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Table S1. Minor allele frequencies of selected SNPs in the ERAP1 and ERAP2 genes in LCL con-
trols and HL patients. 

SNP 
Majo

r 
allele 

Mino
r 

allele 
Gene Description 

SNP 
genotyping 
assay ID1 

Minor allele frequency 
 

CEU2 

(n=99
) 

genotype
d controls 

(n=97) 

genotype
d patients 

(n=110) 

GWAS 
patient

s 
(n=304) 

rs27524 G A ERAP
1 

intron (GWAS 
index) C_3056837_10 0.33 0.37 0.43 0.39 

rs1316056
2 

G A ERAP1 intron (top eQTL) C_3056855_10 0.36 0.3 0.28 0.27 

rs27038 G A ERAP1 intron (top eQTL) C_794764_20 0.15 0.14 0.21 0.163 
rs27044 C G ERAP1 Q730E C_3056870_10 0.26 0.28 0.31 0.323 

rs1005086
0 

C T ERAP1 D575N C_3056876_10 0.28 0.24 0.19 0.18 

rs30187 C T ERAP1 K528R C_3056885_10 0.31 0.3 0.36 0.36 
rs2287987 T C ERAP1 M349V C_3056893_20 0.26 0.24 0.19 0.183 
rs27895 C T ERAP1 G346D C_794792_10 0.08 0.06 0.07 0.073 
rs26618 T C ERAP1 I276M C_3056894_10 0.23 0.29 0.25 0.27 
rs26653 G C ERAP1 R127P C_794818_30 0.28 0.22 0.32 0.273 

rs7277396
8 

G A ERAP1 T12I 
C_98862195_1

0 
0.12 0.14 0.09 0.163 

rs2549782 T G ERAP2 N392K C_3282749_20 0.50 0.47 0.50 0.47 
1 ID from Thermo Fisher Scientific; 2 1000G population of 99 Utah residents with Northern and Western European ancestry 
from the CEPH collection; 3 Minor allele frequencies of imputed SNPs. 

Table S2. Cell lines used in this study. 

Cell line Disease 
OCIAML3 AML 

NB4 AML 
THP1 AML 

KARPAS422 AML 
MOLM13 AML 

HL60 AML 
IMSM2 AML 

BL65 BL 
ST486 BL 
CA46 BL 
Raji BL 

DG75 BL 
Ramos BL 
JVM3 CLL 

MO1043 CLL 
U2932 DLBCL 

SUDHL10 DLBCL 
OCILY3 DLBCL 
SUDHL2 DLBCL 
SUDHL5 DLBCL 
SUDHL6 DLBCL 

WSUDLCL2 DLBCL 
WSUFSCCL DLBCL 

SUDHL4 DLBCL 
SC-1 FL 

Dohh2 FL 
DEV NLPHL 

HDLM2 cHL 
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KMH2 cHL 
L1236 cHL 
L540 cHL 

SUPHD1 cHL 
L428 cHL 
L591 cHL 

Granta519 MCL 
K1106P PMBL 
HUT78 TCL 
Jurkat TCL 

Karpas299 TCL 
SR786 TCL 

AML, Acute myeloid leukaemia; BL, Burkitt's lymphoma; CLL, Chronic lymphocytic leukaemia; DLBCL, Diffuse large B-
cell lymphoma; FL, follicular lymphoma; NLPHL, nodular lymphocyte predominant Hodgkin lymphoma; cHL, classical 
Hodgkin lymphoma; MCL, Mantle cell lymphoma; PMBL, primary mediastinal B cell lymphoma; TCL, T cell lymphoma. 

Table S3. ERAP1 haplotypes in CEU controls and HL patients. 

SNP 
ERAP1 haplotype 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 others 
rs27524 G G A A G G A A G G G A G G A  

rs13160562 A G G G A G G G G G A G A A G  

rs27038 G G A G G G G G A G G A G G G  

rs27044 C C G G C C C C G C C C G C C  

rs10050860 T C C C C C C C C C C C C T T  

rs30187 C C T T C C T C T C C C T C T  

rs2287987 C T T T T T T T T T T T T T T  

rs27895 C C C C C T C C C C C C C C C  

rs26618 T C T T T T T C T T C T T T T  

rs26653 G G C G G C C G C G G G C G C  

rs72773968 G G G A G G G G G G G G G G G  

Haplotype frequencies                 
CEU (%)1 26 17 12 12 8.6 7.6 5.1 3.5 2.0 2.0 1.5 1.0 1.0 0.5 0.5 0.0 

LCL controls (%) 21 25 10 14 8.3 6.3 4.7 3.1 0.5 1.6 0.0 0.0 0.5 0.0 0.0 4.7 
HL cases (%)2 18 23 15 14 9.0 6.5 4.9 4.4 0.8 2.2 0.0 0.0 0.1 0.1 0.0 2.6 

1 CEU, Utah residents with Northern and Western European ancestry from the CEPH collection available in the 1000 
Genomes Project (n = 99). 2 All HL patients included in interaction analyses regardless of imputation quality (n = 374). 

Table S4. ERAP SNP - HLA allele interactions with (nearly) significant associations. 

