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Methods for diagnosing or predicting hepatitis C outcome in HCV infected patients

FIELD OF THE INVENTION

The present invention relates to in vitro methods of determining a susceptibility to

non-response to a hepatitis C treatment or a susceptibility to spontaneous hepatitis C

clearance in a subject infected with hepatitis C.

BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) is a single stranded RNA virus that infects chronically more

than 200 million persons, that is ~3% of the world population [1-4]. Acute infection with the

hepatitis C Virus (HCV) induces a wide range of innate and adaptive immune responses that

achieve a permanent control of HCV in 20-50% of persons [5]. Failure to clear the virus

leads to chronic hepatitis C. Chronic infection is associated with significant morbidity and

mortality, resulting mainly from the progression towards cirrhosis and hepatocellular

carcinoma [6]. The current standard therapy of pegylated interferon and ribavirin (PEG-

IFN/RBV) results in sustained response rates in 30-80% of chronically infected individuals

[7-9].

Increasing evidence suggests that host genetic factors influence both the natural course

of chronic hepatitis C infection and response to therapy [10-13]. In two cohorts of pregnant

women infected under similar conditions from immunoglobulin preparations contaminated

with a single strain of HCV, half spontaneously cleared the infection and half progressed to

chronic hepatitis C [14, 15]. Among chronically infected patients, response to treatment

differs, even between cases with similar HCV-RNA levels and identical genotypes [6, 7, 9].

The response rates are strongly associated with ethnicity and gender [16]. Previous reports

revealed the influence of genetic polymorphisms of human leukocyte antigens (HLA) [10,

13], killer immunoglobulin-like receptors (KIRs) [17], cytokines (WO 00/08215), chemokines

and interleukins as well as interferon-stimulated genes [18-22] on HCV infection outcomes.

Previous studies have used a candidate gene approach based on a priori knowledge of

the potential role of a gene in HCV infection. However, previous data do not allow accurate

prediction of spontaneous clearance or response to treatment [13].



Despite the above-mentioned approach, there is still a profound need to develop an

effective predictive method of determining a susceptibility to non-response to an anti hepatitis

C therapy in a subject suffering from chronic hepatitis C, or a susceptibility to spontaneous or

non spontaneous hepatitis C clearance in a subject acutely infected with hepatitis C virus.

To date, no efficient methods or strategies have been developed to overcome this

problem.

SUMMARY OF THE INVENTION

This object has been achieved by providing a method of determining a susceptibility to

non-response to a hepatitis C treatment in a subject suffering from chronic hepatitis C, said

method comprising determining the presence or absence of at least one polymorphic marker

in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological sample

obtained from said subject.

A further object of the present invention is to provide a method of determining a

susceptibility to non-spontaneous hepatitis C clearance in a subject infected with hepatitis C,

said method comprising determining the presence or absence of at least one polymorphic

marker within the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a

biological sample obtained from said subject.

Another object of the invention is to provide a method of treating a patient for chronic

hepatitis C, comprising i) determining whether at least one of the patient's polymorphic

markers is in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a

biological sample obtained from said subject wherein said at least one of the patient's

polymorphic markers is selected from the group comprising rsl 1879005, rs12975799,

rsl 1083519, rs955155, rs12972991, rsl2980275, rs8105790, rsl 1881222, rsl0853727,

rs8109886, rs81 13007, rs8099917, rs7248668, rsl6973285, rsl0853728, rs4803223,

rsl2980602, rs4803224, rs664893, rs576832, rsl 1671087, rs251910, rs7359953, rs7359950,

rs2099331, rsl 1665818, rs570880, rs503355, rs30461, rsl94014, rs251903, rsl2979175,

rs39587, rs30480, ii) and treating the patient based upon whether the at least one of the

patient's polymorphic markers is associated with increased susceptibility to non-response to

hepatitis C treatment.



Still a further object of the present invention is a method of treating a patient for

chronic hepatitis C, comprising i) determining whether at least one of the patient's

polymorphic markers is in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated

from a biological sample obtained from the patient wherein said at least one of the patient's

polymorphic markers is selected from the group comprising rsl 1879005, rs12975799,

rsl 1083519, rs955155, rs12972991, rsl2980275, rs8105790, rsl 1881222, rsl0853727,

rs8109886, rs81 13007, rs8099917, rs7248668, rsl6973285, rsl0853728, rs4803223,

rsl2980602, rs4803224, rs664893, rs576832, rsl 1671087, rs251910, rs7359953, rs7359950,

rs2099331, rsl 1665818, rs570880, rs503355, rs30461, rsl94014, rs251903, rsl2979175,

rs39587, rs30480, ii) determining the HCV viral genotype in a nucleic acid sample isolated

from a biological sample obtained from said patient, iii) and treating the patient based upon

whether the at least one of the patient's polymorphic markers and HVC viral genotype are

associated with increased susceptibility to non-response to hepatitis C treatment.

This invention also provides a method of assessing a susceptibility to non-response to

a hepatitis C treatment in a subject suffering from chronic hepatitis C, said method

comprising: i) distinguishing in said subjects those having a susceptibility to non-response to

a hepatitis C treatment by determining the presence or absence of at least one polymorphic

marker in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological

sample of said subject, the presence of the at least one polymorphic marker being an

indication that said subject has an increased susceptibility to non-response to a hepatitis C

treatment, ii) establishing a hepatitis C treatment regimen.

This invention also deals with a method of assessing a susceptibility to non-response

to a hepatitis C treatment in a subject suffering from chronic hepatitis C, said method

comprising: i) distinguishing in said subjects those having a susceptibility to non-response to

a hepatitis C treatment by determining

- the presence or absence of at least one polymorphic marker in the IL28B/A and / or

IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from said

subject, the presence of the at least one polymorphic marker being an indication that said

subject has an increased susceptibility to non-response to a hepatitis C treatment, and

- the HCV viral genotype, the presence of genotype 1 or 4 being an indication that said

subject has an increased susceptibility to non-response to a hepatitis C treatment,

ii) establishing a hepatitis C treatment regimen.



The present invention also relates to a kit for determining a susceptibility to non-

response to a hepatitis C treatment in a subject suffering from chronic hepatitis C in

accordance with the invention, said kit comprising i) reagents for selectively detecting the

presence or absence of at least one polymorphic marker in the IL28B/A and / or IL-29 locus

in a nucleic acid sample isolated from a biological sample obtained from the subject and ii)

instructions for use.

Also provided in the present invention is a kit for determining a susceptibility to non-

spontaneous hepatitis C clearance in a subject infected with hepatitis C in accordance with the

invention, said kit comprising i) reagents for selectively detecting the presence or absence of

at least one polymorphic marker within the IL28B/A and / or IL-29 locus in a nucleic acid

sample isolated from a biological sample obtained from the subject and ii) instructions for

use.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 represents a Manhattan plot. The P-values for all 2.5M imputed Single Nucleotide

Polymorphisms (SNPs) are indicated (on -log 10 scale).

Fig. 2 represents the distribution of genotypes in an infected population. (A) Genotypes

containing the G-allele were reduced in individuals with spontaneous HCV clearance

compared to chronic infection. (B) In the Swiss Hepatitis C Cohort Study (SCCS), there was

an increasing frequency of the G allele across the three following groups of patients: those

with spontaneous viral clearance < those with clearance following treatment (i.e. responders

to treatment) < those with non-response to treatment.

Fig. 3 is a graphic representation of the P values of the different SNPs showing a concordant

association pattern for both spontaneous clearance and non-response to treatment in the

IL28B haplotype block (A) Haplotype blocks. The strongest genetic association is located in

a haplotype block that is closest to the IL28B gene. (B) Genetic Association of SNPs with

HCV in the IL28B/A and IL-29 locus. The strong association of SNPs located near the IL28B



and IL28A loci was present for both endpoints, spontaneous Hepatitis C clearance and non

response to interferon-based therapy.

DETAILED DESCRIPTION OF THE INVENTION

The present invention concerns a method of determining a susceptibility to non-

response to a hepatitis C treatment in a subject suffering from chronic hepatitis C, said

method comprising determining the presence or absence of at least one polymorphic marker

in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological sample

obtained from said subject.

The present invention also concerns a method of determining a susceptibility to non-

spontaneous hepatitis C clearance in a subject infected with hepatitis C, said method

comprising determining the presence or absence of at least one polymorphic marker within

the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological sample

obtained from said subject.

Although methods and materials similar or equivalent to those described herein can be

used in the practice or testing of the present invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. The publications and

applications discussed herein are provided solely for their disclosure prior to the filing date of

the present application. Nothing herein is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention. In addition,

the materials, methods, and examples are illustrative only and are not intended to be limiting.

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as is commonly understood by one of skill in art to which the subject matter herein

belongs. As used herein, the following definitions are supplied in order to facilitate the

understanding of the present invention.

The term "comprise" is generally used in the sense of include, that is to say permitting

the presence of one or more features or components.



As used in the specification and claims, the singular form "a", "an" and "the" include

plural references unless the context clearly dictates otherwise.

As used herein "Sustained viral response" was defined as an undetectable viremia

more than 24 weeks after treatment was terminated.

As used herein, "at least one" means "one or more."

As used herein the terms "subject" or "patient" are well-recognized in the art, and, are

used interchangeably herein to refer to a mammal, including dog, cat, rat, mouse, monkey,

cow, horse, goat, sheep, pig, camel, and, most preferably, a human. In some embodiments, the

subject is a subject in need of a hepatitis C treatment. However, in other embodiments, the

subject can be a normal subject.

The terms "subject" or "patient" do not denote a particular age or sex. Thus, adult, infant and

newborn subjects, whether male or female, are intended to be covered.

