9392358, rs9405541,
rs9405546, rs947603, rs948029, rs948032, rs949298, rs9508834,
rs9944913, rs9952995, and rs998051.
89. The kit of claim 88, wherein the at least one single
nucleotide polymorphism (SNP)
a)is selected from the group <consisting of rs947603,
rs1007328, rsl1573706, rs2177073, rs2487896, rs2511064,
rs25216414, rs3135391, rs4148871, rs4343256, rs4344916,
rs4369324, rsd4445746, rs6097801, rs9508834, rs9944913,
rs10853605, rs10931091, rs10950359, rs10988087, rsl1l159%624,
rsl1617134, rsl2256889, rsl2639443, rsl3042992, rsl1l3238613,
rs17087180, rsl1l7575455, rsl17771939 and rsl17807327;
b)is selected from the group consisting of 1rs9508834,
rs17807327, rs4344916, rsl2639443, rs17087180 and
rsl17771939; or
c)is selected from the group <consisting of 1rs434491¢6,
rs12639443, rsl17087180 and rsl1l7771939,
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preferably wherein the kit further comprises instructions for
use of the kit for identifying a human subject afflicted with
multiple sclerosis or a single clinical attack consistent with
multiple sclerosis as a predicted responder or as a predicted

non-responder to glatiramer acetate.

90. The kit of claim 88, wherein the at least one SNP is
a)rs9508834, rsl17807327, rs4344916, rsl2639443, rsl1l7087180 and
rsl17771939;

b)rs4344916, rsl2639443, rsl17087180 and rsl1l7771939;

c)rs2521644, 1rsl2256889, rs214526, 1rsl7771939, 1rs496486, and
rs949298;

d) rs2521644, rsl2256889, rs214526, 1rsl7771939, rs496486, and
rs2511064;

e)rsl2256889, rsl17771939, rs2511064, and rs2521644;

f)rs11599624, rsl2639443, 1rsl13042992, rsl1l3238613, rsl1l7087180,
rsl7771939, rsl7807327, rs2487896, rs3135391, rs4148871,
rs4343256, rs4344916, and rs9508834;

g)rsl2256889, 1rsl2639443, 1rsl3238613, 1rsl573706, 1rsl1l7087180,
rsl7771939, rsl7807327, rs2487896, rs4343256, rs4344916,
rs4369324, rs4445746, and rs9944913;

h) rs10988087, 1rsl12639443, 1rsl13042992, 1rsl1l3238613, 1rsl573700,
rsl17087180, 1rsl1l7771939, 1rsl1l7807327, 1rs4148871, 1rs4344916¢,
rs6097801, and rs9508834;

1)rs10988087, 1rsl1l2256889, 1rsl2639443, rs17087180, rsl1l7771939,
rs2177073, rs2521644, rs43449106, rs4369324, rs6097801,
rs9508834, and rs994;

j)rs10988087, 1rsllel7134, 1rsl2639443, rsl13042992, rsl17087180,
rsl1l7771939, rsl17807327, rs2487896, rs4148871, rs4344916,
rsd4445746, rs6097801, and rs9508834;

k)rs10988087, 1rsllol7134, rsl2639443, rs13042992, rs17087180,
rsl1l7771939, rsl17807327, rs2487896, rs25216414, rs4148871,
rs4344916, rs4445746, and rs6097801;
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1)rs10988087, 1rsl1l2256889, 1rsl2639443, rs17087180, rsl1l7771939,
rsl7807327, rs2487896, rs4148871, rsd4344916, rs6097801, and
rs9508834;

m) rs1007328, 1rsl1ll1l617134, rsl1l2639443, 1rsl1l3238613, 1rsl1l573706,
rsl17087180, 1rsl1l7771939, 1rsl1l7807327, 1rs4343256, rs434491c¢,
rs9508834, and rs9944913;

n)rsl2639%9443, rsl17087180, 1rsl17771939, 1rsl1l7807327, 1rs24878%¢,
rs4148871, rs4343256, rs43449106, rs4369324, rsd444574¢6,
rs6097801, rs9508834, and rs9944913;

o)rsllel7134, rsl2639443, rsl17087180, rsl17771939, rsl17807327,
rs2487896, rs3135391, rs4148871, rs4344916, rs4369324,
rs6097801, rs9508834, and rs9944913;

p)rsl0988087, rsl2639443, 1rsl1l3238613, rsl1l7087180, rsl7771939,
rs2487896, rs4148871, rsd4343256, rs4344916, and rs9508834;

q)rsl11617134, rsl2256889, 1rsl2639443, 1rsl13042992, rsl17087180,
rsl1l7771939, rsl17807327, rs2177073, rs2487896, rs4343256,
rs4344916, rs6097801, and rs9508834;

r)rsl0950359, rsllel7134, rsl2639443, rsl17087180, rsl7771939,
rs2487896, rs2511064, rs3135391, rs4148871, rs4343256,
rs4344916, rs9508834, and rs9944913;

