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Allopurinol, a commonly prescribed medication for gout and hy-
peruricemia, is a frequent cause of severe cutaneous adverse
reactions (SCAR), which include the drug hypersensitivity syn-
drome, Stevens—Johnson syndrome, and toxic epidermal necroly-
sis. The adverse events are unpredictable and carry significant
morbidity and mortality. To identify genetic markers for allopuri-
nol-SCAR, we carried out a case-control association study. We
enrolled 51 patients with allopurinol-SCAR and 228 control indi-
viduals (135 allopurinol-tolerant subjects and 93 healthy subjects
from the general population), and genotyped for 823 SNPs in genes
related to drug metabolism and immune response. The initial
screen revealed strong association between allopurinol-SCAR and
SNPs in the MHC region, including BAT3 (encoding HLA-B associ-
ated transcript 3), MSH5 (mutS homolog 5), and MICB (MHC class
| polypeptide-related sequence B) (P < 10~7). We then determined
the alleles of HLA loci A, B, C, and DRB1. The HLA-B*5801 allele was
present in all (100%) 51 patients with allopurinol-SCAR, but only
in 20 (15%) of 135 tolerant patients [odds ratio 580.3 (95%
confidence interval, 34.4-9780.9); corrected P value = 4.7 x 10-24]
and in 19 (20%) of 93 of healthy subjects [393.51 (23.23-6665.26);
corrected Pvalue = 8.1 x 10~ '8]. HLA alleles A*3303, Cw*0302, and
DRB1*0301 were in linkage disequilibrium and formed an ex-
tended haplotype with HLA-B*5801. Our results indicated that
allopurinol-SCAR is strongly associated with a genetic predisposi-
tion in Han Chinese. In particular, HLA-B*5801 allele is an important
genetic risk factor for this life-threatening condition.

adverse drug reactions | genetic polymorphism | Stevens-Johnson
syndrome | toxic epidermal necrolysis | pharmacogenetics

llopurinol is widely used for hyperuricemia-related diseases,

such as gout, Lesch-Nyhan syndrome, and recurrent urate
kidney stones (1). Although alternative uric-acid lowering
agents, such as probenecid and sulfinpyrazone, are available at
the present time, allopurinol is still the most frequently used
antihyperuricemic agent because of its convenient once-daily
regimen and its advantages to treat both urate overproduction
and urate underexcretion (2). However, allopurinol is also one
of the most frequent causes of adverse drug reactions, account-
ing for 5% of all cases of severe cutaneous adverse reactions
(SCARs) (3).

Allopurinol-SCAR includes drug hypersensitivity syndrome
(HSS), Stevens—Johnson syndrome (SJS), and toxic epidermal
necrolysis (TEN). Even though rare, the mortality rate can be as
high as 26% (4, 5). SJS/TEN is characterized by a rapidly
developing blistering exanthema of macules and target-like
lesions accompanied by mucosal involvement and skin detach-
ment. HSS has systemic manifestations with multiorgan involve-
ment, in addition to the exanthema (5). Currently, there are no
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tests that can be used to predict who will develop SCAR from
allopurinol.

The manifestations of these serious, life-threatening reactions
are likely to be immune-mediated, because rechallenging with
the same drug typically shortens the incubation period and
results in more severe manifestations. There is also evidence
supporting that the pathogenesis of SCAR involves MHC-
restricted presentation of drug or drug metabolites for T cell
activation (6). Furthermore, cell-mediated immunity to allopuri-
nol and its metabolite, oxypurinol, has been demonstrated in
immunohistochemistry studies and in vitro lymphocyte stimula-
tion (7).

Susceptibility to such idiosyncratic reactions is thought to be
genetically determined, and familial predisposition to allopuri-
nol hypersensitivity has been reported (8). However, the respon-
sible genetic factors for allopurinol-SCAR have yet to be
identified. As genetic factors influencing immune response and
drug metabolism may be involved in the pathogenesis of the
severe cutaneous adverse reactions, we hypothesize that the
genetic polymorphisms of these genes might confer the suscep-
tibility of adverse events. We aimed in this study to identify
genetic markers for allopurinol-SCAR.