Alternatively, said subject or patient is co-infected with the human immunodeficiency

virus (HIV), preferably HIV-I or HIV-2.

As used herein the term "susceptibility" refers to the likelihood, for the subject, or a

predisposition not to respond to hepatitis C treatment or to a predisposition, for the subject, to

a non-spontaneous hepatitis C clearance.

An "allele", as used herein, refers to one specific form of a genetic sequence or a

single nucleotide position within a genetic sequence (such as a gene) within a cell, an

individual or within a population, the specific form differing from other forms of the same

gene in the sequence of at least one, and frequently more than one, variant sites within the

sequence of the gene. The sequence may or may not be within a gene. The sequences at these

variant sites that differ between different alleles are termed "variances", "polymorphisms", or

"mutations". At each autosomal specific chromosomal location or "locus", an individual

possesses two alleles, one inherited from one parent and one from the other parent, for

example one from the mother and one from the father.



"Polymorphism," as used herein, refers to the occurrence of two or more genetically

determined alternative sequences or alleles in a population. A "polymorphic marker" or site is

the locus at which divergence occurs. Preferred markers have at least two alleles, each

occurring at a frequency of preferably greater than 1%, and more preferably greater than 10%

or 20% of a selected population. A polymorphism may comprise one or more base changes,

an insertion, a repeat, or a deletion. A polymorphic locus may be as small as one base pair.

Polymorphic markers include restriction fragment length polymorphisms, variable number of

tandem repeats (VNTR's), hypervariable regions, minisatellites, dinucleotide repeats,

trinucleotide repeats, tetranucleotide repeats, simple sequence repeats, copy number

variations (CNV) and insertion elements such as AIu. The first identified allelic form is

arbitrarily designated as the reference form and other allelic forms are designated as

alternative or variant alleles. The allelic form occurring most frequently in a selected

population is sometimes referred to as the wildtype form. A diallelic polymorphism has two

forms. A triallelic polymorphism has three forms. A polymorphism between two nucleic acids

can occur naturally, or be caused by exposure to or contact with chemicals, enzymes, or other

agents, or exposure to agents that cause damage to nucleic acids, for example, ultraviolet

radiation, mutagens or carcinogens. A particular kind of polymorphism, called a single

nucleotide polymorphism, or SNP, is a small genetic change or variation that can occur within

a person's DNA sequence. The genetic code is specified by the four nucleotide "letters" A

(adenine), C (cytosine), T (thymine), and G (guanine). SNP variation occurs when a single

nucleotide, such as an A, replaces one of the other three nucleotide letters - C, G, or T.

The term "hepatitis C virus" or "HCV" is used herein to define an RNA viral species

of which pathogenic strains cause hepatitis C, also known as non-A, non-B hepatitis. Based

on genetic differences between HCV isolates, the hepatitis C virus species is classified into

six genotypes ( 1 -6) with several subtypes within each genotype. Subtypes are further broken

down into quasi species based on their genetic diversity. The preponderance and distribution

of HCV genotypes varies globally. For example, in North America, genotype 1a predominates

followed by Ib, 2a, 2b, and 3a. In Europe, genotype Ib is predominant followed by 2a, 2b, 2c,

and 3a. Genotypes 4 and 5 are found almost exclusively in Africa. The viral genotype is

clinically important in determining potential response to interferon-based therapy and the

required duration of such therapy. Genotypes 1 and 4 are generally less responsive to



interferon-based treatment than are the other genotypes (2, 3, 5 and 6). It is to be noted that

genotypes 5 and 6 are rare in the population.

"Hepatitis C" is an infectious disease affecting the liver, caused by the hepatitis C

virus (HCV). The infection is often asymptomatic, but once established, chronic hepatitis C

infection can progress to scarring of the liver (fibrosis), and advanced scarring (cirrhosis)

which is generally apparent after many years. In some cases, those with cirrhosis will go on to

develop liver failure or other complications of cirrhosis, including liver cancer.

"Chronic hepatitis C" is defined as infection with the hepatitis C virus persisting for

more than six months. Clinically, it is often asymptomatic (without symptoms) and it is

mostly discovered accidentally. The natural course of chronic hepatitis C varies considerably

from one person to another. Although almost all people infected with HCV have evidence of

inflammation on liver biopsy, the rate of progression of liver scarring (fibrosis) shows

significant variability among individuals. Accurate estimates of the risk over time are difficult

to establish because of the limited time that tests for this virus have been available.

Soon after the hepatitis C virus (HCV) was identified, a number of cross-sectional studies in

people with antibodies to the virus demonstrated that some appeared to show "spontaneous

hepatitis C clearance", while others maintained a state of viraemia. Since then, a number of

investigators have endeavoured to characterize the pathogenesis of hepatitis C infection,

including the rate, time course and predictors of spontaneous viral clearance. Estimates of

clearance rates have ranged from 10 to 50%, and the duration of time to clearance has been

found to be as long as 3 years in some cases. Authoritative clinical reviews have generally

quoted clearance rates as low as 10-15%.

"Non-spontaneous hepatitis C clearance" refers herein to a situation where a subject

would not present spontaneous clearance, such that the infection would evolve into chronic

hepatitis C. For the sake of clarity, it does not refer to a treatment-induced clearance.

"IL28B/A and / or IL-29 locus" generally refers, in humans, to a genomic DNA region

located within a 80 kb region in the long arm of chromosome 19 encoding three cytokine

genes, i.e. IL28B, IL28A and IL29 (which belong to the IFNλ family). These three genes have

several exons, 5 for IL-28 (also referred to as IFNλl ) and 6 exons for IL-28A (IFNλ2) and IL-

28B (IFNλ3). They encode 20 kDa secreted monomeric proteins. It has recently been



reported that IL28B, IL28A and IL29 cytokines could be an interesting substitute to IFNα for

the treatment of HCV-infected patients who are or become resistant to IFNα ([38]).

In the case of a method of determining a susceptibility to non-response to a hepatitis C

treatment in a subject suffering from chronic hepatitis C, according to the present invention,

the presence of the at least one polymorphic marker is an indication that said subject has an

increased susceptibility to non-response to a hepatitis C treatment.

On the other hand, in the case of a method of determining a susceptibility to non-

spontaneous hepatitis C clearance in a subject infected with hepatitis C, according to the

present invention, then the presence of the at least one polymorphic marker is an indication

that said subject has an increased susceptibility to non-spontaneous hepatitis C clearance.

A number of methods are available for analyzing the presence or absence of at least

one single nucleotide polymorphism (SNP), which can be applied to the IL28B/A and / or IL-

29 locus in a nucleic acid sample isolated from a biological sample obtained from said

subject. Assays for detection of polymorphisms or mutations fall into several categories,

including but not limited to direct sequencing assays, fragment polymorphism assays,

hybridization assays, and computer based data analysis. Protocols and commercially available

kits or services for performing multiple variations of these assays are available. In some

embodiments, assays are performed in combination or in hybrid (e.g., different reagents or

technologies from several assays are combined to yield one assay). The following assays are

useful in the present invention, and are described in relationship to detection of the various

SNP found in the IL28B/A and / or IL-29 locus.

In unc aspect of the present invenii υn, SNPs are detected using a direct sequencing technique

In these assays, DNA samples are first isolated from a subject using any suitable methuJ. In

some embodiments, the region of interest is cloned into a suitable vector and amplified by

growth in a host cell (e.g., a bacterium). In other embodiments, DNA in the region of interest

is amplified using the Polymerase Chain Reaction (PCR)

Fl lowi n g amplification, DNA in the region of interest (e.g., the region containing the SNP)

is sequcnced vising any suitable method, including but not limited to manual sequencing using

radioactive marker nucleotides, or automated sequencing. The results of the sequencing are



displayed using any suitable method The sequence is examined and the presence or absence

of a given SNP is deierrnincd.

In one aspect of the present in ention, SNPs are detected using a PCR~based assay. In some

embodiments, the PCR assay comprises the use of oligonucleotide primers ("primers ' ) to

amplify a fragment containing the repeat polymorphism of interest. Amplification of a target

polynucleotide sequence may be carried out by any method known to the skilled artisan. See,

for instance, [41] and [42]. Amplification methods include, but are not limited to, PCR

including real time PCR (RT-PCR), strand displacement amplification [43]; [44] strand

displacement amplification using Phi29 DNA polymerase (U S Patent No. 5,001,050),

transcription-based amplification [45], self-sustained sequence replication ("3SR") [46]; [47],

the Q.beta replicase system ([48]; [49]), nucleic acid sequence-based amplification

("NASBA") ([5O]), the repair chain reaction ("RCR") f[50], supra), and boomerang DNA

amplification (or "BDA") ([5O]). FCR is the preferred method of amplifying the target

polynucleotide sequence

PCR may be carried υui in accordance with techniques known by the skilled artisan. In

general, PCR involves, first, treating a nucleic acid sample (e.g., in the presence υf a heat

stable DNA polymerase) with a pair of amplification primers. One primer of ihe pair

hybridizes to one strand of a target polynucleotide sequence. The second primer of the pair

hybridizes to the other, complementary suand of the target polynucleotide sequence. The

primers are hybridized to their target polynucleotide sequence strands under conditions such

that an extension pioduct of eaehptimer is synthesized which is complementary to each

nucleic acid strand. The extension product synthesiyed from each primer, when it is separated

from its complement, can serve as a template for synthesis of the extension product of the

other piimer. After primei extension, the sample is Ueated to denaturing conditions to

sepatate the primer extension products from their templates. These steps are cyclically

repeated until the desired degree of amplification is obtained.

