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DESCRIPTION

Title OF INVENTION

RISK ASSESSMENT FOR CUTANEOUS ADVERSE DRUG REACTIONS FROM

ANTIRETROVIRAL AGENT

TECHNICAL FIELD

The present invention relates generally to the field of identification of
patients who are susceptible to cuténeous _adverse’ drug reaction to the non- -
nucleoside HIV reverse transcriptase inhibitor, nevirapine. In particular, the
invention provides method(s) for detecting patients whc; should avoid the use
of nevirapine because they are in a high risk category for nevirapine-induced
cutaneous adverse drug reaction.
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BACKGROUND ART

Adverse drug reactions occur during the drug development process
and post»mérketing of the prescribe-based medicine. They are responsible
for the termination of approximately 20% of investigational new drugs in the
pharmaceutical pipeline. About 1% of marketed drugs is withdrawn or
restricted post-marketing due to safety-related issues.

During 1.994, adverse drug reactions affected over 2 million people in
the United States, resulting in over 100,000 deaths (Lazarou et al.,, JAMA
1998).

In 2002, adverse drug reactions accounted for 6.5% of hospital
admissions and 0.15% of subsequent deaths in the United Kingdom
(Pirmohamed et al., BMJ 2004}. |

Cutaneous adverse drug reactions are among the most common

adverse drug reactions and may caused by immune or non-imnune
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mechanisms. The severities of cutaneous reactions were graded according to
Division of AIDs table for grading the severities of adverse events NIAID/NIH.
Briefly, grade 1: localized macular rash; grade 2: diffuse macular,
maculopapular or morbilliform rash or target lesions; grade 3: diffuse
macular, maculopapular or morbilliform rash with vesicle or limited number
of bullae or superficial ulceration of mucous membrane limited to one site;
and grade 4: extensive or generalized bullous lesions or Stevens-Johnson
syndrdme (SJS) or ulceration of mucous membrane involving two or more
distinct mucosal sites or toxic epidermal necrolysis  (TEN)
(www3.niaid.nih.gov/research |

/resources/ DAIDSClinRsrch/PDF/ Safety / DAIDSAEGradingTable.pd)

Risk factors for the development of cutaneous adverse drug reaction may
be reléted to the host factors (eg. certain HLA alleles), the drug and its
metabolites (e.g. its reactivity}, and underlying conditions (e.g. viral infections).
Antibiotics, nonsteroidal anti-inflammation agents, anticonvulsant drugs
(Raviglione et al., Drug Saf 1990), allopurinol (Hung et al., Proc Natl Acad Sci
USA 2005), antiretroviral agents, particularly abacavir (Abel et al., N Engl J
Med 2008) and nevirapine (Kiertiburanakul et al, Curr HIV res 2008}, are
among the most common causative agents.

Pharﬁl&coganics is the study of biomarkers variations such as genetic
variation, RNA variations, protein variations or combination of these variation
in the response to medications. The development of pharmacogenomics has
implied that the susceptibility fo adverse drug reactions is associated with
genetic variants. A successful example of the application of

pharmacogenomic study to prevent hypersensitivity syndromes is
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genotyping of HLA-B*5701 before prescribing abacavir in whites. Abacavir is
a potent HIV-1 nucleoside analogue reversé transcriptase inhibitor which is
complicated by a potentially life ﬁmreatening hypersensitivity syndrome in
about 5% of cases. These reactions are characterized by skin rash,
gastrointestinal and respiratory manifestations and can occasionally be fatal,
particularly on drug rechallenge. Prospective screening for HLA-B*5701
decreased abacavir hypersensitivity reaction incidence in mix French
poéulation from 12% before screening to 0% after screening, and the rate of
unwarranted interruptions of abacavir therapy decreased from 10.2% to

0.73%. {Zucman et al., J Acquir Immune Defic Syndr 2007)

Human immunodeficiency virus (HIV) infection and acquired immune
deficiency syndrome {AIDS) is a significant health problem. By the end of
year 2006, 32.2 million individuals were infected and living with HIV
worldwide. In 2006 alone, 2.5 million new HIV infection with 2.1 million
HIV-related déaths or 5,760 people deaths daily occurs, an estimated 32
million people have died from AIDS since the beginning of the pandemic. |
Approximately 95% of infected patients living in developing countries

especially in Africa, Asian and South America. (UNAID/WHO, 2007)

For Thailand, based on an expert Thais working group estimated
1,109,000 people were infected with HIV, 600,600 anticipated deaths,
508,300 people living with HIV that required continuing care and treatment
and 17,000 new cases for 2006 (www.epid.moph.go.th). While the incidence
and mortality keeps reducing in Thailand, the delivery of appropriate cares

of those who infected prolong patient’ life and increase the guality of life.



1G

15

20

25

High Active Antiretroviral Therapy (HAART), the combination of at
least three antiretroviral agents comprising at least two NRTIs (Nucleoside
Reverse Transcriptase Inhibitors) in combination with at least 1 NNRTI (Non-
Nucleoside Reverse Transcriptase Inhibitor) or 1-2 PI (Protease Inhibitor)
taken con.currenﬂy, represents the current standard of care with
antiretroviral therapy. The goal of HAART 1is to suppress HIV replication to a
level below the limit of detection by viral load assays and dramatically
improve the patient immune function that results in reduced HIV- related
morbidity and mortality and improve quality of

life.(http: // aidinfo .nih.gov/ContentFiles /AdultandAldolescentGL.pdf)

Thailand’s National Access to Antiretroviral Program for People living
with HIV/AIDS (NAPHA} and The Universal health care policy of Thailand
were implemented nationwide of antiretroviral therapy to different levels of
the public health system increasing dramatically with the number of
patients who receiving anti_retréviral drug especially GPO-VIR, the fixed-dose
combination of stavudine, lamivudine and nevirapine, produced by the
Gévemrﬁent Pharmaceutical Organization (GPO}. GPO-VIR can be taken
only 2 tablets per day with the aflordably prices making it has been

recommended as the first line drug in Thailand.

