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Method of determining response to treatment with immunomodulatory composition

Cross reference to related application

This application claims priority to United States application No. 61/480,987 filed April

29, 201 1 the full contents of which is encorporated by reference herein.

Field of the invention |

The present invention is in the field of diagnostic and prognostic assays for medical
conditions that are treated using an immunomodulatory composition, and improved

therapeutic methods based on the diagnostic and prognostic assays of the invention.

Background to the invention

Mechanism of action of immunomodulatory compositions
Immunomodulatory compositions comprise drug compounds that act by modulating
certain key aspects of the immune system in the treatment of viral diseases, neoplasias,
Thl-mediated diseases, Th2-mediated diseasés, or Thl7-mediated diseases,"
'substantially by modulating expression or secretion of one or more cytokines involved
in autoimmunity and/or immune responses to infectious agents, or by modulating one

of more components of a cytokine signalling pathway.

- Cytokines may be interferons (IFNs, e.g., Type I [FNs such as IFN-a, IFN-B, or IFN-o;

or Type II IFNs such as IFN-y; or Type III IFNs such as [FN-A1, IFN-A2, or IFN-A3),

~ interleukins (e.g., IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-

12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-21, or IL-35), a tumor necrosis factor
(e.g., TNF-a'or TNF-B), or colony-stimulating factor (CSF). The IFNs generally assist
immune responses by inhibiting viral replication within host cells, activating cytotoxic
T cells and macrophages, increasing antigen presentation to lymphocytes, inducing
resistance to viral and intracellular bacterial infections, and contrblling tumors.
Additionally, the Type III IFNs exert a regulatory effect on Th2 cells. Interleukins
promote development and differentiation of T cells, B cells and hematopoietic cells.

Tumor necrosis factors regulate cells of the immune systems to stimulate acute phase
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inflammatory responses, induce apoptotic cell death, inhibit tumorigenesis and inhibit
viral replication. Although IFNs may be produced by a number of different cells, IFN-
v is produced predominantly by Thl cells, and interleukins and TNF-q are produced by

" Th1 cells and/or Th2 cells.

Th1 cells and Th2 cells are effector T cells defined by their cytokine secretion profiles.
Thl cells mediate cellular immunity to protect against intracellular pathogens and
immunogens via the actions of cytotoxic T lymphocytes and activated macrophages |
and coinplement—ﬁxing and complemeﬁt-opsonizing antibodies. Thl cells produce IL-
2, which stimulates growth and differentiation of T cell responses mediated by Thl
cells, as well as pfoducing IFN-y and TNF-B. On the other hand, Th2 cells mediate
humoral immunity and allergic responses to protect against extracellular pathogens and
antigens via the actions of B cells, mast cells and eosi‘nophils.‘ Th2 cells produce IL-3,
IL-4, IL-5, and IL-10, which stimulate production of IgE antibodies, and | also

recruitment, proliferation, differentiation, maintenance and survival of eosinophils.

Certain Thl-mediated and Th2-mediated diseases are driven by disruption of the
balance between Th1 cells and Th2 cells. The finely-tuned balance of Thl and Th2

- cells is regulated by cytokine secretion and, under normal circumstances, Th2 cells

secrete IL-4 and IL-10 which down-regulate Th! cells thereby regulating production of
IFN-y, TNF-f and IL-2. In particular, IL-10 is a potent inhibitor of Thl cells. IFNs
such as IFN-y also drive Thl cell production. Conversely, IL-4 drives Th2 cell

' production and IFN-y inhibits Th2 cells. In Thl-mediated diseases e.g., multiple

sclerosis (MS), rheumatoid arthritis (RA), Type I diabetes (IDDM) and scleroderma,
delayed type hypersensitivity (DTH) occurs in those organ systems in which CD4" Th1
cells are over-activated relative to Th2 cells. In MS, a Th1/Th2 imbalance in the
ceotral nervous system leads to proliferation of pro-inflammatory CD4" Th1 cells, IFN-
Y secretion, macrophage activation and consequential immune-mediated injury to
royelin and oligodendrocytes, wherein the IFN-y release in this case may also drive Thl

cell overproduction. In IDDM, a Th1/Th2 imbalance occurs in the thymus and

| periphery leading to progressive elimination of functional Th2 cells as autoreactive Thl
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cells become activated and mediate pancreatic islet B-cell destruction. In localizéd
scleroderma, the administration of IL-12 may restore Thl/Th2 immune balance. In
contrast, Th2-mediated diseases e.g., Con A hepaﬁtis, atopic dermatitis, ast_hma and
allergy, are generally characterized by over-production of IgE antibodies and/or |
eosinophilia as a consequence of a Th1/Th2 iqualance. In Con A hepatitis_, repeated
injections of Con A shift an initial Thl response to a Th2 and profibrogenic response,
with over-production and secretion of IL-4, IL-10 and TGF-'B'in the liver activating
natural killer T cells as part of an innate immune response thereby causing liver

damage.

Th17 cells provide an effector arm distinct from Thl and Th2 cells and, like Treg
(iTreg), are regulated by TGF-B. Thl7 cellular differentiation is important for host
defense e.g., against bacteria and fungi, and poor regulation of Th17 cellular function is

implicated in immune pathogenesis of autoimmune and inflammatory diseases.

Medical indications for immunomodulatory compositions

Infections by a number of different viruses are treated using immunomodulatory
compositions, including infections by human papillomaviruses such as HPV16, HPV6,
HPV11,; infections by herpesvimses such as HSV-1, ‘HSV-Z, VZV, HHV-6, HHV-7,
HHV-8 (KSHV), HCMV and EBYV; infections by picornaviruses such as the Coxsackie |
B viruses and encephalomyocarditis virus (EMCV); infections by flaviviruses such as
the encephalitis viruses and hepatitis viruses e.g., hepatitis A virus, hepatitis B virus
(HBV) and hepatitis C virus (HCV); arenaviruses such as those associated with a viral
haemorrhagic fever; infections by togaviruses such as equine encephalitis viruses; -
infections by bunyaviruses such as Rift Valley fever virus, Crimean-Congo
haemorrhagic fever virus, Hantaan hantavirus (HTNV) and Apeﬁ virus (APEUV);
infections by filoviruses such as Ebola virus and Marburg virus; infections by
paramyxoviruses such as respiratory syncytial virus (RSV); infections by rhabdoviruses
such as vesidular stomatitis virus (VSV); infections by orthoniyxoviruses such as the
influenza viruses e. g., influenza A virus (IAV); and infections by coronaviruses such as

SARS-associated coronavirus. Neoplasias are also treated using immunomodulatory
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compositions"e.g., HPV-associated cancer such as cervical intrapepithelial neoplasia,
cervical carcinoma, vulvar intraepithelial neop.l‘a‘sia, penile intraepithelial neoplasia,
perianal intraepithelial neoplasia; hepatocellular carcinoma; basal cell carcinoma,
squamous cell carcinoma, actinic kerétosis, and melanoma. Certain Th2-mediated
diseases e.g., asthma, allergic rhinitis, atopic dermatitis, are also treated using

immunomodulatory compositions.

Cytokines as immunomodulatory compositions
Partly by virtue of the modulation of cytokines and cytokine signalling by
immunomodulatory compositions, it is known to. use cytokines per se as

immunomodulatory compositions.

For example, IFNs in general possess antiviral and anti-oncogenic properties, the
ability to stimulate mac'roph‘age and natural killer cell activation, and the ability fo
enhance MHC class I and II molecules for presentationb of foreign peptides to T cells.
In many cases, the production of IFNs is induced in response to infectious agents,
foreign antigens, mitogens and other cytokines e.g., IL-1, IL-2, IL-12, TNF and CSF.
Thus, IFNs' and IFN inducers have gained acceptance as therapeutic agents in the
treatment of infections, neoplasias, Thl-mediated disease and Thé-mediated disease.
IFNs are known to be used for treatment of infections by sevefal.positive-sense single-

stranded RNA ‘virusesk ie., (+) ssRNA viruses, including e.g., SARS-associated

-coronavirus, HBV, HCV, coxsackie B virus, EMCV, and for treatment of infections by

several negative-sense single-stranded RNA viruses i.e., (-) ésRNA viruses, including
e.g., Ebola virus, VSV, IAV, YHTNVV and APEUV (see e.g., De Clerq Nature Reviews 2,
704-720 (2004); Li et al J Leukocyte Biol, online publication
DOI:10.1 189/j16.1208761 (Apr 30, 2009). In such formulations, the IFN, especially
[FN-a may be pegylated. Pegylated IFN-A1 is currently in clinical trial for treatment of
chronic HCV infection, and has been shown to be useful for protecting isolated cells
against VSV, EMCV, HTNV, APEUV, IAV, HSV-1, HSV-2 and HBV, (see e.g., Li et
al, J. Leukocyte Biol., online publication DOI:10.1 189/j'lb.1208761; Apr 30, 2009). |

IFN-a is also known to be used in the treatment of certain lesions and neoplasias e.g.,
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condylomata acuminata, hairy cell leukemia, Kaposi's sarcoma, melanoma, non-
Hodgkin's lymphoma, however IFN-B has been shown to have potent anti-tumor

activity against human astrocytoma/glioblastoma cells, whereas IFN-A1 has been

~ shown to have activity against glioblastoma cells, thymoma cells and fibrosarcoma

cells, and IFN-A2 has been shown to have agtivity against melanoma and fibrosarcoma
cells (see e.g., Li et al, J. Leukocyte Biol., online publication DOI:10.1189/j1b.1208761,
Apr 30, 2009). It is also k_hown to use IFN-B for treatment of relapsing forms of Thl-
mediated diseases such as MS. IFN-A2 has also been shown to protect against certain
Th2-mediated diseases e.g., asthma and Con A-induced hepatitis (see e. g., Lietal J
Leukocyte Biol., online publication DOI:10.1189/jlb.1208761, Apr 30, 2009).

Since the expression of all IFN-A proteiné are induced by IFN-a, IFN-B and IFN-A
molecules e.g., Sirén et al., J. Immunol. 174, 1932-1937 (2005)’, Ank et al., J. Virol 80,
4501-4509 (2006) and Ank et al, J Immunol. 180, 2474-2485 (2008),
immunomodulatory compositions comprising I[FN-o/f may act, at least in part, to
induce IFN-A proteins as effector molecules. The,.receptor complex for Type I IFNs
consists of a hetero.dime_ric IFNAR1/IFNAR?2 complex, whereas Type III IFNs signal
through a heterodimeric IL-28Ro/IL-10R2 receptor e.g., Li er al, J. Leukocyte Biol,
online publication DOI:IO.I 189/j1b.1208761 (Apr 30, 2009). IL-28Ra/IL-10R2 is
expressed in far fewer contexts than IFNARI/IFNAR2. This suggests that therapy
using immunomodulatory compositions comprising IFN-o/8 may be less specific than
therapy using immunomodulatory compositions comprising IFN-A. For example,
administration of IFN-o/p may activate both receptbr types ie., directly via action of
IFN-a/f on IFNARI/IFNAR2 receptors and indirectly via induction of IFN-A and
subsequent action of IFN-A on IL-28Ro/IL-10R2 receptors. Conversely, administration
of IFN-A is likely to activate selectively 1L-28Ra/IL-10R2 receptors. Notwithstanding
that this may be the case, all IFNs activate the Jak/STAT pathways and generally
induce common interferon-stimulated genes (ISGs) that mediate the biological effects
of IFNs e.g., Sirén et al., J. Immunol. 174, 1932-1937 (2005), Ank et al., J. Virol 80,
4501-4509 (2006), Ank ef al, J. Immunol. 180, 2474-2485 (2008), and Li et al, J.

. Leukocyte Biol., online publication DOI.10.1189/jlb.1208761 (Apr 30, 2009).
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Cytokine-inducing agents as immunomodulatory compositions A
Various immunomodulatory compositions that induce IFN production e.g., poly(l)-

poly(C), poly(I)-poly(C,2-U) or ampligen, and deazaneplanocin A, are also used in the

treatment of infections by e.g., coxsackie B virus, Ebola virus and for certain

flaviviruses and bunyaviruses that are amenable to treatment with IFNs (De Clerq

" Nature Reviews 2, 704-720 (2004). Immunomodulatory compounds may also exert

their activity by activating Toll-like receptors (TLR's)‘ to induce selected cytokine

biosynthesis.

Immunomodulatory nucleotide analogs

Immunomodulatory guanosine analogs, such as those having substituents at the 7-

. position and/or 8-position, e.g., Reitz er al., J Med Chem. 37, 3561-3578 (1994)

15

20

25

30

Michael et al,, J. Med. Chem. 36, 3431-3436 (1993) have been shown to stimulate the

‘immune system, whilst 5'-O-proprionyl and 5'-O-butyryl esters of 2-amino-6-methoxy-

9-(p-D-arabinofuranosyl)-9H-purine inhibit varicella zoster virus (VZV) e.g., U.S. Pat.
No. 5,539,098 to Krenitsky. Other guanosine analogs, in particular 6-alkoxy
derivatives of arabinofuranosyl purine, are useful for anti-tumor therapy e.g., U.S. Pat.
No. 5,821,236 to Krenifsky. The 7-deazaguanosine analogs have been shown to exhibit
antiviral activity in mice against a variety of RNA viruses, whereas 3-deazaguanine
analogs have significant broad spectrum antiviral activity against certain DNA- and
RNA viruses e.g., ReQankar etal, J Méd. .Chem. 27, 1489-1496 (1984), and certain 7-
deazaguanine and 9-deazaguanine analogs protect against a lethal challenge of Semliki
Forest virus e.g., Girgis et al., J. Med. Chem. 33, 2750-2755 (1990). Selected 6-
sulfenamide and 6-sulfinamide purine nucleosides are also disclosed in U.S. Pat. .No.
4,328,336 to Robins as having demonstrated significant antitumor activity. Wang et al.
(WO 98/16184) also disclose puﬁne L-nucleoside compounds and aﬁalogs thereof were
used to treat an infection, infestation, a neoplasm, an autoimmune disease, or to
modulate aspects of the immune system. Guanosine analogs e.g., ribavirin and
derivatives thereof e.g., acetate salts or ribavirin 5'-monophosphate or ribavirin §'-

diphosphate or ribavirin 5'-triphosphate or ribavirin 3',5'-cyclic phosphate or the 3-
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carboxamidine derivative taribavirin (viramidine), 7-benzyl-8-bromoguanine, 9-benzyl-
8-bromoguanine, and CpG-containing oligonucleotides, that shift the Th1/Th2 balance
and are useful for the treatment of Thl-mediate or Th2-mediated disease depending

upon their cytokine profiles. These compounds have been shown to elicit various

‘effects on lymphokines IL-1, IL-6, IFN-a and TNF-a e.g.,, Goodman, Int. J

Immunopharmacol, 10, 579-588 (1988); U.S. Pat. No. 4,746,65 '1; Smee et al., Antiviral

‘Res. 1 5, 229 (1991); Smee et al., Antimicrobial Agents and Chemotherapy 33, 1487-

1492 (1989). For example, 7-benzyl-8-bromoguanine and 9-benzyl-8-bromoguanine
selectively inl.libit Th1 cytokine production, specifically IL-2 and IFN-y and therefore
may be useful in the treatment of Thl-related autoimmune disease, which manifests
activated T cells and overproduction of IFN-y, and target leukemia and lymphoma
cells, e.g., Poluektova et al., Int. J. Immunopharmacol.21, 777-792 (1999). In contrast,
ribavirinv shifts an immune response from Th2 toward a Thl cytokine profile, and is
useful for treatment of Th2-mediated diseases. Ribavirin is useful in post-exposure
prophylaxis of exposure to e.g., arenaviruses causing Lassa fever or Crimean-Congo
hemorrhagic fever, HTNV, West Nile Virus, chronic HCYV infection, AIV and RSV.

Various other immunomodulatory nucleotide analogs possess potent antiviral activity,
and may restore pS3 function in HPV-associated cancers e.g., cidofovir [(S)1-(3-
hydroxy-2-phosphony1methoxypropyl)éytosine, (HPMPC] e.g., Abdulkarin et al,
Oncogene 21, 2334-2346, (2002). Cidofovir is used in the treatment of a number of
viral conditions including HCMV-retinitis in AIDS patients and other HCMV
infections and poxvirus infections. |
Other classes of immunomodulatory compositions }
Other classes of immunomodulatory compositions include- small organic ‘molecule
imidazoquinoline amine derivatives e.g., U.S. Pat. Nos. 4,689,338 and 6,069,149;
purine derivatives e.g.,, U.S. Pat; Nos. 6,028,076 and 6,376,501; imidazopyridine
derivatives; e. g, U.S. Pat. No. 6,518,265; benzimidazole derivatives e.g., U.S. Pat. No.
6,387,938); adenine derivatives e.g, U.S. Pat. No. 6376,501; and 3-p-D-
ribofuranosylthiaz-olo[4,5-d]pyrimidine derivatives e.g., U.S. Pat. publication No.
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200301994618. The immunosuppressive agent mycophenolate ‘mofetil inhibits
coxsackie B3 virus-induced myocarditis (see, e.g, Padalko et al, BMC Microbiol. 3,
25 et seq. (2003). ' o

The list of immunomodulatory compositions provided herein is not exhaustive and a
number of other compound classes are also known in the art e.g, in U.S. Pat. Nos.
5,446,153; 6,194,425; and 6,110,929.

Contraindications

Many immunomodulatory compositions produce adverse side-effects, suggesting a ,
benefit in' limiting their application to contexts where therapeﬁtic benefit outweighs.
detrimental effects. In addition to the favourable changes in the immune system that
immunomodulatory compositions produce in therapy, imbalances occur. For example,
the IFNé may cause, inter alia, psychiatric disorders, depression, anaphylaxis,
thrombocytopenia, seizure, cardiomyopathy, hepatotoxicity, flu-like symptoms, fever,
fatigue, | headache, muscle pain, convulsions, dizziness, erythema and .
immunosuppression through neutropenia, and interleukins e.g., IL-1, may cause dose-
related fever and flu-like symptoms. Iri another example, guanosine analogs may be

teratogenic with prolonged use.

The efficacy of immunomodulatory compositions for particular indications may be

highly variable, and therapéutic outcome is likely to be influenced by host factors e. g,

- genotype. For example, racial differences may affect suitability of subjects for therapy

with immunomodulators. In another example, HLA haplotype effects, governing both |
innate and adaptive immune responses of subjects, are also kn6m to affect viral
clearance. Howe\}er, because MHC class I proteins are a diverse class of heterodimeric
receptors that present antigen fragments to cytotoxic T-cells via the CD8 receptor on
the cytotoxic T-célls, and also bind to a diverse class of inhibitory and activating
recepfors on natural killer (NK)- cells, interaction e.g., an additive interaction or

epistatic interaction between expressed HLA Class I alleles can produce variations in
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immune responses. HLA gene dosage effects can also be significant in determining

innate immune responses of subjects.

Accordingly, means for identifying and selecting those patients who are likely to
respond to treatment with an immunomodulatory composition may provide a
substantial therapeutic benefit to those patients that are either non-responders, low-
responders or relapsers, by avoiding inappropriate prescriptions to thbse patient classes
and reducing the anxiety caused by subsequent treatment failure. More accurate
prescription of drugs to responders also provides for reduced subsidies by health
agencies. Moreover, for those conditions in which alternative therapies are available,
such means may also provide for selection of the most appropriate therapy for a

particular patient.

Prognostic indicdtors_ for effective iherapy'with immunomodulatory compositions
KIR2/HLA-C genotypes |

Khakoo ef al., Science 305, 872 — 874, 2004 have demonstrated that genes encoding the
natural killer (NK) céll immunoglobulin-like receptor (KIR) isoform KIR2DL3 and its

human leukocyte antigen. C group 1 (HLA-C1) ligand influence spontaneous resolution
of hepatitis C virus (HCV) infection in Caucasians and African Americans having low
infectious doses of HCV, but not in subjects having a high-dose exposure. Khakoo et
al., ‘suggested that, for subjects having a high-dose exposure, the innate immune
response mediated by NK- cells is likely overwhelmed. Thus, homozygosity for
KIRD2L3 and the cognate HLA-C1 ligand is known to be associated with enhanced
probability of spontaneous HCV cleafancc via generation of an innate immunity to the

virus.

The HLA-C gene _locﬁs encodes ligands vfor the natural killer (NK) cell
immunpglobulin—l.ike receptor-2 isoforms (KIR2DL), wherein a functional dimorphism
determines KIR2DL specificity such that HLA-C group 1 (HLA-CI) alleles encoding
HLA-C comprising Asn80 bind to the inhibitory receptors KIR2DL2 and KIR2DL3
and to the acti\}at{ng KIR2DS2 receptor, and HLA-C group 2 (HLA-C2) alleles



WO 2012/145794 PCT/AU2012/000440

10

15

20

25

30

10

encoding HLA-C comprising Lys80 bind to the inhibitory receptor KIR2DL 1 and to
the activating receptor KIR2DS1.

Sequences of HLA-C molecules that permit their classification into HLA-C1 or HLA-

C2 genotypes are provided by the IMGT/HLA database of the European Bioinformatics
Institute (EBI), Wellcome Trust, Genome Campus, Hinxton, Cambridge CB10 1SD, .
United Kingdom. See e.g., Robinson et al, Nucleic Acids Res. 31, 311-314 (2003).

Based on primary amino acid sequence data available in the IMGT/HLA database as at

‘7 February, 2011, exemplary HLA-C1 molecules include most HLA-Cw1, HLA-Cw3,

HLA-Cw7, HLA-Cw8, HLA-Cwl2, HLA-Cwl3, HLA-Cwl4 and HLA-Cwl6

genotypes, in addition to HLA-Cw*0227 and HLA-Cw*0411, HLA-Cw*0429, HLA-

Cw*0436, HLA-Cw*0455, HLA-Cw*0611, HLA-Cw*1507, HLA-Cw*1525, and
HLA-Cw*1543. Also based on those sequence data, exemplary HLA-C2 molecules
include most HLA-Cw2, HLA-Cw4, HLA-CwS, HLA-Cwé6, HLA-Cw15, HLA-Cw17

‘and HLA-Cwl8 genotypes, in addition to HLA-Cw*0114, HLA-Cw*0307, HLA-

Cw*0315, HLA-Cw*0345, HLA-Cw*0707, HLA-Cw*0709, HLA-Cw*0776, HLA-
Cw*0810, HLA-Cw*1204, HLA—Cw";1205, HLA-Cw*1209, HLA-Cw*1221, HLA-
Cw*1233, HLA-Cw*1241, HLA-Cw*1412, HLA-Cw*1602, HLA-Cw*1609, HLA-
Cw*1612, HLA-Cw*1619, and HLA-Cw*1625. |

Romero et al., Mol Immunol., 45, 2429-2436, 2008 confirmed the KIR2/HLA-C

interaction e.g., an additive or epistétic interaction between KIR2DL3 homozygosity

and homozygosity in HLA-C1 in enhancing the likelihood of spontaneous clearance of
HCV in a cohort of 160 Puerto-Rican American drug users with HCV.. Romero et al.
also found a new interaction e.vg., an additive interaction or epistatic interaction

between KIR2DL3 and HLA-DRB1*1201 is associated with spontaneous clearance

‘ Knapp et al., Heptol. 51, 1168-1175, 2009 sought to determine whether or not the

KIRD2L3/HLA-Cl gene combination provides an advantage in HCV-exposed
injection drug user having apparent resistance to HCV infection i.e., because they

remain seronegative and aviremic, and in chronically-infected subjects who
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successfully clear HCV with treatment. Knapp et al. found a stronger association
between homozygosity for KIR2DL3 in combination with a HLA-C1 allotype in
exposed seronegative aviremic subjects than for subjects with chronic HCV infection.
Knapp et al. also concluded that homozygbsity for KIR2DL3 in combination with a
HLA-C1 allotype was indicative of an improved response to antiviral therapy as

determined by sustained virological response (SVR).

Ih a more recent study, Vidal-Castifieira et al., J Virol. 84, 475-481, 2010 examined the
effects of different combinations of KIRs with their HLA class I ligands on the -
response to combined treatment for HCV infection using pegylated IFNa and ribavirin,
and concluded that the frequeﬁcy of the KIR2DL?2 allele was significantly increased in
non-responder (NR) subjects, whereas the KIR2DL3 allele was significantly increased
in the SVR, and that the frequenéy of homozygosity for the KIR2DL2 allele when
combined with the specific heterozygous genotype HLA-C1/HLA-C2 was significantly
increased in NR subjects, whereas homozygosity for both KIR2DL3 and HLA-CI1 .

alleles is more closely associated with SVR.

The highly polymorphic nature of interactions e.g., an additive interaction or epistatic
interaction between HLA and KIR2DL receptors, and our limited understanding of the
mechanisms by which genetic variations at the HLA and KIR2DL loci affect
therapeutic responses, suggest that the relevance of KIR2/HLA-C genotype
combinations does not indicate an association for HLA-C alleles in isolation. For
example, effects at the HLA-C1 or HLA-C2 loci are not discernable unless evaluated in
combination with specific KIR2DL genotypes, because several disclosures suggest |
non-significance in the association for HLA;C per se with response to treatment with
ribavirin and pegylated INF-c.. See, e.g., Carniero et al., Liver International, 567-572
(2010), at page 570, left col., lines 2-10, and at page 572, left qol., lines 25-28 and
Figure 2; and Vidal-Castineira et al, J. Virol 84, 475-481 (2010), at Table 2 on page
478. Singh et al., World J. Gastroentrol. 13, 1770-1787 (2007) suggested that the HLA
Class II molecule HLA-DR is a prominent immuﬁogcneticvfactor influencing interferon

treatment response.
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IL28B genotypes and haplotypes
International Patent Application No. PCT/AU2010/000713 (WO 2010/144946),
incorporated herein in its entirety by way of reference, describes several SNP markers

linked to the IL28B gene for determining the likelihood of a response of an HCV-

infected subject to therapy with an immunomodulatory composition, including the
SNPs 158099917, rs4803221, and rs1297860. The marker rs8099917 is accepted in the
art as a highly-predictive marker of the response of HCV-infected subjects to standard
therapy with ribavirin and pegylated IFN-a. Nofwithstanding the availability of
1s8099917, the availability of reliable tests remains limited, such as tests that have high
predictive value and/or spcciﬁcityband/or provide population coverage of mofe than
about 10%. |

Summary of the invention

1. Introduction ‘ _

In work leading to the present invention, the inventors sought to develop improved tests
for determining a response of individuals with chronic HCV infection to treatment with
immunomodulatory compositions such as comprising IFNs, specifically pegylated IFN-
@, in combination with ribavirin. The inventors sought to ascertain new genotypes,
sérotypes, haplotypes and genotypes within the IL28B gene, and epistatic interactions
between such IL28B alleles and aHeles at other loci that are associated with viral

clearance in response to treatment.

More particularly, the inventors sought to ascertain additive and/or epistatic
interactions between HLA Class 1 alleles and IL28B alleles that Jprovide a basis for
impfoved tests for determining a response e.g., a low response (LR) or high response
(HR), to antiviral therapy. In one approach, the inventors sought to determine whether
or not a combination of one or more HLA-CZ alleles and one or more 1L28B alleles in
a subject’s genome is predictive of a response e.g., a low response (LR) or high
response (HR) to antiviral therapy. In another example, the presenf inventor-s éc;ught to

determine whether or not a combination of one or more HLA-C1 alleles and one or
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more IL28B alleles is predictive of a response e.g., a low response (LR) or high

response (HR) to antiviral therapy.

The inventors performed HLA-C genotyping and serotyping and IL28B genotyping on

a cohort of about 910 HCV-infected subjects, and determined associations between

* HLA-C alleles and/or IL28B alleles and reéponsiveness to therapy. The inventors were

- particularly interested in determining single alleles, and combinations of IL28B alleles

10

15

20

25

30

with HLA-C alleles, that provide an improved predictor of the response to therapy

relative to known tests.