The amplified target polynucleotide may be used in one of the detection assays described

elsewhere herein to identify the GT-repeat polymorphism present in the amplified target

polynucleotide sequence.

In one aspect of the present invention, SNPs are detected using a flagmen t length

polymorphism assay. In a fragment length polymorphism assay, a unique DNA banding

pattern based on cleaving the DNA at a series of positions is generated using an enzyme (e.g.,



a restriction cndonuclcase). DNA fragments frυm a sample containing a polymorphism will

have a Jilfercnt banding pattern than wild type.

In one aspect of the present Invention, fragment sizing analysis is carried out using the

Beekman Coulter CFQ 8000 genetic analysis system, a method weil-known in the art for

raicrosatcllite polymorphism determination.

In one aspect υfthc ptesent invention, SNPs arc dctccieJ using a restriction fragment length

polym υrpiiism assay (RP LP) The region ol interest is first isolated using PCR. The PCR

products are then cleaved with restriction enzymes known to give a unique length fragment

for a given polymorphism. The resirietion-enzymc digested PCR products arc separated by

agarose gel electrophoresis and visualized by ethidium bromide siaining and compared to

controls (wild-type).

In one aspect, polymorphisms are detected using a CLEAVASE fragment length

polymorphism assay (CFLP; 'Ihird Wave Technologies, Madison, Wis.; see e.g., U S Patent

No 5,888,780). This assay is based on the observation that, when single strands of DNA fold

on themselves, they assume higher order structures that are highly Individual to the precise

sequence of the 13NA molecule. These secondary structures involve partially duplexed

regions of DNA such that single stranded regions are juxtaposed with double stranded DNA

hairpins. 1 he CLFAVASF 1 enzyme, is a structure-specific, thermostable nuclease that

recognizes and cleaves the junctions between these single-stranded and double-stranded

regions.

The region of interest is fust Isolated for example, using PCR. Then, DNA suands are

separated by heating. Next, the reactions are cooled to allow intrastrand secondary structure

to form. The PCR products are then treated with the CLEAVASE I enzyme to generate a

seiies of fragments that are unique to a given polymorphism. The CLEAVSE enzyme

treated PCR products are separa ted detected (e.g., by agarose gel electrophoresis), visualized

(e.g., by ethidiium bromide stalningj and compared to controls (wild-type).

in other aspects of the present invention SNPs are detected by hybridization assay in a

hybridization assay, the presence or absence of a given polymorphism or mutation is

determined based on the ability of the DNA from the sample to hybridize to a complementary

DNA moiceule (e.g., an oligonucleotide probe). A variety of hybridization assays using a



variety of technologies for hybridization and detection are available. A description of a

selection of assays is provided below.

In a preferred aspect, the hybridized nucleic acids arc detected by detecting one or more

labels attached to the sample nucleic acids. The labels may be incorporated by any of a

number of means well known to those of skill In the art. In one embodiment, the label is

simultaneously incorporated during the amplification step in the preparation of the sample

nucleic acids. Thus, for example, polymerase chairs reaction fPCR) with labeled primers or

labeled nucleotides will provide a labeled amplification product. In another embodiment,

transcription amplification using a labeled nucleotide (e.g. fluorescein-labeled IJTP and/or

CTP) incorporates a label into the transcribed nucleic acids.

Alternatively, a label may be added directly to the original nucleic acid sample (e.g. inRNA,

polyA niRNA. cDNA. genomic DNA etc.) or to the amplification product after ihe

amplification is completed. Means of attaching labels to nucleic acids are well known to those

of skill in ihe an and include, fur example nick translation or end- labeling (e.g. with a

labeled RNA) by kinasing ihe nucleic acid and subsequent attachment (ligation) υi-a nucleic

acid linker joining the sample nucleic acid io a label (e.g. a fluoroph υrci. in another

embodiment label is added to the end of fragments using terminal deo ^transferase (TdT).

Detectable labels suitable for use in the present invention include any composition detectable

by spectroscopic, photochemical, biochemical, immunochemical eiccrri cal optical or

chemical means. Useful labels in the present invention include, but arc not limited to: biotin

for staining with labeled streptavidin conjugate; anti-biotin antibodies; magnetic beads (e.g.,

Dynabcads TM) : fluorescent dyes (e.g. fluorescein, Texas Red, rhodaminc, green fluorescent

protein, and the like); radioJabels (e.g., 3H, 125 1, 35S,
14
C, or 32P); phosphorescent labels; enzymes

(e.g. horse radish peroxidase alkaline phosphatase and others commonly used in an ELISA);

and ealorintctrie labels such as colloidal gold or colored glass or plastic (e.g., polystyrene,

polypropylene latex etc.) beads.

Means of detecting such labels aie well known to those of skill in the art. Thus, for example

radiolabels may be detected using photographic film or scintillation counter; fluorescent

markers may be detected using a photodeteetor to detect emitted light. En/ymatie labels are

typically detected by providing the enyyme with a substrate and detecting the reaction product

produced by the action of the enyyme on the substrate and caloiimeUic labels are detected by

simply visualizing the colored label.



The label may be added to the targei nucleic aeid(s prior to, oi after ihe hybridization. So-

called "dircci labels" ate detectable labels that ate dirccily attached io oi incorporated inio the

target nucleic acid prloi to hybridization In contrast. so-called "indirect labels" ate jυined to

the hybrid duplex after hybridization. Often, the indirect label is attached to a binding moieiy

that has been attached io the target nucleic acid prior to the hybridization. Thiss, fur example

the tatgei nucleic acid may be biotinyiatcd before the hybridkaii υn. After hybridization, an

avidin -conjugated iluυrophore will bind the biυtin bearing hybiid duplexes providing a label

that is easily detected. Fur a derailed review of methods of labeling nucleic acids and

detecting labeled hybridized niscieic acids. Sec Tijsscn, I9cβ . Laboratory Tcchnk|ucs in

Biochemistry and Molecular Biology, VuL 24: Hybridization with Nucleic Λcid Prυbcs.

which is hereby incorporated by reference in its entirety lor all purposes.

In one aspect, hybridization of a probe to the sequence of interest (e.g., polymorphism like

SNP) I N detected directly by visualizing a bound probe (e.g.. a Northern or Southern assay;

See e.g., Ausahel et ai (FdsO, 1991, Current Protocols in Molecular Biology, John Wiley &

Sons, NYj. In these assays, genomic DhA (Southern) or RKA (Northern; is isolated from a

subject. The DNA or RVA is then cleaved with a series of restriction enzymes that cleave

infrequently in the genome and not near any of the markers being assayed ϊ he DVA or RNA

is then separated (e.g., agarose gel electrophoresis) and transferred to a membrane. A labeled

(e.g., by incorporating a radionudeotidej probe or probes specific for the mutation being

detected is allowed to contact the membrane under a condition of low, medium, or high

stringency conditions. Unbound probe is removed and the presence of binding is detected by

visualizing the labeled probe.

In one aspect of the piesent invention, SNPs are detected using a DNA chip hybmhVation

assay. In this assay, a seiies of oligonucleotide piobes are affixed to a solid support. The

oligonucleotide probes aie designed to be unique to a given single nucleotide polymorphism.

The DNA sample of interest is contacted with the DMA "chip" and hybridization is detected.

In some embodiments, rhe DNA chip assay is a GeneChip (Affymetrix Santa Clara, CaJif; see

e.g., US Patent No. 6,045,9%) assay The GeneChtp technology uses miniaturized, high-

density arrays of oligonucleotide probes affixed to a "chip . Probe arrays are manufactured by

Affymctrix's lighr-dircered chemical synthesis process, which combines solid-phase chemical

synthesis with photolithographic fabrication techniques employed in the semiconductor

industry. Using a series of photolithographic masks to define chip exposure sites, followed by



specific chemical synthesis steps, the process constructs high- dcnsiiy arrays of

oligonucleotide-., with each probe in a predefined position in the array. Multiple probe arrays

are synthesized simultaneously on a large glass wafet. The wafers arc then diced and

individisai probe an ays are packaged in injection- molded plastic cartridges which protect

them from the environment and serve as chambers for hybridization.

The nucleic acid to be analyzed is isolated from a biological sample obtained from the

subject, amplified by PCR, and labeled with a fluorescent reporter group. The labeled DNA is

then incubated with the array using a fluidies station. 1 he array is then inserted into the

scanner, where patterns of hybridization are detected. The hybridization data are collected as

light emitted from the fluorescent reporter groups already incorporated into the target, which

is bound to the probe array. Probes that perfectly match the target generally produce stronger

signals than those that ha e rrrk matehes. Since the sequence and position of each probe on the

array are known, by complementarity, the identity of the target nucleic acid applied to the

probe array can be determined.

In another aspect a DNΛ microchip containing electronically captured probes (Nanogen. San

Diego. Calif.) is utilized (see e.g., US Patent No. 6,0oS,81Si. Through the use of

microelectronics. Nanogchs technology enables the active movement and concentration of

charged molecules to and from designated test sites on its semiconductor microchip. DNA

capture ptobes unique to a given polymorphism or mutation aie electronically placed at, or

"addressed" to. specific sites on the microchip. Since DN A has a strong negative charge, it

can be electronically moved to an aiea of positive charge.

First, a test site or a row of test sites on the microchip is electronically activated with a

positive charge. Next, a solution containing the DNA probes is introduced onto the microchip.

The negatively charged probes rapidly move to the positively charged sites, where they

concentrate and are chemically bound to a site on the microchip. The microchip is then

washed and another solution of distinct DNA probes is added until the array of specifically

bound DNΛ probes is complete.