Non-Nucleoside Reverse Transcriptase Inhibitors comprising
nevirapine (NVP), efavirenz (EFV) and dilavirdine (DLV) bind directly to
reverse transcriptase enzyme, the binding stops the ability of the reverse
transcriptase in replication processs. Cutaneous adverse drug reaction is a
common side effect of all three NNRTIs. Efavirenz and nevirapine has Been

recommended as the first line drug in Thailand 2006/2007 because of its



10

15

20

25

effectiveness, easy to administrate with good adherence, excellent food
compatibility with affordable prices. Efavirenz has not been made available
in combination pill format, patient has to take 7-8 pills per day compare to
fixed combination pill consisted of nevirapine as a backbone. EFV is
teratogenic and contraindicated in pregnancy, Currently Dilavirdine is not

available in majority of developing countries.

EFV is a good alternative for NVP, when hypersensitivity or hepatitis
develop in patients who took NVP, The common side effects of EFV included
but not limited to drug rash, hepatitis. Both of these side effects had been
found less frequent than NVP at rate of 11% and 9% respectively. Central
nervous system side effects are more pronounced with EFV, the symptoms
include dizziness, vivid dream confusion, suicidal idea, all of these CNS side
effects are usualiy resolved spontaneously after 2 weeks of drug intake (Lee

et al., Int Conf AIDS. 2004).

Nevirapine can be used as a single dose intervention peripartum for
the prevention of mother-to-child transmission of HIV. It represents an
attractive option for patients who must take antiretroviral medications and
who prefer a protease inhibitor-sparing regimen as drug resistance regimen..
Although antiretroviral therapy is known for its effective treatment, the
adverse reaction of drugs is the cause of concern for prescription of NVP. In
HIV patients with nevirapine treatment, between 16%-48% of patients
reported rash. Second to rash development is hepatitis that can be found in
7-15.6 % including fever, nausea, vomiting and dizziness. Furthermore
0.5%-1% of patients eventually developed Stevens-Johnson syndrome {SJS)

or Toxic epidermal Necrolysis.
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The mechanism of nevirapine-induced skin rash is unknown. Some
clinical features or characteristics that were associated with nevirapine-
induced skin -rash had been described such as female gender, low béd}’f'
weight, pretreatment with antiretroviral drugé prior to the nevirapine
treatment, a highér level of the number of CD4-positive cells at the
beginning of the treatment and HLA typing (de Maat[nl]et al.,, Eur J Clin
Pharmacol 2003; Kiertiburanakul et al., Curr HIV Res 2008}. The .c:urremt
recommendation for initiation of NVP is for women with CD4 < 250
cells/mm3 and for men who has CD4 < 400 cells/mm?® when the indication
for HAART fulfilled. {Baylor et al, 2004 and Sanne et al, 2065) In order to
reduce the chance of hypersensitivity reaction, it was recommended that
treatment should start with 200 mg single dose daily nevirapine for 14 days
(lead-in), and followed by 200 mg twice daily. Monitoring of rash and
hepatitis is recommended for the first three months.

Human Leukocyte Antigen is part of Major Histocompatibility
Complex{MHC) on chromosome 6, the region covers 3.5 million base pairs,
the HLA translated into a glycoprotein on the cell surface of immunology
related cells and react to intruder antigens. HLA can be classified into three
groups 1} Class I antigen (HLA-A, HLA-B and HLA-C).This class is attached
to the exogenous antigens or drugs and introduce the foreign antigens to
immune cells such as T lymphocyte. T lymphocyte can be stimulated and
kill the cell invaded by drugs or foreign organisms. 2) Class Il antigens (HLA-
DR, HLA-DP and HLA-DQ) are the proteins that attached to endogenous
protein and presented those protein to the B lymphocyte to produce

antibody to the exogenous antigen. 3) Class Il genes is the left over of the
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class 1 and class II, function in complement, hormone and intracellular
peptide processing.

The hypersensitivity reactions of an antiretroviral drug, abacavir, had
been extensively studied and its association to the HLA-B*5701 allele in
Caucasians have been strongly implicated with odds ratios 117, negative
predictive value more than 90% in every ethnic studies, but highly variable
positive predictive value due to variability of HLA-B*5701 allele frequencies
in each population. {Mallal et al., Lancet 2002; Hetherington et al., Lancet
2002; Martin et al., Proc Natl Acad Sci 2004).

Association study in hypersensitivity to nevirapine by Martin et al 1.1adl
reported that HLA-DRB1*0101 in patient with high CD4 level may determine
susceptibility to nevirapine hepatitis with 40% positive predictive value and
96% negative predictive value (Martin et al., AIDS 2005). However this result
had never been confirmed and no single HLA allele were associated with

cutaneous adverse reactions from nevirapine in the study.

SUMMARY OF INVENTION

The present invention provides a method of predicting the risk of a
patient for developing cutaneous adverse drug reactions induced by NNRTIs.
1t was discovered that an HLA-B allele, HLA-B*3505 and/or variations on
CCHCR1 gene are associated with skin rash that is induced by non

nucleoside reverse transcriptase inhibitors such as nevirapine.

Accordingly, the present application provides a method of assessing

the risk of a patient for developing a cutaneous adverse drug reaction
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comprising maculopapular (MP), erythema multiforme (EM), wurticaria,
angioedemé, fixed drug eruption, Steven Johnson’s Syndrome (SJS} and
Toxic Epidermal Necrosis (TEN) induced by NNRTIs such as nevirapine. The
present application provides a method of screening the risk of a patient for
developing a cutaneous adverse drug reaction in response to a drug,

comprising performing genotyping of an allele HLA-B*3505 or variations on

gene CCHCR1 using a biological sample from the patient. Patients with

HLA-B*3505 and/or variations on CCHCRI gene are at risk of development
of cutaneous adverse drug reaction from NNRTIs such as nevirapine.
Avoidance of nevirapine in these patients is preferable. HLA-B*35035 and/or
variations on CCHCR1 are important for understanding the pathogenesis of
cutaneous adverse drug reaction in Thais HIV infected patients. The HLA-
B*3505 allele and/or variations on CCHCRI1 are supposed to be important

in other population where these alleles presented.

