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Drug hypersensitivity reactions (DHRs) are type B adverse drug reactions (ADRs) and
comprise about 15% of all ADRs. They are mediated by an immunological mechanism
and are currently unpredictable and heterogeneous.” DHRs can be life-threatening,
therefore, the development of a biomarker that can predict drug hypersensitivity is very
important and genetic biomarkers that predict DHRs are the most studied to date.
Several reports indicate that certain HLA types in certain races are associated with DHRs.?
However, their genetic biomarkers have been studied mostly in association with specific
drugs and specific races. The highly consistent genetic biomarkers that can predict DHRs

regardless specific drug, and type of reaction can be used to predict and prevent DHRs.



Journal Pre-proof

4

In this study, we aimed to identify common genetic biomarkers to predict DHRs by

including a cohort of patients with DHRs using GWAS.

We recruited 378 patients reporting DHRs who visited the Asan Medical Center from 2012
to 2017. Patients reporting DHRs were evaluated by allergist and after that, they were
categorized by certain or probable according to WHO-UMC causality analysis system. The
study was approved by the Institutional Review Board of Asan Medical Center (2011-0939).
Blood samples were collected from each subject and genotyped using the K-CHIP
(http://kogo.or.kr). Data from the Severance Hospital Health Examination Center (SHHC) in
Korea were used as the control group data (N=3,780) and genotyped using the K-CHIP. The
SNP genotype was called by using the K-medoids clustering-based calling approach to
minimize the batch effect.® The EIGENSTRAT approach was applied to pooled data and
principal component score (PC score) was calculated between the control group and the
patient group (to match subjects with similar genetic information); a total of 10 controls per

patient were matched with similar scores.*

Then, the genotyping analysis was replicated with an additional 185 patients with DHRs.
These patients were genotyped using an Axiom Asian chip (Affymetrix). The control subjects
were enrolled at the SHHC (N=2,312) and genotyped using a K-CHIP. We pooled all the data
and performed a target imputation. We evaluated the quality of SNPs and subjects. We
excluded SNPs for which the P-values for the Hardy-Weinberg equilibrium (HWE) test were
less than 1 x 10, minor allele frequencies (MAFs) were less than 0.05, or genotype call

rates were less than 0.95. GWAS with discovery data was conducted using generalized
logistic regression (GLR). Age and sex were included as covariates. In addition, the LR

model was used to predict binary responses (control vs. DHR). Both GLR and LR were
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applied using the R statistical software (www.r-project.org). We imputed SNPs located
within + 5,000 base pairs using the Sanger Imputation Service
(https://imputation.sanger.ac.uk). The mean age of DHR patients was 42.03 + 14.82 years,
and 247 patients accounted for female gender. Of these, 295 cases had immediate
hypersensitivity reactions and 83 had delayed reactions. The most common causative drugs
that triggered immediate hypersensitivity were NSAIDs followed by antibiotics. In the
delayed reaction group, antibiotics were the most common followed by anticonvulsants. The
mean age of control group was 43.07 + 9.85 years and a total of 1236 patients accounted for
female gender. In the replication analysis, the mean age was 50.38 + 16.58 years, and 105
females were included. 80 patients had immediate reactions, whereas 105 patients had
delayed reactions. The control group comprised total of 921 females, and the mean age was
46.96 + 10.72 (Table 1). In the replication group, NSAIDs were the most common causative
drugs followed by antibiotics. A total of 265,878 SNPs were passed through quality control
(call rate > 98%, MAF > 0.05). First, we analyzed the relationship between the two groups of
DHRs (immediate and delayed reactions). Only one SNP is close to the genome-wide
significance level (rs35372932, p=7.99E-08), which is an upstream region of the HLA-DRB1
gene on chromosome 6 (Table 1). Second, we divided the immediate and delayed reactions
independently and repeated the analysis. A total of five genome-wide significant SNPs
(rs11206477, rs62225078, rs73202933, rs72622187, and rs139141104) were compared
between the delayed hypersensitivity and control groups. Among them, the significant SNP
rs139141104 is an intron region of the MUC22 gene on chromosome 6 (Table 1). We
performed a replication analysis using target imputation. Of the SNPs identified as significant
in discovery data analysis, only rs35372932, which is an upstream region of HLA-DRB1 on