A test sample is then analyzed ibi the presence of target DTsA molecules by determining

which of the DNA capture probes hybridize, with complementary DNA in the test sample

(e.g., a PCR amplified gene of interest). Λn electronic charge is also used to move and

concentrate target molecules to one or more test sites on the microchip. The electronic

concentration of sample DNA at each test site promotes rapid hybridization of sample DN A



with complementary capture probes (hybridization may occur in minutes). To remove any-

unbound or nonspecificaliy bound DNA from each site, the polarity or charge of the she is

reversed io negative, thereby forcing any unbound or nonspeeif ϊcally bound DNA back into

solution away from ihe capture probes. A laser-based fluorescence scanner is used to dctcci

b inding

In still another aspect, an array technology based upon the segregation of fluids on a flat

surface (chip) by differences in surface tension (ProtoGenc, Palo Alto, Calif.) is utilized (see

e.g., US Patent No 6,UO 1,3 1i ) . Protogene's technology is based on the fact that fluids can be

segregated on a flat surface by differences in surface tension that have been imparted by

cbernicai coatings. Once so segregated, oligonucleotide probes are synthesized directly on the

chip by ink-jet printing of reagents. 1 lie array with its reaction sites defined by surface

tension is mounted on an X/Y translation stage under a set of four piezoelectric nozzles, one

for each of the four standard DNA bases. 1 he translation stage moves along each of the TOWN

of the array, and the appropriate reagent is delivered to each of the reaction site. For example,

the A amidite is delivered only to the sites where arnidite A is to be coupled during that

synthesis step and so on. Common reagents and washes are delivered by flooding the entire

surface followed by removal by spinning.

DINΛ probes unique for the polymorphism of interest are affixed to the chip using Protogene's

technology. The chip is then contacted with the PCR-arr ψ lified genes of interest. Following

hybridization, unbound DNA is removed and hybridization is detected using any suitable

method (e.g., by fluorescence de-quenching of an incorpoiated Iluoiescent group).

In yet other aspect-., a "bead array" is used for the detection of SNPs (Illumina, San Diego,

Calif; sec e.g., PCT Publications WO99/6 641 and WO00/39587, each of which is herein

incorporated by reference). Ilium ina uses a bead array technology that combines fiber optic

bundles and beads that self-assemble into an array. Fach fiber optic bundle contains

thousands to millions of individual fibers depending on the diameter of the bundle. The beads

are coated with an oligonucleotide specific for the detection of a given polymorphism or

mutation. Batches of beads are combined to form a pool specific to the array To perform an

assay, the bead array is contacted with a prepared subject sample (e.g., DNA). Hybridization

is detected using any suitable method like Enzymatic Detection of Hybridization

In some aspects of the present invention, genomic piofiles are generated using an assay that

detects hybridization by enzymatic cleavage of specific structures (INVADER assay, Third



Wave Technologies: see e.g.. US Paieni No. b.001.567). The INVADER assay detects

specific DNA and RNA sequences by using structure- specific enzymes to cleave a complex

formed by the hybridization of overlapping oligonucleotide probes. Elevated temperature and

an excess of one of the probes enable multiple probes to be cleaved for each target sequence

present withυui iemperaturc cycling. These cleaved prυbcs then dircci cleavage of a second

labeled probe. The secondary probe oligonucleotide can be 5' -end labeled with fluorescein

that is quenched by an internal dye. Tjpon cleavage, the dequenched fluorescein labeled

produci may be detected using a standard fluorescence plate reader.

The INVADER assay detects specific mutations and polymorphisms in unampiified genomic

DNA. The isolated DNA sample IP contacted with the first probe specific either for a

poiyroorphism-'mutation or wild type sequence and allowed to hybridize. Then a secondary

probe, specific to the first probe, and containing the fluorescein label, is hybridized and the

enzyme is added. Binding is detected using a fluorescent plate reader and comparing the

signal of the test sample to known positive and negative controls.

In some aspccis. hybridization of a bound probe is detected using a TaqMan assay (PE

Biosystcnis, Foster City, Calif; see e.g.. US Patent No. 5,962,233). The assay is performed

during a PCR reaction. The TaqMan assay exploits ihe 5' -3 exonueleasc aefivity of the

AMPLITAQ GOLD DNA polymerase. A probe, specific for a given allele or initiation, is

included in the PCR reaction. The probe consists of an oligonucleotide with a 5'-reportei dye

(e.g., a fluorescent dye) and a 3 '-quencher dye. During PCR, if the probe is bound to its

taiget. the 5'-3' nucleolytic activity of the AMPLITAQ GOLD polymerase cleaves the piobe

between the reporter and the quencher dye. The separation of the ieporter dye from the

quenchei dye iesuhs in an increase of fluorescence. The signal accumulates with each cycle

of PCR and can be monitored with a fluorimeter.

In some aspects a MassARRA Y system (Seqυcnom, San Diego, Calif) is used to derect

polymorphisms (see e.g., VS Patent No. 6,043,031). DMA is isolated from blood samples

using standard procedures. Next, specific DNA regions containing the polymorphism of

interest are amplified by PCR The amplified fragments arc then attached by one strand to a

solid surface and the non-immobilized strands are removed by standard denaturarion and

washing The remaining immobilized single strand then serves as a template for automated

enzymatic reactions that produce genotype specific diagnostic products.



Very small quantities of the enzymatic produc ts typically five to ten nanoliters, arc then

transferred to a SpectroCHIP array fur subsequent automated analysis with the

Sp ec tr READER mass spectrometer. Each spot is preloaded with light absorbing crystals that

form a matrix with the dispensed diagnostic product. The MassARSAY system uses MALDI-

TOF (Matrix Assisted Laser Desorption Ionization- Time υf Flight) mass spectrometry. In a

process known as desorption, ihe matrix is hit with a pulse from a laser beam. Energy from

the laser beam is transferred to ihe matrix and ii is vaporized resulting in a small amount of

the diagnostic product being expelled into a flight tisbc. A s the diagnostic product is charged

when an clcciricai field pulse is subsequently applied to the tube they arc launched down ihe

fiighi lube towards a detector. The time between application of the electrical field pulse and

collision of the diagnostic product with the dctccior is referred to as the time of flight. This is

a very precise measure of ihe product's molecular weight, as a molecule's mass correlates

directly with time of flight wiih smaller molecules flying faster than larger molecules. The

entire assay is completed in less than 0.0001 second, enabling samples to be analyzed in a

total of 3-5 second including repetitive data collection. The SpectroTYPER software then

calculates records, compares and reports, the genotypes at the rate of three seconds per

sample.

Usually, the ''nucleic acid sample" of the invention is isolated from a biological

sample obtained from the subject, such as whole blood, serum, semen, saliva, tears, urine,

fecal material, sweat, buccal smears, skin and biopsies of muscle, liver, brain tissue, nerve

tissue and hair. The nucleic acid sample may be a portion of a gene, a regulatory sequence

genomic DNA cDNA, and RNA (including mRNA. m i RNA and rRNA).

Genomic DNA samples are usually amplified before being brought into contact with a probe.

Genomic DNA can be obtained from any biological sample. Amplification of genomic DNA

containing a SNP generates a single species of nucleic acid if the individual from whom the

sample was obtained is homozygous at the polymorphic site, or two species of nucleic acid if

the individual is heterozygous.

RNfA samples also are often subject ro amplification. In this case, amplification is rypically

preceded by reverse transcription. Amplification of all expressed mRNA can be performed as

described in, for example in 1391 and [40] which arc hereby incorporated by reference in their

entirety. Amplification of an RNA sample from a diploid sample can generate two species of

target molecules if the individual providing the sample is heterozygous at a polymorphic site



occurring within the expressed RNA , or possibly more if the species of the RNA is subiccied

to alternative splicing. Amplification generally can be pcrforme J using the polymerase chain

reaction (PCR) rneihods known in the art. Nucleic acids in a target sample can be labeled in

the course ol amplification by inclusion of one or more labeled nucleotides in the

amplification mixture. Labels also can be attached to amplification products after

amplification (e.g., by end -labeling). The amplification product can be RNA or DNA,

depending on the enzyme and subsirai.es used in the amplification reaction.

The genotype of an individual polymorphism comprises the sum of at least two alleles arid

may be homozygous (i.e. comprising identical alleles; or heterozygous (i.e. comprising

different alleles).

In some aspect ol the invention, ihe isolated nucleic acid sample of the present

invention can be produced or synthesized using conventional nucleic acid synthesis or by

recombinant nucleic acid methods known in the art (2001, Molecular Cloning: A Laboratory

Manual, Cold Spring Harbor Laboratory Press. New York) and Λusubel et ai. (2001, Current

Protocols in Molecular Biology, Green & Wiley, New York).

Surprisingly the Inventors of the present invention have shown that the presence of the

at least one polymorphic marker in the IL28B/A and / or IL-29 locus in a nucleic acid sample

isolated from a biological sample obtained from a subject suffering from chronic hepatitis C is

an indication that said subject has an increased susceptibility to non-response to a hepatitis C

treatment.

Surprisingly also the Inventors ol the present invention have shown that the presence

of the least one polymorphic marker in the IL28B/A and / or IL-29 locus in a nucleic acid

sample isolated from a biological sample obtained from a subject infected with hepatitis C is

an indication that said subject has an increased susceptibility to non-spontaneous hepatitis C

clearance.

Preferably the at least one SNP of the invention is located on human chromosome 19

within a region comprising about 80 kb. Haplotype blocks mapping showed (figure 3) a

strong genetic association between the SNPs and i) on one hand a susceptibility to non-



response to a hepatitis C treatment in a subject suffering from chronic hepatitis C, ii) and on

the other hand an increased susceptibility to non-spontaneous hepatitis C clearance.