Specifically, one aspect of the present invention provides a method of
assessing theﬂ risk of a patient for the developing a cutanecous adverse drug
reaction in response to a drug, comprising determining the presence of HLA-
B*3505 alleles by determination of Deoxyribonucleic acid (DNA} or
Ribonucleic acid(RNA) or protein or by mean of molecules interacting with
HLA-B. The allele and genetic markers can be detected by using any method
known in the art. For example, the preseﬁce of the allele can be determined
by using an oligonucleotide that specifically ﬁybridizes with the nucleic acid
coding for the allele. The genetic markers can be selected from the group of
genetic marker of the var_iations consisting of rs1140412, rs4997054,

rs9461684, rs3179865 and rs707912, which is the proxy of HLA-B*3505.
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The presence of the allele of interest can also be determined by
detecting an equivalent genetic marker of the allele, which is a genétic
marker that is in linkage disequilibrium to the allele. An equivaleai génetic
marker can be, e.g., an SNP (single nucléotide polymorphismy), microsatellite
marker or any genetic polymorphisms. For example, the markers of HLA-
B*3505 allele haplotype include, without beimng limited to, rsll140412,
rs4997054, rs9461684, rs3179865 and rs707912. In other words, the
presence of the rs1i40412, rs4997054, rs9461684, rs3179865 and
rs707912 haplotye, rather than the alleles per se, is indicative of a risk for

cutaneous adverse drug reactions.

One aéﬁ)cct of the present invention provides a method of assessing
the risk of a patient for the developing a cutaneous adverse drug reaction in
response to a drug, comprising determining the presence of variation in
CCHCR1 gene by determination of Deoxyribonucleic acid (DNA} or
Ribonucleic acid{(RNA) or protein or by mean of molecules interacting with
HLA-B. The allele and genetic markers can be detected by using any method
known in the art. For example, the presence of the allele can be determined
by using an oligonucleotide that specifically hybridizes with the nucleic acid.
coding for the aliele. The genetic markers can be selected from the group of
genetic marker of the variations consisting of rs746647and rs1265112, of

which is indicative of a risk for cutaneous adverse drug reactions.

The presence of the allele of interest can also be determined by
detecting an equivalent genetic marker of the allele, which is a genetic
marker that is in linkage disequilibrium to the aliele. An equivalent genetic

marker can be, e.g., an SNP {single nucleotide polymorphism), microsatellite
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marker or any genetic polymorphisms. For example, the markers of at risk
CCHCR1 allele and haplotype include, without being limited té,
rs746647and rs1265112, In other words, the présence of the rs746647 and
rs1265112, réther than the alleles per se, is indicative of a risk for

cutaneous adverse drug reactions.

'One aspect of the present invention provides a method of -assessing
the risk of a patient for the developing a cutaneous adverse drug reaction in
response o a 'dmg, such as nevirapine. The cutaneous adverse drug
reaction .compn'séd of maculopapular (MP), erythema multiforme (EM],
urticaria, angicedema, fixed drug eruption, Steven Johnson’s Syndrome
(SJS) and Toxic Epidermal Necrosis {TEN). HLA-B*3505 or variations in
CCHCRI1 or variations in TCF19 or variations in POLR3G or rs9461681 or
rs6545803 is .indicative of nevirapine induced cutaneous adverse drug

reaction.

Further provided is a method of screening and/or identifying
medicines that can be used to treat drug-induced cutanéous édverse drug
reactions by determining the presence of HLA-B*allele and/or variation in
CCHCR1, TCF19, POLR3G gene as a target in drug development. For

example, cells expression any of the alleles or genes can be contacted with

medicine candidates, and the candidates that binds to the allele are likely to

inhibit the function of the allele. The efficacy of the aliele-binding candidate

in treating drug induced reactions can then be further tested.

BRIEF DESCRIPTION OF DRAWINGS
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Figure 1 is The quantile-quantile plot showing the distribution of observed
statistics by allelic test for all utilized 499,730 SNPs from genome-wide
association study of 72 patients with nevirapine (NVP}-induced skin rash
{(cases) and 77 tolerant controls. The diagohal line shows the values

expected under the null hypothesis.

Figure 2 is A -logio P value plot from genome-wide association study. Each P
value is the minimum of Fisher’s exact tests for three models: allele 1 versus
allele 2, genotype 11 versus 12+22 and genotype 22 versus 11+12. The blue

line indicated the minimum P value of the top 200 SNPs.

Figure 3 is Association results of nevirapine (NVP)-induced skin rash,
genomic context and linkage disequilibrium (LD} map of chromosome
6p21.3 region including the CCHCRI locus. Pairwise LD indices of D’ was
drawn using Haploview’s standard color scheme. Black dots and Red dots
represent P values from genome-wide association study and combined data

set, respectively.

Figure 4 is Association results of nevirapine (NVP}-induced skin rash,
genomic context and linkage disequilibrium (LD} map of the CCHCRI region
on chromosome 6p21.3. Pairwise LD indices of D’ from the genotype data of
combined data set was draﬁwn using Haploview’s standard color scheme. Red

dots represent 15 SNPs that revealed the same lowest P value {1.2x10-8}.
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DESCRIPTION OF EMBODIMERTS

The present invention provides a method of predicting the ﬁsk of a
patient for developing cutaneous adverse drug reaction to non-nucleoside
antiviral compounds, including nevirapine. It was discovered that HLA-
B*3505, polymorphisms in the CCHCRI gene, TCF19 gene, POLR3G gene,
rs0461684 and rs6545803 are associated with cutaneous adverse drug

reaction that is induced by nevirapine.
HLA

We performed a step-wise case-control association study (EXAMPLE 1)
was conducted. The first set of samples consisted of 80 samples ‘from
patients with NVP-induced skiﬁ rash and 80 samples from NVP-tolerant
subjects. These patients were genotyped for the HLA-A, HLA-B, HLA-C, HLA-

DRB1, HLA-DPB1 and HLA-DQBI1 by a sequence-based HLA typing method.

Subsequently, we verified HLA alleles that showed a possible association in

the first screening using an additional set of samples consisting of 67 cases

with NVP-induced skin rash and 105 controls.

An HLA-B*3505 allele revealed a significant association with NVP-
induced skin rash in the first and second screenings. In the combined data
set, the HLA-B*3505 allele was observed in 17.5% of the patients with NVP-
induced skin rash compared with only 1.1% observed in NVP-tolerant
patients (OR = 18.96; 95% CI = 4.87 - 73.44, Pc = 4.6 x 10%) and 0.7% in
general Thai population (OR = 29.87; 95% CI = 5.04 - 175.86, Pc = 2.6 x 10-

5). The logistic regression analysis also indicated HLA-B*3505 to be
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significantly associated with skin rash with OR of ‘49.15 (95% CI = 6.45-

374.41, P = 0.00017).
CCHCR1

We carried out a genome-wide association {(GWA]} study (EXAMPLE 2)
of 72 individuals with nevirapine {(NVP)-induced skin rash and 77 NVP-
tolerant controls and fﬁrther evaluated selected SNPs in a replication sample
set (88 cases and 145 controls) in Thai HIV-infected patients. Of 200 loci
followed up, we found significant associations of 2 SNPs (rs1265112 and
rs746647) of CCHCR1 with NVP-induced skin rash; a combination of two
data set revealed P value of 1.2 x 108 (GWA, 2.7 x 10-4; replication, 1.2 x
10-5). Finally, 15 SNPs around CCHCRI1 revealed significant associations
with susceptibility to NVP-induced skin rash in Thai HIV patients.