Methods

Patients and Control Subjects Recruitment. From 1996 to 2004, 93
individuals who fulfilled the diagnostic criteria of SIS, TEN, or
HSS induced by allopurinol were identified in Chang Gung
Memorial Hospital (CGMH) Health System, National Taiwan
University Hospital, Taipei Medical University Hospital, and
Taichung Veterans General Hospital in Taiwan. Among them,
51 patients agreed to participate in the study. All patients were
assessed by two dermatologists, who reviewed photographs,
pathological slides, and medical records. The diagnostic criteria
of SJS/TEN were based on the clinical morphology defined by
Roujeau (9). We define SJS as skin detachment of <10% of
body-surface area, overlap SIS/TEN as skin detachment of
10-30%, and TEN as >30%. The criteria for HSS were cuta-
neous rash (e.g., diffuse macuopapular, exfoliative dermatitis),
plus two of the following symptoms: eosinophilia, atypical
circulating lymphocytes, leukocytosis, acute hepatocellular in-
jury, or worsening renal function (5). In all enrolled cases,
allopurinol was regarded as the offending drug if the onset of
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SCAR symptoms occurred within first 3 months of allopurinol
exposure and the symptoms resolved upon withdrawal of the
drug. Patients with an absence of symptoms after reexposure to
allopurinol and patients with milder skin eruption that did not
meet the criteria of HSS, SJS, and TEN were excluded.

Two control groups were used in this study. The first control
group was the 135 consecutive patients who received allopuri-
nol for at least 6 months without evidence of adverse reactions.
These allopurinol-tolerant patients were recruited from the
Rheumatology Clinic of the same regional hospitals where
allopurinol-SCAR patients were recruited. The second con-
trol group consisted of 93 healthy subjects randomly selected
from a biobank under a nationwide population study, in which
3,312 Han Chinese descendants were recruited based on the
geographic distribution across Taiwan. There was no self-
report of adverse events by any of these 93 subjects. All
participants were unrelated Han Chinese residing in Taiwan.
There was no difference in the ethnic background among the
SCAR patients, tolerant controls, and healthy subjects. The
Han Chinese forms the largest ethnic group in Taiwan, making
up ~98% of the population. None of the participants were
aboriginal Taiwanese, which account for the remaining 2% of
the Taiwan’s population.

The study was approved by the institutional review board, and
informed consent was obtained from all of the participants.

SNP Genotyping. A total of 823 SNPs were selected from the
National Center for Biotechnology Information’s SNP database for
genotyping (dbSNP build 118) (10). These included 197 SNPs from
4 Mb of the MHC region on chromosome 6p21.3 (11) and 626 SNPs
selected from genes encoding immune-related molecules and drug
metabolizing enzymes (for SNP ID, gene symbol, and chromosome
position, see Table 4, which is published as supporting information
on the PNAS web site). The 197 SNPs selected in the MHC region
included all 201 SNPs reported by Walsh et al. (11), except for the
four SNPs that failed to be genotyped (rs1264314, rs1264440,
11755038, and rs589428). The other 626 SNPs included genes of
apoptosis-related molecules (death-associated proteins, caspases),
immune mediators (complement components, immune cell recep-
tors, cytokines), and drug transporters (ATP-binding cassettes). We
specifically included genes involved in allopurinol metabolism,
which included xanthine oxidase (43 SNPs), aldehyde oxidase (24
SNPs), purine nucleoside phosphorylase, and hypoxanthine phos-
phoribosyl transferase.

