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Immune-mediated adverse drug reactions

• ADRs a major health problem
– 6-7% hospitalizations

– 100,000 deaths/year in US

– Primary cause of drug withdrawal 
from market

– 20% of ADRs are immune-mediated 
with often greater health care cost

• Type 1 (Type A)
– Dose dependent, “predictable”

– Related to drug’s pharmacological 
action

• Type 2 (Type B - idiosyncratic)
– “unpredictable”

– inappropriate immuno-allergic 
reaction

Karnes et al. Annual Review of Pharmacology and Toxicology. 2019
Pavlos et al. Annu Rev Med 66:439-54



Severe immune-mediated adverse drug reactions

• Types of serious reactions: 
• usually delayed, T cell-mediated
• Stevens-Johnson syndrome (SJS)
• Toxic epidermal necrosis (TEN)
• Drug induced liver injury (DILI)
• Hypersensitivity syndromes (HSS)

• SJS/TEN
• Mortality rate up to 50%
• No treatment guideline, 

highlighting lack of evidence-based 
treatment

• HLA alleles can be used to predict 
severe IM-ADRs to certain anti-
epileptics, antibiotics, HAART, 
and other drugs 

Karnes et al. Annual Review of Pharmacology and Toxicology. 2019



NHGRI GWA Catalog
www.genome.gov/GWAStudies

Published Genome-Wide Associations through 12/2013
Published GWA at p≤5X10-8 for 17 trait categories



Key HLA-associated IM-ADRs

Karnes et al. Annual 
Review of Pharmacology 
and Toxicology. 2019



CPIC guidelines for IM-ADRs

Martin et al. Clin Pharm Ther (2012)
Phillips et al. Clin Pharm Ther (2018)
Caudle et al. Clin Pharm Ther (2014)
Hershfield et al. Clin Pharm Ther (2013)
Saito et al. Clin Pharm Ther (2015)
https://cpicpgx.org/guidelines/



Research Directions in Genetic Predispositions to Stevens–Johnson Syndrome / Toxic 
Epidermal Necrolysis

Clinical Pharmacology & Therapeutics
Volume 103, Issue 3, pages 390-394, 6 NOV 2017 DOI: 10.1002/cpt.890
http://onlinelibrary.wiley.com/doi/10.1002/cpt.890/full#cpt890-fig-0001

http://onlinelibrary.wiley.com/doi/10.1002/cpt.v103.3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/cpt.890/full#cpt890-fig-0001


HLA Imputation using GWAS data

software.broadinstitute.org



Karnes et al. Plos One. 2017

• Comparison of HLA imputation programs to sequenced HLA alleles in 
3,265 samples

• Overall concordance rates similar in Whites 
• 0.975 (SNP2HLA)
• 0.939 (HLA*IMP:02)
• 0.976 (HIBAG)

• Accuracy decreases with African ancestry, decreasing allele 
frequency, lower genomic coverage, limited reference panels



Vanderbilt BioVU



Phenome-wide association studies 
(PheWAS)

EHR resources such as BioVU



• Imputed HLA genomic variation from European 
ancestry individuals 

• 29,712 patients from BioVU

•Genotyped on the HumanExome BeadChip

• 2,061 HLA tag SNPs

•Tested association with 1,545 phenotypes

•Data for four and two digit HLA alleles and amino 
acid changing variants

PheWAS of HLA Variation

Karnes et al. Science Translational Medicine. 2017



• 66 four-digit HLA allele-phenotype associations significant in both 
discovery and replication cohorts

• Strongest HLA-DQB1*03:02 and type 1 diabetes (odds ratio 
4.31[3.57-5.19], p=4.50x10-53)

• 62 two-digit HLA allele-phenotype associations significant 

• HLA-DQA1*01 and T1D (OR 0.32 (0.26-0.39), p=8.19x10-32). 

• 1223 significant associations amino acid changing variants

• T1D and an alanine/valine substitution at position 57 of HLA-DQB1
(OR 0.20 [0.17-0.25], p=2.6x10-60) 

• Data replicate many known phenotypic associations

• Primarily autoimmune diseases

• Provide comprehensive, publicly-available catalog of clinical 
phenotypes associated HLA variation

HLA PheWAS Results

Karnes et al. Science Translational Medicine. 2017



PheWAS plot of 
four digit HLA 

allele 
associations

Karnes et al. Science Translational 
Medicine. 2017



Karnes et al. Science Translational Medicine. 2017



Network Diagram of four 
digit HLA allele 
associations

Karnes et al. Science Translational Medicine. 2017 Nat Genet. 2019 Mar;51(3):414-430

https://www.ncbi.nlm.nih.gov/pubmed/?term=Genetic+meta-analysis+of+diagnosed+Alzheimer%E2%80%99s+disease+identifies+new+risk+loci+and+implicates+A%CE%B2,+tau,+immunity+and+lipid+processing