In summary, the inventors found that HLA-C2 homozygosity when combined with one
or more copies of a low response (LR) allele of the SNP rs7248668, an allele linked to
IL28B, e.g., the A allele of rs7248668, in-a subject’s genomel'is highly predictive of a
low response dr | poor response or non-response to antiviral therapy with
immunomodulatory agent(s). The predictive capacity of the specific HLA-C2/IL28B-
LR allele combination is especially evident from a comparison of the treatment
responses of HLA-C2 homozygotes carrying one 17248668 LR allele in his/her
genome to the treatment responses of subjects carrying. at least one HLA-C1 allele and
at least one rs7248668 LR allele and/or to the treatment responses of subjects two

copies of the corresponding high response (HR) allele of the SNP e.g., the G allele of

' 1s7248668. For example, data presented herein demonstrate a positive predictive value

of greater than 83% for the association between subjects not having a sustained viral
response to therapy and a genotype comprising HLA-C2 homozygosity combined with
at least one LR allele of rs7248668, whereas the positive predictive value of at least one
HLA-C! allele and at least one of the same LR alleles is only about 62%, and the
positive predictive value of two copies of the corresponding high response (HR) allele
is only about 60%. The HLA-C2/rs7248668 genotype combination of the invention
provides a higher positive predictive value relative to homozygosity of HLA-C2 alleles

solus, and covers a higher proportion of the population than the IL.28B génotype solus.
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Thus, the inventors provide a test for determininé the likelihood that a subject will or
will not respond to therapy with an immunomodulatory composition, wherein the test
provides a high positive predictive value e.g., at least about 70% or 85% or 80% or
81% or 82% or 83% or 84% or 85% or 86% or 87% or 88% or 89% or 90% or 91% or
92% or 93% or 94% or 95% or 96% or 97% or 98% or 99% 100%.

It is to be understood that the test of the present invention may be enhanced or
improved by combining any other allele linked to IL28B that is in linkage
disequilibrium at least with rs7248668. The inventors have identified one or more
other low response (LR) alleles, each LR allele linked to IL28B, that may be combined

with the HLA-C2/rs7248668 genotype combination of the invention e.g., to provide |
greater population coverage without compromizing speciﬁcity or positive predictive
value of the test. For example, data presented herein demonstrate other HLA-
C2/IL28B-LR allele combinations e.g, HLA-C2/rs4803221-LR and/or the HLA-
C2/rs8099917-LR and/or HLA-C2/rs12979860-LR, that each provide positive
predictive values of greater than about 75% for subjects not having a sustairied viral
response to therapy, and which, when combined with the HLA-C2/rs7248668 genotype
combination of the invention, may each enhance the value of the test. Such
combinations that provide enhanced predictive value the HLA-C2/rs7248668 genotype
combination of the invention are even more desired. For each other HLA-C2/IL28B-
LR alléle combination to be combined with the HLA-C2/rs7248668-LR genotypé, an
effect of combining at least one other IL28B-LR allele with HLA-C2 homozygosity is
determined to demonstrate that the additional IL28B-LR allele is suitable for
combining with the HLA-C2/rs7248668-LR genotype. For example, associations
between the sustained viral response (SVR) of subjects anci a genotype comprising
HLA-C2 homozygosity and at least one speciﬁc\ IL28B-LR allele selected from
rs4803221-LR; 1s8099917-LR and rs12979860-LR are provided herein. Thus, referred
LR alleles suitable for combining with the HLA-C2/rs7248668 genotype combination
of the invention are selected from those set forth in Tables 1, 3-7 hereof e.g., any
IL28B LR allele that is in linkage disequilibrium at least with an LR allele of -
157248668 and/or rs4803221 and/or rs8099917 and/or rs12979860. |
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By testing other HLA-C2/IL28B-LR genotype combinations, the inventors also provide
a test for determining the likelihood that a subject will or will not respond to therapy
with an immunomodulatory éomposition that provides both a high positive predictive
value and improved population coverage, e. g.; at least about 10% or 11% or 12% or
13% or 14% or 15% or 16% or 17% or 18% or 19% or 20% or 21% or 22% or 23% or
24% or 25% or 26% or 27% or 28% or 29% or 30% or 31% or 32% or 33% or 34% or
35% or‘36% or 37% or 38% or 39% or 40% or 41% or 42% or 43% or 44% or 45% or
46% or 47% or 48% or 49% or 50% or 55% or 60%or 65% or 70% or 75% or 80% or
85% or 90% or 95% or 96% or 97% or 98% or 99% of cases.

As used herein, the term “allele linked to IL28B" shall be taken to include any allele
positioned wiihin in the 5’-upstream region or 3’-downstream region of the IL28B gene
including the IL28A/IL28B intergenic region, or any allele positioned in a prorﬁoter
region, 3’-untranslated region, exon or intron of the IL28B gene. The allele may be in
genomic DNA, and/or in trar_lscribed mRNA where applicable. By .way of example,
Tables 1, 3-7 hereof provide alleles linked to IL28B that are useful in corﬂbination with
HLA-C2 homo'zyg(‘)sityb for determining the likelihood that a subject will respond to
treatment with an immunomodulatory composition, especially the likelihood that a -
subject having a chronic HCV infection will respond to. treatment with an
immunomodulatory composition comprising IFN-a, such as a composition comprising
IFN-o and ribavirin. Preferred alleles linked to IL28B that may be combined with
HLA-C2 homozygosity are positioned in the 5’-upstream region or intergenic
IL28A/IL28B région of the human genome. |

For the purposes of nomenclature, the term “rs7248668” shall be taken to‘ mean the .
polymorphic region thét is positioned within the 5’-upstream flanking region of the
IL28B gene of humans, wherein said polymorphic region comprises the sequence set
forth in SEQ ID NO: 159 or a complementary nucleotide sequence to SEQ ID NO: 159.
In the present contéxt, the term “rs7248668” shall also be taken to refer to the single
nucleotide polymorphism contained within SEQ ID NO: 159 or a complementary
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nucleotide sequence to SEQ‘ ID NO: 159. Unless the context requires otherwise, the
term “rs7248668 allele” shall be taken to include the HR allele and/or the LR allele of
1s7248668. ’

The term “HR allele of 157248668” or “G allele of rs7248668” or “rs7248668-HR”
shall be taken to refer to an allele of rs7248668 comprising guanine or guanosine at a
position corresponding to position 31 of SEQ ID NO: 160 in the context of a sequence
comprising SEQ ID NO: 160, or within the‘ context of a shorter sequence comprising at
least abdut Sor6or7or8or9orl0orllorl2 dr 13or14ori150rl6or17or 18 or
19 or 20 contiguous nucleotides of SEQ ID NO: 160 including the guanine or
guanosine at position 31 of SEQ ID NO: 160. Functionally, the HR allele of rs7248668
is associated with a better patient response in the population to antivirai therapy with an
immunomodulatory agent such as pegylated IFN-a or a combination comprising
pegylated IFN-a and ribavirin, and preferébly a sustained virological re‘sponse (SVR)
to said therapy. |

The term “LR allele of rs7248668” or “A allele of rs7248668” or “rs7248668-LR” shall
be taken to refer to an allele of rs7248668 comprising adenine or adenosine at a
position corresponding to position 31 of SEQ ID NO: 161 in the context of a sequence
comprising SEQ ID NO: 161, or within the context of a shorter sequencé comprising at
least about Sor 6 or 7or8 or9or 10or 11 or 12 or 13 or 14 or 150r 16 or 17 or 18 or
19 or 20 contiguoﬁs nucleotides of SEQ ID NO: 161 includiné the adenine or
adenosine at position 31 of SEQ ID NO: 161. Functionally, the LR allele of rs7248668
is associated with a weak or poor patient response in the population to antiviral therapy
with an immunomodulatory agent such as pegylated IFN-o, or a combination

comprising pegylated IFN-a and ribavirin.

The term “HLA-C2 allele” shall be taken to mean an allele of the HLA-C gene of
humans that encodes an HLA-C polypeptide comprisihg a lysine (K) residue at a
position corresponding to position 80 of a full-length HLA-C polypeptide. Particularly

preferred HLA-C2 molecules will also comprise an asparégine (N) residue at a position
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corresponding to position 77 of a full-length HLA-C polypeptide. Functionally, an
HLA-C2 allele is associated with a weak or poor patient response in the popul“ation to
antiviral therapy with an immunomodulatory agent such as pegylated IFN-o or a
combination comprising pegylated IFN-o and ribavirin. Exemplary HLA-C2
molecules are selected from HLA-Cw2, HLA-Cwd4, HLA-CwS, HLA-CWG, HLA-
CWIS, HLA-Cw17, HLA-Cw18, HLA-Cw*0114, HLA-Cw*0307, HLA-Cw*0315,
HLA-Cw*0345, HLA-Cw*0707, HLA-Cw*0709, HLA-Cw*0776, HLA-Cw*0810,
HLA-Cw*1204, HLA-Cw*1205, HLA-Cw*1209, HLA-Cw*1221, HLA-Cw*1233,
HLA-Cw*1241, HLA-Cw*14.12, HLA-Cw*1602, HLA-Cw*1609, HLA-Cw*1612,
HLA-Cw*1619, and HLA-Cw*1625, and being other thén HLA-Cw*0227, HLA-
Cw*0411, HLA-Cw*0429, HLA-Cw*0436, HLA-Cw*0455, HLA-Cw*0611, HLA-
Cw*1507, HLA-Cw*1525, or HLA-Cw*1543. The amino acid sequences of HLA-C2

alleles are publicly-available.

The term “HLA-C2 homozygosity” or similar term refers to two copies of any HLA-C2

allele at the same locus’in the genome of a subject.

The term “HLA-C1 allele” shall be taken to mean an allele of the HLA-C gene of
humans that encodes an HLLA-C polypeptide comprising an asparagine (N) residue at a
position corresponding to position 80 of a full-length HLA-C polypeptide. Particularly
preferred HLA-C1 molecules will also comprise a serine (S) residue at a position
corresponding to position 77 of a full-length HLA-C polypeptide. Functionally, an
HLA-C1 allele is associz;ted with a better patient response in the population to antiviral
therapy with an immunomodulatory agenf such as pegylated IFN-a or a combinr;uion.

comprising pegylated IFN-o. and rnibavirin, and preferably a sustained virological

- response (SVR) to said therapy. Exemplary HLA-C1 molecules include HLA-Cwl1,

HLA-Cw3, HLA-Cw7, HLA-Cw8, HLA-Cw12, HLA-Cw13, HLA-Cw14, HLA-Cw16,
HLA-Cw*0227, HLA-Cw*0411, HLA-Cw*}O429, HLA-Cw*0436, HLA-Cw*0455,
HLA-Cw*061 1, HLA-Cw*1507, HLA-CW*]SZS, and HLA-Cw*1543, and being other
than HLA-Cw*0114, HLA-Cw*0307, HLA-Cw*0315, HLA-Cw*0345, HLA-
Cw*0707,v HLA-Cw*0709, HLA-Cw*0776, HLA-Cw*0810, HLA-Cw*1204, HLA-
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‘Cw*1205, HLA-Cw*1209, HLA-Cw*1221, HLA-Cw*1233, HLA-Cw*1241, HLA-

Cw*1412, HLA-Cw*1602, HLA-Cw*1609, HLA-Cw*1612, HLA-Cw*1619, or HLA-
Cw*1625. The amino acid sequences of HLA-C1 alleles are publicly-available.

For the purposes of nomenclature, the term “rs4803221” shall be taken to mean the
polymbrphic, region that is positioned within the 5’-upstream flanking region of the
IL28B gene of humans, wherein said polymorphic region comprises the sequence set
forth in SEQ ID NO: 41 or a complementary nucleotide sequence thereto. In the
present context, the term “rs4803221” shall also be taken to refer to the single
nucleotide polymorphism contained within SEQ ID NO: 41 i.e,, at position 31 thereof.
Unless the context requires otherwise, the term “rs4803221” shall be taken to refef to
the HR allele and/or the LR allele of rs4803221.

The term “HR allele of rs4803221” or “C allele of rs4803221” or “rs4803221-HR”

shall be taken to refer to an allele of rs4803221 comprising cytosine at a position
f:orrespondi.ng to position 31 of SEQ ID NO.: 162 in the context of a sequence
corhprising SEQ ID NO: 162, or within the context of a shorter sequence comprising at
least about 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or

19 or 20 contiguous nucleotides of SEQ ID NO: 162 including the cytosine at position

.31 of SEQ ID NO: 162. Functionally, the HR allele of rs4803221 is} associated with a.

better patient response in the population to antiviral therapy with an
immunomodulatory agent such as pegyiated_ IFN-a or a combination comprising
pegylated IFN-a and ribavirin, and preferably a sustained virological response (SVR)
to said therapy. | |

The term “LR allele of rs4803221” or “G allele of rs4803221” or “rs4803221-LR” shall
be taken to refer to an allele of rs4803221 comprising guanine or guanosine at a
position corresponding to position 31 of SEQ ID NO: 163 in the context of a sequence
comprising SEQ ID NO: 163, or within the context of a shorter sequence comprising at
least about S or 6 or 7 or 8 or 9 or 10 or llior 12or 13 or 14 or 15 or 16 or 17 6r718 ;)r

19 or 20 contiguous nucleotides of SEQ ID NO: 163v including the guanine or
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'guanosine at position 31 of SEQ ID NO: 163. Functionally, the LR allele of rs4803221
is associated with a weak or poor patient response in the population to antiviral therapy

with an immunomodulatory agent such as pegylated IFN-a, or a combination

comprising pegylated IFN-a and ribavirin.

For the purposes of nomenclature, the term “rs12979860” shall be taken to mean the

polymorphic region that is positioned within the 5’-upstream flanking region of the
IL.28B gene of humans, wherein said polymorphic region comprises the sequence set
forth in SEQ ID NO: 42 or a complementary nucleotide sequence thereto. In the.
present context, the term"‘r512979860” shall also be taken to refer to the single
nucleotide polymorphism contained within SEQ ID NO: 42 i.e, at position 31 thereof.
Unless the context requires otherwise, the term “rs12979860” shall be taken to refer to
the HR allele and/or the LR allele of rs12979860. |

The term “HR allele of rs12979860” or “C allele of rs12979860” or “rs12979860-HR”
shall be taken to refer to an allele of rs12979860 comprising cytosine at a positioh,
corresponding to position 31 of SEQ ID NO: 164 in the context of a sequence -
comprising SEQ ID NO: 164, or within the confext of a shorter éequence comprising at
least about 5 or 6 or 7‘or 8or9or10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or
19 or 20 contiguous nucleotides of SEQ ID NO: 164 including the cytosine at position
31 of SEQ ID NO: 164. Functionally, the HR allele of rs12979860 is associated with a
better patient response in the population to antiviral therapy with an
immunomodulatory agent such as pegylated IFN-a or a combination comprising
pegylated IFN-a and ribavirin, and preferably a sustained virological response (SVR)
to said therapy.

The term “LR allele of rs12979860”. or “T” allele of rs12979860” or “rs12979860-LR™
shall be taken to refer to an allele of lrsl2979860 comprising thymidine or uracil at a
position corresponding to position 31 of SEQ ID NO: 165 in the context of a sequence
comprising SEQ ID NO: 165, or within the context of a shorter sequence comprising at

least about Sor 6 or 7 or 8 or 9 or. 10or1lor12or13or14 or 15or 16 or '1'7 or 18 or



WO 2012/145794 PCT/AU2012/000440

10

15

20

25

30

20

19 or 20 contiguous nucleotides of SEQ ID NO: 165 including the thymidine or uracil
at position 31 of SEQ ID NO: 162. Functionally, the LR allele of rs12979860 is
associatéd with a weak or poor patient response in the population to antiviral therapy
with an immunomodulatory agent such as pegylated IFN-a, or a combination

comprising pegylated IFN-a and ribavirin. ~.

The term “rs8099917” shall be taken to‘ mean the polymorphic region that is positioned
within the 5’-upstream flanking region of the IL28B gene of humans, 'whereih said
polymorphic region cofnprises the sequence ‘set forth in SEQ ID NO: 4 or a
complementary nucleotide sequence thereto. In the present context, the term
“rs8099917” shall also be taken to refer to the single nucleotide polymorphism
contained within SEQ ID NO: 4 i.e., at position 31 thereof. Unless the context requires
otherwise, the term “rs§099917” shall be taken to refer to the HR alléle and/or the LR
allele of rs8099917. |

The term “HR allele of rs8099917” or “T allele of rs8099917” or “rs8099917-HR”
shall be taken to refer to an allele of rs8099917 comprising thymidine or uracil at a
position corresponding to position 31 of SEQ ID NO: 5 in the context of a sequencé
comprising SEQ ID NO: 5, or within the context of a shorter sequence comprising at
least about Sor6or 7or8or9or10or11ori2or13orl4orlSorl6orl7or18or
19 or 20 contiguous nucleotides of SEQ ID NO: 5 including the thymidine (or a uracil)
at pbsition 31 of SEQ ID NO: 5. Functionally, the HR allele of rs8099917 is associated

with a better patient response in the population to antiviral therapy with an

immunomodulatory agent such as pegylated IFN-o or a combination comprising
pegylated IFN-o and ribavirin, and preferably a sustained virological response (SVR) -
to said therapy. - ’

The term “LR allele of rs8099917” or “G allele of rs8099917” or “rs809917-LR” shall

“be taken to refer to an allele of rs8099917 comprising guanine or guanosine at a

position corresponding to position 31 of SEQ ID NO: 6 in the context of a sequence

comprising SEQ ID NO: 6, or within the context of a shorter sequence comprising at
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least about Ser6or 7or8or9or10or 11 or 12 or 13 orl4or 15 6r 16 or 17 or 18 or
19 or 20 contiguous nucleotides of SEQ ID NO: 6 including the guanine or guanosine
at position 31 of SEQ ID NO: 6. Functionally, the LR allele of rs8099917 is associated

~ with a weak or poor patient response in the population to antiviral therapy with an

immunomodulatory agent such as pegylated IFN-a,, or a combination comprising

~ pegylated IFN-a and ribavirin.

Other exemplary alleles linked to IL28B that may be combined with the
1s7248668/HLA-C genotype combination will preferably be selected from those listed
in the accompanying Tables 1 and 3-7 hereof, which each have a high significance in

their association with high response (HR) or low response (LR) to therapy.

Thus, the data herein provide the basis for prognostic tests to determine the likelihood
that a subject will or will not respond to therapy with one or more immunomodulatory
agents, and in particular, the likelihood that a subject_silffering from a chronic HCV
infection will or will not respond to therapy cbmprisiné immunomodulatory agents
such as IFN-a and ribavirin. The tests herein based on homozygosity of HLA-C2
alvlreles in combination with at least one rs724'8668-LR allele have improved accuracy
compafed to tests based on a single HLA-C2 allele or a single HLA-C1 allele in
combination with at least one rs7248668-HR allele or two rs7248668-HR alleles in
determining the likelihood of a subject’s response to therapy. Additionally, the data
herein support multi-analyte prognostic tests for‘homozygosity of HLA-C2 alleles in
combination with at least two LR alleles at different loci and each linked to IL28B,
wherein one of said LR alleles is rs7248668-LR. Such multi-analyte tests combine the

improved accuracy and specificity of the HLA-C2/rs7248668 genotype combination of

the invention with greater population coverage. For example, data presented in Table
12 and Table 13 provide support for extrapolating tests for the HLA-C2/rs7248668
genotype combination to include additional IL28B-LR alleles e.g., at least one LR
allele rs4803221 and/or at least one LR allele of rs8099917 arid/ot at least one LR allele
of rs12979680, with PPV of more than 80% and a population coverage of up to about
60%.
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Accordingly, the HLA-C2/rs7248668 genotype combination, optionally with one or "
more additional IL28B alleles, serotypes, haplotypes and genotypes provided herein,
provide the means for accurately determining the likelihood that a subject will or will

not respond to therapy comprising an immunomodulatory composition.

As used herein, the terms “accurately determining” or “accurate prognosis” shall be
taken to mean an association of a particular allele, genotype, serotype, genotype -
combination or haplotype with a high response (HR) or low response (LR) to therapy,
or an association of a particular allele, genotype, serotype, genotype combination or
haplotype with a non-response to therapy, or an association of a particular allele,
genotype, serotype, genotype combination or haplotype with relapse.‘ Accurate
determination or prognosis may be statistically significant, e.g., at p < 10 or
preferably p < 10, or more preferably p < 107 or p < 10® or p < 107, Alternatively, or
in addition, the term “accurately determining” means ithat a plurality of alleles,
genotypes, serotypes, a genotype combination or a haplotype, e.g, HLA-C2 in-
combination with at least one rs.7248668-LR allele, or optionally in combination with at
least one additional IL28B-LR allele, provides a positive predictive value (PPV) with
respect to treatment outcome of more than about 75% for patients in a population. The
PPV may increase proportionately with the number of niarkers assayed. Preferably, an
association is stronger than for rs8099917 solus in a population. The PPV may increase

proportionately with the nuxﬁber of markers assayed.

In this context, the term “population” means a test population of greater than 100
matched individuals or greater than 200 matched individuals or greater than 300
matched individuals or greater than 400 matched individuals or greater than 500

matched individuals.

By “matched” is meant that the individuals of the test population have similar or near-
identical age, BMLI, viral titer, and treatment'rcgime. For praétical purposes, the present

invention also provides for accurate prognosis in a “real world” population of
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individuals suffering from the same medical condition e.g., individuals suffering from
the same condition t_hat‘are at least matched with respect to ethnicity. By way of
ekplanation and without limitation, one example of the invention pfovides for accurate
prognosis of treatment for primary or chronic HCV infection in a population of

Caucasian patients.

As used herein, the term “immunomodulatory composition” shall be taken in its

broadest context to mean a composition comprising one or more compounds capable of

modulating expression or secretion of one or more cytokines involved in autoimmunity
and/or immune responses to infectious agents, or by modulating one or more

components of a cytokine signalling pathway. The term “compound” in this context
includes a prdtein,-small moleéule, antibody molecule, or nucleic acid e.g.,- RNAi,

antisense RNA, ribozyme or siRNA.

Thus, a HLA-C2/rs7248668 genotype combination of the present inventidn, optionally
with one or more IL28B additional alleles, serotypes, haplotypes, or genotypes
provided herein, clear application for the accurate pfognosis 6f a response to any
therapy comprising administration of an “immunomodulatory composition” that is

known to be used and/or known to be useful in the treatment of a viral infection and/or

neoplasia and/or Th1-mediated disease and/or Th2-mediated disease.

. For example, the invention is suitable for accurate prognosis of a response to therapy

comprising administration of an “immunomodulatory composition” for treatment of

- Thl-mediated disease and/or Th2-mediated disease e.g., one or more conditions

selected individually or collectively from the group consisting of multiple sclerosis

(MS), rheumatoid arthritis (RA), Type 1 diabetes (IDDM), scleroderma, Con A

* hepatitis, atopic dermatitis, asthma, allergic rhinitis and allergy. Alternatively, or in

addition, the invention is suitable for accurate prognosis of a response to therapy

comprising administration of an “immunomodulatory composition” for treatment of

“one or more infections by viruses selected individually or collectively from the group

~ consisting of human papillomaviruses (e.g., papillomavirus(es) selected from HPV16,
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HPV6 and HPV11), herpes viruses (e.g., herpes virus(es) selected from HSV-1, HSV-2,

'VZV, HHV-6, HHV-7, HHV-8 (KSHV), HCMV and EBYV), picornaviruses (e.g.,

. picornavirus(es) selected from Coxsackie B virus(es) and EMCV), flaviviruses (e.g.,

ﬂavivirus(es) selected from encephalitis virus(es) and hepatitis virus(es) such as HAV
and/or HBV and/or HCV), arenaviruses (arenavirus(es) associated with a viral
haemorrhagic fever); togaviruses (togavirus(es) selected fr'om'> equine encephalitis
viruses), bunyaviruses (e.g., bunyavirus(es) selected from Rift Valley fevef virus,
Crimean-Congo haemorrhagic fever virus, HTNV and APEUV), filoviruses (e.g.,
filovirus(es) selected from Ebola virus and Marburg virhs), paramyxoviruses (e.g.,
RSV), rhabdoviruses (e.g., VSV), orthomyxoviruses (e.g., influenza viruses such as
[IAV), and cor_o_naviruses‘ (e.g., SARS-associated coronavirus, “SARS-CoV”). For

example, the invention provides means for prognosis of a response to therapy

comprising administration of an “immunomodulatory composition” for treatment of

one or more infections by hepatitis virus(es), such as HAV and/or HBV and/or HCV,

and especially HCV. Alternatively, or in addition, the invention is suitable for accurate

‘prognosis of a response to therapy comprising administration of an

“immunbmodulatory composition” for treatment of one or more neoplasias or pre-
cancerous conditions, such- as neoplasia(s) and pre-cancerous condition(s) selected
individually or collectively from the group consisting of HPV-associated cancer (eg.,
cervical intrapepithelial neoplasia and/or cervical carcinoma and/or vulvar
intraepithelial neoplasia and/or penile intraepithelial neoplasia and/or perianal
intraepithelial neoplasia), hepatocellular carcinoma, basal cell carcinoma, squamous
cell carcinoma, actinic keratosis, melanoma, hairy cell leukemia, Kaposi's sarcoma,

non-Hodgkin's lymphoma, astrocytoma, glioblastoma, thymoma, fibrosarcoma.

In another example, a HLA-C2/rs7248668 genotype combination of the present

‘invention, 6ptionally with one or more JL28B additional alleles, serotypes, haplotypes,

or genotypes provided herein, provides the means for accurately determining the
likelihood that a subject will respond to therapy comprising of an immunomodulatory

composition comprising IFN.
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Unless the context. requires otherwise, the term “IFN” as used herein shall be taken to
inclixde any known interferon molecule e.g., IFN-o, IFN-B, IFN-®, IFN-y, IFN-A1, IFN-
A2, or IFN-A3, a composition comprising a plurality of any interferon molecules e.g.,
two or more molecules selected from IFN-a, IFN-B, IFN-w, IFN-y, IFN-A1, IFN-A2 and
IFN-X}, a composition comprising one or more derivatives of an interferon molecule
e.g., a pegylated interferon, and mixtures of said one or more deriVatives with one or

more non-derivative interferon molecules.

For example, the present invention has clear application for the prognosis of a response
to any thefapy comprising administration of “IFN” that is known to be used and/or
known to be useful in the treatment of a viral infection and/or neoplasia and/or Thl-
mediated disease and/or Th2-mediated disease. For example, the invention is useful for
prognosis of a response to an infection treatable by “IFN”, wherein the infection is by
one or more ssSRNA viruses, i.e., an infection by one or more (+) sSRNA viruses and/or
an infection by oﬁe or more (-)ssRNA viruses, such as SARS-associated cbronavirus '
(SARS-CoV), HBV, HCV, coxsackie B virus, EMCV, Ebola virus, VSV, [AV, HTNV,
or APEUV, and/or one or more double-stranded DNA viruses such as HSV-1 or HSV-
2. Alternatively, or in addition, the invention is useful for prognosis of a pre-cancerous
lesion or neoplasia treatable by “IFN” e.g., a pre-cancerous lesion or neoplasia selected
from the group consisting of condylomata acuminata, hairy cell leukemia, Kaposi's
sarcoma, melanoma, non-Hodgkin's lymphoma, astrocytoma, glioblastoma, thymoma
and fibrosarcoma. Altefnétively, or in addition, the invention is useful for prognosis of
a Thl-mediated disease or Th2-mediated disease treatable by “IFN” e.g., a disease
selected from the group consisting of MS, asthma and Con A-induced hepatitis.

In another example, a HLA-C2/rs7248668 genotype combination of the present
invention, optionally with one or more IL28B additional aileles, serotypes, haplofypes,
or genotypes provided herein, provides the means for accurately determining the
likelihood that a subject will respond to thefapy comprising an immunomodulatory

composition comprising guanosine analog(s).
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Unless the context requires otherwise, the term “guanosine analog” as used herein shall
be taken to include any known guahosine analog, a composition comprising a plurality
of guanosine analogs, a composition comprising one or more derivatives of one 6r :
more guanosine analogs and mixtures of said one or more derivatives with one or more
non-derivative guanosine analogs. Preferred guanosine analogs in this context are
those compounds that are capable of modulating levels of Thl and/or Th2 cells, or that
have ant’ivﬁral and/or anti-cancer activiFy. Exemplary guanosine analogs are selected
from ribavirin, viramidine, 7-benzyl-8;bromoguanine, 9-benzyl-8-bromoguanine, and
CpG-containing oligonucleotide(s), and derivative(s), salt(s), solvate(s) and hydrate(s)»
thereof e.g., ribavirin 5'-monophosphate, ribavirin 5'-diphosphate, ribavirin 5'-

triphosphate, and ribavirin 3',5'-cyclic phosphate.

In another example, a HLA-C2/rs7248668 genotype combination of the present

_invention, optionally with one or more IL28B additional alleles, serotypes, haplotypes,

or genotypes provided herein, provides the means for accurately determining the
likelihood that a subject will respond to therapy comprising an immunomodulatory

composition comprising IFN and guanosine analog(s).

This is the first disclosure of interactions e.g., additive interaction or epistatic
interaction between HLA-C2 alleles and one or more LR alleles of rs7248668 in
determining treatment outcome. In one example, the inventors found that

homozygosity for the HLA-C2 allele in combination with one or two copies of a low

response (LR) allele of rs7248668 linked to IL28B is predictive of a poor response to

antiviral therapy. The present invention thus provides the first disclosure of an
association between a genotype comprising two HLAfCZ alleles and at least one

1s7248668-LR allele, and poor treatment outcome.