Genomic DNA was isolated by using PUREGENE DNA
purification system (Gentra Systems). SNP genotyping was
performed by using high-throughput MALDI-TOF mass spec-
trometry. Briefly, primers and probes were designed by using
SpectroDESIGNER software (Sequenom, San Diego). Multi-
plex PCRs were performed, and unincorporated dNTPs were
dephosphorylated by using shrimp alkaline phosphatase (Hoff-
man-LaRoche, Basel) followed by primer extension. The puri-
fied primer extension reaction was spotted onto a 384-element
silicon chip (SpectroCHIP, Sequenom) and analyzed in the
Bruker Biflex III MALDI-TOF SpectroREADER mass spec-
trometer (Sequenom), and the resulting spectra processed with
SpectroTYPER (Sequenom).

HLA Genotyping. HLA alleles A, B, C, and DRBI, were determined
by sequence-specific oligonucleotide reverse lineblot (Dynal, Brom-
borough, U.K.) (12). Potential ambiguities were resolved by se-
quencing-based typing (13). The primers used for HLA-B allele
typing were: Binl-TA-M13F, 5'-TGTAAAACGACGGCCAGT-
GGCGGGGGCGCAGGACCTGA-3" (forward); Binl-CG-
M13F, 5'-TGTAAAACGACGGCCAGTCGGGGGCGCA-
GGACCCGG-3' (forward); and Bin3-M13R, 5'-CAGGAAA-
CAGCTATGACCGGAGGCCATCCCCGGCGACCTAT-3".
Primers for HLA-A allele typing were: Ainl-A-M13F,
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5'-TGTAAAACGACGGCCAGTGGGGCGCARGACCCG-
GGA-3' (forward); Ainl-G-M13F, 5'-TGTAAAACGACGGC-
CAGTGGGCGCAGGACCGGGG-3' (forward); Ainl-T-M13F,
5'-TGTAAAACGACGGCCAGTGGGRCGCAGGACCC-
GGGT-3' (forward); and Ain3-62-M13R, 5'-CAGGAAACAGC-
TATGACCGTCCCAATTGTCTCCCCTCCTT-3" (reverse).
Primers for HLA-C allele typing were: 5CInl-61, 5'-AGCGAG-
GKGCCCGCCCGGCGA-3" (forward); and 3BCIn3-12, 5'-
GGAGATGGGGAAGGCTCCCCACT-3' (reverse). The DRB1
alleles are separated into eight groups, DR1, DR2, DR3/11/6,
DR4, DR7,DR8/12, DRY, and DR10, for sequencing-based typing
as described (14). The PCR was set up in a volume of 16 ul,
containing 50-100 ng of genomic DNA, 1X PCR buffer [16 mM
(NH4),S04/67 mM TrissHCI, pH 8.8/0.01% Tween 20], 2.5 mM
MgCl,, 200 uM each of ANTP, 5% DMSO, 0.02 mg/ml cresol red,
and 0. 5 units of EuroTaq polymerase (Euroclone, Spa, Milan).
Cycling was carried out by using the described sequencing-based
typing protocol (13, 14).

Statistical Analysis. Categorical data were compared between
groups with use of Fisher’s exact tests, and continuous data
(presented as median, with range given in parentheses) were
compared with use of ¢ tests. All P values were two-tailed; a P
value of <0.05 was considered to indicate statistical signifi-
cance. Allelic association screen was carried out by the Co-
chran-Armitage Trend test for each SNP (15). Odds ratios
were calculated with Haldane’s modification, which adds 0.5 to
all cells to accommodate possible zero counts (16). The
corrected P (Pc) values were adjusted by using Bonferroni’s
correction for multiple comparisons to account for the ob-
served alleles (17 for HLA-A, 40 for HLA-B, 19 for HLA-C,
and 30 for HLA-DRBI1). Therefore, the Pc values were
multiplied by a factor of 387,600.

