Genome-wide association
study identifies susceptibility
loci for B-cell childhood acute

lymphoblastic leukemia
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GWAS(genome-wide association study)
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GWAS(genome-wide association study)
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Introduction
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7p12.2 (IKZF1), 9p21.3 (CDKN2A), 10p12.2 (PIP4K2A),
10926.13 (LHPP), 12923.1 (ELK3), 10p14 (GATA3),
10g21.2 (ARID5B), and 14q11.2 (CEBPE)

* high-hyperdiploid BCP-ALL(>50 chromosome):10g21.2 (ARIDSB)
* Ph-like BCP-ALL : 10p14 (GATA3)
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Methods Results

Oncoarray UK GWAS |I UK GWAS I German GWAS*
Infinium OncoArray-500K HumanCNV370-Duo HumanOmni1M
HumanHap550
784 Cases, 7,385 Controls 824 Cases, 5,200 Controls 834 Cases, 2,024 Controls
387,579 SNPs post QC 273,503 SNPs post QC 548,899 SNPs post QC
. . Imputed with UK10K and 1000 Genomes as reference
g/ LBt ZED 5 ~10 million SNPs

Supplementary Figure1

Meta-analysis*
2,442 cases, 14,609 controls
6,755,715 SNPs




Supplementary Table1

a. Sample QC UKGWASII

Cases Controls

Pre-quality control 1,021 7,519

Sex discrepancy 13 0

Call rate fail/ Heterozygosity rate (<95%) 88 35

Related Individuals 13 67

Non-European Ancestry 219 56

Post-quality control’ 784 7,385

b. SNPQC UKGWASII

Genotyping Platform Infinium OncoArray-500K BeadChip
Pre-quality control 473,991
Call rate fail (<95%) 8
HWE fail (P-value<1x10~) 20
MAF (< 0.01) 75,937
Differential case-control genotype rate 10448

Post-quality control’ 387,579




Materials and Methods Results

Supplementary Figure1

Oncoarray UK GWAS |l UK GWAS I* German GWAS*
Infinium OncoArray-500K HumanCNV370-Duo HumanOmni1M
HumanHap550
784 Cases, 7,385 Controls 824 Cases, 5,200 Controls 834 Cases, 2,024 Controls
387,579 SNPs post QC 273,503 SNPs post QC 548,899 SNPs post QC
/73/ Aﬁﬁ_ﬁ_;ltﬁ-ll‘i_t 75‘; —I%— @ % N Imputed with UK1(‘J~I1(::::"1i((J’?IOS(;zr1somes as reference

Y

Meta-analysis?® _
2,442 cases, 14,609 controls MAF> 001 OD%SNP(’(— F;a L/—Cs
6,755,715 SNPs »OR
»95% confidence intervals
BCP-ALLICHNZ T, high-hyperdiploid ALL (i>50 chromosomes), »Per allele P-values
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Supplementary table2

7p12.2 (IKZF1)

9p21.3 (CDKN2A)

10g21.2 (ARID5B)

10p12.2 (PIP4K2A)

10p14 (GATA3) '\ :
AL

i 12q23.1 (ELK3)

‘8g24.21

Chromosome

10q26.3 (LHPP)

14q11.2 (CEBPE)