EXAMPLES

Example 1
HiA-B*3505

Study population

A case-control study was conducted using HIV-infected Thai patients
who visited (i) Infectious Disease Clinic, Ramathibodi Hospital, Mahidol
University, (iij Bamrasnaradura Infectious | Disease Instituie, Ministry of
Public Health, or (iii) Department of Preventive Medicine, Faculty of Medicine,
Srinakharinwirot University, Thailand. The enroliment of 80 skin-rash
cases and 80 NPV-tolerant patients for the first set of samples was done

between March and December, 2006. To verify a possible association in the
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initial screening, the second set of samples consisting of 67 skin-rash
patients and 105 controls was enrolled between January and June, 2007.

Inclusion criteria were adult HIV-infected patients (=15 jrcars old) who

- were treated with GPO-VIR®. Each eligible patient was followed up for at

least 6 months after the initiation of NVP treatment or until they developed
skin rash. Patients were categorized into case and control groups according
to a presence or an absence of skin rash. The control group was defined as
the patient who had been treated with NVP for at least 6 months and
developed no sign of cADRs. The case group was defined to be those having

the skin rash within 6 months after the beginning of NVP treatment. The

~ diagnosis of the NVP-induced rash was reviewed and given by infectious

disease specialists. Severity of rash was categorized according to Division of
AIDS table for grading the severity of adult and pediatric adverse events,

National Institute of Allergy and Infectious Disease (NIAID)/National

Institutes of Health (NIH). Briefly, grade 1: a localized macular rash; grade

2: diffuse macular, maculopapular, or morbilliform rash or .target lesions;
grade 3: diffuse macular, maculopapular, or morbilliform rashes with
vesicles or a limited number of bullae or superficial ulcerations of mucous
membrane liinited to one site; and grade 4: extensive or generalized bullous
lesions, SJS, ulceration of mucous membrane involving more than two
distinct mucosal sites, or TEN. . Collection of blood samples and
cliniéopathological information were undertaken with informed consent and
approved by the Institutional Review Boards. This study was conducted in

accordance with the principles of the Declaration of Helsinki.

DHRA isolation



10

15

20

17

Genomic DNA was isolated with a standard phenol-chloroform
extraction protocol and re-suspended in Tris-HCl buffer (pH 8.5).  Their
concentration was quantified using a UV spectrophotometer ND-1000
(NanoDrop Technologies, Wilmington, DE). The purity was determined by

calculating the ratio of absorbance at 260-280 nm.
HLA genotyping

Genotypes in HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DPB1 and HLA- .
DOB were determined by sequence-based typing (SBT) using the AlleleSEQR
Sequenced Based Typing Kits (Atria Genetics, South San Francisco, CAJ,
according. to the manufacturer's instructions. Briefly, the prnmary
amplification reaction consists of PCR pre-mix reagent, AmpliTaq Gold and
20 ng/ul genomic DNA. The PCR products were purified using ExoSAP-IT
and sequenced in the_: forward and reverse orientations. Finally, the reaction
products were reconstituted with 15 nl of Hi-Di™™ formanide (Applied
Biosystéms, Foster City, CA)}, ran én the ABI 3730xI DNA Analyzer (Applied
Biosystems) and genotype calling were made by Assign SBT™ 3.2.7 software.
(Conexio Genomics, Perth, Australia). HLA alleles showing a possible
association {Pc-value < 0.05) with NPV-induced skin rash in the first
screening were verified in the second set of samples. Allelic frequency of
HLA regions in the general Thai population was obtained from the published

information.

Statistical analysis
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Dichotomous variables between the two groups were compared by
Fisher’s exact tests. Continuous variables were compared by the Mann-
Whitney U test. Odds rati.os were calculated with Haldane’s modification,
which add 0.5 to all cells to accommodate possible zero counts [28]. Al P-
values were two-tailed, P < 0.05 was considered to indicate possible
statistical significance. The corrected P (Pc} values were adjustéd by
applying Bonferroni’s correction for 93 tests (14 for HLA-A, 20 for HLA-B, 16
for HLA-C, 18 for HLA-DRBI, 12 for HLA-DQB1I and 13 for HLA-DPBI).

A multivariate logistic regression model was constructed including
clinical variables that had been shown to be asédciated with NVP-induced
skin rash and HLA-B*3505 status of the patients was constructed. HLA-B*
3505 was coded according to the presence of HLA-B*3505 under é dominant
model. In accordance with previous study (Kiertiburanakul et al., Curr HIV
Res 2008), the CD4 cell count just before the initiation of the NVP treatment
was grouped into intervals of 50 cells/mm?3. The clinical information
izicluding the hiétory of drug allergy andlAIDS defining illness were also
included in the model., The additive assumption was assessed by
introducing possible clﬁnical variables which interact with HLA-B*3505
status into the model. The interaction terms with the P-value of more than
0.05 were considered to be not significant, ‘and then the factors were
excluded from the final model. All statistic analyses were peﬂomed using

the R statistic program.