Results

Characteristics of Patients and Controls. The clinical manifesta-
tions of the 51 patients with allopurinol-SCAR, which in-
cluded SJS (13 cases), SJS/TEN (5 cases), TEN (3 cases), and
HSS (30 cases), are summarized in Table 1. The onset of
symptoms for all patients was within the first 3 months of
allopurinol exposure, and three patients had a second attack
within 2 days of reexposure (Table 1). Twenty-one patients
received multiple drugs in addition to the allopurinol, but their
medical records revealed no adverse drug reactions when these
concomitant medications were taken without allopurinol. All
patients received allopurinol because of hyperuricemia with or
without gouty arthritis (Table 2).

A total of 135 hyperuricemia/gouty arthritis patients who had
been on allopurinol for at least 6 months (median, 22 months;
range, 6—107 months) with no evidence of adverse events were
used as the allopurinol-tolerant control. The sex distribution of
the tolerant group is comparable to the general prevalence of
gout with a male/female ratio ranging from 7:1 to 9:1 (17), but
differed from the allopurinol-SCAR group. The difference can
be explained by the fact that there were fewer patients with gouty
arthritis in the SCAR group than those in the tolerant group.
Chronic renal insufficiency, hypertension, diabetes, liver disease,
coronary artery disease, congestive heart failure, systemic lupus
erythematous, and asthma were present in both allopurinol-
SCAR and tolerant patients. The frequencies of diseases were
not significantly different in the two groups except for chronic
renal insufficiency, which was seen more frequently in the
allopurinol-SCAR group (P < 0.0001; Table 2). The presence of
chronic renal insufficiency increased the risk for allopurinol-
SCAR [odds ratio, 4.7; 95% confidence interval (CI), 2.3-9.3].
The frequencies of patients taking thiazide diuretics were not
significantly different in the two groups, although concomitant
use of the thiazide has been reported to be a risk factor for
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Table 1. Clinical characteristics of patients with allopurinol-induced SCAR