The alleles, serotypes, haplotypes and genotYpes disclosed in Tables 1, 3-7, 12 and 13
hereof comprise allelic variants and combinations of allélic variants that are associated
with a high res;ponse (HR) to therapy or a low respbx;se (LR) to therapy. Accordingly,
the present invention clearly encompasses the use of the HLA-CZ/rs7248668 genotyi)e
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combination of the present invention and é.ny additional IL28B-LR a_llele(s) and/or any
other IL28B-HR allele(s) disclosed in Tables 1, 3-7, 12 or 13 hereof for determining
the likelihood that a subject will respond to therapy comprising an immunomodulatory

composition as described herein. The only requirement to such combinations is that

- they provide the same or better population coverage without substantial loss in

predictive value of the HLA-C2/rs7248668 genotype combination and/or without
substantial reduction in assay specificity, and/or provide enhanced predictive value

relative to the HLA-C2/rs7248668 genotype combination.

It will be apparent to the skilled artisan that any gene or gene fragment may be
employed in performing the present invention by virtue of the gene or gene fragment
being capable of détecting alleles of HLA-C and rs7248668 disclosed herein, and
optionally any additional allele of IL28B disclosed herein. An allele of HLA-C not
specifically disclosed herein may also provide a surrogate means of detecting an HLA-
C allele disclosed herein by virtue of being in linkage disequilibrium with it. An allele

of IL28B not specifically disclosed herein may also provide a surrogate means of -

- detecting an 1L28B allele disclosed hercih, other than rs7248668, by virtue of being in

linkage disequilibrium with it. For example, a gene or gene fragment will be capable of
deteéting an allele of HLA-C or IL28B if it hybridizes to an allele e.g.,, a SNP,
microsatellite or INDEL in linkage disequilibrium with an HLA-C or IL28B ailele
disclosed herein. Similarly, a gene or gene fragment hybridising to one allele of a
haplotype block may provide a surrogate for detection of the haplotype block by virtue
of the alleles of the haplotype block being in linkage disequilibrium. Preferred markers
that may providé surrogates for an exemplified allele hereof are generally positioned
within 5kb of the 5’-end or 3’end of the gene, the intergenic IL28A/IL28B'region, or
with the protein-encoding region or an intron region of the structural HLA-C or IL28B

gene, or within the protein-eﬁcoding region of the HLA-C gene.

For example, the haplotype block identified and characterized by the inventors for the
IFN-A3 gene (Table 6), and expression data (Figure 1) demonstrating that eﬂxpre'srs'ion of
IFN-A2 and IFN-A3 is reduced in carriers of the LR allele i.e., the G allele, of 1s
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8099917 relative to carriers of the corresbonding HR allele i.e;, the T allele, indicate
that all of the chromosome 19 SNPs presented in Table 1 are definitely linked to the
IFN-A3 gene, with the possible exception of 154803224, 1512980602 and rs10853728.
The excluded SNPs undér these criteria are more distal than rs8099917 from the
strucfural gene region i.e., encoding IFN-A3. Thus, the present invention may be

employed by identifying any marker linked to HLA-C2 or IL28B and associated with

‘treatment outcome e.g., in the 5’-upstream region or an intron or an exon or the 3’-

downstream region.

Accordingly, the present invention encompasses, but is not limited to, the use of HLA-
C2 homozygosity combined with at least one rs7248668-LR allele, optionally in
combination with any other IL28B allele, preferably any other IL28B-LR allele, set
forth in any one or more of Tables 1, 3-7, and any combination thereof e.g., a specific
haplotype set forth in any one of Tables 3-6, for determining the vli]'(elihood that a
subject will or will not respond to therapyv comprising an immunomodulatory
composition as described herein. For example, markers linked to the HLA-C2 or
157248668 genes or fragnﬁehts thereof, optionally in combination with one or more
other markers linked to one or more other IL28B ailelic variant genes or a fragment
thereof, may bé employed for accurate prognosis. By “fragment” in this context, is

meant a portion of a éene of sufficient length to be useful for detection of gene

~ expression associated with the polymorphism and/or of sufficient length to directly

identify the polymorphism e.g., in a platform suitable for identifying SNPs as described

herein.

2. Specific embodiments
The scope of the invention will be apparent from the claims as filed with the

application that follow the exarhplés. The claims as filed with the application are

" hereby incorporated into the description. The scope of the invention will also be

apparent from the following description of specific embddimcnts.
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In one example, the present invention provides a method for accurately determining the
likelihood that a subject will or will not respond to treatment with an
immuhomodulatory composition, said method comprising detecting homozygosity of a
HLA-C2 allele and at least one IL28B low responSe (LR) allele in a sample from the
subject, wherein the IL28B LR allele is the LR allele of {rs7248668, and wherein
detection of said hbnﬂozygosity and said at least one LR allele is indicative of a low

response of the subject to treatment with said composition.

In another example, the present invention provides a method for accurately determining

the likelihood that a subject will or will not respond to. treatment with an
immunomodulatory compositioh, said method comprising detecting homozygosity of
HLA-C2 and rs7248668-LR alleles in a sample from the subject, wherein detection of

the double homozygosity is indicative of a low response of the subject to treatment

- with said composition.

15

20

25

30

In another example, the presgnt'invention provides a method for accurately determining
the likelihood that a subjecf will or will not respond to treatment with an
immunomodulatory composition, said method comprising detecting two or more
markers in a sample from the subject, wherein at least one marker is linked to an-HLA-
C2 allele and at least one marker is linked to the low response .(LR) allele of rs7248668,
and wherein said detection is indicative of HLA-C2 homozygosity and at least one LR
allele of rs7248668 in the genome of the subject, said  indication being further

indicative of a low response of the subject to treatment with said composition.

In another example, thé present invention provides a method for accurately determining
the likelihood that a subject will or will not respond to treatment with an .
immunomodulatory composition, said method comprising performing a method
according fo any example supra, and further comprising detecting one or more low
response (LR) alleles of IL28B in a sample from the subject, wherein detection of

HLA-C2 homozygosity and at least one rs7248668-LR allele and at least one additional
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LR allele of IL28B is indicative of a low response of the subject to treatment with said

composition.

‘The rs7248668-LR allele is defined herein. For example, the rs7248668-LR allele may

comprise a adenine or adenosine at a position corresponding to position 31 of SEQ ID

 NO: 161 in the context of said sequence or a shorter sequence comprising at least about

Sor6or7or8or9orl0orll orl2orl13orl4orlSorl6orl17or18 or 19 or 20
contiguous nucleotides of SEQ ID NO: 161 including the adenine or adenosine at

position 31 thereof, a sequence complementary thereto.

Exemplary HLA-C2 alleles are selected from HLA-Cw2, HLA-Cw4, HLA-Cw5, HLA-
Cwé, HLA-Cw15, HLA-Cw17, HLA-Cw18, HLA-Cw*0114, HLA-Cw*0307, HLA-
Cw*0315, HLA-Cw*0345, HLA-Cw*0707, HLA-Cw*0709, HLA-Cw*0776, HLA-

| Cw*0810, HLA-Cw*1204, HLA-Cw*1205, HLA-Cw*1209, HLA-Cw*1221, HLA-

Cw*1233, HLA-Cw*1241, HLA-Cw*1412, HLA-Cw*1602, HLA-Cw*1609, HLA-
Cw*1612, HLA-Cw*1619, and HLA-Cw*1625, and being other than HLA-Cw*0227,
HLA-Cw*0411, HLA-Cw*0429, HLA-Cw*0436, HLA-Cw*0455, HLA-Cw*0611,
HLA-Cw*1507, HLA-CW*ISZS, or HLA-Cw*1543. The amino acid sequences of
HLA-C2 alleles are publicly-available. |

Exemplary additional low response (LR) alleles of IL28B are selected from the group
of single nuclear polymorphisms (SNPs) set forth in any one of Table 1 or comprise a
SNP set forth in Table 1 or are encoded by nucleic acid comprising‘ a SNP set forth in
Table 1 or linked to a SNP set forth in Table 1.

An additional IL28B-LR allele may consist of a SNP set forth in Table 1, or may
consist of a SNP set forth in Table 3 or comprise a SNP set forth ir_1 Table 3 or be
encoded by nucleic acid comprising a SNP set forth in Table 3 or be linked to a SNP
set forth in Table 3.. In another example, an additional IL28B-LR allele may consist of
a SNP set forth in Table 4 or 5 or éoniprise a SNP set forth in Table 4 or S or be
encoded by nucleic acid comprising a SNP set' forth in Table 4 or S or be linked to a
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SNP set forth in Table 4 or 5. Alternatively, or in addition, an additional IL28B-LR
allele may comprise a sequence sélected from the group consisting of:

(i) asequence of an IL28B-LR allele set forth in any one of SEQ ID NOs: 1 to 60, 62,
64 to 67, 69, 71 to 74, 76, 78, 79‘, 81, 83 to 157, or 1.62-165, and preferably béing
selected from SEQ ID NOs: 6, 11, 69, 86, 89, 92, 95, 98, 100, 103, 106, 110, 112, 115,
119, 122, 124, 127, 131, 134, 137, 140, 142, 145, 149, 151, 154, 157, 161, 163 and 165,
and more preferably beihg selected from SEQ ID Nos: 6, 11, 69, 86, 89, 163 and 165;
and

(ii) asequence complementary to a sequence at (i).

In another example, an additional IL28B-LR allele may the rs4803221-LR allele e.g,,
SEQ ID NO: 163 or at least about S or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or

150r 16 or 17 or 18 or 19 or 20 contiguous nucleotides thereof including the nucleotide

at position 31 thereof, or a complementary sequence thereto.

In >another example, an additional IL28B-LR allele may the rs8099917-LR allele e.g.,
SEQ ID NO: 6 or at least about Sor6or 7or 8 or9or 10 or 11 or 12 or13or14or 15
or 16 or 17 or 18 or 19 or 20 contiguous nucleotides thereof including the nucleotide at

position 31 thereof, or a complementary sequence thereto.

In another example, an additional IL28B-LR allele may the rs12979860-LR allele e.g.,
SEQ ID NO: 165 or at least about S or 6 or 7or8 or9or 10 or 11 or 12 or 13 or 14 or
15 0r 16 or 17 or 18 or 19 or 20 contiguous nucleotides thereof including the nucleotide

at position 31 thereof, or a complementary sequence thereto.

It is clearly within the scope of the invention to detect two or more additional IL28B-
LR alleles at different loci of IL28B, such as a haplotype comprising two or more

IL28B alleles e.g., wherein the haplotype comprises at least one or two or thiee\ alleles

- of 154803221, rs12979860, or rs8099917, such as a haplotype comprising alleles of

rs12980275, rs8105790, rs8103142, rs10853727, rs8109886 and rs8099917.
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In the foregoing examples, one or two LR alleles at any additional locus of IL28B set
forth in Tables 1 and 3-7 may be detected. Thus, heterozygosity or homozygosity at
any additional locus may be employed in combination with the HLA-C2/rs7248668-LR

genotype combination of the invention.

It is clearly within the scope of the invention as described according to any example
hereof to detect a plurality of IL28B genotypes or IL28B markers e.g., two or three or
four o_f five or six or seven or more IL28B genotypes or markers, in addition to the

HLA-C2/rs7248668-LR genotype combination of the invention.

The present invention also encompasées the detection of a modified level of expression

e.g., increased or reduced expreséion of HLA-C and/or IL28B in a sample from the

subject, wherein said modified expression is indicative of a response of the subject to

treatment with said composition. Modified expression may be determined by e.g.,
increased or reduced expression of one or more of the genes or proteins carrying a
diagnostic polymorphism. To detect modified expression, a modified level of at least
one éxpression product ‘of the gene(s) is detected e.g., by nucleic acid-based assay or
antigen-baéed assay. For example, an amplification reaction, e.g., isothermal
amplification or PCR reaction such as RT-PCR, is performed to detect an mRNA

transcript of the gene(s) in a sample from the subject. Alternatively, to detect

‘expressed protein, a protein-containing sample derived from a subject is contacted with

an antibody or ligand capable of speciﬁcaily binding to an allelic variant of a protein

encoded by the gene(s) said marker for a time and under conditions sufficient. for

. complex to form and the complex is detected. Any standard immunoassay may be

employed e.g., ELISA, including sandwich ELISA performed in a microtiter well or in,
a lateral flow or flow-through assay format. In any assay to determine expression, it is
possible to control for \.}ariability eg, by >comparing expression in the Sample to
expression in a control sample. Preferfed control samples are selected from the group
consisting of: (i) sample(s) from one or more subjects not being treated with the
immunomodulatory compositiqn; and (i) a data set comprising measurements of

expression determined previously for the sample(s) at (i).
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'In performing the prognostic method of the invention, or any diagnostic or therapeutic
assay or process employing the method, the sample will generally coﬁlprise; genomic
DNA, mRNA, protein or a derivative thereof. Amplified DNA or cDNA derived from
genomic DNA or mRNA is also useful. Accordingly, a nucleated cell and/or an extract
thereof comprising protein or nucleic acid, is particularly useful if the assay is nucleic
acid-based or protein-based. For protein-based assays e.g., immunoassay, the sample
should comprise cell extract expected to comprise the marker protein e.g., a cell
expressing IL28B.  Accordingly, the present invention encompasses the use of any
sample selected from the group consisting of whole blood, serum, plasma, peripheral
blood mononuclear cells (PBMC), a buffy coat fraction, saliva, urine, a buccal cell,

liver biopsy and a skin cell or combinations thereof. |

It is to be understood that the invention may be performed ex vivo i.e., wherein the

sample has been derived or isolated or obtained previously from the subject.
The sample may comprise genomic DNA, mRNA, protein or a derived thereof.

In accordance with the prognostic method of the invention as described according to
any example hereof, a positive response may be selected from the group consisting of:

(i) aresponse comprising enhanced clearance of a virus or a reduction in virus titer or a |
change in other health characteristic of the subject related to reduced virus titer or
enhanced clearance; (ii) a response comprising recoVery or remission from cancer or
reduced growth of a tumor or pre-cancerous lesion; (iii) a change in Thl cell number,
Th2 cell number or Th1/Th2 cell balance or a change in other health characteristic of
the subject indicative of recovery from a Thl-mediated or Th2-mediated disease; and

(iv) a combination of two or all of (i) to (iii).

Similarly, a low response or hon-response may be selected from the group consisting
of: (i) a failure to clear of a virus or to reduce virus titer or éhange in other health

characteristic of the subject related to said failure; (ii) a failure to recover or enter
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remission from cancer or to reduce growth of a tumor or pre-cancerous lesion; (iii) no
significant change in Thl cell number, Th2 cell number or Th1/Th2 cell balance or
health characteristic of the subject that may indicate recovery from a Th1-mediated or

Th2-mediated disease; and (iv) a combination of two vor all of (i) to (iii).

For those diseases and conditions in which racial origin or genetic background is

significant in the association with response, it is preferred that the subject belongs to

that racial background or has a matching genetic background. In one example, the

" subject is Caucasian e.g., northern European. Alternatively, the subject may be African

e.g., Zulu, or Asian e.g., Chinese.

The immunomodulatory composition may also comprise one or more IFNbs and/or one
or more derivatifles of said one or more of said IFNs e.g., one or more IFNs selected
from IFN-a; IFN-B, IFN-w, IFN-y, IFNl-M, IFN-A2 and' IFN-A3 and/or one or more
derivatives of any one or more of said IFNs. Alternatively, or in addition the
immunomodulatory composition may'c.omprise one or more guanosine analogs and/or
one or more derivatives of said one or more of said guanosine analogs e.g., one or more -
of ribavirin, viramidine, 7-benzyl-8-bromoguanine, 9-benzyl-8-bromoguanine, and
CpG-containing oligonucleotide(s), and derivative(s), salt(s), solvate(s) and hydrate(s)
thereof. For example, the immunomodulatory composition comprises IFN-a and -

ribavirin. Testing of responses to pegylated IFNs are clearly 'ehcompassed. .

In another example, the present invention provides a process for accurately determining
the likelihood that a subject will or will not respond to treatment of Thl-mediated
disease and/or Th2-mediated disease with an immunomodulatory composition, said
process comprising performing a method according to any example hereof for
accufately determining a " likely response of a subject to treatment with an
immunomodulatory composition, and determining a response for the subject selccted_'
from the group consisting of: ,

(i) a change in Thl cell number, Th2 cell number or Th1/Th2 cell balance or a _

change in other health characteristic of the subject indicative of recovery from a Thl-
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mediated or Th2-mediated disease, wherein said response is indicative of a response to
treatment; and- .

(ii) no significant change in Thl cell number, Th2 cell number or Till/Th2 cell
balance or health characteristic of the subject that may indicate recovery from a Thl-
mediated or Th2-mediated disease, wherein said response is . indicaﬁve of a low

response or no response to treatment.

In accordance with this example, the disease may be selected from the group consisﬁng
of multiple sclerosis (MS), rheumatoid arthritis (RA), Type 1 diabetes (IDDM),

scleroderma, Con A hepatitis, atopic dermatitis, asthma, allergic rhinitis and allergy.

Alternatively, another example of the present invention provides a process for
accurately determining the likelihood that a subject will or will not respond to treatment
of one or more bacterial or viral infections with an immunomodulatory composition,
said process comprising performing a method according to any example hereof for
accurately determining a likely .response of a subject to treatment with an
immunomodulatory composition, and determining a response for the subject selécted
from the group consisting of: ‘

(i) aresponse comprising enhanced clearans:e of a virus or bacterium or a reduction
in virus titer or bacterial count or a change in other health characteristic of the subject
related to reduced virus titer or bacterial count or enhanced cleérance, whefein said
response is indicative of a response to treatment; and |

(ii) a failure to clear of a virus or bacteria or to reduce virus titer or bacterial count or a

change in a health characteristic of the subject related to said failure, wherein said

response is indicative of a low response or no response to treatment.

In accordance with this example, the bacterium is a gram negative bacterium and/or the
virus is a singlé-stranded RNA virus e.g., a virus is selected from the group consisting
of a human papillomavirus, a picornavirus, a flavivirus such as a hepatitis virus, an

arenavirus, a togavirus, a bunyavirus, a filovirus, a paramyxovirus, a rhabdovirus, an
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orthomyxovirus, and a coronavirus. Alternatively, the virus is a DNA virus e.g., a

herpesvirus.

Yet another example of the invention provides a process for accurately determining the
likelihood that a subject will or will not respond to treatment of HCV infection with an
immunomodulatory composition, said process comprising performing a method
according to any example hereof for acc’urately determining a likely response of a
subject to treatment with an immunombdulatory composition, and determining a
response for the subject selected from the group consisting of:

(i) aresponse comprising enhanced clearance of HCV or a reduction in HCV tiier or
a Change in other health characteristic of the subject related to reduced virus titer or
enhanced clearance, wherein said response is indicative of a response to treatment; and
(ii) a failure to clear HCV or to reduce HCV titer or a change in a health characteristic
of the subject related to said failure, wherein said response is indicative of a low

response or no response to treatment.

In yet another example, the present invention provides a process for accurately -
determining the likelihood that a subject will or will not respond to- treatment of HCV
infection with an immunomodulatory composition comprising an IFN or a derivative
thereof and ribavirin or a derivative thereof, said process comprising performing a
method according to any ‘example hereof for accurately determining a likely response
of a subject to treatment with an immunomodulatory composition, and determining a
response for the subject selected from the group consisting of: |

(i) aresponse comprising enhanced clearance of HCV or a reduction in HCV titer or
a change in other health characteristic of the subject related to reduced virus titer or
enhanced clearance, wherein said response is indicative of a response to treatment; and
(ii) a failure to clear HCV or to reduce HCV titer or a change in a health characteristic
of the subject related to said failure, wherein said response is indicative of a low

response or no response to treatment.
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In these foregoing examples, the immunomodulatory composition may comprise one or
more IFNs and/or one or more derivatives of said one or more of said .IFNs as
described according to any other example hereof. Alternatively, or in addition, the
immunomodulatory composition may comprise one or more guanosine analogs and/or
one or more derivatives of said one or more 6f said guanosine analogs according to any.

other example hereof.

In another example, the present invention provides a process for selecting a subject in

need of treatment with an immunomodulatory composition, said process comprising:

(i) exposing a sample comprising cells obtained from the subject to the

- immunomodulatory composition in vitro; and

(ii) performing a proghostic method or process as described according to any example
hereof on the sample to thereby identify a subject likely to respond to treatment with
the immunomodulatory composition; and A

(iii) administering or recommending an immunomodulatory composition to a subject

likely to respond to treatment.

In another example, the present invention provides a process for selecting a subject in
need of treatment with an immunomodulatory composition, said process comprising:

(i) exposing a sample comprising cells obtained from the subject to the
immunomodulatory composition in vitro; and

(ii) performing a prognostic method or process as described according to any example
hereof on the sample to thereby identify a subject likely to not respond to treatment
with the immunomodulatory corhposition or likely to provide a low response to
treatment; and

(iii) adminiétering or recommending an alternative therapy to the immunomodulatory

composition.

This selection process is readily-performed on a sample from a subject that has not
been Apreviously administered with the imrhimomodulatory cdmpositidh, or for

determining whether or not to continue treatment in a subject who has received prior in
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vivo administration of the immunomodulatory composition. This method is particularly

well-suited to determining the effect of an immunomodulatory composition on a
sample from a subject infected with HCV. In this example, the immunomodulatory
composition may comprise one or more IFNé and/or one or more derivatives of said
one or more of said IFNs as described according to any other example hereof.

Alternatively, or in addition, the immunomodulatory composition may comprise one or

~more guanosine analogs and/or one or more derivatives of said one or more of said

- guanosine analogs according to any other example hereof. Exemplary samples

comprise peripheral blood mononuclear cells.

In a related example, the present invention provides a process for treating an HCV-
infected subject, comprising: (i) performing the ex vivo selection process on a samp1e>
from a subject; and (ii) either (a) administering or recommending a therapeutically |
effective amount of an immunomodulatory composition comprising an IFN to the
subject or shortening the length of treatment with said immunomodulatbry composition
if the subject is likely to respond to treatment, or (b) administering or recommending an
alternative therapy or extending the length of treatment with said immunomodulatory
composition if the subject is not likely to respond to treatment or likely to produce a

low response to treatment.

In another example, the present invention provides a process for determining a
predisposition in a subject to a chronic HCV infection, said process comprising
performing a prognostic method as described herein to thereby identify a subject likely
to ‘not réspond to treatment with an immunomodulatory composition or likely to
provide a low response to treatment, and determining that the subject has a -

predisposition to chronic HCV infection.

In yet another example, the present invention provides methods of treatment employing
the prognostic test described herein. For example, the invention provides a process
comprising: (i) performing a prognostic method or process as described according to

any example hereof; and (ii) administering or recommending an immunomodulatory
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composition to a subject. In another example, such a process comprises: (i) obtaining
results of a prognostic method or process as described according to any example

hereof, and (ii) administering or recommending an immunomodulatory composition to

a subject.

A further example of the present inQention provides a kit cdmp;rising a plurality of
isolated nucleic acids and/or a plurality of antibodies and/or a plurality of peptides for
performing a prognostic method or process according .to any example hereof. In one
example, the nucleic acids each comprise a fragment of an HLA-CI allele and/or a
fragment of a HLA-C2 allele, in combination with a fragment of a rs7248668 allele,
and optionally one or more fragments of one or more other IL28B alleles listed in Table
1, wherein said fragments are capable of distinguishing between LR and HR alleles at
the same locus e.g., by virtue of comprising nucleotide sequences set.forth herein or
complementary thereto, or by virtue of being contained within said ﬁucleotide ,

sequences.

In another example, the kit comprises antibodies that bind selectively to HLA-CI

and/or antibodies that bind selectively to HLA-C2 in combination with antibodies that

bind selectively to rs7248668-HR and/or antibodies that bind selectively to rs7248668-
“LR. Optionally, the kit further comprises one or more additional antibodies that bind

selectively to an allelic variant of IL28B set forth in Table 1 and are capable'-of

distinguishing between the other allelic variant at the same locus, wherein the allelic

variant is other than an rs7248668 allele.

"In another example, the kit comprises peptides that bind selectively to HLA-C1 and/or

peptides that bind selectively to HLA-C2 in combination with peptides that bind
selectively to rs7248668-HR and/or peptides that bind selectively to rs7248668-LR.
Optionally, the kit further comprises one or more additional peptides that bind

selectively to an allelic variant of IL28B set forth in Table 1 and are capable of

'distinguishing between the other allelic variant at the same locus, wherein the allelic

variant is other than an rs7248668 allele.
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The plurality of nucleic acids, beptides or antibodies may be arrayed e.g., on a solid
substrate. Preferably, the kit at least comprises a plurality of nucleic acids comprising
sequences derived from HLA-C2 alleles in combination with nucleic acids comprising
sequences derived from the rs7248668-LR allele, and at least one or two or three or
four or five or six or seven or eight or nine or ten additional nucleic acids each

comprising sequences derived from IL28B-LR alleles.

A further example provides for the use of a plurality of isolated nucleic acid or peptides
or antibodies as described according to any example hereof in the manufacture of a kit
or solid substrate for performing a prognostic method or process according to any

example hereof.

3. 'General

Unless the context requires otherwise or specifically stated to the contrary, integers,

steps, or elements of the invention recited herein as singular integers, steps or elements

clearly encompass both singular and plural forms of the recited integers, steps or

elements.

The designation of nucleotide residues referred to herein are those recommended by the

TUPAC-TUB Biochemical Nomenclature Commission, wherein A represents Adenine,

" C represents Cytosine, G represents Guanine, T represents Thymine, Y represents a

pyrimidine residue, R represents a puriné residue, M represents Adenine or Cytosine, K
represents Guanine or Thymine, S represents Guanine or C.ytosine, W represents
Adenine or Thymine, H represents a nucleotide other than Guanine, B represents a
nucleotide other than Adenine, V represents a nucleotide other than Thymine, D

represents a nucleotide other than Cytosine and N represents any nucleotide residue.

- As used herein the term "derived from" shall be taken to indicate that a specified

integer may be obtained from a particular source albeit not neceésarily directly from

that source.
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Throughout this specification, unless the context requires otherwise, the word
"comprise”, or variations such as "comprises" or "comprising”, will be understood to
imply the inclusion of a stated step or element or integer or group of steps or elements
or integers but not the exclusion of any other step or element or integer or group of

elements or integers.

Throughout this specification, unless specifically stated otherwise or the context
requires otherwise, reference to a single step, composition of matter, group of steps or
group of compositions of matter shall be taken to encompass one and a plurality (i.e.
one or more) of those steps, compositions of matter, groups of steps or | group of

compositions of matter. -

Each embodiment described herein is to be applied mutatis mutandis to each and every

other embodiment unless specifically stated otherwise.

Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. It is to be
understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, featurés, compositions and compounds referred
to or indicated in this specification, individually or collcctively, and any and all

combinations or any two or more of said steps or features.

The present invention is not to be limited in scope by the specific embodiments
described herein, which are intended for the purpose of exemplification only.
Functionally-equivalent products, compositions and methods are clearly within the

scope of the invention, as described herein.

The present invention is performed without undue experimentation using, unless
otherwise indicated, conventional techniques of molecular biology, de’velopnﬁental '

biology, mammalian cell culture, recombinant DNA technology, hisfochemistry and
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immunohistochemistry and immunology. Such procedures are described, for example,

in the following texts that are incorporated by reference:

1.  Sambrook, Fritsch & Maniatis,AMolecular Cloning: A Laborétory Manual, Cold
Spring Harbor Laboratories, New York, Second Edition (1989), whole of Vols I, II, and
m; |
2. DNA Cloning: A Practical Approach, Vols. I and II (D. N. Glover, ed., 1985),
IRL Press, Oxford, whole of text; _ ‘ '

3. Oligonucleotide Synthesis: A Practical Approach (M. J. Gait, ed., 1984) IRL
Press, Oxford, whole of text, and particularly the pépers therein by Gait, ppl-22;
Atkinson et al., pp35-81; Sproat et al., pp 83-115; and Wu et al., pp 135-151;

4. Nucleic Acid Hybridization: A Practical Approach (B. D. Hames & S. J.
Higgins, eds.,‘1985) IRL Press, Oxford, whole of text;

Brief description of the drawings

Figure 1 provides a graphical representation showing combined expression of IFN-A2
and IFN-\3 '(y-axis) as determined by RT-PCR for healthy controls having different
genotypes at rs8099917 (x-axis). Data show that cxpreésion of IFN-A2 and IFN-A3 is
reduced in patients that are homozygous for the low response (LR) G allele at this locus
compared to those patients that are horrllozygboqs for the high response (HR) T allele at
this locus, and for G/T heterozygotes. The data further suggest functional significance
of the rs8099917 SNP in therapeutic response. |

F igure 2 provides a graphical representation showihg the percentage of individuals who
have a low response (LR) or high response (HR) to antiviral therapy in a cohort of
about 300 e.g., 301, HCV-infected subjects. Subjects genotyped' for 1L28B alleles
alone were either homozygous for a HR allele linked to IL28B at rs8099917 (TT on the
X-axis) or had at least one LR allele linked to IL28B at rs8099917 (G* on the x-axis).
Subjects” genotyped for HLA-C alleles alone were either homozygous for HLA-C2
(C2Cb2 on the x-axis) or had at least one HLA—Cl_A allele (n;)t C2C2 on the X-axis).
Subjects genotyped for HLA-C alleles and at least one IL28B allele were either
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homozygous for HLA-C2 and at least one LR allele linked to IL28B at rs8099917
(C2C2G* on the x-axis), or they had at least one HLA-C1 allele and no LR allele
linked to IL28B at rs8099917 (Not C2C2G* on the x-axis). Data indicate that HLA-C2

homozygous individuals respond poorly to therapy, and that its effect is more marked if

-the subjects are also carrier of the LR allele linked to IL28B at rs8099917 (p< 0.0001).