Patient group \ ERAP SNP - HLA combination 
rs26618-

Cw2 
rs27038-

A11 
rs27044-

B35 
rs27038-

A68 
rs10050860-

B8 
rs2287987-

B8 
HLA phenotype       

Typed or best-guess SNP genotype and typed 
or best guess HLA (n=390) 

0.0024 0.0049 0.0072 0.0127 0.0171 0.0250 

Typed or best guess SNP genotype (r2>0.95) 
and typed or best guess HLA (r2>0.8) (n=390) 

0.0013 0.0041 0.0128 0.0109 0.0108 0.0162 

Typed or best guess SNP genotype (r2>0.95) 
and typed HLA (n=364)1 0.0012 0.0034 0.0332 0.0177 0.0035 0.0056 

HLA genotype       
Typed or best-guess SNP genotype and typed 

or best guess HLA (n=390) 
0.0031 0.0021 0.0046 0.0046 0.0098 0.0141 

Typed or best guess SNP genotype (r2>0.95) 
and typed or best guess HLA (r2>0.8) (n=390) 

0.0024 0.0016 0.0062 0.0024 0.0030 0.0046 

Typed or best guess SNP genotype (r2>0.95) 
and typed HLA (n=364)1 0.0020 0.0015 0.0139 0.0033 0.0020 0.0031 
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1 In this group all NLPHL cases (n=17) and a few cHL cases (n=9) are excluded.P-values marked bold are < 0.005 and 
considered significant. 

Table S5. ERAP1 haplotype - HLA type interactions with (nearly) significant associations. 

Patient group \ ERAP1 haplotype - HLA combination hap3 – A11 hap3 – B35 hap4 – Cw7 hap7 – Cw5 
ERAP1 haplotype and HLA phenotype (n=374) 0.0019 0.0132 0.0139 0.0055 
ERAP1 haplotype and HLA genotype (n=374) 0.0006 0.0023 0.0047 0.0005 

P-values marked in bold are < 0.005 and considered significant. Sixteen patients with ERAP1 haplotype prediction proba-
bility < 0.9 were excluded from this interaction analysis. 

Table S6. Sequence of the primers used for qRT-PCR. 

Gene Forward primer (5'--> 3') Reverse primer (5'--> 3') 
ERAP1 CCGTATCCCCTACCCAAACAA AGTTTTCCATAGCACCAGACTGAA 
ERAP2 AGGTGATGGCTTTGAAGGGTT TGCCTGGGTTGGCTCAAAAT 

TBP GCCCGAAACGCCGAATAT CCGTGGTTCGTGGCTCTCT 

 
Figure S1. Overview of eQTL effects of all 12 missense SNPs in ERAP1 and ERAP2. One-way 
ANOVA with a linear trend for the number of minor alleles with mean expression of each geno-
type group was used to establish significance. *: p < 0.05, **: p < 0.01, ***: p < 0.001. 
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Figure S2. eQTL analysis of the effect of ERAP1 haplotype on ERAP2 expression in LCLs. For sig-
nificance testing the Kruskal-Wallis test was used. 

 
Figure S3. ERAP1 and ERAP2 western blots. (A) ERAP1 and ERAP2 protein expression based on 
ERAP1 haplotype combinations (left) and ERAP2 SNP (right) in LCLs. (B) ERAP1 and ERAP2 
protein expression based on ERAP1 haplotype combinations (left) and ERAP2 SNP (right) in HL 
cell lines. Position of target protein was indicated by arrow. Intensity of target protein bands was 
quantified using Image lab 6.0. The blot membranes were first incubated with ERAP1 or ERAP2 
antibody. After signal capture, the ERAP1 or ERAP2 antibody was stripped from the blot and the 
same blot was used for detection of GAPDH. Ma, molecular weight marker. 
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Figure S4. Sensitivity analyses for testing the association between genotypes of 12 missense SNPs 
of the ERAP1 and ERAP2 gene loci and HLA-phenotype in HL patients. (A) The association anal-
yses between genotyped or best guess (r2 > 0.95) ERAP SNP alleles and typed or best guess (r2 > 
0.8) HLA phenotype (n=390). (B) The association analyses between genotyped or best guess (r2 > 
0.95) ERAP SNP alleles and typed HLA phenotype (n=364). Logistic regression analysis was used 
to determine significance of the associations. A p-value < 0.005 (dashed line) was considered sig-
nificant. 
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Figure S5. Sensitivity analyses for testing the association between 12 missense SNP genotypes of 
the ERAP1 and ERAP2 gene loci and HLA-genotype in HL. (A) The association analyses between 
genotyped or best guess imputed ERAP SNP and typed or best guess imputed HLA genotype 
(n=390), regardless of imputation quality. (B) Association analyses between genotyped or best 
guess (r2 > 0.95) ERAP SNP and typed or best guess (r2 > 0.8) HLA genotype (n=390). (C) Associa-
tion analyses between genotyped or best guess (r2 > 0.95) ERAP SNP and typed HLA genotype 
(n=364), excluding all NLPHL cases. (D) Results of the ERAP1 haplotypes (maximum probability > 
0.9) and typed or best guess (r2 > 0.8) HLA genotype association (n=374). A Chi-square test was 
used to determine significance of the associations. A p-value < 0.005 (dashed line) was considered 
significant. 
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Figure S6. Schematic representation of the HL cases included in this study. Four partially overlap-
ping HL patient groups were combined in this study: 1) 332 HL cases with available HLA type 
data from a previously published HLA typing study [6]. 2) 304 cases with SNP genotyping data 
from a previously published GWAS study [11]. 3) 70 HL cases from which we generated LCLs. 4) 
32 extra HL cases with HLA typing data and genotyping for the selected ERAP SNPs. 

 

 

 

 

 

 

 

 