More preferably, the at least one SNP of the invention is located in a nucleic acid segment

essentially consisting in the DNA regions flanking the SNP selected from the group

comprising SEQ ID N o 1, SEQ ID N o 2, SEQ ID N o 3, SEQ ID N o 4, SEQ ID N o 5, SEQ ID

N o 6, SEQ ID N o 7, SEQ ID N o 8, SEQ ID N o 9, SEQ ID N o 10, SEQ ID N o 11, SEQ ID N o

12, SEQ ID N o 13, SEQ ID N o 14, SEQ ID N o 15, SEQ ID N o 16, SEQ ID N o 17, SEQ ID

N o 18, SEQ ID N o 19, SEQ ID N o 20, SEQ ID N o 21, SEQ ID N o 22, SEQ ID N o 23,

SEQ ID N o 24, SEQ ID N o 25, SEQ ID N o 26, SEQ ID N o 27, SEQ ID N o 28, SEQ ID N o

29, SEQ ID N o 30, SEQ ID N o 31, SEQ ID N o 32, SEQ ID N o 33, SEQ ID N o 34, (as

listed in Table 1).

The present inveniiun also contemplates determining the presence or absence of at

least one, i.e. one or more as defined supra, i.e. a combination of, single nucleotide

polymorphism (SNP) in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated

from a biological sample obtained from said subject.

Preferably, the polymorphic marker is a polymorphic site associated with at least one

SNP selected from the group comprising rsl 1879005, rs 12975799, rsl 1083519, rs955155,

rs 12972991, rsl2980275, rs8105790, rsl 1881222, rsl0853727, rs8109886, rs81 13007,

rs8099917, rs7248668, rsl6973285, rsl0853728, rs4803223, rsl2980602, rs4803224,

rs664893, rs576832, rsl 1671087, rs251910, rs7359953, rs7359950, rs2099331, rsl 1665818,

rs570880, rs503355, rs30461, rsl94014, rs251903, rsl2979175, rs39587, rs30480 . Most

preferably, the SNP is selected from the group comprising - G/T for rs8099917, G/G for

rs8099917, C/G for rs576832, C/C for rs576832, G/A for rsl2980275 or G/G forrsl2980275.

Preferably also, the at least one polymorphic marker is a polymorphic site being in

complete or strong linkage disequilibrium with at least one SNP selected from the group

eompiismg rsl 1879005, rsl2975799, rsl 1083519, rs955155, rs 12972991, rsl2980275,

rs8105790, rsl 1881222, rsl0853727, rs8109886, rs81 13007, rs8099917, rs7248668,

rsl6973285, rsl0853728, rs4803223, rsl2980602, rs4803224, rs664893, rs576832,

rsl 1671087, rs251910, rs7359953, rs7359950, rs2099331, rsl 1665818, rs570880, rs503355,

rs30461, rsl94014, rs251903, rsl2979175, rs39587, rs30480.



For example, when said rs8099917 allele G is present on one chromosome (or one of

the two allelic positions) it confers the heterozygous genotype G/T. In contrast, when present

on the two chromosomes (or allelic position) it confers the homozygous genotype G/G.

In one aspect the nucleic acid sample useful for the determination of the viral

genotype and the nucleic acid sample useful for the determination of the polymorphism, as

described herein, are isolated from the Name biological sample obtained from the subject. The

biological sample is then prepared on one hand for the isolation of the nucleic acid sample

useful for determining the presence or absence of the at least one polymorphic marker of the

invention and on the other hand for determining the HCV viral genotype

In another aspect, the nucleic acid sample useful for the determination of the viral

genotype and the nucleic acid sample useful for the determination of the polymorphism, as

described herein, are isolated from two different biological samples obtained from the subject.

In this case, the first biological sample is then prepared for the isolation of the nucleic acid

sample useful for determining the presence or absence of the at least one polymorphic marker

of the invention whereas the second biological sample is prepared for the isolation of the

nucleic acid sample useful for determining the HCV viral genotype.

These two biological samples can be of same nature (e.g. whole blood in the two cases) or

different (e.g. whole blood and liver biopsy).

The HCV nucleic acid, usually RNA, to be analyzed is generally isolated, reverse

transcribed into cDNA and amplified, for example, by PCR as described in WO 96/14839 and

WO 97/01603. Any other techniques known in the art can be applied.

"Linkage disequilibrium" (LD) describes a situation in which some combinations of

alleles or genetic markers occur more or less frequently in a population than would be

expected from a random formation of haplotypes from alleles based on their frequencies.

When a particular allele at one locus is found together on the same chromosome with a

specific allele at a second locus-more often than expected if the loci were segregating

independently in a population-the loci are in disequilibrium. This concept of LD is formalized

by one of the earliest measures of disequilibrium to be proposed (symbolized by D). D, in



common with most other measures of LD, quantifies disequilibrium as the difference between

the observed frequency of a two-locus haplotype and the frequency it would be expected to

show if the alleles are segregating at random. Adopting the standard notation for two adjacent

loci-A and B, with two alleles (A, a and B, b) at each locus-the observed frequency of the

haplotype that consists of alleles A and B is represented by PAB. Assuming the independent

assortment of alleles at the two loci, the expected halotype frequency is calculated as the

product of the allele frequency of each of the two alleles, or PAxPB, where PA is the

frequency of allele A at the first locus and PB is the frequency of allele B at the second locus.

So, one of the simplest measures of disequilibrium is D=PAB-PAxPB. LD is created when a

new mutation occurs on a chromosome that carries a particular allele at a nearby locus, and is

gradually eroded by recombination. Recurrent mutations can also lessen the association

between alleles at adjacent loci. The importance of recombination in shaping patterns of LD is

acknowledged by the moniker of "linkage". The extent of LD in populations is expected to

decrease with both time (t) and recombinational distance (r, or the recombination fraction)

between markers. Theoretically, LD decays with time and distance according to the following

formula, where D O is the extent of disequilibrium at some starting point and Dt, is the extent

of disequilibrium t generation later: Dt=(I -r)tDO

A wide variety of statistics have been proposed to measure the amount of LD, and these

have different strengths, depending on the context. Although the measure D has the intuitive

concepts of LD, its numerical value is of little use for measuring the strength of and

comparing levels of LD. This is due to the dependence of D on allele frequencies. The two

most common measures are the absolute value of D' and r2.

The absolute value of D' is determined by dividing D by its maximum possible value,

given the allele frequencies at the two loci. The case of D'=l is known as complete LD.

Values of D'<1 indicate that the complete ancestral LD has been disrupted. The magnitude of

values of D'<1 has no clear interpretation. Estimates of D' are strongly inflated in small

samples. Therefore, statistically significant values of D' that are near one provide a useful

indication of minimal historical recombination, but intermediate values should not be used for

comparisons of the strength of LD between studies, or to measure the extent of LD.

The measure r2 is in some ways complementary to D'. r2 is equal to D2 divided by the

product of the allele frequencies at the two loci. Hill and Roberson deduced that E

[r2]=l/l+4Nc where c is the recombination rate in morgans between the two markers and N is



the effective population size. This equation illustrates two important properties of LD. First,

expected levels of LD are a function of recombination. The more recombination between two

sites, the more they are shuffled with respect to one another, decreasing LD. Second, LD is a

function of N, emphasizing that LD is a property of populations.

In the present application, strong linkage disequilibrium presents a correlation termed r2

of at least 0.6 and/or a D' of 0.5 with said SNPs in the HapMap European dataset and/or in the

population experimentally analyzed by the Inventors.

In accordance with the present invention, if said rs80999 17 allele G or rs576832 C is

present (in one or two exemplars), this is an indication that a subject suffering from chronic

hepatitis C has an increased susceptibility to non-response to a hepatitis C treatment. Presence

of two exemplars of rs8099917 allele G or rs576832 C, instead of one allele, compared to no

G or C allele (respectively), further increases the risk of non-response to a hepatitis C

treatment.

Similarly, if said rs8099917 allele G or rs576832 C is present (in one or two exemplars),

this is an indication that a subject infected with hepatitis C has an increased susceptibility to

non-spontaneous hepatitis C clearance (or to evolve to chronic hepatitis C). Presence of two

exemplars of rs8099917 allele G or rs576832 C, instead of one allele, compared to no G or C

allele (respectively), further increases the risk of non-spontaneous clearance.

On another hand, patients who carried the risk allele G of rsl2980275 were more likely

to be non-responders than the other patients (OR=1.99, 95% CI 1.57-2.54, P=1.74E-8). This

association was still significant after adjustment for relevant covariates (age, sex, HCV

genotype, fibrosis severity status and HCV viral load, adjusted P= 4.61E-09). Similarly,

patients who carried the A/G and G/G genotypes were more likely to be non responders than

A/A carriers (OR=2.65 [95% CI: 2.18-3.18], P=2.67E-7, adjusted P=9.90E-8 for A/G;

OR=3.68, [95% CI: 2.77-4.88], P=4.05E-6, adjusted P=1.13E-5 for G/G, using A/A as a

reference).

It has also been found that the association between the presence of SNPs and the

susceptibility to non response to hepatitis C treatment or to non spontaneous clearance was

observed both in HCV mono-infected and in HCV/HIV co-infected individuals









It is to be noted that the SNPs noted in Table 1between brackets are in no particular order

relating to wildtype vs risk (minor) alleles, and are thus not indicative or limitative in this

5 regard.



Generally, the hepatitis C treatment is an interferon based treatment. More preferably,

the interferon based treatment is selected from the group comprising IFNα, IFNλ or any

pegylated-interferon. Usually, said interferon based treatment is combined with ribavirin.

Alternative combinations may include antiprotease drugs or other antiviral drugs.