Figure 3 provides a graphical representation showing the percentage non-SVR rates of
the three HLA-C/rs8099917 genotype combinations in stage 1, replication stage and

combined cohort as described in Example 4.

Figure 4 provides a graphical representation showing the percentage non-SVR rates of

HLA-C, IL28B and combined HLA-C/IL28B genotypes in the combined cohort as

“described in Example 4.

Figure 5 provides a graphical representation of the SNP Selection Scheme employed in

this study

'Figure 6 provides a graphical representatlon of the results of allele-based association

tests at the locatlons of variants as called by CRISP using pooled MPS data

Figure 7 provides a graphical representatlon of odds ratios for the eighteen individually

gcnotyped SNPs under four dlfferent genetic models.

Figure 8 provides a graphical representation of location and D values for the SNPs
genotyped in this study Linkage disequilibrium blocks determined from the cohort data
using Haploview. HapMap SNPs genotyped in multiple populations are shown in the

- header map in each case.

Figure 9 provides a graphical representation of the putative Transcription Factor and

Methylation Sites on IL28B Haplotypes. The 6 haplotypeé identified using H?aplovie\rvi -

are shown. SNPs changing CpG sites in the region identified as methylated are boxed
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in red. In silico predictions of different haplotype transcription factor binding sites

were identified using Ali Baba, and serve as a proof of principle that the haplotype

sequence differences are sufficient to alter response to transcription factors.

Detailed description of the preferred embodiments

Markers associated with a disease or disorder

In one example, a marker is at least one HLA-C allele e.g., at least one HLA-C1 allele
or at least one HLA-C2 allele. In another example, a marker of the present invention is
at least one IL28B allele e.g., at least one HR allele linked to IL28B or at least one LR
allele linked to IL28B or a IL28B haplotype block.

Protein markers for HLA-C1 alleles or HLA-C2 alleles are described by Alper et al., J.
Exp. Med. 144, pl111 et seq. (1976) or Hobart et al., J. Immunol. 116, p1736 et seq.

(1976) incorporated herein by reference.

Alternatively or in addition, markers comprising or consisting of nucleic acid are
employed e.g., DNA or RNA or a combination of RNA or DNA or modified RNA

comprising one or more non-nucleic acid components or modified DNA comprising

“one or more non-nucleic acid components.

For example, HLA-C markers may comprise amplified nucleic acid comprising a
polymorphism such as a SNP, microsatellite or INDEL. Standard means are employed
to determine HLA-C alleles. In one example, the Class [ SSP ARMS-PCR method is
employed essentially as described by Tonks et dI., Tissue Antigens 53, 175—183, 1999
which is incorporated herein by reference. In another example, HLA-C alleles are
amplified using ampliﬁcatidn primers comprising one or more hypervariable regions of -
HLA-C1 or HLA-C2 genes, such as the hypervariable region of exon 2 and/or exon 3.
For example, primers specific for exon 2, codon 45 and/or exon 3, codon 182 may be
emplbyédL Alternatively, or in addition, ainpliﬁcatioh pﬁmers specific for nucleic acid

encoding the HLA-Cw a1 domain e.g., comprising polymorphisms for codon 77 and/or
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codon 80 are employed to distinguish HLA-C1 from HLA-C2. Specificity of sequence-
specific oligonucleotide probes (SSOPs) is confirmed by using B lymphoblastoid cell

- lines as positive controls for the HLA-C alleles.

Specific microsatellite markers for HLA-C alleles are described e.g., by Tamiya ef al.,
Tissue Antigens 51, 337-346, (1998); Tainiya et al., Tissue Antigens 52, (1999); Jenisch
et al., Am. J Hum. Genet. 63, 191-199 (1998); Marshall et al., Hum. Immunol. 38, 24-
29 (1993); or Krishnan et al, Genomics 30, 53-58 (1995), each of which is

incorporated by reference.

Exemplary SNP markers for HLA-C alleles are from the region containing HLA-B and
HLA-C i.e., the so-called betajblock as described e.g., by Gaudieri ef al., Genome Res.

10, 1579-1586 (2000) and the references cited therein, each of which is incorporated:

herein by reference.

Preferred IL28B SNP markers will comprise a sequence set forth in the Sequence
Listing or complementary thereto. Such a nucleic acid marker comprises; for example,
a polymorphism, an insertion into an IL28B gene or transcript thereof, a deletion from
an IL28B gene or transcript thereof, a franscript of an IL28B gene or a fragment thereof
or an alternatively spliced transcript of an IL.28B or a fragment thereof, and includes
copy number variants or inversions. The nucleotide substitution or deletion or insertion
may be in the 5’-end of a gene, the 3’-end of a gene, in an exon of a gene or an intron
of a gene. Alternatively, the nucleotide substitution or deletion or insertion may be in
an intergenic region i.e., between genes. A nucleotide substitution or deletion or
insertion may modify gene expression and, without being bound by any theory or mode
of action this modified expression may be associated with the development‘ of a

therapeutic response, or a non-response or low response.

In one example, the method of the invention comprises detectmg or determmmg the

presence of a plurality of markers associated with a therapeutlc response
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Assay detection methods
(i) Nucleic acid marker detection

As will be apparent to the skilled artisan a pfobe or primer capable of specifically

detecting a marker that is associated with or causative of a therapeutic response, is any

~ probe or primer that is capable of specifically hybridizing to the region of the genome

that comprises said marker, or an expression product thereof. ‘Accordingly, a nucleic
acid marker is preferably at least about 8 nucleotides in length (for example, for
detection using a locked nucleic acid (LNA) probe). To provide more specific
hybridization, a marker is preferably at least about 15 nucleotides in length or more
preferably at least 20 to 30 nucleotides in length. Such markers are particulérly
amenable to detection by nucleic acid hybridization-based detection means assays, such

as, for example any known format of PCR or ligase chain reaction.

Generally, a method for detecting a nucleic acid marker comprises hybridizing an
oligonucleotide to the marker linked to nucleic acid in a sample from a subject under
moderate to high stringency conditions and detecting hybridization of the
oligonucleotide uéing a detection means, such as for exarﬁple, an amplification reaction

or a hybridization reaction.

For the purposes of defining the level of stringency to be used in these diagnostic
assays, a low stringency is defined herein as being a hybridization and/or a wash
carried out in 6 x SSC buffer, 0.1% (w/v) SDS at 28°C, or equivalent _condition_s. A
moderate stringency is defined herein as being a hybridization e}nd/or washing carried
out in 2 x SSC buffer, 0.1% (w/v) SDS at a temperature in the range 45°C to 65°C, or
equivalént conditions. A high stririgency is defined heréin as being a hybridization
and/or wash carried out in 0.1 x SSC buffer, 0.1% (w/v) SDS, or lower salt
concentration, and at a temperature of at least 65°C, or equivalent conditions.
Reference herein to a particulér level of stringency encompasses equivalent conditions

using wash/hybridization solutions other than SSC known to those skilled in the art.
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Generally, the stringency is increased by reducing the concentration of SSC buffef,
and/or increasing the concentration of SDS and/or inéreasing the temperature of the
hybridization and/or wash. Those skilled in the art will be aware that the conditions for
hybridization and/or _wash‘may vary depending upon the nature of the hybridi_zation-

matrix used to support the sample DNA, and/or the type of hybridization probe used.

In another example, stringency is determined based upon the temperature at which a
probe or primer dissociates from a target sequence (i. e., the probe or primers melting
temperature or Tm). Such a temperature may be determined using, for example, an

equation or by empirical means. Several methods for the determination of the Tm of a

“nucleic acid are known in the art. For example the Wallace Rule determines the G + C

and the T + A concentrations in the oligonucleotide and uses this information to
calculate a theoretical Tm (Wallace et al, Nucleic Acids.Res. 6, 3543, 1979).
Alternative methods, such as, for cxample; the nearest neighbour method are known in
the art, and described, for example, in Howley, et al., J. Biol. Chem. 254, 4876, Santa
Lucia, Proc. Natl. Acad. Sci. USA, 95: 1460-1465, 1995 or Bresslauer et al., Proc. Natl.
Acad. Sci. USA, 83: 3746-3750, 1986. A temperature that is similar to (e.g., within 5°C

or within 10°C) or equal to the proposed denaturing temperature of a probe or primer is

considered to be high stringency. Medium stringency is to be considered to be within

10°C to 20°C or 10°C to 15°C of the calculated Tm of the probe or primer.
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- a) Probe/primer design and production

As will be apparent to the skilled artisan, the specific probe or primer used in an assay

“of the present invention will depend upon the assay format used. Clearly, a probe or

primer that is capable of prefereﬁtially or specifically hybridizing or annealing to or

detecting the marker of interest is preferred. Methods for designing probes and/or

primers for, for example, PCR or hybridization are known in the art and described, for

example, in Dieffenbach and Dveksler (Eds) (In: PCR Primer: A Laboratory Manual,
Cold Spring Harbor Laboratories, NY, 1995). Furthermore, several software packages
are publicly available that design optimal probes and/or primci‘s for a variéty of assays,
e.g. Primer 3 available from the Center for Genome Research, Cambridge, MA, USA.
Probes and/or primers useful for detection of a marker associated with a therapeutic
response, are assessed to dctei’mine those that do not form hairpins, self-prime or form

primer dimers (e.g. with another probe or primer used in a detection assay).

Furthermore, a probe or primer (or the sequence thereof) is assessed to determine the
temperature at which it denatures from a target nucleic acid (ie. the melting
temperature of the probe or primer, or Tm). Methods of determining Tm are known in
the art and described, for example, in Santa Lucia, Proc. Natl. Acad. Sci. US4, 95:
1460-1465, 19.95 or Bresslauer et al., Proc. Natl. Acad. Sci. USA, 83: 3746-3'750, 1986.

A primer or probe useful for gietecting a SNP or mutation in an allele speciﬁc PCR
assay or a ligase chain reaction assay is designed such that the 3' terminal nucleotide
hybridizes to the site of the SNP or mutation. The 3' terminal nucleqtide may be any of
the nucleotides known to be present at the site of the SNP or mutation. When
complementary nucleotides occur in the probe or primer and at the site of the
polymorphisxﬁ the 3' end of the probe or primer hybridizes completely to the marker of
interest and facilitates amplification, for example, PCR amplification or ligation to
another nucleic acid. Accordingly, a probe or primer that completely hybridizes to the

target nucleic acid produces a positive result in an assay.
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- In another example, a primer useful for a primer extension reaction is designed such

that it preferentially or specifically hybridizes to a region adjacent to a specific

nucleotide of interest, e.g. a SNP or mutation.

Whilst the specific hybridization of a probe or primer may be estimated by determining
the degree of homology of the probe or primer to any nucleic acid using software, such
as, for example, BLAST, the specificity of a probe or primer can only be determined -

empirically using methods known in the art.

A locked nucleic acid (LNA) or protein-nucleic acid (PNA) probe or a molecular
beacon useful, for example, for detection of a SNP or mutation or microsatellite by
hybridization is at least about 8 to 1.2 nucleotides in length. Preferably, the nucleic acid,
or derivative thereof, that hybridizes to the site of the SNP or mutation or microsatellite
is positioned at approximately the centre of the probe, thefeby facilitating selective

hybridization and accurate detection.

- Methods for prddﬁcing/synthesizing a probe or primer of the present invention are

known in the art. For example, oligonucleotide synthesis is described, in Gait (Ed) (In:
Oligonucleotide Synthesis: A Practical Appi'oach, IRL Press, Oxford, 1984). For

example, a probe or primer may be obtained by biological synthesis (eg. by digestion of

"a nucleic acid with a restriction endonuclease) or by chemical synthesis. For short

sequences (up to about 100 nucleotides) chemical synthesis is preferable.

For longer sequences standard replication methods employed in molecular biology are
useful, such as, for example, the use of M13 for single stranded DNA as described by J.
Messing (1983) Methods Enzymol, 101, 20-78.

Other methods for oligonucleotide synthesis include, for example, phosphotriester and
phosphodiester methods (Narang, et al. Meth. Enzymol 68: 90, 1979) and synthesis on a
support (Beaucage, et al Tetrahedron Letters 22: 1859-1862, 1981) as well as
phosphoramidate technique, Caruthers, M. H., et al., "Methods in Eniymology," Vol.
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154, pp. 287-314 (1988), and others described in "Synthesis and‘Applications of DNA
and RNA," S. A. Narang, editor, Academic Press, New York, 1987, and the references

contained therein.

LNA synthesi's is described, for example, in Nielsen et al, J. Chem. Soc. Perkin Trans.,
1: 3423, 1997; Singh and Wengel, Chem. Commun. 1247, 1998. While, PNA synthesis
is described, for example, in Egholm et al., Am. Chem. Soc., 114: 1895, 1992; Egholm
et al., Nature, 365 566, 1993; and Orum et al., Nucl. Acids Res., 21: 5332, 1993.

In one exarhple, the probe or primer comprises one or more detectable markers. For
example, the.probe or primer comprises a fluorescent label su(;,h as, for example,
fluorescein (FITC), 5,6-carboxymethyl fluorescein, Texas red, nitrobenz-2-oxa-1,3-
diazol-4-yl (NBD), coumarin, dansyl chloride, ' rhodamine, -4'-6-diamidino-2-
phenylinodole (DAPI), and the cyanine dyes Cy3, Cy3;5, Cys, Cy5.5 ‘and Cy7,
fluorescein (5-carboxyﬂuorescein-N-hydfoxysuccinimidc ester), rhodamine (5,6-
tetramethyl rhodamine). The absorption and emission maxima, respectively, for these
fluors areﬁ FITC (490 nm; 520 nm), Cy3 (554 nm; 568 nm), Cy3.5 (581 nm; 588 nm),
CyS5 (652 nm: 672 nm), CyS5.5 (682 nm; 703 nm) and Cy7 (755 nm; 778 ﬁm).

Alternatively, the probe or primer is labeled with, for example, a fluorescent
semiconductor nanocrystal (as described, for example, in US 6,306,610), a radiolabel -

or an enzyme (e.g. horseradish peroxidase (HRP), alkaline phosphatase (AP) or B-

galactosidase).

Such detectable labels facilitate the detection of a probe or»primer, for example, the
hybridization of the probe or primér or an amplification iproduct produced using the
probe or primer. Methods for producing such a labeled probe or primer are known in
the art. Furthermore, commercial sources for the production of a labeled probe or

primer will be known to the skilled artisan, e.g., Sigma-Genosys, Sydney, Australia.
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The present invention additionally contemplates the use a probe or primer as described

‘herein in the manufacture of a d1agnost1c reagent for dlagnosmg or determining a

predisposition to a therapeutic response.

b) Detection methods

Methods for detecting nucleic acids are known in the art and include for example,
hybridization based assays, amplification based assays and restriction endonuclease
based assays. For example, a change in the sequence of a region of the genome or an

expression product thereof, such as, for example, an insertion, a deletion, a

transversion, a transition, alternative splicing or a change in the preference of or

occurrence of a splice form of a gene is detected using a method, such as, polymerase
chain reaction (PCR) strand displacement amplification, ligase chain reaction, cycling

probe technology or a DNA microarray chip amongst others.

Methods of PCR are known in the art and described, for example, in Dieffenbach (Ed)
and Dveksler (Ed) (/n: PCR Primer: A Laboratory Manual, Cold Spring Harbor
Laboratories, NY, 1995). Generally, for PCR two non-complementary nucleic acid

primer molecules comprising at least about 20 nucleotides in length, and more

- preferably at least 30 nucleotides in length are hybridized to different strands of a

nucleic acid template molecule, and specific nucleic acid molecule .copies of the
template are amplified enzymatically. PCR products may be detected using

electrophoresis and detection with a detectable marker that binds nucleic acids.

Alternatively, one or niore of the oligonucleotides are labeled with a detectable marker

(e.g. a fluorophore) and the amplification product detected using, for example, a
lightcycler (Perkin Elmer, Wellesley, MA, USA). Clearly, the present invention also

encompasses quantitative forms of PCR, such as, for example, Taqgman assays.

Strand displacement amplification (SDA) utilizes oligonucleotides, a DNA polymerase
and a restriction endonuclease to ampllfy a target sequence. The ollgonucleotldes are
hybrldlzed toa target nucleic acid and the polymerase used to produce a copy of this

region. The duplexes of copied nucleic acid and target nucleic acid are then nicked with
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an endonuclease that specifically recognizes a sequence at the beginning of the copied
nucleic acid. The DNA polymerase recognizes the nicked DNA and produces another
copy of the target region at the same time displacing the pfeviously generated nucleic
acid. The advantage of SDA is that it occurs in an isothermal format, thereby

facilitating high-throughput automated analysis.

Ligase chain reaction (described in EU 320,308 and US 4,883,750) uses at least two
oligonucleotides that bind to a target nucleic acid in such a way that they are adjacent.
A ligase enzyme is then used to link the oligonucleotides. Using thermocycling the
ligated oligonucleotides then become a target for further oligonucleotides. The ligated
fragments are then detected, for example, using electrophoresis, or MALDI-TOF.
Alternatively, or in addition, one or more of the probes is labeled with a detectable

marker, thereby facilitating rapid detection.

Cycling Probe Technology uses chimeric synthetic probe that comprises DNA-RNA-
DNA that is capable of hybridizing to a target sequence. Upon hybridizaiion toa targef
sequence the RNA-DNA duplex foﬁned is a farget for RNase H thereby cleaving the
probe. The cleaved probe is then detected using, for eXample, elecﬁophoresis or
MALDI-TOF. | |

In a preferred example, a marker that is associated with or causative of a therapeutic

- response, occurs within a protein coding region of a genomic gene (e.g. an [FN-A3

gene) and is detectable in mRNA encoded by that gene. For example, such a marker
may be an alternate splice-form of a mRNA encoded by a genomic gené (e.g. a splice
form not observed in a normal and/or healthy subjecf, or, alternatively, an increase or
decrease in the level of a splice form in a subject that carries the marker). Such a
marker may be detected using, for example, reverse-transcriptase PCR (RT-PCR),
transcription mediated amplification (TMA) or nucleic acid sequence based
amplification (NASBA), although any mRNA or ¢cDNA based hybridization and/or

amplification protocol is 'clearlyr amenable to the instant invention.
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Methods of RT-PCR are known in the art and described, for example, in Dieffenbach
(Ed) and Dveksler (Ed) (/n: PCR Primer: A Laboratory Manual, Cold Spring Harbor

- Laboratories, NY, 1995).

‘Methods of TMA or self-sustained sequence replication (3SR) use two or more
oligonucleotides that flank a target sequence, a RNA polymerase, RNase H and a
reverse transcriptase. One oligonucleotide (that also compriées a RNA polymerase
binding site) hybridizes to an RNA .molecule that comprises the target sequence and the
reverse transcriptase produces cDNA copy of this region. RNase H is used to digest the
RNA in the RNA-DNA complex, and the second oligonucleotide used to produce a
copy of the cDNA. The RNA polymerase is then used to produce a RNA ‘coby of the
cDNA, and the process repeated.

NASBA systems rely on the simultaneous activity of three enzymes (a reverse
transcriptase, RNase H and RNA polymerase) to selectively amplify target mRNA
sequences. The mRNA template is transcribed to cDNA by reverse transcription using
an oligonucleotide that hybridizes to the target sequence and comprises a RNA
polymerase binding site at its 5' end. The template RNA is digested with RNase H and _
double stranded DNA is synthesized. The RNA polymerase then produces multiple
RNA copies of the cDNA and the process is repeated. '

Clearly, the hybridization to and/or amplification ‘of a marker associated with a
therapeutic response, using any of these methods is detéctable usihg, for example,
electrophoresis. and/or rﬁass spectrometry. In this regard, oné or more of the
probes/primers and/or one or more of the nucleotides used in an amplification reactions
may be labeled with a detectable marker to facilitate rapid détection of a marker, for
example, marker as described supra, e.g., a fluorescent label (e.g. Cy5 or Cy3) or a

radioisotope (e.g. 32p),

Alternatively, ampliﬁcation of a nucleic acid may be continuously monitored using a

melting curve analysis method, such as that described in, for example, US 6,174,670..
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In a one exemplified form of the invention, a marker associated with a therapeutic -
response, comprises a single nucleotide change. Methods of detecting singlé nucleotide
changes are known in the art, and reviewed, for example, in Landegren et al, Genome
Research 8: 769-776, 1998. | | |

For example, a single nucleotide changes that introduces or alters a sequence that is a

recognition sequence for a restriction endonuclease is detected by digesting DNA with
the endonuclease and detecting the fragment of interest using, for example, Southern
blotting (described in Ausubel ef a/ (In: Current Pfotocols in Molecular Biology. Wiley
Intérscience, ISBN 047 150338, 1987) and Sambrook et al (In: Molecular Cloning:
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratories, New
York, Third Edition 2001)). Alternatively, a nucleic acid amplification method
described supra, is used to amplify the region surrounding the single nucleotide
changes. The ampliﬁc:ation product is then incubated with the endonuclease and any

resulting fragments detected, for éxample, by electrophoresis, MALDI-TOF or PCR.

The direct analysis of the sequence of polymorphisms of the present invention can be

accomplished using either the dideoxy chain termination method or the Maxam-Gilbert

method (see Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd Ed.,

CSHP, New York 1989); Zyskind et al, Recombinant DNA Laboratory Manual,
(Acad. Press, 1988)).

Alternatively, a single nucleotide change is detectéd using single stranded

conformational polymorphism (SSCP) analysis. SSCP analysis relies upon the

formation of secondary structures in nucleic acids and the sequence dependent nature
of these secondary structures. In one form of this analysis an amplification method,
such as, for example, a method described supra, is used to amplify a nucleic acid that
comprises a single nucleotide change. The amplified nuéleic acids are then denatured,
cooled and analyzed using, for examplé, non-denaturing polyacrylamide gel

electrophoresis, mass spectrometry, or liquid chromatography (e.g. HPLC or dHPLC).
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Regions that comprise different sequences form different secondary structures, and as a
consequence migrate at different rates through, for example, a gel and/or a charged
field. Clearly, a detectable marker may be incorporated into a probe/primer useful in

SSCP analysis to facilitate rapid marker detection.

Alternatively, any nucleotide changes are detected using, for example, mass

spectrometry or capillary electrophoresis. For example, amplified products of a region
of DNA comprising a single nucleotide change from a test sample are mixed with
amplified products from a norxﬁal/healthy individual. The products are denatured and
allowed to re-anneal. Clearly those samplés that comprise a different nucleotide at the
position of the singlé nucleotide change will not completely anneal to a nucleic acid
molecule from a normal/healthy individual thereby changing the charge and/or
conformation of the nucleic acid, when éompared to a completely annealed nucleic

acid. Such incorrect base pairing is detectable using, for example, mass spectrometry.

Mass specir’ometry is also useful for detecting the molecular weight of a short amplified
product, wherein a nucleotide change causes a change in molecular wéight of the

nucleic acid molecule (such a method is described, for example, in US 6,574,700).

Allele specific PCR (as described, for exampie, In Liu et al, Genome Research, 7: 389-
398, 1997) is also useful for determining the presence of one or other allele of a singie

nucleotide change. An oligonucleotide is designed, in which the most 3' base of the

“oligonucleotide hybridizes with the single nucleotide change. During a PCR reaction, if

the 3' end of the oligonucleotide does not hybridize to a target sequence, little or no
PCR product is produced, indicating that a base other than that present in the.
oligonucleotide is present at the site of single nucleotide change in the sample. PCR
products are then detected using, for example, gel or capillary electrophoresis or mass

spectrometry.

vPri‘mer extension methods (described;rfor eXarhple; in Dieffenbach (Ed) and Dveksler

(Ed) (/n: PCR Primer: A Laboratory Manual, Cold Spring Harbor Laboratories, NY,
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1995)) are also useful for the detection of a single nucleotide change. An
oligonucleofide that hybridizes to the region of a nucleic acid adjacent to the single
nucleotide change. This oligonucleotide is then used in a primer extension protocol
with a polymerase and a free nucleotide diphosphafe that corresponds to either or any
of the possible bases that occur at the single nucleotide change. Preferably the
nucleotide-diphdsphate is labeled with a detectable marker (e.g. a ﬂuorophofe).
Following primer éxtens_ion, unbound labeled nucleotide diphosphates are removed,
e.g. using size exclusion chrorhatography or electrophoresis, or hydrolyzed, using for
example, alkaline phosphatase, and the incorporation .6f the labeled nucleotide into the
oligonucleotide is detected, indicating the base that is present at the site of the single
nucleotide change. Alternatively, or in addition, as exemplified herein primer

extension products are detected using mass spectrometry (é. g MALDI-TOF).

Clearly,v the present ihvention extends to high-throughput forms primer extension
analysis, such as, for example, minisequéncing (Sy Vimen et al., Genomics 9: 341-
342, 1995). In such a method, a probe or primer (or multiple probes or prirhers) are
immobilized on a solid support (e.g. a glass slide). A biological sample comprising
nucleic acid is then brought into direct contact with the probe/s or primer/s, and a_
primer extension protocol performed with each of the free nucleotide bases labeled
with a different detectable marker. The nucleotide present ata single nucleotide change
or a number of single nucléotide changes is then determined by determining the

detectable marker bound to each probe and/or primer.

Fluorescently labeled locked' nucleic acid (LNA) molecules or fluorescently labeled
protein-nucleic acid (PNA) molecules are useful for the detection of SNPs (as
described in Simeonov and Nikiforov, Nucléic Acids Research, 30(17): 1-5, 2002). LNA
and PNA molecules bind, with high affinity, to nucleic acid, in particular, DNA.
Fluorophores (in particular,. rhodamine or hexachlorofluorescein) conjugated to the
LNA or PNA probe fluoresce at a significantly greater level upon hybridization of thé
probe to target nucleic acid. However, the level of increase of fluorescence is nbdtbl

enhanced to the same level when even a single nucleotide mismatch occurs.
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Accordingly, the degree of fluorescence detected in a sample is indicative of the
presence of a mismatch between the LNA or PNA probe énd the target nucleic acid,
such as, in the presence of a SNP. Preferably, fluorescently labeled LNA or PNA
technology is used to detect a single base change in a nucleic acid that has been

previously amplified using, for example, an amplification method described supra.

As will be apparent to the skilled artisan, LNA or PNA detection technology is
amenable to a high-throughput detection of one or more markers immobilizing an VLNA
or PNA probe to a solid support, as deécribed in Orum et al., Clin. Chem. 45: 1898-
1905, 1999. ‘

Similarly, Molecular Beacons are useful for detecting single nucleotide changes
directly in a sample or in an amplified product (see, for example, Mhlang and
Malmberg, Methods 25: 463-471, 2001). Molecular beacons are single stranded nucleic
acid molecules with a stem-and-loop structure. The loop structure is complementary to
the region surrounding the single nucleotide change of interest. The stem structure is

formed by annealing two "arms,” complementary to each other, that are on either side

“of the probe (loop). A fluorescent moiety is bound to one arm and a quenching moiety

to the other arm that suppresses any detectable fluorescence when the molecular beacon
is not bound to a target sequence. Upon binding of the loop region to its target nucleic
acid the arms are separated and fluorescence is detectable. However, even a single base
mismatch significantly alters the- level’ of fluorescence detected in a sample.

Accordingly, the presence or absence of a particular base at the site of a single

'. nucleotide change is determined by the level of fluorescence detected.