Dose,
mg/d/ Exanthema
duration of % /blister or

Patient drug detachment,t Mucous membrane
no. Age/sex Phenotype exposure, days % erosions, number:site Systemic manifestations
1 80/F SJS 100/33 31-50/2 (+) 2: Oral, eyes None
2 47/F  HSS 100/23 31-50/0 (+) 2: Oral, eyes Fever, LFl, worsening RF
3 60/F SJS 100/14 31-50/5 (+) 2: Oral, eyes Fever, worsening RF, leukocytosis, atypical lymphocytosis$
4 25/M SIS 200/24 51-70/5 (+) 1: Oral Fever, LFI, leukocytosis, eosinophilia
5 50/F HSS 300/33 51-70/0 (+) 1: Oral Fever, LFl, eosinophilia
6 74/F HSS 100/22 31-50/0 (+) 2: Oral, eyes Fever, worsening RF, eosinophilia, atypical lymphocytosis
7 78/M  HSS NA/21 71-90/0 (-) Worsening RF, eosinophilia
8 37/F SJS/TEN 100/38 51-70/10 (+) 3: Oral, eyes, genital Fever, LFl, leukocytosis, eosinophilia
9 18/F HSS 200/21 51-70/0 (-) LFI, worsening RF, leukocytosis, eosinophilia
10 63/F SJS 200/37 51-70/5 (+) 2: Oral, genital LFI, worsening RF, eosinophilia
11 55/F HSS 100/35 51-70/0 (=) Fever, LFl, leukocytosis
12 70/F HSS NA/56 31-50/0 (+) 2: Oral, eyes Fever, LFI, leukocytosis, eosinophilia
13 52/F SIS 100/35 51-70/5 (+) 3: Oral, eyes, genital Fever, LFl, eosinophilia
14 29/F SJS NA/28 51-70/5 (+) 2: Oral, eyes None
15 73/M SIS 200/30 51-70/1 (+) 3: Oral, eyes, genital Fever
16 78/M SIS 100/1* 51-70/1 (+) 1: Oral Worsening RF, eosinophilia
17 70/M  SJS/TEN NA/27 51-70/10  (+) 2: Oral, eyes Fever
18 69/F HSS 100/53 31-50/0 (+) 1: Oral LFI, worsening RF, eosinophilia
19 91/F TEN 100/26 71-90/30 (+) 2: Oral, eyes Atypical lymphocytosis
208 60/M SJS/TEN 200/21 51-70/15 (+) 2: Oral, eyes Fever, LFl, worsening RF, eosinophilia
21 77/F SIS NA/14 51-70/5 (+) 2: Oral, genital Worsening RF
22 62/F HSS 100/38 51-70/0 (+) 2: Oral, eyes Fever, LFl, worsening RF
23 41/M  HSS 200/32 51-70/0 (+) 1: Oral LFI, leukocytosis
24 72/F HSS 100/45 >90/0 (+) 2: Oral, eyes Fever, LFI, worsening RF
25 51/M SIS 200/2* 51-70/5 (+) 3: Oral, eyes, genital None
26 35/M  HSS NA/30 31-50/0 (-) Fever, leukocytosis, eosinophilia
27 65/F HSS 300/49 51-70/0 (=) Leukocytosis, eosinophilia
288 54/F SIS 100/14 51-70/3 (+) 2: Oral, eyes Fever, worsening RF, eosinophilia
29 51/M SIS NA/21 51-70/5 (+) 1: Oral Fever, LFI, atypical lymphocytosis
30 52/F HSS NA/45 51-70/0 (+) 1: Oral Fever, LFl, leukocytosis, severe myositis
31 50/M HSS 50/15 31-50/0 (-) LFI, worsening RF
32 80/M SIS NA/12 31-50/5 (+) 2: Oral, genital None
33 80/M HSS 100/21 31-50/0 (-) LFI, worsening RF, leukocytosis, eosinophilia
34 70/M  HSS 50/18 31-50/0 (=) LFI, leukocytosis, eosinophilia, atypical lymphocytosis
35 52/M  HSS 100/7 71-90/0 (=) Leukocytosis, eosinophilia
36 63/M  HSS 100/52 31-50/0 (-) LFI, eosinophilia
37 67/F HSS 100/21 51-70/0 (-) Fever, worsening RF, eosinophilia
38 55/M  HSS 100/14 51-70/0 (=) Fever, worsening RF, eosinophilia
395 66/F TEN 100/23 71-90/30 (+) 3: Oral, eyes, genital Leukopenia
40 62/M  HSS 300/30 71-90/0 (-) LFI, worsening RF, eosinophilia
41 73/F HSS 100/39 71-90/0 (+) 2: Oral, eyes Fever, worsening RF, eosinophilia
42 84/M  HSS 100/30 51-70/0 (=) Worsening RF, eosinophilia
43 24/M  HSS NA/28 51-70/0 (-) Fever, worsening RF, eosinophilia
445 78/F HSS 100/30 71-90/0 (+) 1: Oral Fever, worsening RF, eosinophilia, leukocytosis
45 69/F HSS 100/26 51-70/0 (-) Worsening RF, leukocytosis, eosinophilia
46 73/M  SIS/TEN 100/1* 51-70/10 (+) 3: Oral, eyes, genital LFIl, worsening RF
475 73/F  HSS 100/30 71-90/0 (+) 1: Oral Fever, LFl, worsening RF, leukocytosis, eosinophilia
48 70/F SJS/TEN 200/12 51-70/15 (+) 2: Oral, eyes Fever, leukocytosis
49 70/M  HSS 100/20 51-70/0 (+) 3: Oral, eyes, genital LFIl, worsening RF, eosinophilia, atypical lymphocytosis
50 71/M  TEN 100/26 71-90/30 (+) 1: Oral Fever, LFl, worsening RF
51 71/M  HSS 100/7 51-70/0 (+) 1: Oral Fever, LFl, worsening RF, eosinophilia