14 15 16

17 18 19 20 21 22

Previous Meta-analysis | Top SNP from

Chr Locus (gene) top SNP° P-value” Meta-analysis‘ Position r? D’ Odds ratio (95%Cl) P-value
7 7pl12.2 (IKZF1)* rs4132601 6.33x10™° rs10230978 50477144 0.97 0.99 1.75 (1.63-1.88) 1.89 x 10°°
9  9p21.3 (CDKN2A)®  rs3731249 1.09x10%’ - 21970916 - - 2.65 (2.22-3.17) 1.09 x 107
9  9p21.3 (CDKN2A)®  rs3731217 7.24x10 - 21984661 - - 0.70 (0.64-0.77) 7.24 x 10
10  10q21.2(ARID5B)'  rs7089424 1.98x107° rs10821936 63723577 - - 0.53 (0.50-0.57) 5.77 x 1078
10 10p14 (GATA3)! rs3824662 1.67x10™° rs3781093 8101927 0.86 0.97 1.34 (1.22-1.47) 1.18 x 10
10  10p12.2 (PIP4K2A)* rs10828317 | 2.07x10™%° rs11013051 22856279 0.85 0.93 0.79 (0.73-0.84) 5.92 x 102
10 10q26.13 (LHPP)*  rs35837782 | 9.35x10™ rs12779301 126292655 0.86 0.97 1.26 (1.18-1.35) 6.63 x 102
12 12q23.1 (ELKk3)* rs4762284° | 3.15x10% rs1030137 96616051 0.86 0.96 1.21 (1.12-1.30) 1.35 x 10%7
14  14q11.2 (CEBPE)>  rs2239633 5.39x10™ rs2239630 23589349 0.74 0.98 0.73 (0.69-0.78) 2.45 x 10
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Supplementary table3

UKGWAS 1 Alleles Cases Controls

SNP CHR POS A B AA AB BB RAF AA AB BB RAF P-value
rs28665337 8 130194104 C A 600 209 15 0.15 4049 1086 64 0.12 7.92x10%
rs17481869* 2 146124454 C A 99 26 1 0.11 4503 675 22 0.07 8.52x10™"
rs 7449087 5 107928071 C T 474 295 55 0.25 2626 2162 412 0.29 4.66x10™
German GWAS Cases Controls

SNP CHR POS A B AA AB BB RAF AA AB BB RAF P-value
rs28665337 8 130194104 C A 600 207 27 0.16 1552 443 29 0.12 7.64x10™
rs17481869* 2 146124454 C A 48 15 0 0.12 1717 295 12 0.08 1.14 x10™"
rs 74495087 5 107928071 C T 451 328 55 0.26 1017 819 188 0.29 1.12x10™
UKGWASII Cases Controls

SNP CHR POS A B AA AB BB RAF AA AB BB RAF P-value
rs28665337 8 130194104 C A 561 206 17 0.15 5764 1504 117 0.12 4.16x10%
rs17481869* 2 146124454 C A 165 51 4 0.13 6338 1002 45 0.07 2.90 XIO'UK—
rs 7449087 5 107928071 C T 448 298 38 0.24 3798 3006 581 0.28 2.33x10™




Supplementary table4

SNP Alleles Concordance (imputed/sequenced) | r’
rs28665337 AA 7]7 0.98
AC 53/54
CC 142/141
rs 7449087 CC 106/106 0.81
CcT 76/56
TT 6/26




Table 1 rs28665337 (8q24.21) genotypes and risk associated with BCP-ALL, high-hyperdiploid, and ETV6-RUNX1-positive
childhood BCP-ALL subtypes

RAF Number

All BCP-ALL Cases Controls Cases Controls OR Cl P-value

UK GWAS | 0.15 0.12 824 5200 1.32 (1.12-1.55) 7.91x104

German GWAS 0.16 0.12 834 2024 1.28 (1.07-1.53) 7.64x10 3

UK GWAS I 0.15 0.12 784 7385 1.39 (1.21-1.47) 416x105

Combined 2442 14,609 1.34 (1.21-1.47) 3.86x10 2
Phot = 0.77 ¥ = 0%

High-hyperdiploid

UK GWAS | 0.15 0.12 289 5200 1.45 (1.11-1.88) 6.30x10 3

German GWAS 0.17 0.12 176 2024 1.49 (1.06-2.09) 2.29%x10 2

UK GWAS I 0.15 0.12 251 7385 1.38 (1.05-1.81) 219x10 2

Combined 716 14,609 1.49 (1.21-1.87) 2.55x%10°
Pyt = 0.94 ?=0%

ETV6-RUNX1-positive

UK GWAS | 0.16 0.12 126 5200 1.51 (1.01-2.26) 4.27 x10 2

German GWAS 0.09 0.12 63 2024 0.78 (0.44-1.38) 3.93x10""

UK GWAS I 0.14 0.12 220 7385 1.23 (0.94-1.62) 1.38x10°!