25

30

A single nucleotide change can also be identified by hybridization to nucleic acid
arrays, an example of which is described in WO 95/11995. WO 95/11995 also
describes subarrays that are optimized for detection of a variant form of a pre-
characterized polymorphism. Such a sub-array contains probes designed to be
complémentary to a second reference sequence,'which is an allelic variant of the first

reference sequence. The second group of probes is designed by the same principles,
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except that the probes exhibit complementarity to the second reference sequence. The

inclusion of a second group (or further groups) can be particularly useful for analyzing
short sub-sequences of the primary reference sequence in which multiple mutations are
expected to occur within a short distance commensurate with the length of the probes

(e.g., two or more mutations within 9 to 21 bases).

Clearly the present inventipn encompasses other methods of detecting a single
nucleotide change that is associated with a therapeutic response, such as, for example,
SNP microarrays (available from Affymetrix, or described, for example, in US
6,v468,743 or Hacia et al, Nature Genetics, 14.: 441, 1996), Tagman assays (as described
in Livak et al, Nature Genetics, 9: 341-342, 1995), solid phase minisequencing (as
described i\h'Syvéimen et al, Genomics, 13: 1008-1017, 1992), miniseﬁuencing with

FRET (as described in Chen and Kwok ', Nucleic Acids Res. 25: 347-353, 1997) or

| pyrominisequencing (as reviewed in Landegren et al, Genome Res., 8(8): 769-776,

1998).

In a preferred example, a single nucleotide change associated with a therapeutic

response, is detected using a Tagman assay essentially as described by Corder et al,
Science, 261: 921-923. |

(ii)  Protein marker detection

a) Serological markers

Serological markers may be employed cox;veniently to determine HLA-C serotypes
arising by expression of HLA-C1 alleles or HLA-C2 alleles e.g., by isoelectric
focussing (IEF) of sera and C2-specific hemolytic agarose overlay as described by
Alper et al., J. Exp. Med. 144, p1111 et seq. (1976) or Hobart et al., J. Immunol. 116,
p1736 et seq. (1976) incorporated herein by reference.

b) Antibodies .
Methods for detecting polypeptides generélly make use of a ligand or antibody that

- preferentially or specifically binds to the target polypeptide. As used herein the term
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“ligand” shall be taken in its broadest context to include any chemical compound,
polynucleotide, peptide, protein, lipid, carbohydrate, small molecule, natural product,
polymer, etc. that is capabie of selectively binding, whether covalently or not, to one or
more specific sites on a polypeptide encoded by a gene linked to a SNP of Table 1.
The ligand may bind to its target via any means including hydrophobic interactions,

hydrogen bonding, electrostatic interactions, van der Waals interactions, pi stacking,

- . covalent bonding, or magnetic interactions amongst others. It is particularly preferred -
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30

that a ligand is able to specifically bind to a specific form of a polypeptide marker. .

As used herein, the term “antibody” refers to intact monoclonal or polyclonal
antibodies, immunoglobulin (IgA, IgD, IgG, IgM, IgE) fractions, humanized
antibodies, or recombinant single chain antibodies, as well as fragments thereof, such

as, for example Fab, F(ab)2, and Fv fragments.

Antibodies are prepared by any of a variety of techniques known to those of ordinary
skill in the art, and deécribed, for example in, Harlow and Lane (/n: Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, 1988). In one such technique, an
immunogen comprising the antigenic polypeptide is initiélly injected into any one of a
wide variety of animals (e..g., mice, rats, rabbits, sheep, humans, dogs, pigs, _chickens
and goats). The immunogen is derived from a natural source, produced by recombinant
expression means, or artificially generated, such as by chemical synthesis (e.g., BOC
chemistry or FMOC chemistry). A péptide comprising any variant amino acid listed in

Table 1 may be employed as an antigen for antibody production.

A peptide, polypeptide or protein is joined to a carrier protein, such as bovine serum

albumin or keyhole limpet hemocyanin. The immunogen and optionally a carrier for

_the protein is injected into the animal host, preferably according to a predetermined

schedule incorporating one or more booster - immunizations, and blood collected from
said the animals periodically. Optionally, the immunogen is injected in the presence of
an adjuvént, such as, for example Freund’s compliete or incdrhplete é.djuvant,

lysolecithin and dinitrophenol to enhance the subject's immune response to the
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immunogen. Monoclonal or polyclonal antibodies specific for the polypeptide are then
purified from blood isolated from an animal by, for example, affinity chromatography

using the polypeptide coupled to a suitable solid support.

Monoclonal antibodies specific for the antigenic polypeptide of interest are prepared,

for example, using the technique of Kohler and Milstein, Eur. J. Immunol. 6:511-519,

1976, and improvements thereto. Briefly, these methods involve the preparation of

immortal cell lines capable of producing antibodies having the desired specificity (i.e.,
reactivity with the polypeptide of interest). Such cell lines are produced, for example,
from spleen cells obtained from an animal immunized as described supra. The spleen
cells are immortalized by, for example, fusion with a myeloma cell fusion partner,
preferably one that is syngeneic with the immunized animal. A variety of fusion
techniques are known in the art, for example, the spleen cells and myeloma cells are
combined with a nonionic detergent or electrofused and then grown in a selective
medium that supports the growth of hybrid qells, but not myeloma cells. A preferred
selection technique uses HAT (hypoxanthine, aminopterin, and thymine) selection,
After a sufficient time, usually about 1 to 2 weeks, colonies of hybrids are observed.
Single colonies are selec‘ted a.nd grth media in Which the cells have been grown is
tested for the presence of an ahtibody having binding activity against the polypeptide

(immunogen). Hybridomas having high reactivity and specificity are preferred.

Monoclonal antibodies are isolated from the supernatants of growing hybridoma

colonies using methods such as, for example, affinity purification as described supra.

Various techniques are also known for enhancing antibody yield, such as injection of

the hybridoma cell line into the peritoneal cavity of a suitable vertebrate host, such as a

- mouse. Monoclonal antibodies are then harvested from the ascites fluid or the blood of

such an animal subject. Contaminants are removed from the antibodies by conventional
techniques, such as chromatography, gel filtration, precipitation, and/or extraction. The
marker associated with neurodegéheration of this invention may be used in the

purification process in, for example, an affinity chromatography step.
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It is pfeferable that an immunogen used in the' production of an antibody is one which
is sufficiently antigenic to stimulate the produétion of antibodies that will bind to the
immunogen and is preferably, a high titer antibody. In one éxémple, an immunogen is
an entire protein. In another example, an immunogen consists of a peptide representing
a fragment of a polypeptide. Preferably an antibody raised to such an immunogen also
recognizes the full-length protein from which the immunogen was derived, such as, for

example, in its native state or having native conformation.

Alternatively, or in addition, an antibody raised against a peptide immunogen
recognizes the full-length protéin from which the immunogen was derivéd when the
protein is denatured. By “denatured” is meant that conformational epitopes of the
protein are disrupted under conditions that retain linear B cell epitopes of the protein.
As will be known to a skilled artisan linear epitopes and conformational epitopes may

overlap.

Altcrhatively, a monoclonal antibody is produced using a method such as, for example,

a human B-cell hybridoma technique (Kozbar et al., Immunol. Today 4:72-, 1983), a

* EBV-hybridoma technique to produce human monoclonal antibodies"(Cole et al.

Monoclonal Antibodies in Cancer Therapy, 1985 Allen R. Bliss, Inc., pages 77-96), or

screening of combinatorial antibody libraries (Huse ef al., Science 246:1275, 1989).

Such an antibody is then particularly useful in detecting the presence of a marker of a

therapeutic response.

The methods described supra are alsb ‘'suitable for production of an antibody or

~ antibody binding fragment as described herein according to any example.

30

¢) _ Detection methods

In one example, the method of the invention detects the piesence of a marker in a

polypeptide, said marker being associated or causative of with a therapeutic response.
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An amount, level or presence of a polypeptide is determined using any 6f a variety of
techniques known to the skilled artisan such as, for example, a technique selected from
the groﬁp consisting of, immunohistochemistry, immunofluorescence, an immunoblot,
a Western blot, a dot blot, an enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), enzyme immunoassay, isoelectric focussing (IEF),

fluorescence’ resonance energy transfer (FRET), matrix-assisted laser

desorption/ionization time of flight (MALDI-TOF), electrospray ionization (ESI), mass
. spectrometry (including tandem mass spectrometry, e.g. LC MS/MS), biosensor
‘technology, evanescent fiber-optics technology or protein chip technology.

In one example, an assay used to determine the amount or level of a protein is a semi-

quantitative assay. In another example, an assay used to determine the amount or level

of a protein in a quantitative assay.

Preferably, an amount of antibody or ligand bound to a markér of a therapeutic
response is determined using an immunoassay. Preferably, using an éssay selected from
the group consisting of immunohistochemistry, immunofluorescence, enzyme linked
immundsorbent assay (ELISA), fluorescence linked immunosorbent assay (FLISA)

Western blotting, RIA, a biosensor assay, a protein chip assay, a mass spectrometry

- assay, a fluorescence resonance energy transfer assay and an' immunostaining assay

(e.g. immunofluorescence).

Standard solid-,phasé ELISA or FLISA formats are particularly useful in determining

the concentration of a protein from a variety of samples.

In one form such an assay involves immobilizing a biological sample onto a solid
matrix, such as, for example a polyétyrene or polycarbonate microwell or dipstick, a
membrane, or a glass support (e.g. a glass slide). An antibody that spéciﬁcally binds to
a marker of a therapeutic response is brbught into direct contact with the immobilized

biological sample, and forms a direct bond with any of its target protein present in said
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vsample. This antibody is génerally labeled with a detectable reporter molecule, such as

for example, a fluorescent label (e.g. FITC or Texas Red) or a fluorescent
semiconductor nanocrystal (as described in US 6,306,610) in the case of a FLISA or an
enzyme (e.g. horseradish peroxidase (HRP), alkaline phosphatase (AP) or B-
galactosidase) in the case of an ELISA, or alternatively a suitably labeled secondary
antibody is used that binds to the first antibody. Following washing to remove any
unbound. antibody, the label is detected either directly, in the case of a fluorescent label,

or through the addition of a substrate, such as for example hydrogen peroxide, TMB, or

. toluidine, or S-bromo-4-chloro-3-indol-Beta-D-galaotopyranoside (x-gal) in the case of

an enzymatic label.

Such ELISA or FLISA based systems are suitable for quantiﬁcation of the amount of a
protein in a sample, by calibrating the detection system against known amounts of a

protein standard to which the antibody binds.

In another form, an ELISA comprises immobilizing an antibody or ligand that
specifically binds a fnarker employed in the prognostic assay of the invention on a solid
matrix, such as, for example, a membrane, a polystyrene or polycarbonate microwell, a V
polystyrene or polycarbonate dipstick or a glass support. A sample is then brought into
physical relation with said antibody, and a marker within the polypeptide is bound or
‘captured’. The bound protein is then detected using a laboled antibody. For example,
if the marker is captured from a hofnan sample, a labeled anti-human antibody that
binds to an epitope that is distinct from the first (capture) antibody is used to detect the
captured protein. Alternatively, a third labeled antibody can be used that binds the
second (detecting) antibody.

It will Be apparent to the skilled person that the assa& formats described herein are
amenable to high throughput formats, such. as, for example automation of screening
processes or a microarray format as described in Mendoia et al., Biotechniques 27(4):

778-788, 1999. Furthermore, Qariations of the above-described assay will be apparéntw

to those skilled in the art, such as, for example, a competitive ELISA.
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Alternatively, a marker is detected using a radioimmunoassay (RIA). The basic
principle of the assay is the use of a radiolabeled antibody or .antigen to detect
antibody-antigen interactions. An antibody or ligand that specifically binds to the
marker is bound to a solid support and a sample‘brought‘ into direct contact with said
antibddy. To detect the level of bound antigen, an isolated and/or recombinant form of
the antigen is'radiolabeled and brought into contact with the same entibody. Following
washing, the level of bound radioactivity is detected. As any antigen in the biological
sample inhibits binding of the radiolabeled antigen the level of radioactivity detected is.
inversely proportional to the level of antigen in the sample. Such an assay may be

quantitated by using a standard curve using increasing known concentrations of the

isolated antigen.

As will be apparent to the skilled értisan such an assay may be modified to use any
reporter molecule, such as, for example, an enzyme or a ﬂuorescent molecule, in place

of a radioactive label

In another example, Western blotting is used to determine the level of a marker

employed in the prognostic assay of the invention. In such an assay, protein from a

sample is separated using sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) using techniques known in the art and described in, for example, Scopes
(In: Protein Purification: Principles and Practice, Third Edition, Springer Verlag,
1994). Separated proteins are then tfansferred to a solid support, such as, for example,
a membrane (e.g., a PVDF membrane), vusi’ng methods known in the art, for example,
electrotransfer. This membrane ie then blocked and probed with a labeled antibody or
ligand that specifically binds to a marker of a therapeutic response. Altematwely,

labeled secondary, or even tertiary, antibody or ligand is used to detect the binding of a
specific primary antibody. The level of label is then determined using an assay
appropriate for the label used. An approprlate assay will be apparent to the skilled

artisan,
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For example, the level or presence a protein, marker is determined using methods

known in the art, such as, for example, densitometry. Tn one example, the inténsity ofa
protein band or spot is normalized against the total amount of protein loaded on a SDS-
PAGE gel ué.ing methods known in the art. Alternatively, the level of the marker

detected is normalized against the level of a control/reference protein. Such control |
proteins are known in the art, and include, for example, actin, ‘gljceraldehyde 3-
phosphate dehydrogenase (GAPDH), B2 microglobulin, 'hydrO);y-methylbilane
synthase, hypoxanthine phosphoribosyl-transferase 1 (HPRT), ribosomal protein L13c, -
succinate dehydrogenase complex subunit A and TATA box binding protein (TBP).

In an alternative example, a polypeptide marker of a therapeutic response is detected
within a cell, using methods known in the art, such as, for example,
immunohistochemistry or immunofluorescence. For example, a cell or tissue section
that is to be analyzed to determine the presence of the marker is fixed, to stabilizé and
protect both the cell and the proteins contained within the cell. Preferably, the method
of fixation does not disrupt or destroy the antigenicity of the marker, thus rendering it
undetectable. Methbds of fixing a cell are known in the art and include for example,
treatment with paraforrnaldehyde; treatment with alcohol, treaﬁnerit with acetdne,
treatment with methanol, treatment with Bouin's fixative and treatment with

glutaraldehyde. Following fixation a cell is incubated with a ligand or antibody

-capable of binding the marker. The ligand or antibody is, for example, labeled with a -

~ detectable marker, such as, for example, a fluorescent label (e.g. FITC or Texas Red), a

fluorescent semiconductor nanocrystal (as described in US 6,306,610) or an enzyme
(eg horséradish peroxidase (HRP)), alkaline phosphatase (AP) or B-galactosidase.
Alternatively, a second labeled antibody that binds to the first antibody is used to detect
the first antibody. Following washing to remove. any unbound antibody, the level of
the bound to said labeled antibody is detected using the relevant detection means.
Means for detecﬁng a fluorescent label will vary depending upon the type of label used

and will be apparent to the skilled artisan.
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Optionally, immunofluorescence or immunohistochemistry will comprise additional
steps such as, for example, cell permeabilization (using, for example, n-octyl-BD-
glucopyranoside, deoxycholate, a non-ionic detergent such as Triton X-100 NP-40, low
concentrations of ionic dei_ergents, such as, for example SDS or saponin) and/or antigen

retrieval (using, for example, heat).

Methods using immunofluorescence are preferable, as they are quantitative or at least

semi-quantitative. Methods of quantitating the degree of fluorescence of a stained cell

~are known in the art and described, for example, in Immunohistochemistry (Cuello,

1984 John Wiley and Sons, ASIN 0471900524).

Biosensor devices generally employ an electrode surface in combination with current or
impedance measuring elements to be integrated into a device in combination with the
assay substrate (such as that described in U.S. Patent No. 5,567,301). An
antibody/ligand that : specifically binds to a marker of a therapeutic response is
preferably incorporated onto the surface of a biosensor device and a biological sample
contacted to said device. A change in the detected current or impedance by the
biosensor device indicates protein binding to said antibody. Some forms of biosensors
known in the art also rely on surface plasmon resonance to detect protein interactions,
whereby a change in the sﬁrface plasmon resonance surface of reflection is indicative

of a protein binding to a ligand or antibody (U.S. Patent _No. 5,485,277 and 5,492,840).

Biosensors are of particular use in high throughput analysis due to the ease of adapting

" such systems to micro- or nano-scales. Furthermore, such systems are conveniently

adapted to incorporate several detection reagents, allowing for multiplexing of
diagnostic reagents in a single biosensor unit. This permits the simultaneous detection

of several proteins or peptides in a small amount of body fluids.

Evanescent biosensors are also preferred as they do not require the pre-treatment of a
biological sample prior to detection of a protein of interest. An evanescent biosensor

generally relies upon light of a predetermined wavelength interacting with a fluorescent
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molecule, such as for example, a fluorescent antibody attached near the probe’s surface,
to emit fluorescence at a different wavelength upon binding of the target polypeptide to

the antibody or ligand.

Micro- or nano-cantilever biosensors are also preferred as they do not require the use of
a detectable label. A cantilever»biosensor utilizes a ligand and/or antibody capable of
specifically détecting the analyte of interest that is bound to the surface of a deflectable
arm of a micro- or nano-cantilever. Upon binding of the analyte of interest (e.g. a
marker employed in the prognostic assay of the invention) the deflectable arm of the
cantilever is deflected in a vertical direction (i.e. upwards or downwards). The change
in the deﬂ,ection‘ of the deflectable arm is then detected by any of a variety of methods,

such as, for example, atomic force microscopy, a change in oscillation of the

deflectable arm or a change in pizoresistivity. Exemplary micro-cantilever sensors are

described in USSN 20030010097.

To produce protein chips, the proteins, peptides, polypeptides, ‘antibodies or ligands

- that are able to bind specific antibodies or proteins of interest are bound to a solid

support such as for example glass, polycarbonate, polytetrafluoroethylene, polystyrene,
silicon oxide, metal or silicon nitride. This immobilization is either direct (e.g. by
covalent linkage, such as, for example, Schiff’s base formation, disulfide linkage, or
amide or urea bond formation) or indirect. Methods of generating a protein chip are

known in the art and are described in for example U.S. Patent Application No.

20020136821, 20020192654, 20020102617 and U.S. Patent No. 6,391,625. To bind a

protein to a solid support it is often necessary to treat the solid support so as to create
chemically reactive groups on the surface, such as, for example, with an aldehyde-
containing silane reagent. Alternatively, an antinody or ligand may be captured on a
microfabricated polyacrylamide gel pad and accelerated into the gel using
microelectrophoresis as described in, Arenkov et al. Anal. Biochem. 278:123-131,
2000.
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A protein chip may comprise only one protein, ligand or antibody, and be used to

screen one or more patient samples for the presence of one polypeptide of interest.
Such a chip may also be used to simultaneously screen an array of patient samples for a

polypeptide of interest.

Preferably, a protein sample to be analyzed using a protein chip is attached to a reporter
molecule, such as, for example, a fluorescent molecule, a radioactive molecule, an
enzyme, or an antibody that is detectable using methods known in the art. Accordingly,
by contacting a protein chip with a labeled sample and subsequent washing to remove
axiy unbound proteins the presence of a bound protein is detected using methods known

in the art, such as, for example, using a DNA microarray reader.

‘Alternatively, biomolecular interaction analysis-mass spectrometry (BIA-MS) is used |

to rapidly detect and characterize a protein present in complex biological samples at the

low- to sub-fmole level (Nelson et al. Electrophoresis 21: 1155-1163, 2000). One
technique useful in the analysis of a protein chip is surface enhanced laser

desorption/ionization-time of flight-mass spectrometry (SELDI-TOF-MS) technology

“to characterize a protein bound to the protein chip. Altematlvely, the protem chip is

analyzed using ESI as described in U.S. Patent Appllcatlon 20020139751.

As will be apparent from the preceding discussion, it is particularly preferred to employ
a detection system that is antibody or ligand based as such assays are amenable to the

detection of a marker of a therapeutic response. Inmunoassay formats are even more

particularly preferred.

Biological samples

‘As examples of the present invention are based upon detection of a marker in genomic

DNA any cell or sample that comprises genomic DNA is useful for determining a
disease or disorder and/or a predisposition to a disease or disorder. Preferably, the cell

or sample is derived from a human. Preferably, comprises a nucleated cell.
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Preferred biological samples include, for example, whole blood, serum, plasma,
peripheral blood mononuclear cells (PBMC), a buffy coat fraction, saliva, a buccal cell,

urine, fecal material, sweat, liver biopsy or a skin cell.

In a preferred example, a biological sample comprises a white blood cell, more

preferably, a lymphocyte cell.

Alternatively, the biological sample is a cell isolated using a method selected from the

‘group consisting of amniocentesis, chorionic villus sampling, fetal blood sampling (e.g.

cordocentesis or percutanebus umbilical blood sampling) and other fetal tissue
sampling (e.g. fetal skin biopsy). Such biological samples are useful for determining

the predisposition of a developing embryo to a therapeutic response.

As will be apparent to the'skilled artisan, the size of a biological sample will depend
upon the detection means used. For example, an assay, such as, for example, PCR or
single nucleotide primer extension may be performed on a sample comprising a single
cell, although greater numbers of celis are preferred. Alternative forms of nucleic acid
detection may require significantly more célls than a single cell. Furthermore, protein-
based assays require sufficient cells to provide sufficient protein for an antigen based

assay.

Preferably, the biological sample has been derived or isolated or obtained pféviously
from the subject. Accordingly, the present invention also provides an ex vivo method.
In one example, the method of the invention additionally comprises isolating, obtaining

or providing the biological sample.

In one example, the method is performed using an extract from a biological sample,

such as, for example, genomic DNA, mRNA, ¢cDNA or protein.

As the present invention also includes detection of a marker in a IFN-A3 gene that is

associated with a disease or disorder in a cell (e.g. using immunofluorescence), the
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term "biological samplg" also includes samples that comprise a cell or a plurality of

cells, whether processed for analysis or not.

As will be apparent from the preceding description, such an assay may require the use
of a suitable control, e.g. a normal individual or a typical population, e.g., for

quantiﬁcatioh.

As used herein, the term "normal individual” shall be taken to mean that the subject is

selected on the basis that they are not undergoing treatment with an immunomodulatory

composition.

For example, the normal subject has not been diagnosed with any form of medical
condition for which therapy may be recommended using, for example, clinical analysis.
Alternatively, or in additidh, a suitable con;rol sample is a control déta set comprising
measmemeﬁts of the marker being assayed for a typical population of subjects known
not to suffer from a medical condition for which thérapy may be recommended.
Preferably the subject is not at risk of developing such a medical condition and e.g., the -

subject does not have a history of the disease.

In the preSent context, the term "typicalA population" with respect to subjects known not

to suffer from a disease or disorder and/or comprise or express a marker of a
therapeutic response, shall be taken to refer to a population or sample of subjects tested
using, for example, known methods for diagnosing the therapeutic response, and

determined not to suffer from the disease and/or tested to determine the presence or

absence of a marker of the disease, wherein said subjects are representative of the

- spectrum of normal and/or healthy subjects or subjects known not to suffer from the

disease.

In one example, a reference sample is not included in an assay. Instead, a suitable

reference sample is derived from an established data set previously generated from a
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typical population. Data derived from processing, analyzing and/or assaying a test

sample is then compared to data obtained for the sample population.

Data obtained from a sufficiently large number of reference samples so as to be
representative of a population allows the generation of a data set for determining the
average level of a particular parameter. Accordingly, the amount of an expression
product that is diagnostic of a therapeutic response can be determined for any
population of individuals, and for any sample derived from said individual, for

subsequent comparison to levels of the expression product detemﬁned for a sample |
being assayed. Where such normalized data sets are relied upon, internal controls are

preferably included in each assay conducted to control for variation.

Methods for determining a marker associated with therapeutic response
In another example, the invention additionally comprises determining a marker for a
therapeutic response to any form of medical condition for which therapy with an

immunomodulator would be recommended.

Given the tight association between at least one HLA-C allele in combination with at
least one 'IL28B‘allele and therapeutic response, and the provision of several markers
associated with a therapeutic response, the present invention further provides methods

for identifying new markers for a therapeutic response.

Accordingly, the present invention additionally provides a method for identifying a
i)luralit;y of markers that is associated with a therapeutic response, said method
comprising:

(i)  identifying polymorphisms or alleles or mutations within a HLA-C gene and a
IL28B gene or expression products thereof;

(ii)  analyzing a panel of subjects to determine those that suffer from a condition
treatable by an immunomodulatory composition and to which the immunomodulatory -
composition is administered, wherein not all members of the panel Comprise fh‘e '

polymorphisms or alleles or mutations; and
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(iii) determining the variation in the development of the therapeutic response to the
immunomodulatory composition, wherein said variation indicates ‘- that the -

polymorphisms or alleles or mutations are associated with a subject's response. -

Methods for determining associations are known in the art and reviewed, for example, .
in King (Ed) Rotter (Ed) and Motulski (Ed), The Genetic Basis of Common Disease, -
Oxford University Press, 2nd Edition, ISBN 0195125827, and Miller and Cronin (Eds),

Genetic Polymorphisms and Susceptibility to Disease, Taylor and Francis, 1st Edition, |
ISBN 0748408223, -

Generally, determining an association between a marker (e.g a polymbrphism and/or
allele and/or a splice form and/or a mutation) and an event e.g., a response, involves
compaﬁng the frequency of a polymorphism; allele, splice form or mutation at a
specific locus between a sample of unrelated individuals undergoing treatment (i.e., and
an appropriate control that is represehtative of the allelic distribution in the normal

population.

Several methods are useful for determining associations, however such studies should
consider several parameters to avoid difficulties, such as, for example, population

stratification, that may produce false positive results.

Population stratification occurs when there are multiple subgroups with different allele

- frequencies present within a population. The different underlying allele frequencies in

the sampled subgroups may be independent of the disease, disorder and/or phenotype
within each group, and, as a consequence, may produce erroneous conclusions of

linkage disequilibrium or association.

Generally, pfoblems of population stratification are avoided by using appropriate

control samples. For example, case-comparison based design may be used in which a

‘comparison between a group of unrelated probands with the disease, disorder and/or

ph¢nptype and a group of control (comparison) individuals who are unrelated to each
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other or to the probands, but who have been matched to the proband group on relevant

-variable (other than infection status) that may influence genotype (e.g. sex, ethnicity

and/or age).

Alternatively, controls are screened to exclude those subjects that have a personal
history of a disease or treatment. Such a "supernormal” control group is representative

of the allele distribution of individuals unaffected by a disease or treatment.

In general, an analysis of association is used to detect non-random distribution of one
or more alleles and/or polymorphisms and/or splice variants within subjects affected by
a disease/disorder and/or phenotype of interest. The comparison between the test

population and a suitable control population is made under the null hypothesis

assumption that the locus to which the alleles and/or polymorphisms are linked has no

influence on phenotype, and from this a nominal p-value is produced. For analysis of a
biallelic polymorphism or mutation (e.g. a SNP) using a case control study, a chi-
square analysis (or equivalent test) of a 2 x 2 contingency table (for analysis of alleles)

ora3x?2 contingency table (for analysis of genotypes) is used.

For analysis using a family-based association study, marker data from members of the
family of each proband are used to estimate the expected null distributions and an
appropriété statistical test performed that compares observed data with that_lexpected
under the null hypothesis. |

Another method useful ‘in the analysis of association of a marker with a disease,
disorder and/or phenotype is the genomic control method (Devlin and Roeder,

Biometrics, 55. 997-1004, 1999). = For a case-control analysis of candidate

_-allele/polymorphism the genetié control method computes chi-square test statistics for

both null and candidate loci. The variability and/or magnitude of the test statistics

“observed for the null loci are increased if population stratification and/or unmeasured

genetic re,lationships_among‘the Subjects exist. This data is then used to derive a

multiplier that is used to adjust the critical value for significance test for candidate loci.
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In this manner, genetic control permits analysis of stratified case-control data without

an increased rate of false positives.

A structured association approach (Pritchard et al., Am. J Hum. Genet., 67: 170-181,

2000) uses marker loci unlinked to a candidate- marker to infer subpopulation

- membership. Latent class analysis is used to control for the effect of population

substructure. Eésentially, null loci are used to estimate the number of subpopulations
and the probability of a subject's membership to each subpopulation. This method is
then capable of accounting for a change in allele/polymorphism frequency as a result of

population substructure.