s)rsl2256889, 1rsl1l2639443, rs13042992, rs17087180, 1rsl1l7771939,
rsl7807327, rs2487896, rs2521644, rs4344916, and rs6097801;

t)rsl10950359, rs10988087, 1rsl1159%9624, 1rsl1l2256889, rsl2639443,
rs13042992, 1rs17087180, 1rsl1l7771939, 1rsl7807327, 1rs2521644,
rs3135391, rs4344916, and rs9508834;

u) rs1007328, 1rs10950359, 1rsl1l2256889, 1rsl2639443, 1rsl1304299%2,
rsl1573706, 1rs17087180, rsl17771939, rsl1l7807327, 1rs4343250,
rs4344916, rs947603, and rs9508834; or

v)rsll599624, 1rsl2256889, 1rsl12639443, rsl1573706, 1rsl7087180,
rsl1l7771939, rsl17807327, rs2177073, rs2487896, rs4344916,
rs6097801, rs9508834, and rs9944913,

preferably wherein the kit further comprises instructions for

use of the kit for identifying a human subject afflicted with
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multiple sclerosis or a single clinical attack consistent with
multiple sclerosis as a predicted responder or as a predicted

non-responder to glatiramer acetate.

91. Glatiramer acetate or a pharmaceutical composition

comprising glatiramer acetate for use in treating a human
subject afflicted with multiple sclerosis or a single clinical
attack consistent with multiple sclerosis which human subject
is identified as a predicted responder to glatiramer acetate
by:

a)determining a genotype of the subject at one or more single

nucleotide polymorphisms (SNPs) selected from the group
consisting of: rs1007328, rs10083547, rs10136012,
rs10214633, 1rsl0277267, 1rs1040194, rsl1041897, 1rsl0853605,
rs10931091, rs10935015, rs10935016, rs10935019, 1rsl10950359,
rsl10950371, rs10988087, rs11009827, rs11009835, 1rs11081859,
rsl11599624, 1rslleol7134, rsl1ll1l618546, 1rsl11694344, 1rsl11709339,
rsl11719825, 1rsll1761457, rsl11907046, 1rsl12055694, 1rsl1l2256889,
rsl1229542, rsl229553, rsl229555, rsl229558, rsl229562,
rsl229563, rsl229564, rsl229568, rsl12340584, rsl234567,
rsl1234947, rsl237625, 1rsl12488259, 1rsl2494606, 1rsl24%6278,
rsl2524041, 1rsl2529764, 1rsl1l2532459, rsl2540494, 1rsl1l2593600,
rsl2633010, 1rsl2637073, 1rsl2639443, 1rsl264423, 1rsl282540,
rsl282546, rsl1l2968586, 1rsl1299325, 1rs13021482, 1rsl13042992,
rs1320648, rs13238613, rs13245980, rs1415557, rs1538123,
rsl1573706, rsl1l591661, rsl1l611185, rsl1683691, rs16999008,
rsl17007730, rsl17087180, 1rsl1l7104665, rsl7104742, 1rsl7134651,
rsl7575455, 1rsl17588454, rsl7666347, rsl7771939, 1rsl7807327,
rsl17807445, rs1886308, rsl1892974, rsl1941973, rs2033471,
rs2088713, rs21452¢0, rs2155262, rs2177073, rs2187495,
rs2277431, rs2305623, rs2374730, rs2461319, rs2487889,
rs248789¢, rs250880¢0, rs2511064, rs2521643, rs2521644,
rs2530121, rs2530123, rs2685484, rs2722396, rs2722398,
rs28861531, rs2895215, rs2937395, rs3135391, rs35831078,
rs3742228, rs401618, rs4148871, rs4255033, rs4281882,
rs4289164, rs4306478, rs434325¢6, rs434491¢, rs4369324,
rs4435429, rs444574¢, rs4466940, rs4468448, rs4483642,
rs4565951, rs4578835, rsd4634524, rs4799760, rs4809955,
rs4811492, rs496486, rs552994, rs6015147, rs6025923,
rs6025927, rs6091820, rs6097782, rs6097790, rs6097793,
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rs6097797, rs6097801, rs6123749, rs6543934, rs6558102,
rs656975, rs657302, rs6584894, rs660075, rs6713772,
rs6909321, rs6971202, rs702355, rs7080507, rs7086707,
rs7093143, rs7178587, rs7180867, rs7232734, rs7238006,
rs7244801, rs7317000, rs751370, rs752979, rs7619350,
rs7633210, rs7714122, rs7789703, rs7803164, rs7806265,
rs7916897, rs7955917, rs7963693, rs8099595, rs8118441,
rs844602, rs844608, 1rsB844610, 1rs844612, rs844626, rs860722,
rs873210, rs884260, rs894857, rs913882, rs9315048,
rs9332420, rs933863, rs933864, rs9378319, rs9378684,
rs9392358, rs9405541, rs9405546, rs947603, rs948029,
rs948032, 1rs949298, 1rs9508834, 1rs%944913, 1rs9952995, and
rs998051, and