Characteristics of patients and controls
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Demographic variables, immunological status, available liver function
tests, history of drug allergy, concurrent medications, time from the first
exposure to develop skin rash and their severity of 147 patients with NVP-
induced skin rash {80 and 67 cases from the first and second recmitﬁents,
respectively) and 185 controls (80 and 105 subjects from the first and
second recruitments, respectively) are summarized in Tables 1 and 2. The
median time to develop rash was 12 days {interquartile range (IQR}, 8-22).
Among the 147 NPV-induced rash cases, 13 patients (9%) were classified as
grade 1, 51 (35.7%) as grade 2, 68 {47.6%) as grade 3 and 11 (7.7%) as
grade 4. The distribution of gender, age, body weight, history of AIDS
defining-illness and liver function tests at the initiation of NVP treatment in

the case group showed no difference to those in the tolerant control

However, the proportion of the patient with history of drug allergy,

concurrent medications as well as the number of CD4-positive cells at the
beginning of the NVP treatment were higher in the case group than the
control group (P < 0.001, P = 0.003 énd P = 0.005, respectively). Whereas
the proportion of the patients with prescribed lead-in of NVP was higher in

the control than in the case group.
Association between HLA-B*3505 and NVP-induced skin rash

By DNA sequencing, we determined genotypes at the HLA-A, HLA-B,
HLA-C, HLA-DRBI1, HLA-DQBI and HLA-DPBI loci in the first set of case
and control groups. Tﬁe results of the first screening are surnmarized in
Table 3; HLA-A*2407, HLA-B*3505, HLA-Cw*0401, and HLA-DRB1*1202

alleles were observed at the significantly higher frequencies in the case
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group than the control group. On the other hand, HLA-B*3802 and HLA-
Cw*0702 were found to be significantly lower in the case group than the
control group. After the stringent Bonferroni’s correction, only HLA—B*SSOS
remained significantly different between case and control groups (Pc = 3.5 x
102). The HLA-B*3505 was present in 9.9% of the patients with NVP-
induced skin rash, but only 0.7% in the NVP-tolerant group. Guided by the
patients who were HLA-B*3505 carriers, we analyzed the allelic distribution
of the combined HLA loci and defined the extended haplotype. The most
common haplotype combination, HLA-Cw*0401 -HLA-B*3505 was present in
7.8% of the patients with NVP-induced skin rash, but only 0.7% in the
tolerant group. While the statistical evidence from the haplotype analysis is
not directly comparable with the univariate analysis, the higher effect size of
HLA-B*3505 and robust statistical evidence after Bonferroni’s cérréction
supported this allele(s) or those in linkage disequilibrium with this allele as

the causative genetic variation.

We further genotyped HLA-B locus to confirm the association of HLA-

~ B*3505 in 67 NVP-induced skin rash patients and 105 tolerant controls. The -

results are summarized in Table 4. In concordance with the first screening,
HILA-B*3505 also showed an association with NVP-induced skin rash when
comparing individual carrying HLA-B*3505 among the case and ‘control
groups in the second screening (Fc = 1.4 x 103, When the combined data
set was analyzed, the HLA-B*3505 allele was presented in 17.5% (25 df 143
subjects) in patients with NVP-induced skin rash, but only 1.1% (2 of 181

subjects) in NVP-tolerant group (OR = 18.96; 95% CI = 4.87 - 73.44; I =



10

15

20

21

4.6 x 1076}, and only 0.7% (1 of 142 subjects) in the general Thai population
(OR = 29.87; 95% CI = 5.04 - 175.86; Fc = 2.6 x 10-9).

We further analyzed an association of HLA-B*3505 according to the
severity of skin rash. Patients with grade 1 and 2 severities were grouped
together into a “mild to moderate rash” group and those with grade 3 and 4
into a “severe rash” group (Table 4). The fcsult revealed significantly higher
frequencie.s of HLA-B*3505 in both groups than the NVP-tolerant group (Pc =
6.8 x 10+ and Pc = 1.2 x 104, respectively]. Thus, the association of HLA-
B*3505 with the NVP-induced skin rash is likely to be independent on the
severity, indicating that HLA-B*3505 may be important for the initiation of

the immune response to cause skin rash.,
Logistic regression analysis

Since subsequent multiple logistic regression analysis including the
information of concomitant drugs indicated that this variable was not
associated with cADRs after adjusting for -other variables, we had excluded
this variable from the final logistic model. The variables included in the final
logistic regression model, the odds ratios and Vtheir significant levels are
presented in Table 5.. The HLA-B*3505 status (OR = 49.15; 95% CI = 6.45-
374.41; P = 0.00017), positive history of drug allergy (OR = 2.83; 85% CI =
1.47-5.45; P = 0.0019), and the number of CD4 cells prior to the WP
treatment (OR = 1.11 for each 50 cells/ mm? increrﬁent; 95% CI = 1.03-1.20;
P = 0.0076) were found to be significantly associated with thé risk of skin
rash. While the regimen of the lead-in dosing of NVP signiﬁc:ahtly decreased

the risk of skin rash (OR = 0.48; 95% CI = 0.28-0.82; P = 0.0073). The
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interactions between the HLA-B*3505 and other variables were not
statistically significant when included in the multivariate logistic regression

{(data not shown).
5 SNPs for the prediction of HLA-B*3505

- By reading HLA-B sequences from all subjects, we can identified 5
SNPs including rs9461684 (allele A}, rs707912 (allele T), rs4997052 (allele
C), rs3179865 (allele C) and rs1140412 (allele C} for the prediction of HLA-

B*3505 carriers in Thai population {Table 6).
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Although the HLA-B*3505 was observed in the significantly higher
proportion among the NVP-induced skin rash than th¢ tolerant controls,
the frequency was still as low as 17.5% in the case group. However, its
specificity is extremely high as 98.9%. Hence, HLA-B*3505 is likely to
be one of critical determinants of NVP-induced skin rash and there are
additi@nal yet-unidentified genetic and non-genetic factors involved in
NVP-induced skin rash. These factors may include the factors reported
previously, such as female gender, pretreated with antiretroviral drugs
prior to the NVP treatment, the number of CD4-positive cells, and lower
levels of HIV RNA. Association of a higher level of the number of CD4-
positive cells as a risk factor for NVP-associated rash was also found to
be significant in our present study although others were not. In
addition to these two factors, the presence of drug allergy history was
indicated some relation to development of skin rash in the multivariate
logistic regression. Although only 20% of the patients with NVP-
induced skin rash had HLA-B*3505, NVP-treated patients who had
HLA-B*3505 revealed a véry high incidence (25 of 27 patients, 93%) of
the skin rash, indicating that HLA-B*3505 can be a very good predictor
for a risk of NVP-induced ADRs for Thai HIV-infected patients. |

Strong indication of the possible involvement of the HLA-B*3505
genotype in development of the NPV-induced skin rash provides a novel
insight to understénding of the pathogenesis of drug-induced rash in

Thai HIV-infected population. Because of its high specificity in
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identifying NVP-induced rash, it is possible to utilize the HLA-B*3505 as

a marker to avoid NVP-induced rash.