Alternatively, or in addition, a Bayesian statistical approach may be used to determine

the significance of an association between an allele and/or polymorphism in a gene and .
a response to treatment. Such an approach takes account of the prior probability that
the locus under examination is involved in the therapeutic response of interest (e.g.,

Morris et al., Am. J. Hum. Genet., 67. 155-169, 2001).
Publicly available software may be employed to detenhine associations.

The present invention is further described with referenced to the folloWing non-limiting

examples.

- Example 1
Identification of alleles in IL28B associated with therapy of chronic hepatitis C using

an immunomodulatory composition comprising an interferon (IFN)

Summary
This example demonstrates SNPs and alleles of the present invention that are

associated with a response to therapy for hepatitis C virus infection using a composition

‘comprising IFN. The disclosed associations between variations in the IL28B gene are
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sufﬁciéntly-strong to indicate that genotypés in 19q13.13 between position 44,423,000
and position 44,436,000, especially IFN-A3 (IL-28B) genotypes, can be used to predict
drug responses. The data also support the use of IFN-A e.g., IFN-A1 and/or IFN-A2
and/or IFN-A3, for treatment of HCV infection and other dis;ases currently treated

using other IFNs such as [FN-a or IFN-f or combinations thereof.

For example, the data herein provide high response (HR) alleles associated with a rapid
or strong or sustained virus response (SVR) of subjects to hepatitis C therapy
comprising IFN-a and ribavirin, as determined by virus clear_ance, in addition to

providing low response (LR) alleles associated with a poor or low response or no

“response to such therapy. Tables 1 and 3 provide listings of SNPs linked to the IL28B

gene on chromosome 19 which form part of the applicants' invention, including specific

examples of HR alleles and LR alleles that are predictive of the response to treatment.

Table 4 brovides data on the effects of different genotypes comprising exemplary HR
alleles and/or LR alleles linked to IL28B including, for example, HR alleles and/or LR
alleles having approximate p value less than about 10 for r58099917, rs8109886,
rs10853727, rs8103142 and rs12980275, in addition to several weak alleles of
rs4803224, rs12980602 and rs10853728. Table 5 provides data on the effects of
different genotype combinations comprising exemplary HR alleles and/or LR alleles
linked to IL28B, including, for example, rs8099917, rs8103142, and rs12980275. For
example, double-homozygotes for the HR alleles of rsl2980275 and rs8099917, and
double-homozygotes for the HR alléles of rs8103142 and rs8099917 and triple
homozygotes for the HR alleles of rs12980275, rs§103142 aﬁd rs8099917 show strong
responses to therapy (p< 6 x 10-*), whereas the corresponding homozygotes for LR
alleles at these loci demonstrate consistently low responses to therapy (p_>0104), as

shown in Table 5.

Table 6 provides data on haplotype effects for haplotypes comprising exemplary HR
alleles and/or LR alleles linked to IL28B including, for example, the haplotype
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comprising rs12980275, rs8105790, rs8103142, rs10853727, rs8109886 and

1s8099917.

Table 7 provides data on the sensitivity, specificity, and positive predictive value (PPV)
of different genotypes comprising exemplary HR alleles and/or LR alleles linked to
IL28B. These data demonstrate that two doses of a LRb allele i.e., homozygosity of the
LR allele, is highly predictive of a poor, weak or non-response to therapy, especially
with respect to LR alleles of ’rs7248668, rs4803221, 158099917 and rs12979860. By

virtue of the significant Iinl_cagé disequilibrium between markers linked to IL28B, the

.same conclusions may be drawn in reséect of HR alleles and/or LR alleles which ére

inherited as haplotype blocks with one or more of rs7248668, rs4803221, rs8099917
and 1s12979860. The data in Table 7 alsovdemonstrate that homdzygosity ofalR"
allele of rs7248668 and/or homozygosity of a LR allele of rs4803221 provide(s) a
higher PPV than rs8099917, which is the“currently-acc'epted "gold standard" for
deterrpining a likelihood that a subject will respond well to treatment, suggestiﬁg a
lower incidence of false positives in testing procedufcs based on homozygosity of LR
alleles of rs7248668 and/or homozygosity of LR alleles of rs4803221 than for tests
requiring rs8099917 genotyping. Thus, the data herein indicate that the HR allele
and/or the LR allele of rs7248668 and/or the HR allele and/or the LR allele of
154803221 provide improved prognostic value than LR and/or HR alleles of rs8099917.

These data provide the means for prédicting outcome of therapy to immunomodulatory
compositions with accuracy in more than 80% or 81% or 82% or 83% or 84% or 85%
or 86% or 87% or 88% or 89% or 90% of cases.

Genome-Wide Association Study (GWAS)
Patient cohorts

For stage one genotyping, a well-characterised Australian population of 302 patients of

- European ancestry, matched for age, BMI, viral titre, and treatment regime was

emplbyed (Table 2). Patients were excluded from the study if they had been co-
infected with either HBV or HIV or if they were not of European descent. All patients
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included in this study had been diagnosed as infected with genotype 1 HCV based on
serology and viral DNA tcsté, had received a standard course of pegylated interferon-
alpha (IFN-0) and ribavirin, and their six-month post-treatment responses to therapy as
determined by virus clearance had been determined. All patients who responded to
therapy, and most patients classified as having a non-sustained viral response ("non-
SVR"), had received treatment for 48 weeks. A few non-SVR cases received only 24
weeks of therapy, because they showed no reduction in viral RNA at week 12. All

patients were seen by experienced hepatologists at their respective hospitals.

A larger independent cohort consisting of about 600 Europeans from the United

. Kingdom, Germany, Italy‘and Australia was also employed for stage two genotyping

(Table 2). The criteria for recruitment of study subjects in this cohort were the same

for the Australian cohort.

Sample collection and processing

Australian samples for both stages were collected at Sydney (Westmead Hospital,
Nepean Hospital, St Vincent’s Hospital and Prince of Wales Hospital) and Brisbane

(Princess Alexandra Hospitél). Case samples for the replication cohorts were collected

- at Universtat Zu Berlin, Germany (n=298), Rheinische Friedrich-Wilhelms-Universitat,
‘Bonn, Germany (n=43), Universita degli Studi di Turino, Turin, Italy (n=93) and

Freeman Hospital, Newcastle, UK (n=91).

Blood was collected into EDTA tubes (Austrélién cohort). Extracted DNA normalised
to 50 ng/ul was obtained for other cohorts. Genomic DNA was extracted by standard
protocols. DNA quality was assessed by calculating absorbance ratio OD36p nm/280 nm

using nanodrop.

Ethics approval
Ethical approval for this study was given by Sydney West Area Health Service Human

Research Ethics Committee at Westmead Hospital and the University of Sydney
(HREC No.2002/12/4.9 (1564)). All other sites had ethical approval from their
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respective ethics committees. Written informed consent was obtained from all

participants.

‘Statistical analysis

Hardy-Weinberg equilibrium and allelic distributions. in subjects having high
response(s) or low response(s) were compared using a chi-squared test in Haploview
version 3.31 of the Broad Institute, USA e.g.,> as described by Barrett et al
Biofnformatics 21, 263-265 (2005). The threshold for genome-wide significant
associatioh was set at p< 1.6 x 107 ie., 0.05/312,000. SNPs having 1.6x107 < p <

1.0x10™* were considered to show a highly suggestive association with response to

therapy. SNPs having 1.0x10™* < p < 1.0x10” were considered to show a moderately
suggestive association with response to therapy. The Cochran-Armitage trend test was
used to assess association of all SNPs tested in Stage one and Stage two, and merged p

values were determined.

SNP genotyping
A two-stage approach essentially as described by Saito et al. J. Hum. Genetics 47, 360-

365 (2002) was employed for SNP genotyping using HumanLinkage panels for
Infinium and GoldenGate SNP Genotyping (Illumina, Inc., San Diego, USA). SNPs on
Chr 19 were fine-mapped using the Sequenom mass array {Plex genotyping platform
(Sequenome, Inc, San Diego, USA). The two-stage apprdach was favoured as it was
calculated to have a power of 87% to detect risk factors of 1.5 for disease allele

frequency of 0.2 (Skol et al, Nature Genetics 38, 209-213 (2006).

Stage one genotyping results
The 302 patient samples were geriotyped using the Infinium HumanHap300 or

CNV370 genotyping BeadChip (Illumina, Inc., San Diego, USA). Samples having a
very low call rate using the Illumina cluster ( i.e., genotyping efficiency less than 95%)

was deleted. A minor allele frequency (MAF) check was perforrhed for data handling

‘accuracy, and those SNPs occurring in less than 005% of samb]es were deleted.

Samples providing a Hardy-Weinberg equilibrium p value > 10 were retained. Two
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individuals were éxéludedvdue to genotyping call rates less than 90%, and IBS/IBD

analysis revealed that those two individuals were related. The 99% confidence interval _

-(CI) for genotyping error was estimated to be between 1.7% and 1.8%. As ethnicity

was determined by self-identification or parental ethnic identification, an assessment
for possible population stratification was p_erformed‘ using EIGENSOFT software,
essentially as desc'ribed by Price et al. Nature Genetics 38, 904-909 (2006), applying
principal component analysis to the genotype data to infer the axes of variation. This
resulted in exclusion of five individuals from further analysis. Accordingly, the final
genome-wide association (GWA) study consisted of 293 patients (162 having low
response(s) (LR) and 131 having high response(s) (HR) as indicated in Table 2. '

A Manhattan plot of signal intensity relative to genome position and a Quantile-
Quantile plot of allelic associatibns for the stage one SNPs (not shown), identified
SNPs that were more associated than may be expected by mere chance. A genomic
inflation factor lambda of 1.005 in that analysis indicated a low possibility of false
positive associations e.g., due to population stratification. A total of 312,000 SNPs
passed the first stage quality filters and were analysed further. A total of 695 SNPs
(0.22%) did not pass the first stage quality filters and were excluded from subsequent

analysis.

From these 312,000 SNPs, SNPs were classified as highly or suggestively associated

with the therapeutic response, as described under "statistical analysis" supra.

In stage one, three chromosome 19 SNPs were identified having a high or suggestive
association with therapeutic response that were linked to the interferon lambda-3 (IFN-
A3) gene. No other SNPs mapping to chromosome 19 satisfied the threshold for
genome-Wide associations. Two SNPs ﬂankfng the IFN-A3 gene ie., rs8099917
mapping to the 5'end of IFN-A3 (p=7.06 x 10"*®), and rs12980275 mapping to the 3'-
end of IFN-A3 (p=4.81 x 10®) were well-below the threshold for significant

~ associations with therapeutic response in stage one. The third SNP ie., rs8109886
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mapping to the S'-end of IFN-A3 (p=1.29 x 10"*) was considered to have a suggestive

association with therapeutic response in stage one.

SNPs on other chromosomes (not shown) were also identified havihg at least

moderately suggestive positive associations with therapeutic response that mapped to

the following chromosomal locations:

a)
b)

4

e)

g)

h)

157512595 at about 1p35, between WASF2 and ADHC1 genes;

r$6806020 between about 3p21.2 and about 3p21.31, within an intron of the
CACNA2D3 gene; and 1512486361 between about 3p24.3 and about 3p25.1,
within an intron of the RTFN-1 gene; " | ‘
1s10018218 at about 4q32; rs1581096 at about 4p13; and rs1250105 at about
4p16.1 near to the CTBP1 gene;

157750468 at about 6q22.31, between C6orf68 and SLC35F1; rs2746200 at

about 6q13, within an intron of the RIMS-1 gene; rs927188 between about
6pl12.2 and about 6p12.3, within an intron of PHKD-1; 152517861 between
about 6p21.33 and about 6p22 and between HLA pseudogenes HCP5P10 and
MICF; and 152025503 and rs2066911 between about 6p22.1 é.nd about 6p22.2,
and between ALDHSAT1 and PRL genes; , .

1510283103 and rs2114487 between about 8q12.2 to about 8ql13.1 e.g,, befween
CRH and MGC33510 such as between ADHFE1 and MGC33510 or between
RRS1 and CRH; _

151002960 between about 9922.1 and about 9922.2, in an intergenic region;
rs1931704 between about 10q26.2 and about 10q26.3 and between NPS and
DOCKI1; ' . '

1s1939565 at about 1121, between KIAA1731 and FNS génes; rs568910 and
rs557905 within introns of the CASP-1 gene, wherein rs568910 is in intron 2
and rs557905 is in intron 6;

1s1931704 between about 14922.1 and 14q22.2, between DACTI1 and

'LOC729646;
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j) 153093390 between about .'1 6p11.2 and about 16p12.1 and between IL2IR and
GFT3Cl; and 157196702 between about 16g23.1 and about 16q23.2, in an intron
of the WWOX gene; and |

k) rs4402825, between about 20q13.12 and about 20q13.13 in an intron of the
SULF2 gene.

The SNPs, rs7750468, rs2066911, rsrs6806020, rs211f1487 and rs1931704 were
considered highly suggestive of an association, and the remaining considefed to be
moderately suggestive of an association based on stage one screening data. The SNP
designated rs1 931704 has a very close association with therapeutic response (p=4.42 x

10"°%), and was shown to be closely-linked to the neuropeptide S (NPS) gene.
A total of 512 highly and moderately associated SNPs were selected from stage one.

Stage two genotyping results

In the second stage whole genome screen, 307 SNPs having a significance level of p <
1.0x10™ ifrespéctive of their genome locaﬁon, and 206 SNPs linked to genes classified
as immune regulatory or anti-viral by gene ontology and having a significance level of
1.0x10%* <p < 1.0x10”° were included. The SNPs were genotyped using Golden Gate
technology (Illumina, Inc., San Diego, USA). Two (2) cases having call rates of less

. than 0.90, 8 samples with no treatment outcome were excluded. Cluster plots of the

remaining samples were checked by visual inspection and 38 ambiguous calls and
SNPs with MAF less than 0.05 were also excluded from further analysis. A further 8
SNPs were excluded as having poor significance in their Hardy-Weinberg equilibrium
ie., p value < 10*, This meant that the stage two analysis was carried out in 577
individuals, of which 294 had low response(s) and 261 had high response(s) to therapy
(Table 2). | |

A total of 468 SNPs passed the quality filters and were selected for stage 2 genotyping.
These 468 SNPs were classified as highly or suggestively associated with the

therapeutic respbnse, as described under "statistical analysis" supra. Of these, in stage
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2, 40 SNPs achieved the threshold for suggestive evidence of association with

treatment response in the replication phase (p<0.05).

As shown in Table 4, SNPs linked to the IFN-A1 (IL28B) gene showed moderate-to-
strong associations with therapeutic response, including rs8099917 in the 5'-end of the
gene, which provided the most highly-significant association(p = 9.39x10%; OR=1.56;
and 95% CI=1.19-2.04). A moderate association was observed for rs12980275 .
mapping to the 3'-end of IFN-A3 (p=1.24 x 10™), which had provided a higher
significance value in the previous cohort (Table 4). Also shown in Table 4, moderate
associations ’were also observed for the SNPs rs8103142 in exon 2 of the IL28B gene
(p=3.83x 10*) and rs8105790 in the 3'-end of the IL28B gene (p=3.7 x 107).

Associations with therapeutic outcome were weaker in the stage two cohort for SNPs
mapped to other genomic regions, with the exception of rs10018218 and rs1002960,
which provided moderate associations. .

Merged data
The Cochran-Armitage trend test (Cochran Biometrics 10, 417-451, 1954; Armitage
Biometrics 11, 375-386, 1955) was used to assess association of all SNPs tested in

stage one and stage two, and merged P values were determined.

Data presented in Table 4 reveal strong associations with response, reaching genome-
wide significance in the overall analysis of the discovery and ;eplication'groups, for
1s8099917, and rs12980275 flanking the IL28B gene on chromosome 19, with a strong
association for rs8109886 in the 5'-end of the IL28B gene. | '

SNP genotyping to det_ermine high response (HR) and low response (LR) alleles

Conventional methods are used to determine genotypes for the various SNPs listed in
Tables 1, 3 and 4, such as, for example a method selected from the following and .

combinations and variations thereof*
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() by hybridizing complementary DNA probes to the SNP site in genomic DNA

e.g., under high stringency hybridization conditions;

(ii) by dynamic allele-specific hybridization (DASH) employing fluorescently-
labelled allele specific oligonucleotides to hybridize to single-stranded biotinylated
genomic DNA amplicons bound to a streptavidin column;

(iti) by using a molecular beacon such comprising a sequence of a wild-type allele or

a mutant allele;

(iv) Dby interrogéting a SNP microarray using probes comprising the SNP site in
several different locations or comprising mismatches to the SNP allele and comparing
the signal intensities prodﬁ{:ed to thereby determine homozygous and heterozygous
alleles; _ |

(v) by analyzing restriction fragment length polymorphisms (RFLPs) generated by

digestion of genomic DNA using enzymes that distinguish sequence comprising a SNP

" and resolution of the fragments produced based on their lengths;
(vi) by PCR or other amplification means employing e.g., ARMS primers of

different length or differentially labelled and comprising sequences that overlap at the

SNP site to thereby amplify the alleles;

(vii) bvanvader assay employing e.g., a flap endonuclease (FEN) such as cleavase to
digeSt a tripartite structure cbmprising genomic DNA and two specific oligonucleotide
probes wherein a first probe (the Invader oligonucleotide) is complementary to the 3’
end of the genomic DNA and comprises a mismatched 3'-terminal nucleotide that
overlaps the SNP in thé, target genomic DNA ahd wherein a second probe (allele-
specific oligonucleotide) is complementary to the 5’ end of the target genomic DNA
and extends past the 3’ side of the SNP nucleotide and coniprises a nucleotide
compleméntary to a SNP allele, such that the tripartite structure forms when the SNP is
in the target genomic DNA and cleavase releases the 3’ end of the al]ele-épeciﬁc probe
from the tripartite structure when the matched allele is present in the allele-specific
oligonucleotide; | ' v

(vii) by primer extension across the SNP from a probe that is hybridized to the

genomic DNA immediately upstream of the SNP nucleotide in the presence of mixes of
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dNTP/ddNTP mixes each lacking a different ddNTP and sequencing the extension
products produced; , '

(viii) by iPLEX SNP genotyping (Sequenom Inc., San Diego, USA);

(ix) by arrayed primer extension (APEX or APEX-2);

(x) by Infinjum assay (Illumina Inc., San Diego, USA) based on primer extension;

‘(xi) by homogeneous multiplex PCR employing two oligonucleotide primers per

SNP to generate amplicons that comprise the alleles in genomic DNA;

(xii) by 5°- nuclease assay employing a thermostable DNA polymerase having 5’-
nuclease activity to degrade genomic DNA hybridizing to matched primers but nét ’
mismatched primers e.g., performed in real time such as in a Tagman assay format
(Applied Biosystems, Carlsbad, USA) and/or in a multiplex assay format;

(xiii) by ligase assay employing matched and mismatched oligonucleotides to
interrogate a SNP by hybridizing the probes over the SNP site such that ligation to an
upstream or downstream constant oligonucleotide can occur if the probes are identical
to the target genomic DNA; ‘

(xiv) by analyzing single strand conformation polymorphisms e.g., as determined by
mobility of single-stranded genomic DNA or amplicons produced therefrom;

(xv) by temperature gradient gel electrophoresis (TGGE) or temperature gradignt
capillary electrophoresis (TGCE) erhploying target DNA comprising denatufing target
DNA comprising the SNP site in the presence of an allele-specific probe comprising a
mismatched allele to the target DNA, re-annealing the nucleic acids and resolving the
products in the presence of a temperature gradient;

(xvi) by denaturing HPLC comprising denaturing target DNA comprising the SNP |
site in the presence of an allele-specific probe comprising a mismatched allele to the
target DNA, re-annealing the nucleic acids and resolving the products under reverse-
phase HPLC conditions;

(xvii) by high-resolution melting of amplicons;

(xvii1) by SNPlex (Applied Biosystems, Carlsbad, USA); and

(xix) by sequencing across SNPs in genomic DNA e.g., employing pyrosequencing.
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For example, using conventional methods, HR and LR alleles were determined for

SNPs exemplified herein, and these are summarized in Table 3 hereof in the column |

headed "SNP effect".

In one particular example, the rs8099917 SNP was typed by PCR-RFLP using Tsp45]
restriction enzyme (New England Biolabs, Beverley, MA). Digestions were performed
in 10 pl reactions in X1 buffer, 0.4U enzyme, 5 pul PCR product and Milli Q water at
65°C for 2h. Digested pfoducts were electrophoresed at 120V for 1/2 h on a 2% (W/v). |
TBE gel. Genotype was determined as a 325 bp fragment for the T allelé, and as
fragments of 286 bp and 39 bp for the G allele. Release of a further 214bp fragment
arising from digestion at an internal control 7Tsp45/ site was used to assess
completeness of digestion. Data in Table 4 show a very strong association with
therapeutic response reaching genome-wide significance for the T allele (and
complementary A residue on the opposing. DNA strand) of rs8099917 (merged P value
= 9.25x10%, OR=1.86, 95% CI= 1.49-2.32). Compared to non-carriers of the high
response (HR) allele at rs8099917, heterozygous carriers of the rs8099917 HR allele

produced an odds ratio (OR) of 1.64 (95% CI = 1.15-2.32) and homozygous carriers

produced an OR of 2.39 (95% CI = 1.16 — 4.94),

Data in Table 4 also show a very strorig association with therapeutic response, reaching
genome-wide significance for the A allele (and complementary T residue on the
opposing DNA strand) of rs12980275 (merged P value =7.74 x 10°'°).

Data in Table 4 also indicate that the T allele (and complementary A residue on the
opposing DNA strand) of rs8103142 in exon 2 of IL28B is associated w1th a hlgher
response to therapeutic intervention with immunomodulatory compositions i.e., it is the
HR allele (p=3.83 x 10™*), whereas the C allele (and complementary G residue on the
opposing DNA strand) are associated with a lower response i.e., it is the low.response
(LR) allele.
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Data presented in Table 5 show the possible genotypes for two-SNP and three-SNP
combinations comprising r512980275, 1s8099917 and rs8103142. These data support
the use of combinations of HR alleles and/or LR alleles for the individual SNPs. For
example, there is a highly-significant association between therapeutic response and the
combiﬁation of both HR alleles in rs12980275 and r$8099917 i.e., genotype AA at
rs12980275 and genotype TT at r58099917 (p=6.13 X 10, OR=2.11; 95% CI= 1.46-
3.04). Similarly, there is a highly-significant association between therapeutic response
and the combination of both' HR alleles in rs8103142 and 158099917 i.e., genotype TT
at rs8103142 and genotype TT at rs8099917 (p= 4.92 x 10™*; OR=2.03; 95% CI= 1.36-
3.05). - The triple homozygotes for HR alleles af these loci are also associated at high
significance with therapeutic response i.e., genotype AA at rs12980275 and genotype
TT at rs8103142 and genotype TT at rs8099917 (p= 6.3 x 10, OR=2.03; 95% CI=
1.36-3.05).

Collectively, the data presented in Tables 4 and 5 suggest that genotypes in 19q13.13
between position 44,420,000 and position 44,440,000 and more specifically between
about .position 44,423,000 and about position 44,436,000, eépecially IFN-A3 (IL-28B)
genotypes, are predictive of patient responses to immunomodulatory compositions e.g.,

an interferon such as IFN-o and/or an agent that modulates Th1/Th2 such as ribavirin.

Haplotype analysis for [FN-A3 (IL28B)

Haplotypes of SNPs linked to the IFN-A3 (IL28B) gene were selected using Haplotype
Tagger software of the Center for Human Genetic Research of Massachusetts General
Hospitél and Harvard Medical School, USA, and the Broad Institute, USA, e.g., as
described by de Bakker et af., Nature Genetics 37, 1217-1223 (2005). Haplotype
Tagger is a tool for the ‘seléction and evaluation of SNPs. from genotype data, that
combines a pairwise tagging method with a multimarker haplotype approach.
Genotype data and/or a chrorhosomal location within which SNPs are mapped are
provided as a source for calculation of linkage di.sequilibrium pattemé based on
sequence data for the chromoson;al région of interest.ﬁ Haplotype T agger provides aﬂ list

of the SNPs and corresponding statistical tests that capture variants of interest.
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Haplotype Tagger may be implemented in the stand-alone program, Haploview (e.g.,
version 3.31) of the Broad Institute, USA ‘(e.-g., Barrett et al. Bioinformatics 21, 263-
265, 2005).

In one example, Haplotype Tagger was employed to fine-map SNPs in the [FN-A gene

cluster and to tag the common haplotypes in the chromosomal region comprising the
IFNA gene cluster. That analysis identified IFN-A3 as having a distinct haplotype
block for alleles at loci identified herein as being associated with therapeutic response

(data not shown).

Pairwise correlation coefficients were determined for IFN-A3 SNPs and haplotype
distributions within the study population were determined. For example, Table 6
shows haplotypes for combinations of the following SNPs: '

(a)  rs12980275, for which possible alleles are A or G (SEQ ID NO: 87),

(b)  rs8105790 for which possible alleles are C or T (SEQ ID NO: 84);

" (¢)  rs8103142 for which possible alleles are C or T (SEQ ID NO: 66);
"(d) rs10853727 for which possible alleles are C or T (SEQ ID NO: 31);

() rs8109886 for which possible alleles are A or C (SEQ ID NO: 9); and
(f)  rs8099917 for which possible alleles are G or T (SEQ ID NO: 4).

The data prescntéd in Table 6 show that the G allele for 1s8099917 i.e., the LR allele,
tags the haplotype that is most-associated with a low response to therapy (p=3.03x10;
OR=2.0; 95% CI=1.58-2.50).

The data presented in Table 6 also show that the HR allele for rs12980275 is linked to
HR alleles at rs8105790, rs8103142, rs8109886 and rs8099917 in 45.2% of the test
population, and that the LR allele for 158099917 is associated with LR alleles for
1512980275, rs8105790, rs8103142, rs10853727 and rs8109886 in 25.6% of the test

_population, suggesting linkage disequilibrium between these alleles. Accordingly, the-

occurrence of speciﬁé alleles linked to IFN-A3 may predict haplotypes associated with

high or low responses to therapy.
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Massively-parallel sequencing and Burrows- Wheeler Alignments

Methods _ ‘

In another approach to idenﬁfy SNPs or indels in the IL28 region of human
chromosome 19 having predictivé capacity in determining a likelihood that chronically-
infected HCV-infected subjects will respond to treatment with IFN-a plus ribavirin,
massively parallel sequencing of the IL28 genomic region was performed on pools of
genomic DNA from 100 subjects each, that were derived from either (i) HCV-infected
subjects that responded to treatment with IFN-a plus ribavirin (HR) or (ii) subjects
having a poor rcsponsé or no response to treatment with IFN-a plus ribavirin (LR).
Briefly, paired end reads were collected on an Illumina GAII sequencer. The data were

analyzed in silico to thereby identify genetic variants that were represented differently

_in the genomes of the two pools of -subjects. For example, the Burrows-Wheeler

Alignment (BWAT1) was employed to perform short-read alignments of the sequences
of the genetic variants e.g., as described by Li et al, Bioinformatics, 25, 1754-1760
(2009). BWALI permits gapped alignments to thereby facilitate a detection of indels,
however does not use quality scores to determine alignment locations, but maps reads
from paired end data as singletons if no residue alignment is otherwise determined.
This 1dent1ﬁes all genetic variations between the two cohorts that potentlally explain

the variation in response to treatment.

Non-parametric measures of the statistical dependencies between known SNPs linked
to the IL28B region of the genome according to HapMap and the genetic variations
obtained by massively parallel sequencing were determined as Spearman Correlation
Coefficients. This confirms that the genetic variability is correlated to HR and LR
alleles of SNPs linked to IL28B. '

The genotypes of about 460 individuals infected with HCV and haVing known

‘treatment responses were also determined, and the sensitivities, specificities, and

positive predictive values (PPVs), and negative predictive values (NPVs) were
calculated based on the frequencies of those genotypes, for several SNPs linked to
IL28B, as follows:
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For LR alleles:

Sensitivity was determined as the number of individuals that are homozygous
for'a test LR allele of a SNP linked to IL28B and do not respond significantly to
treatment and/or do not have a sustained viral response to treatment >(i. e., low-
responders and non-responders), as a proportion of the nun_iber of all low-

responders and non-responders in the same cohort;

‘Specificity was determined as the number of individuals that are not

homozygous for a.test LR allele of a SNP linked to IL28B and respond .
significantly to treatment and/or have a sustained viral response (i.e., responders
and high-responders), as a proportion of the total number of responders and
high-responders in the same cohort;

PPV was determined as the number of low-responders and non-responders that
are homozygous for a test LR allele of a SNP linked to IL28B as a proportion of
the number of all sﬁbjects in the same cohort that are also homozygous for the
same test LR allele; and

NPV was determined as the number of responders and high-responders that are
not homozygous for a test LR allele of a SNP linked to IL28B as a proportion of
the nufnber of all subjects in the same cohort that are also not homozygous for

the same test LR allele.