b)identifying the subject as a predicted responder to

glatiramer acetate if the genotype is

AR at  rsl10214633, rsl0277267, rs10935015, rs10935019,
rs10988087, 1rsl11081859, rsl1169%4344, rsl1l2256889, 1rsl12340584,
rs12494606, 1rsl1415557, 1rsl17007730, 1rsl1l7087180, 1rsl17104665,
rsl17104742, rs17588454, rsl17807327, 1rsl1l8%2974, 1rs2088713,
rs214526, rs2374730, rs4255033, rs4306478, rs434325¢,
rs43449106, rsd4435429, rs4578835, rs4809955, rs49648o0,
rs6015147, rs6097790, rs6584894, rs6713772, rs6909321,
rs702355, rs7086707, rs7180867, rs7317000, rs844608,
rs844610, rs933863, rs9392358, rs%48029, or rs9508834,

AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rsl11599624, rs13245980,
rsl415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs844626,

AC at rsl2256889, rsl1l229542, rs214526, rse087793, rs7086707,
rs7180867, rs844608, or rs844610,

TT at rsl1007328, rs10931091, rsl1617134, rs11709339,
rs11719825, rsl1761457, rs1229553, rsl234567, rsl1234947,
rsl12532459, 1rs12593600, 1rsl264423, rsl1l3042992, 1rs1320648,
rs1538123, rsl1591661, rsl17134651, rsl7666347, 1rsl7771939,
rs2461319, rs2508806, rs2722396, rs2722398, rs2895215,
rs401618, rs4369324, rs4483642, rs4565951, rs4811492,
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rs552994, rs6025923, rs6025927,
rs7232734, rs751370, rs7633210,
rs7806265, 1rs7916897, rs8118441,
rs9952995,

GT at rsl2532459, rs2722398, rs43693
CT at rs10950371, rsl11761457,
rs13021482, rsl13238613, rs1538123,
rsl17807445, rs1941973, rs2461319,
rsd4634524, rsd4799760, rs6097797,
rs7789703, rs7803164, rs844612, or r
GG at rs10083547, rs10136012,
rsl12055694, rsl1229558, 1rsl237625,
rsl2633010, 1rsl2637073, 1rsl282540,
rsl299325, 1rsl13245980, 1rsl6999008,
rs2033471, rs2155262, rs2487889,
rs2521643, rs2530121, rs2530123,
rs4148871, rs4289164, rsd4445746,
rs6558102, rs656975, rs6971202,
rs752979, rs7619350, rs7955917,
rs894857, rs9315048, rs9332420,
rs949298, or rs998051,
CG at rsllecl8546 or rs860722, or
CcC at rs1041897, rs10853605,
rs11009827, 1rs11009835, 1rsll6l854¢,
rsl1229555, rsl229562, rsl229563,
rs12488259, 1rsl2639443, 1rs13021482,
rsl1683691, rsl17575455, rsl17807445,
rs2277431, rs2521644, rs2685484,
rs4466940, rs4468448, rs4634524,
rs6097782, rs6097793, rs6123749,
rs7789703, rs7963693, rs8099595,
rs884260, rs913882, rs9378684,
rs947603, or rs9944913.

92. Glatiramer acetate or a pha

PCT/US2012/059352
rs6097797, rs657302,
rs7714122, rs7803164,
rs844612, 1rs9378319, or
24, or rs7093143,
rsl229562, rsl2529764,
rsl591661, 1rsl611185,
rs2685484, rs2895215,
rs7080507, rs7238006,
s947603,
rs10950359, rs11599624,
rs12496278, 1rsl1l2540494,
rslz282546, 1rsl2968586,
rs17104665, 1rsl17104742,
rs248789¢, rs2511064,
rs28861531, rs3135391,
rs6097801, rs6543934,
rs7093143, rs7244801,
rs844626, rs873216,
rs933864, rs948032,
rs10935016, rs10950371,
rs11907046, 1rsl229542,
rsl1229564, rsl229568,
rsl13238613, 1rsl57370¢,
rs2177073, rs2187495,
rs2937395, rs4281882,
rs4799760, rs6091820,
rs660075, rs7080507,
rs844602, rs860722,
rs9405541, rs9405546,
rmaceutical composition

comprising glatiramer acetate for use according to claim 91,

prepared for

administration

to the

human subject as three



WO 2013/055683 PCT/US2012/059352
175

subcutaneous injections over a period of seven days with at

least one day between every subcutaneous injection;

prepared as a unit dose of a 1 ml agqueous solution comprising

40 mg of glatiramer acetate;

prepared as a unit dose of a 1 ml agqueous solution comprising

20 mg of glatiramer acetate;

prepared as a unit dose of a 0.5 ml agqueous solution

comprising 20 mg of glatiramer acetate;

prepared for use as monotherapy; or

prepared for wuse in combination with at least one other

multiple sclerosis drug.