Combined 409 14,609 1.23 (1.00-1.51) 520x10 4
Phet = 0.18 12 = 42%

Note: P-values for each individual study were generated using SNPTEST v2.5.2 software. Combined P-values and estimates were obtained using a fixed-effects model using beta values and standard
errors. RAF risk allele frequency, OR odds ratio, Py P heterogeneity, I index to quantify dispersion of odds ratio, C/ confidence interval
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Table 2 rs17481869 (2q22.3) genotypes and risk associated with BCP-ALL, high-hyperdiploid, and ETV6-RUNX1 childhood

BCP-ALL subtypes
RAF Number
All BCP-ALL Cases Controls Cases Controls OR Cl P-value
UK GWAS | 0.08 0.07 824 5200 118 (0.95-1.46) 137x107"
German GWAS 0.10 0.08 834 2024 1.25 (1.01-1.56) 433x102
UK GWAS |l 0.10 0.07 784 7385 1.52 (1.25-1.84) 253%10°°
Combined 2442 14,609 1.32 (1.17-1.49) 536x10 ©
Phet = 0.19 1?2 -39.3%
High-hyperdiploid
UK GWAS | 0.06 0.07 289 5200 0.86 (0.61-1.22) 4.03x107"
German GWAS 0.08 0.08 176 2024 0.98 (0.64-1.48) 9.11%107"
UK GWAS |l 0.10 0.07 251 7385 148 (1.06-2.08) 213x1072
Combined 716 14,609 110 (0.89-1.35) 0.38
Phet = 0.07 12— 62%
ETV6-RUNX1-positive
UK GWAS | on 0.07 126 5200 2.01 (1.20-3.39) 852x103
German GWAS 0.12 0.08 63 2024 1.72 (0.88-3.38) 114 %107
UK GWAS |l 0.13 0.07 220 7385 234 (1.64-3.35) 2.90x10©
Combined 409 14,609 214 (1.64-2.80) |_3.20x10 %]
Phet = 0.70 — 0%

Note: P-values for each individual study were generated using SNPTEST v2.5.2 software. Combined P-values and estimates were obtained using a fixed-effects model using beta values and standard