Example 2
CCHCRI

Study fopulation

A step-wise case-control study was conducted using HIV-infected
Thai patients who visited (i) Infectious Disease Clinic, Ramathibodi
Hospital,  Mahido! University, (i Bamrasnaradura Infectious Disease
Institute, Ministry of Public Health, and (iii) Department of Preventive
Medicine, Faculty of Medicine, Srinakharinwirot University, Thailand.

Inclusion criteria were adult HIV-infected patients (> 15 years

old) who were treated with GPO-VIR® Patients were categorized into

~-case and control groups according to a presence or an absence of skin

rash. The control group was defined to be patients who revealed no
evidence of cutaneous adverse reactions by the NVP therapy for more
than 6 months. The case group was defined to be those with the skin
rash after NVP exposure. The diagnosis of the NVP-induced rash was
reviewed and given by infectious disease specialists. Severity of rash
was categorized according to Division of AIDS tables for grading the
severity of adverse events, National Institute‘ of Allergy and Infectious
Disease (NIAID)/National Institutes of Health (NIH). Briefly, grade 1: a

localized macular rash; grade 2: diffuse macular, maculopapular, or



10

15

20

30

morbilliformﬂ rash or target lesions; grade 3: diffuse macular,
rmaculopapular, or morbilliform rashes with vesicles or a limited
number of bullae or superficial ulcerations of mucous membrane
Iimited to one site; and grade 4: extensive or generalized bullous lesions,
SJ8, ulceration of mucous membrane involving more than two distinct
mucosal sites, or TEN. Collection of blood samples and
clinicopathological information were undertaken with informed consent
and approved by the Institutional Review Boards. This study was
conducted in accordance with the principles of the Declaration of
Helsinki.

Panel A: The enrollment of NVP-induced skin rash cases and NPV-
tolerant patients for the first set of samples has been done between
March and December, 2006. Our 72 cases {36 male and 36 female) and
77 controls {36 malés and 41 females) were used in the genome-wide
association (GWA) study.

Panel B: To verify the possible association in the Panel A, the second
set of samples was enrolled between January and June, 2007, Subjects
for the replication study consisted of 88 cases (33 males aﬁd 55

females) and 145 controls (80 males and 65 females).
DNA isolation

Genomic DNA ‘was isolated with a standard phenol-chloroform
extraction protocol and re-suspended in Tris-HCI buffer (pH 8.5). Their

concentration was quantified using a UV spectrophotometer ND-1000
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(NanoDrop Technologies, Wilmington, DE}. The purity was determined

by calcﬁulating the ratio of absorbance at 260-280 nm.
GWA genotyping

GWA study was conducted in 72 samples from NVP-induced skin rash
patients and 77 samples from tolerant controls using Illumina
HumanHap3550v3 Genotj'iping BeadChipr (SanDiego, CA}, containing
more than 500,000 haplotype tagging SNPs derived from phase I of the
International Hé.pMap project. The overall call rates of all subjects were
more than or equal to 0.98. All c:iuster plots were checked by visual
inspection by trained staff and SNPs with ambiguous calls were
excluded. Of all 554,496 SNPs with successful genotyping, 54,756 SNPs
were undetermined and additional 10 SNPs showed a significant
distortion from Hardy-Weinberg equilibrium in controls (P < 1.0x10-).
In total, 54,766 unique SNPs were removed from the study. Finally,
499,730 SNPs on autosomal chromosomes passed the quality control
filters and were further analyzed.

Replicated genotyping |

We further evaluated top 200 SNPs showing the smaller P values from
the initial GWA study in an independent set of samples consisting 88
skin-rash patients and 145 controls by multiplex PCR-based Invader
assay (Third Wave Technologies} or direct sequencing of the PCR
products by wusing 96-capillary 3730x1 DNA Analyzer (Applied

Biosystems, Foster City, CA).
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Validated genotyping

To validate génotyping results of the Illumina HumanHap550v3
Genotyping BeadChip (SanDiegd, CAj}, we re-genotyped all subjects for
Panel A with those top 200 SNPs showing the smaller P values in the
initial GWA study by multiplex-PCR based Invader assay or direct
sequencing of the PCR products by using 96»capillafy 3730xl DNA
Analyzer [Applied Biosystems), and SNPs with concordance rates of <
08% between two assays {([llumina and Invader assay / direct
sequencing) were excluded from the further analysis.

Fine mapping of CCHCR1

We have done genotyping of all 20 tagging SNPs within the linkage
disequilibrium (LD) spanning 30 kb (Chr6: 31214000...31243800),
covering fhe CCHCRI, TCF19 and some parts of PSOR1C1 and POUSFI,
based on the Han Chinese (HCB} HapMap data with r2 » 0.8 (Table 2) by
multiplex-PCR based Invader assay.

Re-sequencing of CCHCRI1

Tb dctéct sequence variations of CCHCRI locus, we screened genomic
sequence of this gene, covering exon-intron and untranslated regions.
Using _the genomic sequence information (GenBank accession number,
NC_000006.10 (Chr6: 31217245...31235424)), we amplify the genomic
region from 2 kb upstream of the first exon to 1 kb downstream of the
last exon of CCHCRI. The initial screening has been done in the Panel A.

For each of the DNA samples for Panel A, PCR was performed with 10
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ng of genomic DNA. All PCRs were performed by using GeneAmp PCR
system 9700 (Applied Biosystems) and used Ex Tagq DNA polymerase
(Takara, Tokyo, Japan). We performed PCR with an initial denaturation
step of 94°C for 5 min, followed By 37 cycles of denaturation at 94°C for
30 s, annealing at 60°C for 30 s, and extension at 72°C for 1 min. These
cycﬁng reactions were foliowed by a final extension at 72°C for 5 min.
We carried out SNP discovery by direct sequencing of the PCR products
by using 96-capillary 3730x1 DNA Analyzer (Applied Biosystems). We
sequenced all amplified fragments by two pairs of sequencing primers.
All SNPs were detected by the Polyphred computer program
(http:/ /droog.gs.washington.edu/ Polyphred.html) and were confirmed
by sequencing both strands of each PCR product. The SNPs which
found to be significantly associated with NVP-induced skin rash in this
panel (P < 0.05), were further evaluated in the replication set (Panel B)