See Methods for the diagnostic criteria. NA, data not available; RF, renal function; LFl, liver function impairment; M, male; F, female.
TExanthema, erythematous or purpuric macules/papules; blister or detachment, extent of blisters or epidermal detachment; both exanthema and blister/
detachment were expressed as % of total body surface area.
*Second attack on reexposure.
SCases deceased.

allopurinol-SCAR (18). In addition to the tolerant control  Association Screen for Candidate Gene SNPs. We initially screened
group, 93 subjects who were randomly selected from the general 30 patients with allopurinol-SCAR and 60 tolerant subjects for
population of Taiwan were served as an additional control. SNP association. Of the total of 823 SNPs screened (197 SNPs
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Table 2. Demographic variables, dosage and duration of allopurinol, and clinical characteristics

in allopurinol-SCAR patients and tolerant patients
Allopurinol-SCAR

Allopurinol tolerant

(n =51) (n = 135) P value*
Characteristic
Median age (range), yr 66 (18-91) 56 (21-84) 0.0821%
Sex, n (%) 6.6 X 10~"
Male 24 (47.1) 125 (92.6)
Female 27 (52.9) 10 (7.4)
Allopurinol exposure, median (range)
Dosage, mg/day 100 (50-300)* 150 (100-400) 0.0573%
Duration 26 (~1-56) days 22 (6-107) months <0.0001*
Use of thiazide diuretics, n (%) 2(5.49) 4 (2.9) 0.67
Underlying diseases, n (%)
Hyperuricemia 51 (100) 135 (100) -
Gouty arthritis 32 (62.7) 124 (91.9) 6.5 X 106
Chronic renal insufficiency$ 28 (54.9) 28 (20.7) 1.2 X105
Hypertension 25 (49) 79 (58.5) 0.2521
Diabetes 15 (29.4) 24 (17.8) 0.1057
Liver disease® 7(13.7) 22 (16.3) 0.8217
Coronary artery disease 8 (15.7) 9 (6.7) 0.0836
Congestive heart failure 4 (7.8) 5((3.7) 0.2608
Systemic lupus erythematosus 1(2) 1(1) 0.4743
Asthma 4 (7.8) 5(3.7) 0.2608

*Unless otherwise noted, Fisher's two-tailed exact tests were used for comparisons between groups.

Tt test was used.
*Data available on 41 patients.

SChronic renal insufficiency was defined as serum creatinine level = 1.7 mg/dl| for >6 months.

fLiver diseases included chronic hepatitis or liver cirrhosis.

in the MHC region and 626 SNPs of immune-related genes and
drug metabolizing genes), 29 SNPs in the MHC region were
found to have significant association (P < 0.01) with the
allopurinol-SCAR patients when compared to the tolerant
group (Fig. 1). In particular, three SNPs in the MHC class III
region have P values <1077 (—logo P value > 7, Fig. 1). These
SNPs were rs3117583 of BAT3 (encoding for HLA-B associated
transcript 3), rs1150793 of MSHS (encoding mutS homolog), and
1rs2855804 of MICB (encoding MHC class I polypeptide-related
sequence).

Outside the MHC region, only three SNPs showed potential
associations (P < 0.01). Two SNPs (rs2268791 and rs1594) were
located in the CASP8 and FADD-like apoptosis regulator
(CFLAR) gene on chromosome 2, and one SNP (rs2304224)
belongs to KIR2DL1 (a killer cell Ig-like receptor) gene on

chromosome 19. No other significant associations were found in
the other SNPs, including the SNPs of allopurinol drug metab-
olizing enzymes (see Table 4 for the P value of each SNP).

To replicate the initial screening results, we genotyped addi-
tional 21 patients with allopurinol-SCAR, 75 allopurinol-
tolerant controls, and 93 subjects from the general population
for all of the SNPs that had P values <0.01. We confirmed the
initial observation of the positive association of allopurinol-
SCAR with the MHC and CFLAR loci, but not with the KIR2D1
locus.