Further encompassed in the present invention is a method of assessing a susceptibility

to non-response to a hepatitis C treatment in a subject suffering from chronic hepatitis C, said

method comprising: i) distinguishing in said subjects those having a susceptibility to non-

response to a hepatitis C treatment by determining the presence or absence of at least one

polymorphic marker in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated

from a biological sample obtained from said subject, the presence of the at least one

polymorphic marker being an indication that said subject has an increased susceptibility to

non-response to a hepatitis C treatment, ii) establishing a hepatitis C treatment regimen.

The determination of the polymorphism in a subject suffering from chronic hepatitis C

will enable the physician to establish the best hepatitis C treatment regimen for said subject

(nature, dose and duration of hepatitis C treatment and/or other antiviral drugs). For example,

if the above method reveals that at least one SNP is present in the IL28B/A and / or IL-29

locus in a nucleic acid sample obtained from said subject, indicating that said subject has an

increased susceptibility to non-response to a hepatitis C treatment then this subject can be

considered as good candidate for newer treatment strategies (such as therapy with higher

doses of currently available drugs, longer treatment duration with currently available drugs

and/or newer drugs).

Additionally, the Inventors have shown that a subject infected with HCV genotype 1

or 4 that carry at least one SNP in the IL28B/A and / or IL-29 locus of the invention,

particularly in homozygosis, will have a very low probability of treatment induced clearance

(i.e. "response to treatment" or "treatment success"), as shown in both Tables 4 and 5. Table 4

gives more specific data regarding the distribution of each genotype (TT, GT and GG) in the

infected population while Table 5 considers the presence or absence of a risk allele. It is

simply to be noted that Tables 4 and 5 are based on slightly different numbers of patients in

the various groups. For example, Table 5 shows that among patients infected with genotypes

1 or 4, treatment failure occurred in 72% of risk-allele carriers infected compared to only 38%

of non-carriers (OR=6.54 [95% CI: 4.65-9.20], P=3.70E-8). From another point of view, it is



to be noted that treatment failure occurred in only 16% of patients with both low risk

parameters (i.e. those infected with viral genotype 2 or 3 and where rs8099917 G allele is

absent from the IL28 B locus), compared to 72% among those with both high risk parameters

(i.e. those infected with viral genotype 1 or 4 and where rs8099917 G allele is present in the

IL28 B locus) (OR 18.89 [95% CI: 12.87-27.71], P=1.84E-14).

These results also show an association between genetic variations in the IL28B/A

locus and response to therapy (e.g. interferon based treatment) among subjects infected with

HCV genotypes 2 or 3 (OR=3.32 [95% CI: 2.21-4.99], P=3.27E-3). The strength of this

association is nevertheless lower than in the case of subjects infected with HCV genotypes 1

or 4. These showings demonstrate that the knowledge of both the viral genotype and the host

polymorphisms are important to predict response to treatment.

Therefore, another aspect of the present invention comprises the combined

determinations of the viral genotype, and of the determination of the polymorphism as

described herein, in a subject suffering from chronic hepatitis C, so as to more finely assess

the susceptibility to non-response to a hepatitis C treatment or susceptibility to non-

spontaneous clearance of HCV infected subjects.

These combined determinations can occur concomitantly or not. If not concomitant,

the viral genotype can be assessed first, and then, after a determined time, the determination

of the polymorphism as described herein occurs. It is also envisioned that the determination of

the polymorphism as described herein occurs first, and then, after a determined time, the viral

genotype is assessed.

Usually, the determined time, which is the time or duration lapsed between the

determination of the viral genotype and the determination of the polymorphism (and vice

versa) can be comprised between a few seconds and several years.

Also encompassed in the present invention is a kit for determining a susceptibility to

non-response to a hepatitis C treatment in a subject suffering from chronic hepatitis C in

accordance with the present invention, said kit comprising i) reagents for selectively detecting

the presence or absence of at least one single nucleotide polymorphism (SNP) in the IL28B/A



and / or IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from

the subject and ii) instructions for use.

Further encompassed in the present invention is a kit for determining a susceptibility

to non-spontaneous hepatitis C clearance in a subject infected with hepatitis C in accordance

with the present invention, said kit comprising i) reagents for selectively detecting the

presence or absence of at least one single nucleotide polymorphism (SNP) in the IL28B/A

and / or IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from

the subject and ii) instructions for use.

Alternatively, the reagents used in the kits comprise an isolated nucleic acid,

preferably a primer, a set of primers, or an array of primers, as described elsewhere herein.

The primers may be fixed to a solid substrate. The kits may further comprise a control target

nucleic acid and primers. One skilled in the art will, without undue experiments, be able to

select the primers in accordance with the usual requirements. The isolated nucleic acids of the

kit may also comprise a molecular label or tag.

Usually, the primer, set of primers, or array of primers, are directed to detect the

presence or absence of at least one single nucleotide polymorphism (SNP) in the IL28B/A

and / or IL-29 locus.

The presence or absence of at least one single nucleotide polymorphism (SNP) in the

IL28B/A locus may for example, but not exclusively, be determined using a set of PCR

primers or sequencing primers selected from those disclosed in Table 6 (SEQ Ids No 35 to

58).

In addition to the primers, set of primers, or array of primers, directed to detect the

presence or absence of at least one single nucleotide polymorphism (SNP) in the IL28B/A

and / or IL-29 locus from a nucleic acid sample isolated from a biological sample obtained

from a subject, the reagents of the kit may comprise, for example, an other primer, set of

primers, or array of primers, directed to separately detect the viral genotype isolated from a

biological sample obtained from a subject. These set of primers, or array of primers used are

generally known in the art or may be readily generated knowing the usual requirements.



In additional embodiments, the kits of the present invention comprise various reagents,

such as buffers, necessary to practice the methods of the invention, as known in the art.

These reagents or buffers may for example be useful to extract and/or purify the

nucleic from the biological sample obtained from the subject.

The kit may also comprise all the necessary material such as microcentrifuge tubes

necessary to practice the methods of the invention.

The invention further contemplates a method of treating a patient for chronic hepatitis

C, comprising i) determining whether at least one of the patient's polymorphic markers is in

the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological sample

obtained from said patient selected from the group comprising rsl 1879005, rs12975799,

rsl 1083519, rs955155, rsl2972991, rsl2980275, rs8105790, rsl 1881222, rsl0853727,

rs8109886, rs81 13007, rs8099917, rs7248668, rsl6973285, rsl0853728, rs4803223,

rsl2980602, rs4803224, rs664893, rs576832, rsl 1671087, rs251910, rs7359953, rs7359950,

rs2099331, rsl 1665818, rs570880, rs503355, rs30461, rsl94014, rs251903, rsl2979175,

rs39587, rs30480, ii) and treating the patient based upon whether the at least one of the

patient's polymorphic markers is associated with increased susceptibility to non-response to

hepatitis C treatment

Generally, the hepatitis C treatment is an interferon based treatment. More preferably,

the interferon based treatment is selected from the group comprising IFNα, IFNλ or any

pegylated-interferon. Usually, said interferon based treatment is combined with ribavirin.

Alternative combinations may include antiprotease drugs or other antiviral drugs.

The invention also considers a method of determining a susceptibility to non-response

to a Cytomegalovirus (CMV), Herpes simplex virus 1 or 2 (HSV- 1 or HSV-2), hepatitis B

virus (HBV) or Influenza viruses treatment , or spontaneous clearance in a subject infected

with one or more of this or these viruses, said method comprising determining the presence or

absence of at least one single nucleotide polymorphism (SNP) in the IL28B/A and / or IL-29

locus in nucleic acid sample isolated from a biological sample obtained from said subject.

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 without departing

from the spirit or essential characteristics thereof. The invention also includes all of the steps,

features, compositions and compounds referred to or indicated in this specification,

individually or collectively, and any and all combinations or any two or more of said steps or

features. The present disclosure is therefore to be considered as in all aspects illustrated and

not restrictive, the scope of the invention being indicated by the appended Claims, and all

changes which come within the meaning and range of equivalency are intended to be

embraced therein.

Various references are cited throughout this specification, each of which is

incorporated herein by reference in its entirety.

The foregoing description will be more fully understood with reference to the

following Examples. Such Examples, are, however, exemplary of methods of practising the

present invention and are not intended to limit the scope of the invention.

EXAMPLES

Example 1

Patients & Methods

Patients were included within the framework of the Swiss Hepatitis C Cohort Study (SCCS)

and the Swiss HIV Cohort Study (SHCS), two multicenter studies carried out at 8 major

Swiss hospitals and their local affiliated centres [23]. Written informed consent including

genetic testing was mandatory for inclusion, and the study was approved by all local ethical

committees. Due to the different genetic predictors of Hepatitis C outcomes in racially diverse

populations [10, 13, 24, 25], the inventors restricted the analysis to Caucasians. Of note only

the genotypes 1, 2, 3 and 4 were represented in this study.

Spontaneous Hepatitis C clearance

Chronic HCV infection was defined as HCV-seropositivity (using ELISA and confirmed by

Immunoblot) and detectable HCV RNA by quantitative assays. Spontaneous Hepatitis C

clearance was defined as HCV-seropositivity and undetectable HCV RNA before starting

anti-HCV therapy. To avoid the fluctuations of HCV RNA levels during the first year of



infection (reviewed in [26]), the inventors determined HCV RNA levels at least 1year after

the first documented positive HCV-serology.