93. A method of determining the genotype of a human subject
comprising identifying whether the genotype of a human subject

is

AR at rs10214633, rsl0277267, rsl10935015, rs10935019,
rs10988087, 1rs11081859, 1rsl11694344, rsl1l2256889, 1rsl12340584,
rs12494606, rsl1415557, rsl7007730, rsl7087180, 1rsl7104665,
rs17104742, rs17588454, rsl17807327, rsl1892974, rs2088713,
rs214526, rs2374730, rs4255033, rs4306478, rs434325¢,
rs4344916, rs4435429, rs4578835, rs4809955, rs49648o0,
rs6015147, rs6097790, rs6584894, rs6713772, rs6909321,
rs702355, rs7086707, rs7180867, rs7317000, rs844608, rs844610,
rs933863, rs9392358, rs9%48029, or rs9508834,

AT at rsl12524041 or rs7806265,

AG at rsl10277267, rs10950359, rs11599624, rs13245980,
rsl1415557, rs2521643, rs4255033, rs6584894, rs6909321,
rs702355, or rs844626,

AC at rsl2256889, 1rsl1229542, rs214526, 1rs6097793, rs7086707,
rs7180867, rs844608, or rs844610,

TT at rs1007328, rs10931091, rsl11617134, rs11709339,
rs11719825, rsl1761457, rsl1229553, rsl234567, rsl1234947,
rsl12532459, rs12593600, rsl264423, rs13042992, rs1320648,
rs1538123, rs1591661, rs17134651, rsl17666347, rsl17771939,
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rs2461319, rs250880¢, rs272239¢, rs2722398, rs2895215,
rs401618, rs4369324, rs4483642, rs4565951, rs4811492,
rs552994, rs6025923, rs6025927, rs6097797, rs657302,
rs7232734, rs751370, rs7633210, rs7714122, rs7803164,
rs7806265, rs7916897, rs8118441, rs844612, rs9378319, or
rs9952995,
GT at rsl1l2532459, rs2722398, rs4369324, or rs7093143,
CT at rs10950371, rsl11761457, rsl1229562, rsl12529764,
rs13021482, rs13238613, rsl1538123, rsl1591661, rsl611185,
rs17807445, rs1941973, rs2461319, rs2685484, rs2895215,
rs4634524, rs4799760, rs6097797, rs7080507, rs7238006,
rs7789703, rs7803164, rs844612, or rs9%47603,
GG at rs10083547, rs10136012, rs10950359, rs11599624,
rsl2055694, rsl229558, rsl1237625, rs12496278, rs12540494,
rs12633010, rsl2637073, rsl282540, rslz28254¢, rsl1296858¢,
rsl299325, 1rsl3245980, 1rsl6999008, 1rsl7104665, 1rsl7104742,
rs2033471, rs2155262, rs2487889, rs248789¢, rs2511064,
rs2521643, rs2530121, rs2530123, rs28861531, rs3135391,
rs4148871, rs4289164, rsd444574¢6, rs6097801, rs6543934,
rs6558102, rs656975, rs6971202, rs7093143, rs7244801,
rs752979, rs7619350, rs7955917, rs844626, rs873216, 1rs894857,
rs9315048, rs9332420, rs933864, rs948032, rs949298, or
rs998051,
CG at rsl1ll1618546 or rs860722,
ccC at rs1041897, rs10853605, rs1093501¢0, rs10950371,
rs11009827, rsll1009835, 1rsll618546, 1rsll907046, 1rslz229542,
rsl1229555, rsl1229562, rsl1229563, rsl1229564, rsl1229568,
rsl2488259, rsl2639443, 1rsl3021482, 1rsl3238613, 1rsl57370¢,
rsl683691, rsl7575455, rs17807445, rs2177073, rs2187495,
rs2277431, rs25216414, rs2685484, rs2937395, rs4281882,
rs4466940, rs4468448, rsd4634524, rs4799760, rs6091820,
rs6097782, rs6097793, rs6123749, rs660075, rs7080507,
rs7789703, rs7963693, rs8099595, rs844602, rs860722, rs884266,
rs913882, rs9378684, rs9405541, rs9405546, rs947603, or

rs9944913,
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AA at rs1040194, rs1093501¢0, rs10950359, rs11009827,
rs11599624, rs12055694, rsl229542, rsl1229558, rsl1237625,
rs12488259, rs12540494, rsl12637073, rsl282540, rsl1l282546,
rs12968586, rs13245980, rs16999008, rsl17575455, rs2177073,
rs2511064, rs2521643, rs4281882, rs4289164, rs4445746,
rs4811492, rs6097793, rs6097801, rs6558102, rs7244801,
rs7619350, rs7806265, rs7955917, rs844626, rs873216, rs894857,
rs9332420, or rs9%48032,

AG at rs1040194, rs10935015, rs10935019, rs10988087,
rs11081859, rs12055694, rs1229558, rs12340584, rsl1237625,
rs124946060, rs12540494, rsl12637073, rsl282540, rsl1l282546,
rsl12968586, 1rs16999008, 1rsl17007730, 1rsl17087180, 1rsl1l7104665,
rs17104742, rs17588454, rs2374730, rs2487889, rs2487896,
rs2511064, rs3135391, rs3742228, rs4148871, rs4343256,
rs444574¢, rs4809955, rs6097801, rs6713772, rs7244801,
rs7619350, rs7955917, rs894857, rs933863, rs9392358, or
rs9508834,