chromosome 6 (p=0.008, Table 1), was found to be statistically significant.
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In this study, we identified rs35372932 SNPs related to DHRSs, which are common markers
not limited to a specific drug hypersensitivity phenotype or a causative drug. The rs35372932
SNP was associated with HLA-DRB1. In many studies so far, HLA-DRB1 has been
reported in relation to drug hypersensitivity; for example, HLA-DRB1*0101 is associated
with nevirapine hypersensitivity reaction.” In addition, HLA-DRB1*1302 is related to
aspirin-induced urticaria/angioedema in a Korean population.® HLA-DRB1 polymorphism
has been reported to be associated with various autoimmune diseases, in addition, viral or
bacterial infection is known as one of the trigger factors, and polymorphisms that occur in
response to these infections lead to unexpected reactions.’ Similarly, viral infection could be
a trigger factor for hypersensitivity reactions in drug-induced hypersensitivity syndrome.?
Some cases have shown similar clinical features, and autoimmune diseases have been
reported to be closely related to DHRs.® In this study, total of 5 out of all patient groups
exhibited autoimmune disease. This study has several limitations. First, the sample size is
relatively small. Second, it was not possible to conduct a functional study. Finally,
Correlations between phenotypes and genotypes of HSR have not been clearly defined.
Nevertheless, this study could provide important clues regarding the immune mechanisms of
DHRs that have not yet been clearly elucidated. If possible, functional research studies with
other groups shiould be conducted in the future. Unlike previous studies, we report the
associated genes that may be involved in DHR, in general, and is not limited to DHR specific
to race, drug type, or ethnicity, and this may have great significance in the clinical field in the

efficient diagnosis and prediction of DHRs.
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Table 1. Demographic information and genome-wide significant SNPs with discovery
and replication analysis

Discovery analysis

Age, o Immediate Delayed reaction,
years Female,N(%) reaction, N(%0o) N(%)

Drug 0

hypersensitivity 4203+ 1247 (65.34 %) 295 (78.04%) 83 (21.96%)

14.82 78.04%
(N=378) (78.04%)
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~ 43.07 +[1,236
Control (N=3,780) 9.85 (32.70 %)
Significant SNPs with discovery data
Logistic regression Generalized logistic Generalized logistic
(Control vs ADR regression regression
Ch SNP N (Immediate (Control vs (Control vs AIC
r t +Delayed)) Immediate) Delayed)
OR B
[95% Cl] P-value B P-value [95% Cl] P-value
325972 1.77 7.99x1
6 rs35372932 08 [144,2.18] 0® - - - - 2361.1
rs13914110310212 \-04
6 - - -0.80 0.0189 [-1.30,- 2.90x10°® 2723.73
4 44
2.77]
SNP information with discovery data
Minor allele frequency
K
or
A ea Mis
C It " EastAsian H Rs Gen sin
h  SNP Nt / A SO mme DO T population W otyp g Gene
ntro . aye er q
r R | | diate q en from E e Rat
ef ce gnomAD e
da
tas
et
rs3537 3259 TN 0.2 0.4 0 0.9 geno HLA-
2032 7208 2 g 03 o 2 0.29 1 type O Dbre1
cC 9 7
G 0. 03 09 .
rs1391 3102 0.0 0.0 impu MUC
/0 0.08 - 0.008 28 97 0
41104 1244 A9 9 5 7 ) ted 22
Replication analysis
Age, o Immediate Delayed reaction,
years Female,N(%6) reaction, N(%o) N(%)
Drug iggg *1 102 (55.14 %) | 105 (56.76 %) 80 (43.24 %)
hypersensitivity '
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(N=185)
Control (N=2,312) | 4096 * 1951 (39.84 %)
10.72
Significant SNPs with discovery data
Logistic regression Generalized Logistic Generalized
(Control vs ADR logistic regression regression logistic regression
- SNP N (immediate (Control vs (Immediate vs (Control vs
-nr t +delayed)) Immediate) Delayed) delayed)
B i P- P- B P-
[esoscyy - vale B value P value [950%CI] value
0.32 - -
6 rs35372932 32597208 [0.19,0.45] 0.008 - - - -
-0.16
6 rs139141104 31021244 - - -0.32 0.5158 -0.70  0.4282 [- 0.6512
0.57,0.25]
NP information with replication data
Alt Minor allele frequency o
hr SNP Nt Missing
t
/Ref All Control lmmediate Delayed Rate > genotype
6  rs35372932 32597208 T/C 0.25 0.2469 0. 3143 0.3038 0.4897 0.0008 - genotyped
6 rs139141104 31021244 G/A  0.05386  0.05277  0.09048 0.0375 0.4331 0 0.966 imputed

Chr: Chromosome; Nt:‘Nucleotide; Alt: alternative allele; Ref: Reference allele; HWE: Hardy-
Weinberg equilibrium;