Genotyping

Genotyping was done using the Illumina genomic platform at the National Centre of

Competence in Research "Frontiers in Genetics" in Geneva, Switzerland, by using the

Illumina HumanlM-Duo BeadChip, HumanHap550 or Human600W-Quad. Genotype calling

was performed using the default settings of the Beadstudio software. Calls with genotyping

score below 0.2 were excluded from further analysis. SNPs with call rate below 90% and

individuals with call rate below 95% were filtered out. Imputation was carried out using

MACH based on measured SNPs with >90% call rate, minor allele frequency (MAF) >1%,

Hardy-Weinberg p-value >10 -7. In the resulting imputed data, SNPs with low imputation

accuracy (r2-hat<0.3) were ignored. Population stratification and relatedness was assessed

using the ancestry principal components as described in [28]. One of each genetically

related/identical individual pair (relatedness>0.25) was excluded from further analysis. The

gender of each genotyped individual was assessed for concordance with clinical data.

Association analysis was performed using logistic regression with exact maximum-likelihood

estimation. Covariates such first two ancestry principal component values and Hepatitis B

Virus infection status (defined as presence or absence of HBs-Ag) were included in the

model. Bonferroni correction was used to control the family-wise error rate. One million

independent tests were assumed [Han et al 2009 Plos Genetics] yielding the commonly used

5*1 0 8 threshold.

Influence of HTV-coinfection

To take into account the potential influence of HIV-coinfection on spontaneous HCV

clearance, HCV-monoinfected and co-infected individuals were first analysed separately and

subsequently, the inventors genomewide meta-analyzed the two cohorts. Association signals

obtained from each cohort were meta-analysed using inverse-variance weighting. Association

analysis was performed using a logistic regression model with exact maximum-likelihood

estimation. Covariates influencing the outcome in the univariate analysis (P<0.1), along with

the first two ancestry principal components were included in the model. The inventors used a

mild p-value cut-off as an inclusion criterion for covariates in order not to disregard

potentially important factors. To account for the fact that different genotyping platforms were

used, the inventors excluded any SNP whose allele frequency (among patients with chronic

infection) was significantly different (Chi-square test, P<10-4) between any two platforms.



Genomic control was applied to the genome -wide p-values yielding lambda = 1.04 (for the

mono-infected cohort), 1.02 (for the co-infected cohort).

These values suggested very mild inflation and confirmed that possible population

stratification was sufficiently corrected by including the first two ancestry principal

components in the models. Bonferroni correction was used to adjust for multiple testing; we

used 5*10-8 as significance threshold.

Example 2

Results

The study included 1142 HCV infected patients (726 mono-infected and 416 HIV co-

infected), among whom 245 had spontaneous viral clearance and 897 had chronic infection

(Table 3). Among chronically infected patients, 404 were assessable for response to

pegylated-interferon alpha ribavirin combination therapy. As expected, the factors associated

with spontaneous clearance included lower age (P<0.001), female sex (P<0.001) and active

hepatitis B (P<0.001). The factors associated with response to treatment included lower age

(P=0.05), female sex (0.03), viral genotype 2 or 3 (PO.001), lower viral load (PO.001) and

limited fibrosis (P=0.02).

SNP rs8099917 is clearly associated with spontaneous hepatitis C clearance (Figure 1). The

frequencies of genotypes T/T (ancestral allele), G/T (heterozygous) and G/G (homozygous)

were 0.79, 0.20 and 0.01 among patients with spontaneous clearance, versus 0.57, 0.38 and

0.05 among those with chronic infection, respectively (OR=O.38, 95% confidence interval

[CI] 0.27-0.53, P=2.86E-08, under the additive mode, Table 4, Figure 2A). The association of

rs8099917 with spontaneous clearance was still present in a multivariate analyses accounting

for age, sex, active hepatitis B and HCV risk groups (OR=0.38, 95% CI 0.28-0.53, P=6.8 IE-

09, under the additive mode, Table 4).

The G allele of rs8099917 was also associated with non-response to pegylated interferon

alpha ribavirin combination therapy (Figure 2B). The frequencies of genotypes T/T, G/T and

G/G were 0.68, 0.29 and 0.03 among patients with sustained viral response, versus 0.43, 0.50

and 0.07 among non-responders, respectively (OR=0.36, 95% CI 0.23-0.53, P=8.96E-07,

under the dominant mode, OR=0.38, 95% CI 0.27-0.53, P=2.86E-06, under the additive

mode, Table 4, Figure 2B). The association of rs8099917 with non response to treatment was

still present in a multivariate model accounting for age, sex, HCV RNA, HCV genotype,



fibrosis stage and diabetes (OR=0.29, 95% CI 0.16-0.53, P=6.96E-05, under the additive

mode). Overall, there was a progressive increase in the minor allele frequency of rs8099917

among patients with spontaneous clearance (0.07), sustained viral response (0. 17) and non-

response to treatment (0.32).

The rs8099917 SNP was located within a ~80kB region in the long arm of human

chromosome 19 (in case the subject is a human) encoding three cytokine genes, i.e. IL28B,

IL28A and IL29 (Figure 3A). Haplotype blocks mapping showed that rs8099917 is part of a

haplotypes block encompassing the whole IL-28B gene. A graphic representation of the P

values of the different SNPs showed a concordant association pattern for both spontaneous

clearance and response to treatment in the IL28B haplotype block (Figure 3B).

The association was observed in HCV mono-infected (OR=2.49, 95% CI=I. 64-3.79,

P= 1.96* 10-5) as well as in HCV/HIV co-infected individuals (OR=2.16, 95% CI= 1.47-3. 18,

P=8.24*10-5). In the case of spontaneous clearance, Table 4 shows a distribution of the

various genotypes among the groups of mono-infected and co-infected patients and the

associated frequency of clearance.

Example 3

Pathogen genetic risk determinant.

The inventors further assessed the joint contribution of host and pathogen genetic risk

determinants. Patients were stratified in four groups, according to the viral genotypes (viral

genotypes 2 or 3, versus viral genotypes 1 or 4) and host polymorphisms (host rs8099917 G

risk allele carriers, versus non-carriers, Table 5). Treatment failure occurred in only 16% of

patients with both low risk parameters, compared to 72% among those with both high risk

parameters (OR=18.89 [95% CI: 12.87-27.71], P=1.84E-14, Table 5). Among patients

infected with genotypes 1 or 4, treatment failure occurred in 72% of risk-allele carriers

infected compared to only 38% of non-carriers (OR=6.54 [95% CI: 4.65-9.20], P=3.70E-8).

Among patients infected with genotypes 2 or 3, treatment failure occurred in 25% of risk-

allele carriers compared to 16% of non-carriers (OR=3.32 [95% CI: 2.21-4.99], P=3.27E-3).

Again, Table 4 shows a distribution of the various genotypes (TT, TG, GG) among the groups

of patients infected with viral genotypes 1&4 or 2&3, respectively, and the corresponding

frequencies of response or non response to treatment.



Note for Table 2

It is to be noted that the wildtype / risk alleles of the SNPs given in Table 2 may be read on

the same or the opposite strand compared to the corresponding sequence mentioned in Table

1.

Notes for Table 3

1 SCCS stands for the Swiss Hepatitis C Cohort Study and SHCS for the Swiss HIV Cohort

Study; 38 HIV-infected SCCS patients were analyzed together with SHCS patients.

HBs antigen was missing in 352 mono-infected and 56 co-infected patients

3 HCV RNA at set point (for clearance endpoint) and before treatment (for treatment

endpoint)

4 Heavy drinker was defined as use of more than 4Og alcohol per day for more than 5 years.

5 Biopsy data before treatment was missing in 128 patients. Severe fibrosis and inflammation

were defined by a METAVIR score >2.

Notes for Table 4

1 most likely model

2 adjusted for age, sex, HBs AG and risk type

3 adjusted for age, sex, HCV RNA, HCV genotype, fibrosis stage and diabetes

4 adjusted for age, sex, HCV RNA, fibrosis stage and diabetes

Notes for Table 5

1 adjusted for fibrosis stage, sex, age, baseline HCV viral load and the first two ancestry

principal components.

2 when analyzing genotypes 1 or 4 patients, treatment failure occurred in 72% of risk-allele

carriers compared to only 38% of non-carriers (OR=6.54 [95% CI: 4.65-9.20], P=3.70E-8).
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CLAIMS

1. A method of determining a susceptibility to non-response to a hepatitis C treatment in

a subject suffering from chronic hepatitis C, said method comprising determining the

presence or absence of at least one polymorphic marker in the IL28B/A and / or IL-29 locus

in a nucleic acid sample isolated from a biological sample obtained from said subject.

2. The method of claim 1, wherein the presence of the at least one polymorphic marker is

an indication that said subject has an increased susceptibility to non-response to a hepatitis C

treatment.

3. The method of claims 1 or 2, wherein the at least one polymorphic marker is located

on chromosome 19 within a region comprising about 80 kb.

4. The method of any one of claims 1 to 3, wherein the at least one polymorphic marker

is located in a nucleic acid segment essentially consisting in the sequences selected from the

group comprising SEQ ID No 1 to SEQ ID No 34.

5. The method of any one of claims 1 to 3, wherein the at least one polymorphic marker

is a polymorphic site associated with at least one SNP selected from the group comprising

rsl 1879005, rsl2975799, rsl 1083519, rs955155, rs12972991, rsl2980275, rs8105790,

rsl 1881222, rsl0853727, rs8109886, rs81 13007, rs8099917, rs7248668, rsl6973285,

rsl0853728, rs4803223, rsl2980602, rs4803224, rs664893, rs576832, rsl 1671087, rs251910,

rs7359953, rs7359950, rs2099331, rsl 1665818, rs570880, rs503355, rs30461, rsl94014,

rs251903, rsl2979175, rs39587, rs30480.