AC at rsl10214633, rs1093501¢0, rs11009827, rsl12488259,
rs2088713, rs2177073, rs4306478, rs496480, rs6097790, or
rs7317000,

TT at rs10136012, rs1041897, rs10853605, rs10950371,
rs11009835, rs11907046, rsl1229555, rsl229562, rsl1229563,
rsl1229564, rsl1229568, rsl2639443, rsl3238613, rsl57370¢,
rsl1683691, rs1892974, rs2187495, rs2277431, rs2521644,
rs2530121, rs2530123, rs2685484, rs2937395, rs35831078,
rs4466940, rs4468448, rsd4634524, rs6091820, rs6097782,
rs6543934, rs660075, rs7789703, rs8099595, rs884266, rs913882,
rs9378684, rs9405541, rs9405546, rs947603, rs948029, or
rs9944913,

GT at rsl11719825, rsl13042992, rs1886308, rs2305623, or
rs998051,

CT at rs1041897, rs10931091, rs11009835, rsll1617134,
rs11709339, rsl1229553, rsl1229555, rsl1229563, rsl1229564,
rsl1229568, rs1234567, rsl234947, rsl12593600, rsl2639443,
rs1320648, rsl1573706, rsl1683691, rsl17134651, rsl7666347,
rs2187495, rs2277431, rs2508806, rs2937395, rs35831078,
rs4466940, rs4468448, rs4483642, rs4565951, rs552994,
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rs6091820, rs6097782, rs657302, rs660075, rs7232734,
rs7714122, rs8099595, rs9378319, rs9378684, rs9405541,
rs9405546, rs9944913, or rs9952995,

GG at rsl10277267, rs10935015, rs10935019, rs10988087,
rs11081859, 1rs11618546, 1rsl11719825, 1rsl12340584, 1rsl2494606,
rsl2532459, rsl130429%2, 1rsl1l7007730, rsl1l7087180, 1rsl7588454,
rs1886308, rs2305623, rs2722398, rs3742228, rs4255033,
rs4343256, rs4369324, rs4435429, rs4578835, rs4809955,
rs6123749, rs6584894, rs6713772, rs7916897, rs7963693,
rs9392358, or rs9508834,

CG at rs10083547, rs12496278, rs1299325, rs2155262,
rs28861531, rs656975, rs7963693, or rs933864, or

CC at rs1007328, rs10083547, rs10214633, rs10931091,
rsl11617134, 1rsl1ll1l694344, 1rs11709339, 1rsl1ll1l761457, 1rsl2256889,
rsl1229553, rsl234567, rsl1234947, rsl12496278, rsl12593600,
rs1299325, rs1320648, rs1538123, rs1591661, rsl1611185,
rsl17134651, rsl7666347, rsl1l7771939, rs17807327, rs1941973,
rs214526, rs2461319, rs2508806, rs2722398, rs28861531,

rs2895215, rs4306478, rs43449106, rs496480, rs552994,
rs6015147, rs6025923, rs6025927, rs6097790, rs6097797,
rs656975, rs657302, rs7178587, rs7232734, rs7238006,

rs7317000, rs751370, rs7714122, rs7803164, rs844608, rs844610,
rs844612, rs9378319, or rs9952995.

Glatiramer acetate or a pharmaceutical composition
comprising glatiramer acetate for use according to any one of
claims 91-92 or the method of claim 93, wherein determining
the genotype of the subject comprises determining the genotype
of the subject at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14 or more of said SNPs; preferably determining the genotype
of the subject at 4, 6, 10, 11, 12 or 13 of said SNPs; or

wherein the genotype 1is determined at one or more single

nucleotide polymorphisms (SNPs)

a)is selected from the group consisting of rs947603,
rsl1007328, rsl1573706, rs2177073, rs2487896, rs2511064,
rs2521644, rs3135391, rs4148871, rs4343256, rs4344916,
rs4369324, rsd4445746, rs6097801, rs9508834, rs9944913,
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rsl10853605, rs10931091, rs10950359, rs10988087, 1rsl1ll1l599624,
rs11617134, rsl1l2256889, rsl1l2639443, rs13042992, rsl3238613,
rsl17087180, rsl1l7575455, rsl17771939 and rsl17807327;

b)is selected from the group <consisting of rs9508834,
rs17807327, rs4344916, rsl12639443, rs17087180 and
rsl7771939; or

c)is selected from the group <consisting of rs434491¢,
rs12639443, rsl17087180 and rsl17771939.