by multiplex-PCR based Invader assay.
Statistical analysis

Of all SNPs in this study, Fisher’s exact test was applied to two-
by-two contingency table in three genetic models: allele 1 versus allele 2,
gehotype 11 versus 12+22 and genotype 22 versus 11+12. We used
GenABEL package in R statistic program to estimate the genetic
inflation factor lambda from all utilized 499,730 SNPs that passed the
QC filters. Significance level after conservative Bonferroni correction for

multiple testing was P = 1.0 x 107 (0.05/499,730}. Odds ratios and
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confidence intervals were caiculated using the risk genotype(s} as a
reference. Statistic analyses were performed using the R statistical
environment version 2.7.1 (www.R-project.org). To draw LD map, we

used Haploview software.
Results

By using llumina HumanHap550 BeadChips, we tested 499,730

'8NPs for association with NVP-induced skin rash in 72 individuals with

rash and 77 iolerant controls in Thai HIV-infected patients (Panel A).
The call rates greater than or eqﬁal to 98% were achieved for each. After
génotyping all -subjects, undetermined SNPs were eliminated from the
further analysis. The quantile~quantﬂe plot (Figure 1) showed no
evidence of systematic bias of observed statistics versﬁs expected
statistics. The genetic inflation factor (A = 1.019) derived from the GWA
study, implied that population stratification have been kept at minimal
in this sample set.

Subsequently, to verify the findings obtained by the initial GWA
study, we further evaluated top 200 SNPs showing the smallest P values
(Figure 2) from the initial GWA analysis in a repﬁcﬁtion sample set
comprising of 88 NVP-rash cases and 145 toleré.nt controls (Panel B} by
multiplex PCR-based Invader assay or direct sequencing. We
simultaneously validated genotyping results from the Illumina assay by
genotyping all of subjects for Panel A with those top 200 SNPs and

comparison of genotyping calls between two assays {lllumina and
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Invader assay / direct sequencing). SNPs with concordance rates of less
than 98% were excluded from the further analysis. The GWA and
replication analysis of top 200 SNPs identified several candidate SNPs
that might be associated with the disease (Table 7). Analysis of these
selected SNPs reveals 5 SNPs on chromosome 6 to be significantly
associated with NVP-induced skin rash (P < 0.05) in the replication

study and these association signals increased in the combined data set.

Four of these SNPs locates within an interval of high linkage

disequilibrium (LD), spanning 30 kb (Chré: 31214000...31243800),
covering the CCHCR1, TCF19 and some parts of PSORIC] and POUSF1
(Figure 3). We found strong significant associations of 2 SNPs
{rs1265112 and rs746647) in the CCHCRI1 locus on chromosome
6p21.3 {Table 7). The combined P value of the two studies was 1.2x108,
which remained statistically significant after adjustment for multiple
testing, using a conservative Bonferroni’s correction for the 499,730
tests. There was 35.63% (57/160) of the patients with NVP-induced
skin rash carried the risk allele, but only 11.26% (25/222) in tolerant
controls. The odds ratio of the combined data was 4.36 {95% confidence
interval (CI): 2.58 - 7.36).

| We have fﬁrther done the genotyping of all 20 tagging SNPs within
this LD block based on the Han Chinese (HCB) HapMap data with 2 >
0.8 (Table 8} and re-sequencing of the CCHCR1 gene had been carried
out. Finally, we found 15 SNPs around CCHCRI revealed significant

associations with NVP-induced skin rash in Thai HIV patients with
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equivalence statistically evidence of association {Figure 4 and Table 9).
Among these 15 SNPs, rsl376, is the only nonsynonymous SNP
(C2783G, Ser865Cys) that has been associated with a chronic
inﬂafnmatory skin disease, psoriasis in several genetic association and
linkage studies. Thus, our findings strongly implicated the association
of genetic variations on the CCHCR! ({Coiled-Coil a-Helical Rod
proteinl) gene with susceptibility to NVP-induced skin rash.

We suggest that the genetic variations in the CCHCRI gene
significantly contributes to susceptibility to NVP-induced skin rash in
Thai population. Although the further investigations and functional.
studies will be need to identify the causal variant and clarify the
biological mechanisms associated with NVP-induced skin rash. Our
finding should shed light on the understanding of its etiology and
development of diagnostic test for prevention of NVP-induced skin rash

at least in Thai population.

Figure 1 The quantile-quantile plot showing the distribution of
observed statistics by allelic test for all utilized 499,730 SNPs from
genome-wide association study of 72 patients with nevirépine (NVP)-
induced skin rash (cases) and 77 tolerant controls.. The diagonal line

shows the values expected under the null hypothesis.

Figure 2 A —logio P value plot from genome-wide association study.

Each P value is the minimum of Fisher's exact tests for three models:
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allele 1 versus allele 2, genotype 11 versus 12+22 and genotype 22
versus 11+12. The blue line indicated the minimum P value of the top

200 SNPs.

Figure 3 ASSOCiaﬁO;I results of nevirapine {NVP}-induced skin rash,
genomic context and linkage disequilibrium (LD} map of chromosome
6p21.3 region including the CCHCRI locus. Pairwise LD indices of D’
was drawn using Haploview_’s standard color scheme. Black dots and
Red dots represent P values from genome-wide association study and

combined data set, respectively.

Figure 4 Association results of nevirapine (NVP)-induced skin rash,
gennomic context and linkage disequilibrium (LD} map of the CCHCRI
region on chromosome 6p21.3. Pairwise LD indices of D’ from the
genotype data of combined data set was drawn usiﬁg Haploview’s -
standard color scheme. Red dots represent 15 SNPs that revealed the

same lowest Pvalue (1.2x108).
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CLAIMS

1. A method of assessing the risk of a patient for developing a .
cutanoeus adverse reaction to non-nucleoside reverse transcriptase
inhibitor such as nevirapine by using CD4 count, drug allergy
history and/or HLA- B * 3505 allele wherein the presence of HLA-
B*3505 allele is indicative of a risk for a cutaneous adverse drug

reaction to nevirapine.

2. A method of assessing the risk of a patient for developing a
cutanoeus adverse reaction to non-nucleocside reverse transcriptase
inhibitor such as nevirapine by using CD4 count, drug allergy
history and/or polymorphisms in CCHCR1 gene wherein the
presence of polymorphisms in CCHCR1 gene are indicative of a risk

for a cutaneous adverse drug reaction to nevirapine.