Electronic Medical Records & Genomics (eMERGE) Network



HLA PheWAS in eMERGE

• PheWAS performed in 83,717 individuals with EMR 
data

• Adjusted for gender, site, PC, and PC2

• ~500,000 regressions in total

• 1,338 PheWAS Codes greater than 500 Cases

• 531 Significant PheWAS Codes

• lowest p-value: 7.3x10-52 for T1D with ophthalmic 
manifestations

• Led by Dr. Ian Byrell Stanaway, UW and Dr. Vivek 
Naranbhai, Massachusetts General Hospital, Harvard

Gene Alleles
HLA-A 40
HLA-B 92
HLA-C 31
HLA-DPB1 27
HLA-DQA1 16
HLA-DQB1 20
HLA-DRB1 50

Total 276



DRB1*03:01 DRB1*03:02 DQA1*05:01



B*35:01 and thyroiditis

B*27:05 and AS

B*15:01 and 
hypothyroidism

DQA1*03:03 and RA

DRB1*15:01 and MS



Stanaway IB, .... Crosslin DR. Genet Epidemiol. 2018 Oct 8.

Race and Ethnicity in eMERGE Network



HLA PheWAS in African Americans

• 14,662 African Americans

• 820 PheWAS codes greater than 

200 cases in African Americans

• 120 HLA alleles MAF >= 0.01

• 820 x 120 = 98,400 tests

• Significant Phecodes:
African 167
Asian 19
European 754

• Significant Regressions:
African 236
Asian 21
European 4480



DQA1*05:01

A*66:01



DRB1*01:03 and coagulation defects in pregnancy

DPB1*14:01 and GI 
anomalies

B*39:10 and thyroid 
cancer

B*27:05 and AS





All Females Males Interaction
HLA Allele Phenotype cases controls OR P OR P P

B*2705
Other inflammatory 
spondylopathies

223 23,403 1.60 0.082 8.12 3.4E-21 3.2E-06

DPB1*0301 Senile dementia 224 23,111 0.79 0.311 2.86 5.9E-06 1.0E-04
C*0702 Vitamin deficiency 1,966 21,062 1.04 0.572 0.67 8.3E-05 2.4E-04
B*0702 Vitamin deficiency 1,966 21,062 1.02 0.818 0.66 8.4E-05 4.6E-04

DQB1*0301
Congenital anomalies of 
urinary system 433 26,979 1.81 9.5E-05 0.88 0.364 5.6E-04

DRB1*0401
Noninfectious 
gastroenteritis 814 20,452 1.03 0.789 0.54 6.6E-05 9.9E-04

DQB1*0301
Genitourinary 
congenital anomalies 657 26,979 1.71 7.4E-05 1.00 0.966 1.7E-03

C*0602 Psoriasis 369 22,973 2.98 7.7E-14 1.44 0.049 2.0E-03

B*4002
Benign neoplasm of 
colon

1,719 24,588 0.70 0.258 2.13 5.3E-05 2.4E-03

DQB1*0202
Respiratory 
abnormalities 1,006 20,833 1.65 5.5E-06 1.03 0.822 2.7E-03

C*0602
Psoriasis and related 
disorders

384 22,973 2.84 3.9E-13 1.42 0.054 2.8E-03

B*1401
Chronic liver disease 
and cirrhosis

1,173 22,347 2.43 1.9E-05 0.79 0.459 3.5E-03

A*1101 Cardiac arrest 136 17,561 3.76 3.9E-05 0.98 0.957 3.6E-03
DQA1*0102 Rosacea 322 24,376 1.13 0.399 2.18 8.4E-05 5.9E-03

PheWAS: sex bias of HLA associations



Major Challenges for HLA association

• Power 
• Low prevalence of IM-ADRs

• For discovery and replication

• Need for clinical networks to drive research and guidelines

• Phenotyping
• Syndromes may mimic IM-ADRs

• Electronic medical records

• Influence of race and ethnicity in IM-ADRs
• Availability of reference populations

• Disparate frequency of alleles between race groups

• Disparate allelic associations between race groups



Distribution of ancestry in the GWAS catalogue

Morales et al. Genome Biology (2018)

• Disproportionate contribution of associations from African and Hispanic/Latin 
American categories compared to percentage of individuals



Current and planned in-person enrollment centers (over the course of enrollment)



Future Directions
• KIR, TCR, BCR, HLA expression

• Interaction of immunogenomic variation

• Assessment of Pleiotropy in PheWAS

• IPSC testing for patient-specific drug hypersensitivity

Karnes et al. Annual Review of Pharmacology and Toxicology. 2019
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