95. Glatiramer acetate or a pharmaceutical composition
comprising glatiramer acetate for use according to any one of
claims 91-94 or the method of claim 93 or claim 94, wherein

the genotype is determined at SNPs

a)rsd344916, rsl2639443, rsl1l7087180 and rsl1l7771939;

b)rs4344916, rsl2639443, rsl17087180, rsl1l7771939 and rs9508834;

c)rs434491e0, rsl12639443, rs17087180, rsl17771939 and
rsl17807327;

d)rsd4344916, rsl2639443, rsl17087180, rsl1l7771939, rs9508834 and
rsl17807327;

e)rs2521644, rsl2256889, rs214526, 1rsl7771939, rs496486, and
rs949298;

f)rs2521644, 1rsl1l2256889, rs214526, rsl7771939, 1rs496486, and
rs2511064;

g)rsl2256889, rsl7771939, rs2511064, and rs2521644;

h)rsl11599624, rsl2639443, rs13042992, rsl13238613, rsl17087180,
rsl1l7771939, rs17807327, rs2487896, rs3135391, rs4148871,
rs4343256, rs4344916, and rs9508834;

1)rs12256889, 1rsl1l2639443, 1rsl13238613, 1rsl573706, 1rsl17087180,
rsl7771939, rsl7807327, rs2487896, rs4343256, rs4344916,
rs4369324, rs4445746, and rs9944913;
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j)rs10988087,
rs17087180,
rs6097801,

k) rs10988087,
rs2177073,
rs9508834,

1) rs10988087,
rsl1l7771939,
rs444574¢0,

m) rs10988087,
rsl1l7771939,
rs43449106,

n)rsl0988087,
rsl17807327,
rs9508834;

0)rsl007328,
rs17087180,
rs9508834,

p)rsl2639443,
rs4148871,
rs6097801,

q)rsllel7134,
rs2487896,
rs6097801,

r)rs10988087,
rs2487896,

s)rsllel7134,
rsl1l7771939,
rs43449106,

t)rsl10950359,
rs2487896,
rs43449106,
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rsl12639443, 1rs13042992, 1rsl13238613, 1rsl57370¢0,

rsl17771939, rsl1l7807327, rs4148871, 1rs434491c0,
and rs9508834;

rsl2256889, rsl12639443, rsl17087180, rsl1l7771%839,

rs2521644, rs43449106, rs4369324, rs6097801,
and rs9944913;

rsl1l1617134, rsl2639443, 1rsl130429%92, rs17087180,

rsl17807327, rs2487896, rs4148871, rs4344916,
rs6097801, and rs9508834;

rsl1l1617134, rsl2639443, 1rsl130429%92, rs17087180,

rsl1l7807327, rs2487896, rs2521644, rs4148871,
rs4445746, and rs6097801;

rsl2256889, rsl12639443, rsl17087180, rsl1l7771%839,
rs2487896, rs4148871, rs4344916c, rse60987801, and
rsll617134, rsl1l2639443, rsl1l3238613, 1rsl1l57370¢,

rsl17771939, rsl1l7807327, 1rs4343256, 1rs434491co,
and rs9944913;

rsl17087180, 1rsl1l7771939, 1rsl17807327, 1rs24878%¢,

rs4343256, rs4344916, rs4369324, rs444574¢,
rs9508834, and rs9944913;

rsl12639443, rs17087180, rsl1l7771939, rsl17807327,

rs3135391, rs4148871, rs4344916, rs4369324,
rs9508834, and rs9944913;

rsl263%9443, rs13238613, rsl1l7087180, rsl1l77719839,
rs4148871, rs4343256, rs4344916, and rs9508834;
rsl2256889, rsl1l2639443, rs13042992, 1rs17087180,

rsl17807327, rs2177073, rs2487896, rs4343256,
rs6097801, and rs9508834;

rs11617134, 1rsl1l2639443, rs17087180, rsl1l7771939,

rs2511064, rs3135391, rs4148871, rs4343256,
rs9508834, and rs9944913;
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u) rsl2256889, rsl2639443, rsl13042992, 1rsl1l7087180, rsl7771939,
rsl7807327, rs2487896, rs2521644, rs4344916, and rs6097801;

v)rsl1l0950359, rs10988087, 1rsl11599624, rsl12256889, 1rsl12639443,
rs13042992, rsl17087180, 1rsl17771939, 1rsl1l7807327, rs2521644,
rs3135391, rs4344916, and rs9508834;

w)rsl1l007328, 1rsl10950359, 1rsl12256889, 1rsl1l2639443, 1rs13042992,
rsl1573706, 1rs17087180, rsl17771939, rsl1l7807327, 1rs4343250,
rs4344916, rs947603, and rs9508834; or

Xx)rsll1599624, rsl1l2256889, 1rsl2639443, 1rsl1l573706, 1rs17087180,
rsl1l7771939, rsl17807327, rs2177073, rs2487896, rs4344916,
rs6097801, rs9508834, and rs9944913.

Glatiramer acetate or a pharmaceutical composition
comprising glatiramer acetate for use according to any one of
claims 91-95 or the method of any one of claims 93-95, wherein
a score is assigned to each genotype of each SNP, for the
purpose of determining if the human subject is a predicted
responder to glatiramer acetate, wherein the scores are
approximately as shown in tables 7a-f, 9%a-f, 18a-s and 19a-h;

or

wherein a relative weight is assigned to each SNP, for the
purpose of determining if the human subject is a predicted
responder to glatiramer acetate, wherein the relative weight

is approximately as shown in one of tables 10-11 or 20-36,

wherein the table selected corresponds to the SNPs at which a

genotype was determined.