HLA Allele Frequency. Because the most significant association was
seen with the SNPs in the MHC region, we genotyped the
individual HLLA alleles. As shown in Table 3, alleles HLA-
A*3303, B*5801, Cw*0302, and DRB1*0301 occurred at signif-
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Fig. 1.

Screening of candidate SNPs for association with allopurinol-induced SCAR. On the x axis, 823 SNPs are ordered by their chromosome positions; 197 SNPs

in the MHC region are those numbered from 260 to 456. On the y axis, the —log1o P values were calculated by comparison of the genotype frequencies between

the allopurinol-SCAR patients and tolerant group.
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Table 3. Frequencies of individual or combined loci of HLA-B*5801 extended haplotype in patients with allopurinol-induced SCAR,

allopurinol tolerant control, and general population control

Allopurinol- Tolerant General
SCAR control population control

Genotype (n =51) (n=135) Oddsratio  Pcvalue* (n =93) Odds ratio Pc value*
B*5801 51 (100) 20 (15) 580.3 4.7 X 10724 19 (20) 3935 8.1 X 10718
Cw*0302 48 (94) 19 (14) 97.7 1.4 X101 19 (20) 62.3 2.5x 10713
A*3303 34 (67) 24 (18) 9.3 2.2 X104 20 (22) 7.3 4.7 X 1072
DRB1*0301 33 (65) 17 (13) 12.7 2.8 X 1076 14 (15) 10.3 8.5 X 1074
B*5801, Cw*0302 48 (94) 19 (14) 97.7 1.4 X101 19 (20) 62.3 2.6 X 10713
B*5801, Cw*0302, A*3303 34 (67) 17 (13) 13.9 5.4 %1077 16 (17) 9.6 1.7 X 1073
B*5801, Cw*0302, DRB1*0301 30 (59) 11 (8) 16.1 7.4 %1077 10 (11) 11.9 7.8 X 1074
B*5801, Cw*0302, A*3303, DRB1*0301 21 (41) 9(7) 9.8 0.039 9 (10) 6.5 >0.05

Numbers in parentheses indicate percentage.

*The Pc values were adjusted by using Bonferroni’s correction for multiple comparisons to account for the observed alleles.

icantly increased frequencies among the allopurinol-SCAR pa-
tients compared to the two control groups. In particular, the
HLA-B*5801 was present in all 51 (100%) patients with allo-
purinol-SCAR, but in only 15% (20 of 135) of the allopurinol-
tolerant group (odds ratio, 580.3; 95% CI, 34.4-9780.9; Pc =
4.7 X 1072%), and 20% (19 of 93) of the general population (odds
ratio 393.5; 95% CI, 23.2-6665.26; Pc = 8.1 X 107!8). This
association was only seen with allopurinol-SCAR and not with
the patients’ underlying diseases, such as gout, renal insuffi-
ciency, or autoimmune disease, etc. (data not shown).

Guided by five patients (nos. 5, 14, 18, 19, and 35) who were
homozygous for the HLA-B*5801 alleles, we analyzed the allele
distribution of the combined HLA loci and defined the extended
haplotype. The HLA-B*5801 extended haplotype was formed by
conserved alleles at closely linked loci as HLA-A*3303-
Cw*0302-B*5801-DRB1*0301. This extended haplotype was
present in 21 (41%) of the 51 patients with allopurinol-SCAR
(Table 3), 7% of the tolerant patients, and 10% of the healthy
subjects. This extended haplotype has been reported in Taiwan-
ese in a study of nasopharyngeal carcinoma (19).