For HR alleles:

Sensitivity was determined as the number of responders and high-responders
that are hdmdzygous for a test HR allele of a SNP linked to IL28B as a
proportion of the number of all responders and high-responders in the same
cohort;

Specificity was determined as the number of individuals that are not
homozygous for a test HR allele of a SNP linked to IL28B as a proportion of the
number of all low-responders and non-responders in the same cohort;

PPV was determined as the number of responders and high-responders that are

_ homozygous for a test HR allele of a SNP linked to IL28B asa proportion of the
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number of all subjects in the same cohort that are also homozygous for the same
test HR allele; and '

4. NPV was deterrhined as the number of low-responders and non-responders that
are not hbmozygous for a test HR allele of a SNP linked to IL28B and do not
respond significantly to treatment as a proportion of the number of subjects in

the same cohort that are also not homozygous for the same test HR allele.

Thus, the positive predictive value was determined to measure the proportion of
subjects who are correctly diagnosed by determining homozygosity at HR and LR
alleles linked to IL28B.

Results _ _
Massively parallel sequencing has confirmed the identity of SNPs identified by GWAS

 herein, and also identified rs7248668 as being associated with the response of subjects

to therapy, including the increased likelihood that subjects who are hdmozygous for LR
alleles of rs7248668 or rs4803221 will not mount a significant and/or sustained viral '
response (SVR) to therapy, and/or the increased likelihood that sﬁbjects who are
homozygous for HR alleles of rs7248668 or rs4803221 will mount a significant and/or
sustained viral response (SVR) to therapy. The SNPs rs7248668 and rs4803221 are in-
linkage disequilibrium with SNPs identified by GWAS, including rs8099917 and
1512979860, e.g., a correlation coefficient (r’) of 0.96 for responders and high-
responders (HR) and a correlation coefficient (%) of 0.97 for poor-responders and non-

responders (LR).

The data provided in Table 7 indicate that LR alleles of the SNPs désignated rs4803221
and 157248668 and 1s8099917 and rs12979860 provide accurate predictions of low-
response or non-tesponse to anti-HCV therapy, as shown by a PPV of greater than 70%
in each case for tWo copies of the LR allele. This provides the first statistical ranking
of LR alleles, and demonstrates for the first time the improved prognostic value of LR
alleles at rs4803221 and rs7248668 relative to rs8099917. ' o
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If the minor (LR) allele of rs4803221 or 157248668 is used to determine treatment
response without considering contributions from other markers, the test may be
expected to provide 88.5% accuracy for homozygotes as each locus, as determined by
the PPV (Table 7). In contrast, the minor (LR) allele of rs8099917 may provide only
81.8% accuracy for homozygotes as this locus, and the minor (LR) allele of -
1512979860 may prbvide only 74.4% accuracy for homozygotes as this locus, as .
determined by the PPV (Table 7).

In all cases, the population coverage of each of these minor alleles as a stand-alone test

_is quite low. However, tests for hofnozygosity of LR alleles at rs4803221 or rs7248668

have slightly improved specificity relative to tests for homozygosity of LR alleles at
158099917 or 1512979860, indicéting that the markers can be combined - without
substantially compromizing test specificity, and/or test PPV.

Testing for combinations of markers, such as combinations of homozygous LR alleles
at any two or more of rs4803221 and/or rs7248668 and/or rs8099917 and/or
1512979860, will also improve test sensitivity in the population, by providing wider
population covervage than single markers. For example, by testing for fhe combination
of rs4803221 and rs8099917, population c‘overagé is nearly doubled, and by testirig for
the combination of rs4803221 and rs8099917 and 1512979860, up to approkimately
33.4% of the population may be covered. Similarly, by teéting for homozygosity of LR
alleles at rs7248668, only about 7.8% of the population is covered, whereas testing for
157248668 in combination with homozygosity of LR alleles at rs4803221 provides
nearly double that population coverage, and testing for homozygosity of LR alleles at
157248668 and rs4803221 and rs8099917 provides about 21.8% population coverage,
whereas testing for homozygosity of LR alleles at rs7248668 and rs4803221 and
rs8099917 and rsi 2979860 provides about 41% population coverage.

Two SNPs provide better prediction than rs8099917 and rs1297860 (Table 1):
rs4803221 and rs7248668. The new SNPs are in linkage disequilibrium with the latter
SNPs, but tag response slightly better than the previous best SNPs.
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Determining expression of IFNA-3 (IL28B)

Total RNA was extracted from whole blood cells of healthy controls according to
standard procedures, and used as a template for single-stranded cDNA synthesis ﬁsing
random hexamer primers and Supei'script IIl reverse transcriptase (Invitrogen)
according to manufacturer’s instruction. RT-PCR was performed employing primers
and probes for IFN-A1 (IL29), IFN-A2 (IL28A) and IFN-A3 (IL28B), essentially as
described by Mihm etal, C. Lab. Invest. 84, 1148-1159 (2004). The expression levels

~ of the mRNAs were normalized to median expression of glyceraldehyde 3-phosphate

dehydrogenase (GAPDH).

Data in Figure 1 indicate that expression levels for both IFN-A2 and IFN-A3 are higher

in carriers of a genotype having the HR allele for rs8099917 (P <0.04). The genotype
may alter expression in different contexts and with different stimulation e.g., as
indicated in Table 1, such as by altering one or more of mRNA splicing, mRNA
turnover, mRNA half-life, mRNA stability, affinity of the encoded cytokine for its
cognate receptor: Any one or more of these factors may contribute to improved virél
clearance for subject having the high response (HR) haplotype. In any event, the data
indicate functional significance in the correlation between haplotype and therapeutic

efficacy of pegylated interferon-alpha (IFN-a) and ribavirin against HCV.

Clinical relevance

, Current therapies for HCV-1 employing immunomodulatory compositions such as [FN

and ribavirin can produce serious adverse reactions and, in any event, produce low
virus clearance in about 50% of infected patients. Accordingly, there is a clear benefit
to providing diagnostic and prognostic methods to identify those subjects that are less |
likely to respond to therapy, thereby avoiding their discomfort. Such diagnostics and
prognostic methods also provide a basis for suggesting adjunct or alternative therapies

to those patients that are less likely to respond to conventional therapy.
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The low response haplotype identified in this study is carried by 70% of northern
Europeans, clearly indicating the extent of the problem faced by the pharmaceutical

industry for effective therapy of this disease alone

The definition of SNPs, and associations between specific allelic variants at the loci

~ identified in this study, have clear clinical relevance to the diagnosis and treatment

using immune response modulators such as interferons, ribavirin and combinations

thereof. For example, the identification of a subject carrying a low response (LR) allele

-at a SNP position identified in this study indicates a reduced likelihood of clearing a

virus such as HCV compared to a subject that is a non-carrier of the same allele.

~ Similarly, the identification of a subject carrying a high response (HR) allele at a SNP

position identified in this study indicates an enhanced likelihood of clearing virus
compared to carriers‘of the LR allele. For example, 82% of GG homozygotes at the
1s8099917 locus fail to clear HCV, whereas only 44% of TT homozygotes at this locus
fail to clear HCV. Standard genotyping and haplotyping methods as described herein
may be employed to determine fhe likelihood of a response to therapy in a subject.
Thus, the data provided herein provide the means to identify those subjects, including
50% of Europeans, who may clear virus on therapy, and those who do not. Using the
SNPs identified herein, including the HR haplotype and LR haplotype associations,
nearly 90% of subjects capable of having high response(s) to conventional therapy can

be identified by their genotype.

The data presented in this study also suggest the brbad applicability of a |
diagnostic/prognostic assay based on IFN-A3 genotyping and/or .haploty'ping to the
context of virus infections other than HCV. First, the association of IFN-A3 with viral
clearance is consisfent with functionality of IFN-A3 as an antiviral protein, the

responsiveness of IFN-A3 expression to Type | interferons such as IFN-a and IFN-B

" (Li et al, J Leukocyte Biol., online publication DOI:10.1189/jlb.1208761 (Apr ‘30,

2009), and the observation that expression of IFN-A3 is up-regulated in hepatocytes
and PBMCs of HCV-infected patients (Mihm e? al, C. Lab. Invest. 84, 1148-1159,
2004). Second, IFN-A3 is up-regulated by viral infection and by other interferons in
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hepatocytes and other cells e.g., Sirén et al., J Immunol. 174, 1932-1937 (2005), ‘Ank
et dl., J. Virol. 80, 4501-4509 (2006), and Doyle et al., Hepatol. 44, 896-906 (2006),
and protects against HCV in an in vitro system e.g., Robek er al., J. Virol. 79, 3851-
3854 (2005) and Marcellb et al., Gastroenterol. 131, 1887-1898 (2006), as well as
other RNA viruses in vivo e.g., Ank et al., J. Virol. 80, 4501-4509 (2006) and Ank er
al., J. Immunol. 180, 2474-2485 (2008). IFN-A3 also regulates similar genes to IFN-a
via JAK/STAT signalling, however is more specific in its tissue targets. Proceeding on
this basis, it is reasonable to conclude that IFN-M provides the baéis for diagnosis for
those medical indications currently treated using IFNs. It is also reasonable to

conclude that IFN-A3 provides the basis for alternative therapies to those employing

other IFNs such as IFN-a or IFN-A1, e.g., for those medical indications‘ compatible

with IFN-A3 expression and activity.

Other associations described herein that are not linked to the IFN-Xclustcr are also
strong indicators of virus clearance, .as supported by the available data. The
associations with SNPs linked to IL-21R on chromosome 16, caspase-1 (CASP-1) on
chromosome 11 and an HLA pseudogene cluster on chromosome 6 are particularly
interesting. For example, IL-21 promotes T cell proliferation and viral clearance, and -
is structurally similar to IFN-A in terms of exon structure, wherein the alpha helices are
encoded by separate exons. Additionally, CASP1 activates IL-1 which then promotes
the inflammatory cascade, and inhibits .HCV replication in vitro e.g., Zhu et al., J.
Virol. 77, 5493-5498 (2003). Proceeding on this basis, it is reasonable to conclude that
the other associations described herein provide the basis for diagnosis/prognostic
assays in vthe context of any medical indications currently treated using

immunomodulatory compositions other than IFNs and/or ribavirin e.g., compositions

- comprising IL-1.
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Example 2
Associations of HLA-C alleles with respbnse to therapy of chronic hepatitis C using an

immunomodulatory composition comprising an interferon (IFN)

A cohort of about 300 e.g., 301, Australian Caucasians infected with HCV were
genotyped for HLA-C alleles and associations between specific HLA-C alleles with
response to therapy comprising interferon and ribavirin were determined using

statistical procedures described herein.

Data are presented in Figure 2 and in Tables 8-10. The data presented in Table 8 show
the ‘associations between specific HLA-C1 alleles and specific HLA-C2 alleles and
response to. therapy. The data presented in Table 9 and Table 10 show that subjects
who are homozygous for HLA-C2 alleles exhibit a low response to therapy compared
to subjects who carry at least one HLA-C1 allele. These data indicate that HLA-C2

homozygosity is associated with a low response to therapy.

Example 3 _
Interactions e.g., additive interaction or epistatic interaction between IL28B alleles and
HLA-C alleles in response to therapy of chronic hepatitis C using an

immunomodillatory composition compris‘ing' an interferon (IFN) .

Combined effects of HLA-C and rs8099917

The cohort of subjects referred to in Example 2 were also genotyped for the IL28B
1s8099917 polymorphism, essentially as described in Example 1, to determine whether
or not there is any interaétion e.g., additive interaction or epistatic interaction, between

HLA-C genotype and rs8099917 genotype in determining the response to antiviral

therapy.

Data preserited in Figure 2 and Table 11 indicate that HLA-C2 honibiygous individuals
who are also carriers of the LR allele i.e., G allele, linked to rs8099917, have only
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about 20% likelihood of responding to antiviral therapy (p=2 x 10 OR 7.3), and that

.sﬁbjeéts who are homozygous for HLA-C2 and homozygous for the LR allele of

rs8099917 are even less likely to respond to therapy (p'= 4.86 x 10°). In contrast,
subjects who are carriers for at least one HLA-C1 allele and are hbmozygous for the
HR allele of rs8099917 have about 60% likelihood of responding to therapy.

To establish reproducibility in this association, a second cohort of 483 Australian
Caucasians infected with HCV were genotyped for HLA-C and rs8099917 alleles and
associations between specific HLA-C alleles with response to therapy and inte_ractions
e.g., additive interaction or epistatic interactions, between rs8099917 and HLA-C2 in
modulating the response to therapy were determined as before. Data presented in Table
12 and Figures 3 and 4 confirm the associatidns between HLA-C2 alleles and response
to therapy for the second cohort and the combined cohorts, and strengthen the
conclusion that subjects who are homo'zygous_' for HLA-C2 alleles exhibit a low
résponse to therapy compared to subjects who carry at least one HLA-C1 allele. These
data also confirm the interactions e.g., additive interaction or epistatic interaction

between the rs8099917 polymorphism and HLA-C2 in response to antiviral therapy.

Data presented in Table 13 hereof also indicate that subjects who chronically-infected

- with HCV and being treated with IFN-a and ribavirin, have about 82.2% likelihood,of

not responding to treatment with a sustained viral response if they are homozygous for
a HLA-C2 genotype and carry at least one LR allele linked to rs8099917. However,
the predictive value of this test may not be improved substantially by further stratifying
the p_opulation by testing for homozygosity of the LR allele of rs8099917. In contrast
to the high positive predictive “value of HLA-C2-homozygosity combined with
r58099_917 LR genotyping, the presence of at least one HLA-C1 allele in combination
with at least one LR allele at rs8099917 does not have such a high predictive value.
This most likely reﬂbects an interaction between HLA-C2 and the LR allele of
rs8099917. | |
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Comparison of the data in Tables 7 and 13 alsq suggests that the combination of HLA-
C2 with one LR allele at r58099917 provides for greater population coverage
(sensitivity) than testing for homozygosity of the corresponding LR allele without
significant compromize to positive predictive value or assay specificity. For example,
only up to about 6% of the population are homozygous for the LR allele of rs8099917,
whereas 16.5% of the popuiation are homozygous for HLA-C2 ‘an(‘i carry at least one
LR allele of r58099917, however both tests provide about 80-82% positive predictive
value and about 96-98% specificity. Thus, there is a real advantage in combining

HLA-C2 and rs8099917 LR genotyping in determining treatment outcome.

- Combined effects of HLA-C and rs4803221

The cohort of subjects referred to in Example 2 were also genotyped for the IL28B
154803221 polymorphism and HLA-C alleles, to determine whether or not there is any

~ interaction e.g., additive interaction or epistatic interaction between the [L28B marker
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and HLA-C1 and/or HLA-C2 in response to antiviral therapy. -

Data presentéd in Table 13 hereof also indicate that subjects who chronically-infected
with HCV and being treated with [FN-a and ribaVirin, have about 83.7% likelihood of
not responding to treatment with a sustained viral response if they are homozygous for
a HLA-C2 genotyping and carry at least one LR allele linked to rs4803221. This is
better than the predictive value of at léast one LR allele of rs8099917 combined with
homozygosity of HLA-C2 alleles. Similarly, tests. for homozygosity of LR alleles at
rs4803221 have greatly-improved prognostic accuracy when combined with HLA-C2
hdmozygosity than do tests for homozyg’osity of LR alleles at rs8099917 when
combined with HLA-C2. Notwithstanding the low frequency of HLA-C2/rs4803221-
LR double-homozygotes in the population, the predictive value of this test also appears
to be improved sﬁbstantially by further stratifying the population by testing for
homozygosity of the LR allele of rs4803221. In contrast to the high positive predictive
value of HLA-C2 homozygosity combined W1th rs4803221 LR genotyping, the

presence of at least one HLA-C1 allele in combination with at least one LR allele at
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154803221 does not have a high predictive value. ' This most likely reflects an
interaction between HLA-C2 and the LR allele of rs4803221.

Comparison of the data in Tables 7 and 13 also suggests that the combination of HLA-
C2 with one LR allele at 154803221 provides for greater population coverage
(sensitivity) than testing for homozygosity of the corresponding LR allele without |
significant compromize to positive predictive value or assay specificity. For example,

only up to about 8% of the population are homozygous for the LR allele of rs4803221,

“whereas 16.5% of the population are homozygous for HLA-C2 and carry at least one

LR allele of rs4803221, however both tests provide about 84-88% positive predictive
value and about 96-99% specificity. Thus, there is a real advantage in combining

HLA-C2 and rs4803221 LR genotyping in determining treatment outcome.

Data presented in Table 13 also suggest that a combined test for homozygosity of
HLA-C2 alleles and at least one LR allele at rs4803221 and at least one LR allele at
rs8099917 may provide population coverage of about 28%, a specificity of more than

96% and a positive .predictive value of more than 82%. -

Combined effects of HLA-C and rs12979860

The cohort of subjects referred to in Example 2 were also genotyped for the IL28B
rs12979860 polymorphism and HLA-C alleles, to determine whéther or not there is any
interaction e. g., additive interaction or epistatic interaction between the IL2SB marker

and HLA-C1 and/or HLA-C2 in response to antiviral therapy.

Data presented in Table 13bhereof also indicate that subjects who chronically-ihfected

with HCV and being treated with IFN-o and ribavirin, have about 78% likelihood of

* not responding to treatment with a sustained viral response if they are homozygous for

30

a HLA-C2 genotype and carry at least one LR allele linked to rs12979860.
Notwithstanding that this performance may not be as high as that observed for
rs8099917 or rs4803221, the minor (LR) allele is more abundant than for the other

markers, and a wider population coverage may offset the disadvantage of a reduced
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predictive value. Moreover, tests for homozygosity of LR alleles at 1512979860 have
greatly-improved prognostic accuracy when combined with HLA-C2 homozygosity
than do tests for homozygosity of LR alleles at rs8§099917 when combined with HLA-
C2. . Notwithstanding the low frequency of " HLA-C2/rs12979860-LR  double-

~ homozygotes in the population, the predictive value of this test also appears to be

imprbved substantially by further stratifying the population by testing for
homozygosity of the LR allele of rs12979860. In contrast to the high positive
predictive value of HLA-C2 homozygosity combined with rs12979860 LR genotyping,
the presence of at least one HLA-C1 allele in combination with at least one LR allele at
1512979860 does not have a high predictive value. This most likely reflects an
interaction between HLA-C2 and the LR allele of rs12979860.

. Comparison of the data in Tables 7 and 13 also suggests that the combination of HLA-

C2 with one LR allele at rs12979860 provides for enhanced specificity and prédictive

value than testing for homozygos’ity of the corresponding LR allele.

Data presented in Table 13 also suggest that a combined test for homozygosity of
HLA-C2 alleles and at least one LR allele at rs12979860 and at least one LR allele at

. 158099917 may provide populatibn coverage of about 33%, a specificity of about 95%

and a positive predictive value of about 80%. By additionally combining such a test

~ with at least one LR allele of rs4803221, the population coverage may near 50%, with

still higher levels of specificity and aécuracy. )

Combined effects of HLA-C and rs7248668

25

30

The cohort of subjects referred to in Example 2 were also genotyped for the IL28B
157248668 polymorphism and HLA-C alleles, to determine whether or not there is any
interaction e.g., additive interaction or epistatic interaction between rs7248668 and

either HLA-C1 alleles or HLA-C2 alleles in response to antiviral therapy.

Data presented in Table 13 hereof also indicafe that subjects who chrbnicéily-inféi:fe&

with HCV and being treated with IFN- and ribavirin, have about 85% likelihood of
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not responding to treatment with a sustained viral response if they are homozygous for

a HLA-C2 genotype and carry at least one LR allele linked to rs7248668. This is better

~than the predictive value of at least one LR allele of rs8099917 combined with
- homozygosity of HLA-C2 alleles. Similarly, tests for homozygosity of LR alleles at

157248668 have greatly-improved prognostic accuracy when combined with HLA-C2
homozygosity than do tests for homozygoéity of LR aileles at 158099917 when
combined with HLA-C2. Thus, notwithstanding the low frequency of HLA-
C2/rs7248668-LR double-homozygotes in the population, the predictive value of this
test also appears to be improved substantially by further stratifying the population by
testing for homozygosity of the LR allele of rs7248668. In contrast to the high positive

predictive value of HLA-C2 homozygosity combined with rs7248668 LR genotyping,

the presence of at least one HLA-C1 allele in combination with at least one LR allele at
157248668 does not have a high predictive value. This most likely reflects an
interaction between HLA-C2 and the LR allele of rs7248668.

Comparison .of the data in Tables 7 and 13 also suggests that the combination of HLA-
C2 with one LR allele at rs7248668 pfovides for greater population coverage
(sensitivity) than testing for hofnozygosity of the corresponding LR allele without
substantial éompromize to positive predictive value or assay specificity. For example,
only up to about 8% of the population are homozygous for the LR allele of rs7248668,
whereés about 16.5% of the population are homozygous for HLA-C2 and ca.rry at least
one LR allele of rs7248668, however both tests prbvide about 84-88%. positi?e
predictive value and about 96-99% specificity. Thus, there is a real advantage in

combining HLA-C2 and rs7248668 LR génotyping in determining treatment outcome.

. Data presented in Table 13 also suggest that a combined test for homozygosity of

HLA-C2 alleles and at least one LR allele at rs7248668 and at least one LR allele at
rs4803221 may pr;ivide' population coverage of about 28%, a specificity of more than
96% and a positive. predictive value of more than 84%, and that the combination of
homozygosity of HLA-C2 alleles and at least one LR allele at rs7248668 and at least

one LR allele at rs8099917 may provide similar population coverage and specificity
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~ albeit lower positive predictive value. A combined test for homozygésity of HLA-C2

alleles and at least one LR allele at rs7248668 and at least one LR allele at rs4803221
and at least one LR allele at rs8099917 may also provide population coverage of about
43%, a specificity of more than 96% and a positive predictive value of more than 83%.

A combined test for homozygosity of HLA-C2 alleles and at least one LR allele at

157248668 and at least one LR allele at rs4803221 and at least one LR allele at

158099917 and at least one LR allele at-rs12979860 may also provide population
coverage of about 61.6%, a specificity of more than 95% and a positive predictive
value of more than 80% or 81% or 82%. By additionally combining such a test with at
least one additioﬁal LR allele shown in Table 1 hereof, especially an LR allele in L.D.

. with rs8099917, the population coverage may be even higher, and still higher levels of

specificity and accuracy may be achieved.

Summary

Ih particular, the data support'they conclusions that:

1. HLA-C2 homozygotes are less likely to respond to pegylated
interferon/ribavirin therapy than those with HLA-C1 genotypes (Odds Ratio
1.57); | | ‘

2. Carriers of one or more LR alleles of IL28B SNPs are less likely to respond to
pegylated interferon/ribavi_rin therapy than the corresponding HR genotypes,
including the corresponding IL28B-HR homoiygotes;

3. HLA-C2 homozygotes who are also carriers of one or more LR alleles ‘of 11.28B

SNPs are much less likely to respond to drug therapy than other genotype
combinations e. g., see Figs 3 and 4, Tables 7 and 13; and
4, The positi\}e predictive values of exemplary LR genotypes when combined with
HLA-C2 homozygosity may be ranked as follows:
1s7248668=r54803221>rs8099917>rs12979860.
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_ Example 4
Identification of improved IL28B SNPs and haplotypes for prediction of drug response
in treatment of hepatitis C using massively parallel sequencing in a cross-sectional

European cohort

Patient cohorts _

All patients included in this study had been infected with genotype 1 HCV (the
diagnosis. of which was based on serology.and' serum viral RNA tests), had received a
standard course of pegylated interferon and ribavirin (PegIFN/R), and had their post-
treatment virologiéal response determined six months after completion of therapy. All

sustained virological responders (SVRs) and non-SVR cases had received therapy for

48 weeks except where HCV RNA was present with a <2 log drop in RNA level after

12 weeks therapy. Patients were classified as having a sustained virological response
(SVR) if they were determined as being HCV PCR negative, six months after
completion of therapy. Patients were excluded from this study if they had been co-

infected with either hepatitis B virus (HBV) or human immunodeficiency virus (HIV)

or if they were not of European descent. Characteristics of each cohort are presented in

Table 14.

Ethics statement and study subjects
Ethical approval was obtained from the Human Research Ethics Committees of Sydney

West Area Health Service and the University of Sydney. All other sites had ethical
approval from their respective ethics committees. Written informed consent was

obtained from all parficipants.

Massively parallel séguencing
The study désign is illustrated in Figure 5. DNA samples obtained from 100 of the 131

patients that responded to treatment with PegIFN/R i.e., responders, were pooled to
create a responder DNA pool, while DNA samples obtained from 99 of the 162 patients
having a poor response or no response to treatment with PegIFN/R ie., rion-fesponders,

were pooled to create a non-responder DNA pool. DNA samples were not barcoded.
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Long-range PCR was then used to amplify a continuous 100 kbp region of DNA
containing the IL28A, IL28B, and IL29 genes. Specifically, 23 overlapping amplicons
of sizes between 4800-5273 bp were used to amplify chr19:39,709,944-39,809,945
(human genome version hgl9). The PCR products produced for each pool were then
sequenced ﬁsing an Illumina Genome Analyzer II flowcell, with 75 bp paired-end reads
generated. Raw read quality was examined using FASTQC version 0.7.0 e.g, as |

described by Andrews S: FASTQC. A4 quality control tool for high throughput

sequence data, accessible at http://www.bioinformatics.bbsre.ac.uk/projects/fastqc/.
Génotype data generated has subsequently been deposited at the European
Genomephenome Archive (EGA), accessible at http://www.ebi.ac.uk/ega/, which is
hosted by the EBI, under Accession number [EBI:EGAS00001000096].

Sequence alignment and post-processing

Reads from each pool were aligned 'separately to hg19 using version 0.5.8a of Burrows-
Wheeler Alignment.(BWA) e.g., as described by Li et al., Bioinformatics, 25, 1754-
1760 (2009). Up to four mismatches were permitted across the length of each read,
including up to four mismatches in the 32 bp seed. Bases with Phred quality scores of

less than three were trimmed from the ends of reads. ,

Reads’ corresponding to the target region were extracted using SAMtools e.g., as
described by Li et al., Bioinformatics, 25, 2078-2079 (2009). Sequence reads with a
mapping quality of zero e.g, singletons that do not align to unique location in the

genome or read pairs where neither end maps to a unique location, were discarded.

In view of the small size of the target region, the large number of haplotypes present,
and the depth of sequencing, a substantial proportion of the read ‘pa-irs were expected to
align to the same location(s). However, as such duplicates were determined to be
biological in nature, rather than mere PCR duplicates, removal of duplicates wé_s not

performed.

30
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Variant calling and association testing using pooled DNA

Variant calling was performed using version 3 of CRISP e.g,, as described by Bansal
V: Bioinformatics, 26, i318-324 (2010), employing a variant detection algorithm
designed specifically for pooled DNA samples. Default settings were used (minimum
read mapping/base quality to consider a read/base for variant calling 10; >1 read
supporting variant must have mapping quality >20; >4 reads per pool; contingency
table threshold p=10"; quality values based p-value threshold 10°%). )
Fisher's exact test was employed to compare the proportion of each allele in responders
and non-responders at variant sites. If the total number of allele counts for a cohort
exceeded the number of chromosomes, allele counts were rescaled so that they summed

to the number of chromosomes in the cohort.

Validation with GWAS SNP data
Genotype data for 15 SNPs within the 100 kbp target region previously generated as

part of a GWAS study were compared to data estimated from pooled MPS data to
compare the minor allele frequencies (MAFs), odds ratios and Fisher exact p-values.
Correlation between the two data sets was then summarised using Spearman’s rank

correlation coefficient.

We also compared MAFs from pooled MPS to MAFs from CEPH genotypés, obtained
from Utah residents with ancestry from riort_hefn and western Europe (CEU), for the 35
SNPs in the target region which were studied as part of the HapMap project e.g,, as
described by The International HapMap Consortium, Nature, 449, 851-861 (2007).