3. The method of claim 1-2 wherein the cutaneous adverse reaction
is comprising of maculopapular, erythema multiforme (EMj, urticaria
angioedema, fixed drug eruption, Steven Jonhson’s syndrome (SJS}

or Toxic Epidermal Necrosis (TEN]).
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4 . The method of any of claims 1;3 wherein the presence of the
HLA-B*3505 allele and/or any markers in linkage disequilibrium
w1th HLA-B*SS_OS allele using for indicative of a risk for a cutaneous
adverse drug reactién to non nucleoside reverse transcriptase
mhibitor comprising of wherein the presence of maculopapular,
erythema multiforme (EM), urticaria angioedema, fixed drug eruption,

Steven Jonhson’s syndrome (SJS) or Toxic Epidermal Necrosis (TEN).

5..The method of any of claims 2-3 wherein the presence of tﬁe
polymorphisms in CCHCRI1 gene and/or any markers in linkage
disequilibrium with CCHCR1 gene using for indicative of a risk for a
cutaneous adverse drug reaction to non nucleoside reverse
transcriptase inhibitor comprising of wherein the presence of
maculopapular, erythema multiforme (EM), urticaria angioedema,
fixed drug eruption, Steven Jonhson’s syndrome (SJS) or Toxic

Epidermal Necrosis (TEN}.

6. A method of assessing the risk of a patient for developing a
cutanoeus adverse reaction to non-nucleoside reverse transcriptase
inhibitor such as nevirapine by using CD4 count, drug allergy

history and/or polymorphisms in TCF19 gene wherein the presence
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of polymorphisms in TCF19 gene are indicative of a risk for a

cutaneous adverse drug reaction to nevirapine.

7. The method of claim 6 wherein the presence of the polymorphisms
in TCF19 gene and/or any markers in linkage disequilibrium with
TCF19 gene using for indicative of a risk for a cutaneous adverse
drug reaction to non nucleoside reverse transcriptase inhibitor
comprising of wherein the presence of maculopapular, erythema

multiforme (EM), urticaria angioedema, fixed drug eruption, Steven

‘Jonhson’s syndrome (SJS) or Toxic Epidermal Necrosis (TEN).

8 . A method of assessing the risk of é patient for developing a
cutanoeus adverse reaction to non-nucleoside reverse transcriptase
inhibitor such as nevirapine by using CD4 count, drug allergy
history and/or polymorphisms in POLR3G gene wherein the
presence of polymorphisms in POLR3G gene are indicative of a risk

for a cutaneous adverse drug reaction to nevirapine.

9. The method of claim 8 wherein the presence of the polymorphisms
in POLR3G gene and/or any markers in linkage disequilibrium with

POLR3G gene using for indicative of a risk for a cutaneous adverse
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drug reaction to non nucleoside reverse transcriptase inhibitor
comprising of wherein the presence of maculopapular, erythema
multiforme (EM), urticaria angicedema, fixed drug eruption, Steven

Jonhson’s syndrome (SJS) or Toxic Epidermal Necrosis (TEN).

10. The method of any of claims 1,3,4 wherein the presence of the
HLA-B*3505 allele can be determined by using an oligonucleotide

that specifically hybridizes with the nucleic acid coding for the allele.

11. The method of any of claims 1,3,4 wherein the presence of the
HLA-B*3505 allele can be determined by using an oligonucleotide
that specifically hybridizes with the nucleic acid coding for the

markers in linkage disequilibrium with HLA-B*3505 allele.

12. The method of any of claims 2,3,5,6,7,8,9 wherein the presence
of the polymorphisms in CCHCR1 , TCF19, POLR3G gene can be
determined by using an oligonucleotide that specifically hybridizes

with the nucleic acid coding for the polymorphisms.
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13. The method of any of claims 2,3,5,6,7,8,9 wherein the presence

of the polymorphisms in CCHCR1 , TCF19, POLR3G gene can be

determined by using an oligonucleotide that specifically hybridizes
with the nucleic acid coding for the markers in linkage

disequilibrium with CCHCRI1 , TCFIQ, POLR3G gene.

14. The method of any of claims 1-9 wherein the presence of the
allele is determinded by using DNA prepared from the peripheral

bloed of the patient.

15. The method of any of claims 1-9 wherein the presence of the
aliele is determinded by using RNA, protein, cells or any
biomolecular products prepared from the peripheral blood of the

patient.

16. The method of any of claims 1-3 wherein the presence of non
nucleoside reverse transcriptase inhibitors is comprised of

nevirapine, efavirenz and delavirdine.
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17. The method of any of claims 1,3,4,10,11 wherein the presence of
the HLA-B*3505 allele is determined by assaying for any of genetic
marker selected from this allele include, without being limited to-

rs1140412, rs4997054, rs9461684, rs3179865 and rs707912 as a

proxy to determination of HLA-B*3505.

18. The method of any of claims 1,3,4,10,11,17 wherein the presence
of the HLA;B*SSOS allele is determined by assaying for an equivalent
genetic marker of the alleie halotype include, without being limited to
rs1140412, rs4997054, rs9461684, rs3179865 and rs707912. The
marker in the allele halotype may associated with the cutaneous
adverse drug reaction to non nucleoside reverse. transcriptase

inhibitor.

19. The method of any of claims 2, 3, 5, 6, 7, 8, 9, 12, 13 wherein
the presence of the polymorphism in CCHCR1, TCF19, POLR3G gene
is determined by assaying for any of genetic marker selected from
these polymorphis.ms'include, without being limited to rs?4664’f‘,
rsl265112, rs9461684, rs130072, rs2073724, rs6545803,
rs2562519, rsl1265111, rs2517985, rsl265114, rs1265069,
rs1265067, rs746646, rs1265076, rs1265078, rs1265079, rs1576,

rs2523833, rs2523834 and rs1265087.
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20. The method of any of claims 2, 3, 5, 6, 7, 8, 9, 12, 13, 19
wherein the presence of the polymorphism in CCHCRI, TCF19,
POLR3G gene is determined by assaying for an equivalent genetic
markef of the polymorphisms haplotype include, without being
limited to rs746647, rs1265112, r39461684; rs130072, rs2073724,
rs6545803, rs2562519, rsl265111, 1rs2317985, 181265114,
rs1265069, rsl265067, 1rs746646, 181265076, 1'31265078;
rs1265079, rs1576, rs2523833, rs2523834 and rs1265087. The
marker in the polymorphism halotype may associated with the
cutaneous .adverse drug reaction to non nucleoside reverse

transcriptase inhibitor.