Glatiramer acetate for use according to any one of claims 4-
10 or the method of any one of c¢laims 7-10, wherein the
genotype is determined from a nucleic acid-containing sample

that has been obtained from the subject;

wherein determining the genotype comprises using a method
selected from the group consisting of restriction fragment
length polymorphism (RFLP) analysis, sequencing, single strand
conformation polymorphism analysis (SSCP), chemical cleavage
of mismatch (ccM) , denaturing high performance liquid

chromatography (DHPLC), Polymerase Chain Reaction (PCR) and an
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array, or a combination thereof; preferably wherein the array
is selected from the group consisting of a gene array, a gene
chip, a DNA array, a DNA microarray, a TagMan Open Array and a
bead array; more preferably wherein the array is a TagMan Open
Array; most preferably wherein the array comprises a plurality
of probes suitable for determining the identity of the one or

more SNPs;

wherein the genotype is determined using at least one pair of

PCR primers and at least one probe;

wherein determining the genotype of the subject at said one or

more SNPs comprises:

a)obtaining DNA from a sample that has been obtained from the

subject;
b)optionally amplifying the DNA; and

c) subjecting the DNA or the amplified DNA to a method selected
from the group consisting of restriction fragment length
polymorphism (RFLP) analysis, sequencing, single strand
conformation polymorphism analysis (SSCP), chemical cleavage
of mismatch (ceM) , denaturing high performance liquid
chromatography (DHPLC), and an array, or a combination
thereof, for determining the identity the one or more SNPs;

or

wherein the genotype of the subject at said one or more SNPs
is obtained indirectly by determining the genotype of the
subject at a SNP that is in linkage disequilibrium with said

one or more SNPs.

98. Glatiramer acetate or a pharmaceutical composition
comprising glatiramer acetate for use according to any one of
claims 91-97 or the method of any one of claims 93-97, wherein
the human subject is a naive patient; wherein the human
subject has been previously administered glatiramer acetate;
or wherein the human subject has been previously administered

a multiple sclerosis drug other than glatiramer acetate.
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Citation of document, with indication, where appropriate, of the relevant passages

GRCh37.p5 Primary Assembly (29 July 2011)
<ur:http:/Amww .ncbi.nim.nih.gov/nuccore/224514936?sat=16&satkey=3691065>

Category* Relevant to claim No.
Y NCBI Submitted SNP(ss) Details: ss23440768. RefSNP No. rs17087180. 20 August 2004 93
- (20.08.2004) [Retrieved from the internet on 7 March 2013 (07.03.2013)] | e
A <urt:http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ss.cgi?ss=s523440768> 1-6, 91-92, 94
A US 2011/0230413 A1 (DHIB-JALBUT) 22 September 2011 (22.09.2011) 1-6, 91-94
A US 2005/0064483 A1 (ZANG et al.) 24 March 2005 (24.03.2005) 1-6, 91-94
A US 2006/0229233 A1 (FRENKEL et al.) 12 October 2006 (12.10.20086) 1-6, 91-94
A US 2007/0161566 A1 (PINCHASI) 12 July 2007 (12.07.2007) 1-6, 91-94
A NCBI Reference SNP(refSNP) Cluster Report: rs1007328. 1-6, 91-94
<ur:http://www.ncbi.nim.nih.gov/projects/SNP/snp_ref.cgi?rs=1007328>Note: Document
entitted "GRCh.p2 Genome Reference Consortium Human Build 37 patch release 2" uploaded
in support of priority date of rs1007328.
<http://www.ncbi.nim.nih.gov/assembly/GCA_000001405.3/>.
A NCBI Reference sequence NT-010274.17 - Homo sapiens chromosome 15 genomic contig, 1-6, 91-94
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. E Claims Nos.: 7-54, 60-85, and 96-98
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group I+ claims 1-6 and 91-94 directed to a method and composition for treating a human subject afflicted with multiple sclerosis or a
single clinical attack consistent with multiple sclerosis with a pharmaceutical composition comprising glatiramer acetate and a
pharmaceutically acceptable carrier comprising the steps of determining a genotype of the subject at one or more single nucleotide
polymorphisms (SNPs), identifying the subject as a predicted responder to glatiramer acetate, and administering the pharmaceutical
composition comprising glatiramer acetate and a pharmaceutically acceptable carrier to the subject only if the subject is identified as a
predicted responder to glatiramer acetate. The first invention is restricted to the determination of a genotype as rs1007328, and
identifying the subject as a responder to glatiramer acetate if the genotype is AA at rs10214633. Applicant may elect additional
combination(s) of SNPs to determine a genotype of the subject and to identify the subject as a responder to glatiramer acetate by
paying a fee for each combination. For example, applicant may elect the determination of a genotype as rs4281882, and identification
of the subject as a responder to glatiramer acetate as CG at rs11618546. (Applicant may also request that the first Group mentioned
above as the determination of a genotype as rs1007328, and identifying the subject as a responder to glatiramer acetate if the genotype
is AA at rs10214633 be replaced by a combination of the applicant's choice, in lieu of the first combination stated, without an extra fee.)
(Continued in Supplemental Box)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
(1) claims 1-6, 91-94, limited to Individual SNP/genotype (rs17771939/TT)
(2) claims 1-6, 91-94, limited to Combination of 2 SNPs/genotypes (rs9508834/AA and rs17807327/AA)
(3) claims 1-6, 91-94, limited to Combination of 4 SNPs/genotypes (rs4344916/AA, rs12639443/CC, rs17087180/AA, and