Validation using individual genotyping

19 putative single nucleotide variants (SNVs) were chosen for validation using
individual genotyping based on the MPS results and/or biological grounds. MPS SNPs
were ranked By Fisher’s exact test. ‘SNPs with p-values exceeding 10° were rejected,
and only those SNPs supported by reéds aligning in both directions and éoveréd by at

least 1000 reads in at least one pool were retained. Those SNPs failing Sequenom
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genotyping algorithms ie., which excludes SNPs which are in highly homologous

regions, have multiple genomic targets, or are close to other variants which may

- confound the genotyping, were also rejected. 19 SNPs were retained for validation, all
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included in dbSNP132. Genotype data for ten of those SNPs were available from
previous studies, and genotype data for the remaining nine SNPs was generated in a
single multiplcx Sequenom reaction. The validation cohort comprised 905 samples
obtained from six different cohorts from Australia, the UK, Germany and Italy. Three
SNPs (rs8105790, rs8103142 and rs'628973) were not genotyped for 324 samples and
43 samples were not genotyped for five SNPs (rs]0853727, r58169886, r510853728,
rs12980602, rs4803224). |

Genotype data cleaning was performed using PLINK e.g., as desciibed by Purcell et
al., American Journal of Human Genetics, 81, 559-575 (2007). To account for
obligate missingness, samples with a genotyping rate of below 89.47% (corresponding
to less than 17/19 SNPs being assigned a genotype), and SNPs with (i) a genotyping
rate below 9_0%,' (ii) a minor allele frequency (MAF) below 1%, or (iii) a combined
sample Hardy Weinberg test p-value below 107'°, Were disqarded. A Pearson’s chi-
square test was used to test for differential missingness of SNPs between responders

and non-responders.

Single marker association analyses were also performed using PLINK.' Genotypes
from the six cohorts were combine and tests of association under allelic, genotypic,
recessive and dominant genetic models were performed. A fixed-effects mf:ta;analysis
for the allelic test was also performed, although this was not deemed advisable under

other genetic models as low or zero genotype counts resulted for some SNP/cohort

- combinations. Linkage disequilibrium (LD) was estimated and haplotype frequencies

inferred using Haploview e.g., as described by Barrett et al., .Bioinformatic&, 21, 263-
/

265 (2005). The frequencies of common haplotypes (>=1%) were compared between

non-responders and responders using odds ratios, with 95% confidence intervals

calculated using Woolf’s formula and p-values calculated ilsing Pearson’s chi-scﬁiére

. test.
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Results

Massively parallel sequencing
From the test cohort, the responder pool generated 34,026,026 reads (17,013,013 pairs)

whereas the non-responder pool generated 34,236,380 reads (17,118,190 pairs).

Analysis of the raw sequence reads using FASTQC indicated overrepresentation of

certain sequences, which were determined as corresponding to the ends of amplicons,

i.e. primers and adjacent sequence.

Alignment _
33,761,231; responder reads and 33,965,033 non-responder reads aligned back to hgl19

(99.2% for both pools), of Which 31,960,774 and 32,008,412 reads aligned back to the
tafget region, respectively. Of these, 31,082,‘806 and 31,143,590 reads had unique

alignments to the target region (not shown here) .

Median coverage across the target region was determined as 19,200 for responders
(range 0-171,197) and 20,220 for non-responders (0-177,376). 99.28% and 99.10% of
targeted bases had coverage >4 for R and NR, respectively. Coverage was determined
to be relatively low fdr one of the ﬁwo pools for two of the 23 amplicons. Very low
coverage was observed for the ‘ responders for the tWent_ieth amplicon
(chr19:39,789,495 to 39,794;767), whereas very low coverage was observed for the
non-responders for the first amplicon (chr19:39,709,955 to 39,714,897). Inspectidn of
the relevant PCR products showed only faint bands. Thus 2/46 amplicon pools were

likely to have suffered PCR failures leading to low read counts. Fortunately, these

amplicons were not located close to IL28B.

Variant calling and association testing
CRISP detected 1221 SNVs and 118 indels (1339 variants in total).
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Validation with GWAS SNP data and HapMap data ,
CRISP called all 15 of the SNPs individually typed as part of the GWAS as variants.

The Spearman correlation coefficients of MAF estimates between the pooled MPS and

individual genotyped data for the 15 SNPs was determined to be 0.99 (R) and 0.95

(NR). Odds ratios were determined to be well correlated (p=0.98) while p-values were

shown to be poorly correlated (p=0.35).

31 of the 35 HapMap SNPs in the target region were called as variants; CEU MAFs of
0.013 or higher. The four HapMap SNPs not called as variants had CEU MAFs of
0.004, 0.005, 0.009 and 0.027 respectively. Spearman correlation coefficients of CEU
MAFs with MAFs estimated from pooléd MPS data were 0.84 (R) and 0.80 (NR).

Individual genotyping results .

86 samples with a genotyping rate below 89.47% were discarded, leaving 819 samples

remaining. All 19 SNPs genotyped in this study had genotyping rates above 90%, with

- 17 SNPs having genotyping rates of 99% or higher. SNP rs628973 was discarded due

to a suspicious distribution of genotypes (98.25% of genotypes heterozygous, Hardy-
Weinberg test for combined sample p=9.78 x 10-136). The remaining 18 SNPs had
Hardy-Weinberg test pvalues ranging from 3.09 x 10 to 0.78, minor allele frequencies
ranging from 0.036 to-.0.47, and differential missingness p-values ranging from 0.095 to
1. Accordingly, association analyses using 819 samples with genotypes for ﬁp to 18
SNPs were performed. A meta-ahalysis of allelic test results determined that 12 of the

SNPs were strongly (p<0.001) associated wnh response..

The four SNPs that best tagged the IL28B region haplotypes were investigated further

for their ability to predict response to therapy.

The association testing results using Fisher’s exact test based on the BWA alignment
and CRISP variant calls from the MPS data with rescaled read counts demonstrate a
strong clustering of association signals around IL28B. 'fhe two problem amplicbns

where PCR failures were suspected, as previously discussed, were retained in the
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analysis. Figure 6 shows that both of these regions to which these amplicons align
produced spurious association signals with amplicon 1 producing the most significant

association signals overall.

Association testing of the nineteen SNPs selected for individual genotyping in the
independent combined cohort validate the MPS association testing results for the
IL28B region, as well as preVious GWAS results and other more recent re-sequencing
results which are not MPS derived. Such consensus clearly implicate IL28B as thé
most likely causal gene. SNPs rs4803221 and rs7248668 were determined as having
the highest association for a recessive model with an OR=4.74 and 4.85 respectively
(Figure 7). Surrounding SNPs also show clear recessive effects. These results may be

explained by the haplotype effect as shown in Table 15.

Haplotypes and Linka.ee Disequilibrium

From the total cohort, six haplotypes were identified using Haploview (Table 15,
Figure 8). Haplotype 2 showed the most significant association with failure to respond
to therapy. This was tagged by rs8099917 and rs72f18668, and largely by rs4803221.
These SNPs also returned the highest odds ratios for homozygotes.

Predictive value for failure to respond.
To evaluate the utility of the SNPs to predict treatment failure, the sensitivity,

specificity, positive (for treatment failure, PPV) and negative predictive valu"es for the
SNP minor allele homozygotes were compared. The best four SNP minor allele
homozygotes are shown in Table 16; The PPV for treatment failure is likely to be the
most useful parameter clinically. The SNPs rs4803221 GG (PPV of 77.1, CI 62.7-88.0)
and rs7248668 AA (PPV 78.3, CI 63.6-89.1) both performed better than the SNPs
currently used in testing rs8099917 GG (PPV 73.3, CI 58.1-85.4) and rs12979860 TT
(PPV 68.3; CI 59.2-76.5) in this sample. However, conﬁdeﬁce intervals indicate that

they may perform better, worse or equivalently at a population level.
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As derhonstrated in Example 3, a combination of carrier status for the rs8099917 minor’
allele with HLA-C C2C2 homozygosity predicts treatment failure (PPV of approx.
80%) better than either genotype alone, and more people have this genotype than are
homozygous for the minor alleles. In the present study, all haplotype 2 SNPs
(rs4803221 G, rs7248668 A, and rs8099917 G) were determined to perform similarly -
(PPV 78.6, 79.7, 80.3), and better than rs12979860 T (PPV 73.1). The ﬁ)aximum
proportion of the population identified as having a non-responder genotype is
determined by including those with minor allele homozygosity (rs4803221 GG, PPV
77.1) with those who are carriers of rs4803221 G and are HLA-C C2 homozygotes
(PPV 78.6). In the present case, this was determined to be 7.7% of the responder
cohbrt, and 19.9% of the non-responders. Although SNP rs1297860 T homozygosity
plus T carriers with HLA-C C2 homozygosity was detenhir_ned to predict a higher
proportion of people who will fail to respond to treatment (33.2% of non-responders),

this combination was determiend to mis-classify more responders (17.1% responders).

In silico analysis of transcription factor binding sites and methylation sites in the

proximal promoter region

A CpG island was previously identified on the UCSC human genome draft by Miliak
and Hillier (Figure 9), encompassing SNPs rs12978960 and rs4803221. The major
allele for each SNP comprises the C of a CpG dinucleotide. Transcription factors that
might . differentiate between the haplotypes wcfe sought using the program Ali Baba
(Figure 9), which identifies transcription factor sites based on core recognition motifs.
Several transcription factors that might differentiate between the haplotypes were

identified, and these varied according to SNP present on the haplotype.

Discussion

- Data presented herein identified eighteen SNPs in the putative promoter region of

IL28B using massively parallel sequencing on pooled responders and non-responders,
which predicted response to PegIFN/R. These eighteen SNPs collapse to six
haplotypes that predict response according to tagging by their minor alleles. The minor
allele for SNPs rs8099917, rs7248668, and rs4803221- were all fdund on haplotype 2,
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which had the highést OR (recessive model) for predicting treatment. failure. The
minor allele of SNP rs4803221 may also be found on the rare haplotype 6. Minor
alleles from SNPs rs12979860, rs11881222, rs688187, rs12982533, rs35790907,
rs12982533, rs12980275 were also found on haplotype six and two to three others
(with MAF>1%). |

The LD block varies between ethnic groups. Japanese and Chinese have fewer
common haplotypes, with virtually complete linkage between rs8099917, 1512978960,
and the 3’ end of the gene. In the population of the instant study, any of the SNPs
predict treatment failure with similar precision. People of European descent, Hispanics
and Indians have more common haplotypes. In the former two it has been determined
that haplotypé 2 best predicts failure to respond, with homozygotes for haplotype 2 best
predicting treatment failure. There is some recombination between the SNPs tagging
haplotype 2, and then the best two are rs7248668 (next to rs8099917) and rs4803221
(next to rs12979860, also on the rare hapotype 6). The African population has the
shortest LD block, with a boundary between rs12979860 and rs8099917, and previous
investigation has shown that the major effect of this Afriéan haplotype lies between this
point and the 3* end of the [L28B e.g, Ge et al., Nature, 461, 399-401 (2009). The
causative _SNPs or SNP, or other genetic variant, is therefore most likely to be in this
section of the gene, which inciudes promoter variants, intronic, codon changing, and
3’untranslated SNPs, any of which could be, or could contribute with othe_:rs, to the
functional effect of the haplotype. However, Ge et al (2009) identified an effect of
rs8099917 independent of this block in African Americans, indicafing multiple,

variable, haplotype effects on gene function.

The Causative Haplotype

Each of the haplotypes were determined to have putative immune transcription factor
sites distinguishing them frm one another. Notably, the haplotype 2 SNP, rs4803221,
resides in the CpG island, and removes a CpG site. The SNP 512978960 is the only

other common SNP also in this region, and the variant on haplotype 2 also removes a

'CpG site. Therefore, two potential methylation sites are missing from haplotype 2, and
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none or one methylation site from the haplotypes corresponding to response.

Methylated DNA is known to be resistant to unfolding and, as such, corresponds to

" reduced expression. Proceeding on this basis, it is reasonable to hypothesize that

increased methylation may lead to reduced expression of IL28B, and the interferon
sensitive genes (ISGs) upregulated by it, in the responder haplotype; which is then
responsive to interferon alpha stimulation on therapy. Two studies have identified that
IL28B non-responders have high ISG expression in infected hepatocytes, and that high
ISG levels‘lindependently predict poor response to therapy e.g., as described by Honda
et al., Gastroenterology, 139, 499-509 (2010). However the present inventors, and
others, have found that the non-responder haplotype ‘is associated with reduced
expression in peripheral blood of healthy controls e.g., Suppiah et al., Nature Genetics
41, 1100-1104 (2009) and Tanaka et al.,. Nature Genetics, 41, 1105-1109 (2009). On

‘the other hand, other authors have also found no evidence for an effect of IL28B

genotype on ISG expression in uninfecte;i hepatocytes e.g., O'brian T.R., Nature
Genetics, 41, 1048-1050 (2009), suggesting that expression of IL28B and ISGs may be -

context dependent,

Based on the data preserif hefein, haplotype 2 is clearly the major causative haplotype
for predictiﬁg response to therapy. The causative SNP or SNPs will probably best be
sought in the African American population, where the linkage disequilibrium is lowest,
allowing breaking up of the large haplotype bldck ahd thus allowing inference of the
relative effects of each SNP. Thc task of demonstrating the basis for causality, even of
haplotypes, is not trivial, and thus far has not been achieved for most of the genetic
associations currently identified by GWAS. In the short term, diagnostic tests are
likely to be dépendent on haplotype tagging SNPs, in combination with other
parameters such as IP10, 25 hydroxy vitamin D3, and HLA-C genotype. From

genotyping, SNP rs480322ul'and HLA-C C2C2 provides the best predictive value. .

Clinical relevance

Therapy for HCV infection is currently undergoing a radical transformation with the

advent of Direct Acting Antivirals (DAAs) such as boceprivir and telaprivir to the
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PegIFN/R backbone. Cure rates are substantially higher (20-30%), and these drugs

have the potential to reduce treatment duration. However, enthusiasm for these

- regimens is tempered by the substantially lower cure rates (~30%) in previous

PegIFN/R null responders. In all those failing single DAA-based therapy, future
treatment with multiple DAA-based combinations with or without PegIFN/R may be
compromised by the development of drug resistance. Furthermore, HCV eradication -
using single DAA-based strategies, particularly in previous treatment failures, appears
to be IL28B genotype dependent. In this context, predicting non-response rather than
success. is paramount since the former should perhaps have therapy deferred until
multiple DAA-based combinations become available. The present results.theréfore
provide a strong rationale for the use of rs4803221 in combination with the HLA-C
genotype, such that those with non-response genotypes be .considered for future
regimens rather than single DAA-based therapy, signalling the emergence of truly

personalized treatment for HCV infection.

Resequencing for GWAS with MPS

Due to cost constraints the current approaches for GWAS, re-sequencing usually
employ pooling strategiesv. Large pool sizes makes it difficult to differentiate between
rare variants and sequence errors, while the variable representation of each'haplotype
among those sequenced makes MAF estimates more variable and complicates

association testing. However, if analysis is performed carefully it is possible to not

" only identify variants, but to also meaningfully assess the association signals. Data

presented herein represent the first time that this region of the genome has been re-
sequenced 'with_ MPS to discover nbvel variants that could determine the response to
hepatitis C treatment. No rare variants tagging haplotype 2 were identified, but this
does not exclude the existence of a synthetic association via multiple 'rare variants.

Such rare variants would have to be predominantly on haplotype 2.

MPS resequencing in GWAS is not without problems. Targeting of the respective
region is required, usually via PCR, for smaller association signals. PCR can lead to

amplification artefacts that can be alleviated, at least in part, with advanced lab
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protocols which may :result in more uniform coverage than what was achieved in the
present study. Failure to assess amplicon pool performance may lead to false positive
association signals in MPS resequencing studies. Genomic regions with high
homology, such as the one that IL28B is located in, have low mapability, resulting in
5 reduced ability to detect new vé.riants. Another problem is that short reads can misalign
to a different version of the homologous sequence than the one they were derived from,
resulting in alignments with mismatches that are incorrectly identified as putative
variants. Using an alignment program such as BWA, which allows for gapped
alignment around indels, is crucial. Thus the present study has provided important

10 insights for future resequencing studies following up GWAS hits.
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WE CLAIM:

1. A method for accurately determining the likelihood that a subject will or will not ‘
respond to treatment with an immunomodulatory composition, said method comprising
detecting homozygosity of a HLA-C2 allele and at least one IL28B low response (LR)
allele in a sample from the subject, wherein-the IL28B LR allele is the LR allele of
157248668, and wherein detection of said homozygosity #nd said at least one LR allele

is indicative of a low response of the subject to treatment with said composition.

2. A method for accurately determining the likelihood that a subject will or will not
respond to treatment with an immunomodulatory composition, said method comprising
detecting homozygosity of HLA-C2 and rs7248668-LR alleles in a sample from the
subject, wherein detection of the double homozygosity is indicative df a low response

of the subject to treatment with said composition.

3. A method for accurately determining the likelihood that a subject will or will not
respond to treatment with an immunomodulatory composition, said method comprising
detecting two or more markers in a sample from the subject, wherein at least one

marker is linked to an HLA-C2 allele and at least one marker is linked to the low

response (LR) allele of rs7248668, and wherein said detection is indicative of HLA-C2

homozygosity and at least one LR allele of rs7248668 in the genome of the subject,
said indication being further indicative of a low response of the subject to treatment

with said composition.

4. The method according to any one of claims 1 to 3, wherein the rs7248668-LR
allele comprises adenine or adenosine at a position corresponding to position 31 of
SEQ ID NO: 161 in the context of said sequence or a shorter seﬁuence comprising at
least about Sor6or 7or8 or9or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or
19 or 20 contiguous nucleotides of SEQ ID NO: 161 including the adenine or

adenosine at position 31 thereof, a sequence complementary thereto.
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5. The method according to any one of claims 1 to 3, wherein the HLA-C2 allele is
selected from HLA-Cw2, HLA-Cw4, HLA-Cw5, HLA-Cw6, HLA-Cw15, HLA-Cwl7, |
HLA-Cw18, HLA-Cw*0114, HLA-Cw*0307, HLA-Cw*0315, HLA-Cw*0345, HLA-
Cw*0707, HLA-Cw*0709, HLA-Cw*0776, HLA-Cw*0810, HLA-Cw*1204, HLA-
Cw*1205, HLA-Cw*1209, HLA-Cw*1221, HLA-Cw*1233, HLA-Cw*1241,'HLA—
Cw*1412, HLA-Cw*1602, HLA-Cw*1609, HLA-Cw*1612, HLA-Cw*1619, and
HLA-Cw*1625, and being other than HLA-CW*0227 and HLA;Cw*O411, HLA-
Cw*0429, HLA-Cw*0436, HLA-Cw*0455, HLA-Cw*0611, HLA-Cw*1507, HLA-
Cw*1525, or HLA-Cw*1543.

6. The method according to any one of claims 1 to 3 further compris@pg detecting one
or more additional low response (LR) alleles of IL28B in a sample ffom the subject,
wherein detection of HLA-C2 homozygosity and at least one rs7248668-LR allele and
at least one additional LR allele of IL28B is indicative of a low response of the subject

to treatment with said composition.

7. The method according to claim 6, wherein the at least one additional low response
(LR) allele of IL28B is selected from the group of single nuclear polymorphisrhs
(SNPs) set forth in Table 1 or comprises a SNP set forth in ‘Table 1 or is encoded by
nucleic acid comprising a SNP set forth in Table 1 or linked to a SNP set forth in Table
I _

8.  The method according to claim 7, wherein the at least one additional low response
(LR) allele of IL28B is the rs4803221-LR allele.

9. The method according to claim 7, wherein the at least one additional low response
(LR) allele of IL28B is the rs8099917-LR allele. '

10. The method according to claim 7, wherein the at least one additional low response
(LR) allele of IL28B is the rs12979860-LR allele.
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11. The method according to any one of claims 6 to 10 comprising detecting two or
more additional IL28B-LR alleles at different loci of IL28B.

12. The method according to claim 11, wherein the two or more additional IL28B-LR
alleles are selected from rs8099917-LR, rs4803221-LR and rs12979860-LR.

13. The method according. to any one of claims 6 to 10 comprising detecting a

haplotype comprising an additional IL.28B-LR allele.

14. The method according to claim 13, wherein the haplotype comprises at least one
LR allele of rs4803221, rs12979860, or rs8099917.

15. The method aécording to claim 13, wherein the haplotype comprises alleles at
1512980275, rs8105790, rs8103142, rs10853727, rs8109886 and rs8099917.

16. The method according to any one of claims 6 to 15 comprising detecting
heterozygosity of an additional IL28B-LR allele(s).

17. The method according to any one of claims 6 to 15 comprising detecting
homozygosity of an additional IL28B-LR allele(s). |

18. The method according to any one of claims 6 to 15 comprising detecting at least
two additional IL28B-LR alleles at different loci of the IL28B gene.

19. The method acéording. to any one of claims 6 to 15 comprising detécting at least
three additional IL28B-LR alleles at different loci of the IL28B gene.

20. The method according to any one of claims 6 to 15 comprising detecting at least

four additional IL28B-LR alleles at different loci of the [L28B gene. .
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21. The method according to any one of claims 6 to 15 comprising detecting at feast _

five additional IL28B-LR alleles at different loci of the IL28B gene.

22. The method according to any one of claims 6 to 15 comprising detecting at least
six additional IL28B-LR alleles at different loci of the IL28B gene.

23. The method according to any one of claims 6 to 15 comprising detecting at least
seven additional IL28B-LR alleles at different loci of the IL28B gene.

24. The method according to any one of claims 6 to 15 comprising detecting at least
eight additional IL28B-LR alleles at different loci of the IL28B gene.

- 25. The method according to any one of claims 17 to 23, wherein the additional

IL28B-LR alleles at different loci of the IL28B gene are selected from the; LR allele of
rs4803221, the LR allele of rs12979860, the LR allele of rs8099917,.the LR allele of

1512980275, the LR allele of rs8105790, the LR allele of rs8103142, the LR allele of

rs10853727, the LR allele of rs8109886 and the LR allele of rs8099917.

26. The method according to any one of claims 1 to 24 comprising performing a
nucleic acid-based assay to thereby detect the HLA-C2 and/or rs7248668-LR allele
and/or other optional IL28B-LR allele(s).

27. The method according to any one of claims 1 to 24 comprising performing a
nucleic acid-based‘assay to thereby detect the HLA-C2 and rs7248668-LR allele and

optionally, other IL28B-LR allele(s).

28. The method according to claim 25 or 26 comprising performing an amplification

reaction to thereby synthesize nucleic acid specific for the HLA-C2 and/or rs7248668-

LR allele and/or other optional IL28B-LR allele(s) of the subject.



WO 2012/145794 PCT/AU2012/000440

10

15

20

25

30

146

29. The method according to any one of claims 1 to 24 comprising performing an
antigen-based assay to thereby detect the HLA-C2 and/or rs7248668-LR allele and/or .
other optional IL28B-LR allele(s). ' |

30. The method according to any ‘one of claims 1 to 24 comprising performing an
antigen-based assay to thereby detect the HLA-C2 and rs7248668-LR allele and
optionally, other IL28B-LR allele(s). '

31. The method according to claim 28 or 29 comprising contacting a biological sample
derived from a subject with an antibody or ligand capable of specifically binding to an
allelic variant of a HLA-C protein and/or an antibody or ligand capable of specifically
binding to an allelic variant of rs7248668 and/or optionally, one or more other

antibodies or ligands each being capable of specifically binding to a HR or LR allelic

‘variant of IL28B protein for a time and under conditions sufficient for complex to form

and then detecting the complex.

32. The method according to any one of claims 1 to 27, wherein the sample comprises

a nucleated cell and/or an extract thereof,

33. The method according to any one of claims 1 to 30, wherein the sample is selected
from the group  consisting of whole blood, serum, plasma, peripheral blood
mononuclear cells (PBMC), a buffy coat fraction, saliva, urine, a buccal cell, liver

biopsy and a skin cell.

34. The method according to ’any‘ one of claims 1 to 32, wherein the sample has been

derived or isolated or obtained previously from the subject.

35. The method accofding to any one of claims 1 to 27 or 31, wherein the sample

comprises genomic DNA, mRNA, protein or a derivative thereof.
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36. The method according to claim 34, wherein the derivative comprises amplified
DNA or cDNA.

37. The method according to any one of claims 1 to 35, wherein the subject is

Caucasian.

38. The method according to any one of claims 1 to 35, wherein the subject is African

or Asian.

39. The method according to any one of claims 1 to 37, wherein the
immunomodulatory composition comprises one or more IFNs and/or one or more

derivatives of said one or more of said IFNs.

40. The method according to claim 38, wherein the composition comprises one or
more IFNs selected from IFN-a, IFN-B, IFN-o, IFN-y, IFN-A1, IFN-A2 and IFN-A3

and/or one or more derivatives of any one or more of said IFNs.

41. The method according to any one of claims 1 to 37, wherein the
immunomodulatory composition comprises one or more guanosine analogs and/or one

or more derivatives of said one or more of said guanosine analogs.

42. The method according to claim 40, wherein the composition comprises one or
more guanosine analogs selected from ribavirin, viramidine, 7-benzyl-8-bromoguanine,
9-benzyl-8-bromoguanine, and CpG-containing oligonucleotide(s), and derivative(s),

salt(s), solvate(s) and hydrate(s) thereof.

43. The method acéording to any one of claims 1 to 37, wherein the

immunomodulatory composition comprises IFN-o and ribavirin.

44. The method according to claim 42, wherein the IFN is pegylated IFN.
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45. A process comprising: _
(i) performing a method according to any one of claims 1 to 43; and

(ii) administering or recommending an immunomodulatory composition to a subject.

46. A process comprising:
(i) obtaining results of a method according to any one of claims 1 to 43; and

(ii) administering or recommending an immunomodulatory composition to a subject.

47. A process for selecting a subject in need of treatment with an immunomodulatory

composition, said process comprising:

(i) exposing a sample comprising cells obtained from the subject to the

‘immunomodulatory composition in vitro; and

(it) performing the method according to any one of claims 1 to 43 to thereby identify a
subject likely to respond to treatment with the immunomodulatory composition; and
(iii) administering or recommending an immunomodulatory composition to a subject

likely to respond to treatment.

48. A process for selecting a subject in need of treatment with an immunomodulatory
composition, said process comprising:
(1) exposing a sample comprising cells obtained from the subject to the

immunomodulatory composition in vitro; and

(ii) performing the method according to any one of claims 1 to 43 to thereby identify a

subject likely to not respond to treatment with the immunomodulatory composition or
likely to provide a low response to treatment; and
(iii) administering or recommending an alternative therapy to the immunomodulatory

composition.
49. The process of claim 46 or 47, wherein the subject is infected with HCV.,

50. The process of claim 46 or 47, wherein the cells are peﬁpheral blood mononuclear

cells or other source of DNA.
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51. The process according to any one of claims 44 to 49, wherein the

immunomodulatory composition comprises one or more IFNs and/or one or more

derivatives of said one or more of said IFNs.

52. The process accdrding to claim 49, wherein the composition comprises one or
more IFNs selected from IFN-a, IFN-B, IFN-w, IFN-y, IFN-A1, IFN-A2 and IFN-A3

and/or one or more derivatives of any one or more of said IFNs.

53. The process according to any one of claims 44 to 49, wherein the

immunomodulatory composition comprises one or more guanosine analogs and/or one

- or more derivatives of said one or more of said guanosine analogs.

54. The process according to claim 52, wherein the composition comprises one or

more guanosine analogs selected from ribavirin, viramidine, 7-benzyl-8-bromoguanine,
9-benzyl-8-bromoguanine, and' CpG-containing oligonucleotide(s), and derivative(s),

salt(s), solvate(s) and hydrate(s) thereof.

55. The process according to any one of claims 44 to 49, wherein the

immunomodulatory composition comprises IFN-a and ribavirin.

56. The process according to any one of claims 50, S1 or 54, .wherein the IFN is
pegylated IFN.

57. The process according to any one of claims 46 to 49, wherein the cells are
obtained from the subject prior to any in vivo administration of the immunomodulatory

composition to the subject.

58. The process according to any one of claims 44 to 49, wherein the subject in need is
a subject who has received prior in vivo administration of the immunomodulatoi‘y

composition and wherein the treatment is continued treatment.
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59. A process for treating an HCV-infected subject, comprising performing the
process according to any one of claims 1 to 43 on a sample from said subject and
administering or ‘recommending a therapeutically effective amount of an
immunomodulatory composition comprising an IFN to the subject if the subject is
likely to respond to treatment or administering or recommending an alternative therapy
if the subject is not likely to respond to treatment or likely to produce a low response to

treatment.

60. A process for determining a predisposition in a subject to a chronic HCV infection,
said process comprising performing the method according to any one of claims 1 to 43
to thereby identify a subject likely to not respond to treatment with an-
immunomoduvlatory composition or likely to provide a low response to treatment, and

determining that the subject has a predisposition to chronic HCV infection.

61. A kit comprising isolated nucleic acid or antibodies for performing a method

éccording to any one of claims 1 to 43. -

62. .Use of isolated nucleic 'aclid or antibodies in the manufacture of a kit or soli‘d »

substrate for performing a method according to any one of claims 1 to 43.
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