6. The method of any one of claims 1 to 4, wherein the at least one polymorphic marker

is a polymorphic site being in complete or strong linkage disequilibrium with at least one SNP

selected from the group according to claim 5.

7. The method of any one of claims 1 to 4, wherein the at least one polymorphic marker

is a combination of at least two SNPs selected from the group according to claim 5.



8. The method of any one of claims 1 to 7, wherein the at least one polymorphic marker

is selected from the group comprising -G/T for rs8099917, G/G for rs8099917, C/G for

rs576832, C/C for rs576832, G/A for rsl2980275 or G/G for rsl2980275.

9. The method of any one of claims 1 to 8, wherein the hepatitis C treatment is an

interferon based treatment.

10. The method of claim 9, wherein the interferon based treatment is selected from the

group comprising IFNα, IFNλ or any pegylated-interferon.

11. The method of claims 9 or 10, wherein the interferon based treatment is combined

with ribavirin or any antiprotease drugs or any other antiviral drugs or any combination

thereof.

12. The method of claims 9 to 11, wherein said chronic hepatitis C is caused by a viral

genotype 1, 2, 3 or 4 of HCV.

13. The method of any one of claims 1-12, further comprising determining the HCV viral

genotype in a nucleic acid sample isolated from a biological sample of said subject.

14. The method of any one of claims 1-13, wherein said subject is co-infected with HIV.

15. A method of determining a susceptibility to non-spontaneous hepatitis C clearance in a

subject infected with hepatitis C, said method comprising determining the presence or

absence of at least one polymorphic marker within the IL28B/A and / or IL-29 locus in a

nucleic acid sample isolated from a biological sample obtained from said subject.

16. The method of claim 15, wherein the presence of the at least one polymorphic marker

is an indication that said subject has an increased susceptibility to non-spontaneous hepatitis

C clearance.

17. The method of claims 15 or 16, wherein the at least one polymorphic marker is located

on chromosome 19 within a region comprising about 80 kb.



18. The method of any of claims 15 to 17, wherein the at least one polymorphic marker is

located in a nucleic acid segment essentially consisting in the sequences selected from the

group comprising SEQ ID No 1to SEQ ID No 34.

19. The method of any of claims 15 to 17, wherein the at least one polymorphic marker is

a polymorphic site associated with at least one SNP selected from the group comprising

rsl 1879005, rsl2975799, rsl 1083519, rs955155, rs12972991, rsl2980275, rs8105790,

rsl 1881222, rsl0853727, rs8109886, rs81 13007, rs8099917, rs7248668, rsl6973285,

rsl0853728, rs4803223, rsl2980602, rs4803224, rs664893, rs576832, rsl 1671087, rs251910,

rs7359953, rs7359950, rs2099331, rsl 1665818, rs570880, rs503355, rs30461, rsl94014,

rs251903, rsl2979175, rs39587, rs30480.

20. The method of any one of claims 15 to 18, wherein said at least one polymorphic

marker is a polymorphic site being in complete or strong linkage disequilibrium with at least

one SNP selected from the group according to claim 19.

21. The method of any one of claims 15 to 18, wherein the polymorphic marker is a

combination of at least two SNPs selected from the group according to claim 19.

22. The method of any one of claims 15 to 18, wherein the polymorphic marker is selected

from the group comprising -G/T for rs8099917, G/G for rs8099917, C/G for rs576832, C/C

for rs576832, G/A for rs12980275 or G/G for rs12980275.

23 The method of any one of claims 15 to 22, wherein said chronic hepatitis C is caused

by a viral genotype 1, 2, 3 or 4 of HCV.

24. The method of any one of claims 15 to 23, further comprising determining the HCV

viral genotype in a nucleic acid sample isolated from a biological sample obtained from said

subject.

25. The method of any one of claims 15 to 24, wherein said subject is co-infected with

HIV.

26. A method of treating a patient for chronic hepatitis C, comprising



i) determining whether at least one of the patient's polymorphic markers is in the IL28B/A

and / or IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from

said patient wherein said at least one of the patient's polymorphic markers is selected from

the group comprising rs11879005, rs12975799, rs11083519, rs955155, rs12972991,

rsl2980275, rs8105790, rsl 1881222, rsl0853727, rs8109886, rs81 13007, rs8099917,

rs7248668, rsl6973285, rsl0853728, rs4803223, rsl2980602, rs4803224, rs664893,

rs576832, rsl 1671087, rs251910, rs7359953, rs7359950, rs2099331, rsl 1665818, rs570880,

rs503355, rs30461, rsl94014, rs251903, rsl2979175, rs39587, rs30480,

ii) and treating the patient based upon whether the at least one of the patient's polymorphic

markers is associated with increased susceptibility to non-response to hepatitis C treatment.

27. The method of claim 26, wherein the hepatitis C treatment is an interferon based

treatment.

28. The method of claim 27, wherein the interferon based treatment is selected from the

group comprising IFNα, IFNλ or any pegylated-interferon.

29. The method of claims 27 or 28, wherein the interferon based treatment is combined

with ribavirin or any antiprotease drugs or any other antiviral drugs or any combination

thereof.

30. A method of treating a patient for chronic hepatitis C, comprising

i) determining whether at least one of the patient's polymorphic markers is in the IL28B/A

and / or IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from

said patient wherein said at least one of the patient's polymorphic markers is selected from

the group comprising rsl 1879005, rsl 2975799, rsl 1083519, rs955155, rsl 2972991,

rsl2980275, rs8105790, rsl 1881222, rsl0853727, rs8109886, rs81 13007, rs8099917,

rs7248668, rsl6973285, rsl0853728, rs4803223, rsl2980602, rs4803224, rs664893,

rs576832, rsl 1671087, rs251910, rs7359953, rs7359950, rs2099331, rsl 1665818, rs570880,

rs503355, rs30461, rsl94014, rs251903, rsl2979175, rs39587, rs30480,

ii) determining the HCV viral genotype in a nucleic acid sample isolated from a biological

sample obtained from said patient,



iii) and treating the patient based upon whether the at least one of the patient's polymorphic

markers and HCV viral genotype are associated with increased susceptibility to non-response

to hepatitis C treatment.

31. The method of claim 30, wherein the hepatitis C treatment is an interferon based

treatment.

32. The method of claim 31, wherein the interferon based treatment is selected from the

group comprising IFNα, IFNλ or any pegylated-interferon.

33. The method of claims 31 or 32, wherein the interferon based treatment is combined

with ribavirin or any antiprotease drugs or any other antiviral drugs or any combination

thereof.

34. The method of any one of claims 30 to 33, wherein said patient is co-infected with

HIV.

35. A method of assessing a susceptibility to non-response to a hepatitis C treatment in a

subject suffering from chronic hepatitis C, said method comprising:

i) distinguishing in said subjects those having a susceptibility to non-response to a hepatitis C

treatment by determining the presence or absence of at least one polymorphic marker in the

IL28B/A and / or IL-29 locus in a nucleic acid sample isolated from a biological sample of

said subject, the presence of the at least one polymorphic marker being an indication that said

subject has an increased susceptibility to non-response to a hepatitis C treatment,

ii) establishing a hepatitis C treatment regimen.

36. The method of claim 35, wherein the hepatitis C treatment is an interferon based

treatment.

37. The method of claim 36, wherein the interferon based treatment is selected from the

group comprising IFNα, IFNλ or any pegylated-interferon.



38. The method of claims 36 or 37, wherein the interferon based treatment is combined

with ribavirin or any antiprotease drugs or any other antiviral drugs or any combination

thereof.

39. The method of any one of claims 35 to 38, wherein said subject is co-infected with

HIV.

40. A method of assessing a susceptibility to non-response to a hepatitis C treatment in a

subject suffering from chronic hepatitis C, said method comprising:

i) distinguishing in said subjects those having a susceptibility to non-response to a hepatitis C

treatment by determining

- the presence or absence of at least one polymorphic marker in the IL28B/A and / or

IL-29 locus in a nucleic acid sample isolated from a biological sample obtained from said

subject, the presence of the at least one polymorphic marker being an indication that said

subject has an increased susceptibility to non-response to a hepatitis C treatment, and

- the HCV viral genotype, the presence of genotype 1 or 4 being an indication that said

subject has an increased susceptibility to non-response to a hepatitis C treatment,

ii) establishing a hepatitis C treatment regimen.

41. The method of claim 40, wherein the hepatitis C treatment is an interferon based

treatment.

42. The method of claim 41, wherein the interferon based treatment is selected from the

group comprising IFNα, IFNλ or any pegylated-interferon.

43. The method of claims 4 1 or 42, wherein the interferon based treatment is combined

with ribavirin or any antiprotease drugs or any other antiviral drugs or any combination

thereof.

44. The method of any one of claims 40 to 43, wherein said subject is co-infected with

HIV.

45. A kit for determining a susceptibility to non-response to a hepatitis C treatment in a

subject suffering from chronic hepatitis C according to the method of any of claims 1 to 14,



said kit comprising i) reagents for selectively detecting the presence or absence of at least one

polymorphic marker in the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated

from a biological sample obtained from the subject and ii) instructions for use.

46. A kit for determining a susceptibility to non-spontaneous hepatitis C clearance in a

subject infected with hepatitis C according to the method of any of claims 15 to 25, said kit

comprising i) reagents for selectively detecting the presence or absence of at least one

polymorphic marker within the IL28B/A and / or IL-29 locus in a nucleic acid sample isolated

from a biological sample obtained from the subject and ii) instructions for use.

47. The kit of claim 45 or 46, wherein the reagents further comprise another primer, set of

primers, or array of primers, directed to detect the viral genotype.

48. The kit of any one of claims 45 to 47, wherein said subject is co-infected with HIV.
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