rs17771939/TT)

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicabie, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

X No protest accompanied the payment of additional search fees.
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Continuation of Box Il - observations where unity of invention is lacking:

Group Ii+ claims 55-59, 88-90 directed to a kit for identifying a human subject afflicted with multipte sclerosis or a single clinical attack
consistent with multiple sclerosis as a predicted responder or as a predicted non-responder to glatiramer acetate. Applicant may elect
SNP(s) to be searched by paying an additional fee for each SNP. For example, applicant may elect the SNP to be rs1093109.

Groups lll+ claims 86 and 87 directed to a probe for identifying the genotype of a SNP. Applicant may elect SNP(s) to be searched by
paying an additional fee for each SNP. For example, applicant may elect the SNP to be rs12494606.

The inventions listed as Groups I+-lli+ do not relate to a single inventive concept under Rule 13.1 because under PCT Rule 13.2, they
lack the same or corresponding special technical features for the following reasons:

The special technical features of the Groups are delineated as above. Groups I+-lll+ share the special technical feature of an SNP.
Further, Groups I+ and lll+ share the special technical feature of probe specific for an SNP. However, none of these features represent
an improvement over the prior art. Further, and as to Group |, US 2010/0285600 A1 to LANCET et al. (hereinafter Lancet) teaches a
method for identifying a likely responder or non-responder to treatment with glatiramer acetate (GA) (para [0010)), wherein the subject is
a human subject afflicted with multiple sclerosis (para [0030]), comprising the steps of: (i) determining a genotype of the subject at one
or more SNPs associated with GA responsiveness (para [0010], [0036)); (i) identifying the subject as a predicted responder to
glatiramer acetate if the subject has a particular genotype at said SNPs (para [0011]); and (iii) selecting a clinical course of therapy
comprising administration of medication, including GA if the subject is identified as a predicted responder (para [0061], [0065]). Although
Lancet does not expressly teach that the method further comprises (iii} administering a pharmaceutical composition comprising GA and
a pharmaceutically acceptable carrier to the subject. However, administration of a pharmaceutical composition comprising GA and a
pharmaceutically acceptable carrier to a subject was well known in the art as an appropriate treatment regimen at the time of the
invention. It would have been obvious to one of ordinary skill in the art that choosing a clinical course of therapy comprising
administration of GA would necessarily encompass actually administering the GA in a pharmaceutical composition comprising GA and a
pharmaceutically acceptable carrier to the subject. It further would have been obvious that the GA should be administered "only" if the
subject is identified as a predicted responder to GA, as it is always preferred not to administer therapeutic agents to subjects who cannot
respond to them, in order to prevent unnecessary side effects. Lancet further teaches primers and probes to identify the SNPs (paras
[0014], [0015], [0022], and [0025]) as well as kits comprising primers or probes (para [0022]). The Groups are different because the
more than 180 SNPs designated as determining a genotype of the subject and the more than 200 SNPs designated to identify a subject
as a predicted responder to glatiramer acetate are different structures that are not common to one another but are different because
they are composed of unique nucleic acid sequences. Further, the SNPs are known as exemplified by rs 1007328 (see, for example
NCBI Reference sequence NT-010274.17 - Homo sapiens chromosome 15 genomic contig, GRCh37.p5 Primary Assembly (29 July
2011) <http://vww.ncbi.nim.nih.gov/nuccore/2245149367sat=16&satkey=3691065> which is the primary contiq build for SNP
rs1007328 <http://www.ncbi.nim.nih.gov/projects/SNP/snp_ref.cgi?rs=1007328.). Group I+ further requires a kit which is not required by
the other Groups.

Therefore the inventions listed as Groups |+-lil+ do not relate to a single general inventive concept under PCT Rule 13.1 because they
do not share a same or corresponding special technical feature. This ISA will establish the ISR for the first Group mentioned,.
specifically, Group | claims 1-6 and 91-94 restricted to the determination of a genotype as rs1007328, and identifying the s'ubject asa
responder to glatiramer acetate if the genotype is AA at rs10214633 (or as elected by the applicant as explained above) without
additional fees. In order for other inventions to be examined, the appropriate examination fee(s) must be paid for each additionat
invention(s) elected.
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