Discussion

To our knowledge, this is the largest pharmacogenetic study of
allopurinol-SCAR. In this study, we identified a strong associ-
ation of the allele HLA-B*5801 with the susceptibility of allo-
purinol-induced HSS, SJS, and TEN in Han Chinese. In fact, the
association is 100% in that the HLA-B allele B*5801 was present
in all 51 patients with allopurinol-induced SCAR, with an odds
ratio exceeding that reported for the association between HLA-
B27 and ankylosing spondylitis (20, 21). Although other ethnic
allopurinol-SCAR patients were not available for our study, the
fact that HLA-B*5801 allele is also present in other populations
(7% in Africa, ~2-7% in Caucasian, and 8% in Asian Indian)
(22) suggests that this association may also exist in other ethnic
groups. However, as pharmacogenetic results can vary by the
study populations, it remains to be seen to what extent this study
applies to other populations.

A relation between allopurinol-SCAR and decreased creati-
nine clearance has been documented, and adjusting the dose of
allopurinol based on the creatinine clearance has been proposed
(23). Our data showed that patients with chronic renal insuffi-
ciency had an increased risk for allopurinol-SCAR (4.7-fold).
The drug-accumulation hypothesis has been proposed to explain
the association of renal insufficiency with allopurinol hypersen-
sitivity (5). However, adjusting allopurinol dosage has no sig-
nificant effect on reducing allopurinol hypersensitivity (24).
Moreover, lowering dosage may lead to inefficient reduction of
serum uric acid levels for effective control of gout (25). Our data
suggest that genotyping the B*5801 allele may provide a better

4138 | www.pnas.org/cgi/doi/10.1073/pnas.0409500102

guidance of avoiding allopurinol-induced SCAR in patients with
renal insufficiency than dosage adjusting.

Associations of particular HLA alleles with adverse events have
been reported in patients taking various drugs. For example,
HLA-A29, B12, and DR7 were found more frequently in sulfon-
amide-induced SJS; A2 and B12 were found more frequently in
NSAIDs-induced SJS (26, 27); HLA-B59 was found more fre-
quently in SJS with ocular involvement (28); and HLA-AW33 and
-B17/BW58 were found more frequently in allopurinol drug erup-
tion (29). However, none of the associations have a sufficiently high
predictive value that can be clinically useful for screening before
drugs are prescribed. The weak associations in the previous studies
could be due to differences in patient ascertainment and/or lack of
a precise genotyping method for HLA allele subtypes at that time.

We have recently reported a strong association of a specific
HLA-B allele (B*1502) in carbamazepine induced SJS (30).
Hypersensitivity to abacavir, a drug for AIDS, was reported to
be associated with another HLA-B allele (B*5701) and a hap-
lotypic Hsp70-Hom variant in the MHC region (31, 32). This
study, together with the previous reports, suggests that HLA-B
alleles and/or other genetic polymorphisms in the MHC region
might play a major role in the pathogenesis of immune-mediated
SCAR. A specific HLA-B molecule may function as antigenic
presentation of certain drug or its metabolite for HLA restricted
T cell activation. Further studies along these lines may increase
our understanding of the pathogenesis of these potentially
life-threatening clinical conditions.

Although all allopurinol-SCAR patients in our study carried at
least one HLA-B*5801 allele, there were tolerant patients who also
carried the allele. This finding suggests that HLA-B*5801 is nec-
essary but not sufficient for allopurinol-SCAR. There could be
other cofactors, such as renal insufficiency or virus infection, which
have been implicated to be risk factors for the development of
allopurinol-SCAR (5, 33). Our findings provided the evidence that
renal insufficiency is indeed a risk factor for allopurinol-SCAR.
Furthermore, other genes may also be involved in the mechanism
of pathogenesis, such as costimulatory molecules involved in the
interaction between antigen-presenting cells and T cell interaction.
The present study revealed that CFLAR, an apoptosis regulator,
could also be involved in allopurinol-SCAR (34-36).

In summary, we have shown that allopurinol-induced severe
cutaneous adverse reactions are associated with a strong genetic
predisposition. Genetic polymorphisms in the MHC region, par-
ticularly the HLA-B*5801 allele, is highly associated with individ-
uals who are at risk for allopurinol-induced HSS, SJS, or TEN.
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