errors. RAF risk allele frequency, OR odds ratio, P P heterogeneity, I index to quantify dispersion of odds ratio, C/ confidence interval
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Cancer SNP Reference Previously Reported Current ALL GWAS LD with rs28665337
Risk Alleld Pvalue Risk Allele Pvalue r’ D’
Hodgkins rs2019960 1 C 6x 10710 T 0.545 1.01x10%* -5.20x10%2
Lymphoma
Colorectal Cancer rs6983267 2 G 5x 1014 T 0.903 9.99x10°° -2.88x10?
Prostate Cancer rs1447295 3 A 6 x 10-18 C 0.523 3.97x10% -6.73x10°3
Prostate Cancer rs12682344 3 G 5x 10712 T 0.339 2.57x10%* -2.35x10°°*
Prostate Cancer rs10505477 4 A 9x107° A 0.940 1.68x10™ -3.69x10™%*
(early onset)
Colorectal Cancer rs10505477 5 T 8 x 10713 A 0.940 1.68x10%* -3.69x10%2
Breast Cancer (early  rs2392780 6 1x10°8 A 0.892 7.82x10* 6.40x10%?
onset)
Renalcell carcinoma  rs6470589 7 G 5x 10711 G 0.510 1.59x10%* -3.77x10%
Bladder Cancer rs9642880 8 T 4% 10738 T 0.313 1.55x10°%* 3.16x107°?
Chronic lymphocytic  rs2466035 9 C 2x10°8 C 0.653 1.01x10°% -1.27x10°%
leukemia
Breast Cancer rs13281615 10 G 1x10°17 G 0.807 7.45x10% -8.97x10%2
Breast Cancer rs11780156 10 T 3x 1011 T 0.094 3.97x10%* -1.17x10°*
Ovarian Cancer rs10088218 11 1x 10717 A 0.006 1.15x10%? 1.16x10°*
Prostate Cancer rs6983561 12 C 4x 10713 A 0.362 2.49x10%* -2.32x10
Prostate Cancer rs13254738 13 C 4% 10710 A 0.639 7.52x10%* 1.12x10°*
Prostate Cancer rs4242384 14 C 3% 10716 A 0.419 1.07x10%* -1.11x10%?
Prostate Cancer rs1016343 14 T 4% 10710 C 0.225 5.53x10%* -1.27x10*
Glioma rs4295627 15 G 5x 10721 T 0.097 1.55x10%* 1.56x10°?
Breast Cancer rs1562430 16 A 3x 10711 T 0.769 8.27x10°% 6.56x10%?
Prostate Cancer rs1456315 17 A 2x10°%° C 0.858 7.28x10°%* 1.10x10™*
Prostate Cancer rs7837688 17 T 1% 10725 G 0.712 2.13x10°%* -1.55x10%?
Prostate Cancer rs16902094 18 G 6 x 10715 A 0.856 1.39x10°%° -2.44x10°?
Prostate Cancer rs16901979 18 A 3x 10714 C 0.334 2.57x10% -2.35x10%*
Prostate Cancer rs445114 18 T 5% 10710 C 0.521 2.70x10°%* -5.84x10%*
Glioma rs891835 19 G 8 x 10~11 T 0.126 1.17x10% -1.78x10°2
Colorectal Cancer rs7014346 20 A 9x 10726 A 0.718 1.11x10%* -2.28x10°%?
Prostate Cancer rs6983267 21 G 7 x 10712 T 0.903 9.99x10%* -2.88x10%?
Glioma rs55705857 22 A 2X10738 A 0.204 3.79x10°%* 2.91x10%2
Diffuse large B-cell  rs13255292 23 T 10X10°13 4.70x10-" 1.39x10-"
Lymphoma
Diffuse large B-cell  rs4733601 23 A 4X10-10 1.00x10-** 3.01x10-%

Lymphoma

Supplementary table5
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Relationship between SNP genotype and patient
outcome

rs28665337 (8q24.21) Pvalue
Trial Subtype EFS* Relapse®
UK ALL2003 BCP-ALL 0.90 0.90
ETV6-RUNX1 positive 0.70 0.90
ETV6-RUNX1 negative 0.90 0.80
UK ALL97-99 BCP-ALL 0.50 0.50
ETV6-RUNX1 positive 0.80 0.80
ETV6-RUNX1 negative 0.60 0.40
German ALL-BFM 2000 BCP-ALL 0.70 0.82
ETV6-RUNX1 positive NA® NA
ETV6-RUNX1 negativq NA NA
rs17481869 (2q22.3) Pvalue
Trial Subtype EFS*® Relapse®
UK ALL2003 BCP-ALL 0.60 0.80
ETV6-RUNX1 positive 0.50 0.40
ETV6-RUNX1 negativeg 0.50 0.60
MRD negative 0.30
MRD positive 0.50
UK ALLS7-99 BCP-ALL 0.30 0.50
ETV6-RUNX1 positive 0.60 0.80
ETV6-RUNX1 negativeg 0.40 0.50
MRD negative NA
MRD positive NA
German ALL-BFM 2000 BCP-ALL 0.22 0.03
ETV6-RUNX1 positive 0.26 NA
ETV6-RUNX1 negativeg 0.10 0.007
MRD negative 0.4
MRD positive 0.07

Supplementary table6
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Functional annotation of risk loci
Supplementary figure4

Histone mark enrichment
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Supplementary table7

Fold enrichment (P-value)
Childhood ALL cell line

H3K27ac H3K4me1 H3K4me3
S0177HH1 6.84 (1x10™) No data 5.78 (2x107)
S0176JH1 6.15(1x10°%) 5.57(1x10™) 3.76 (3.1x10°)
S01GQHH1 5.06 (4.1x107%) 4.43 (5x10™) 1.34 (0.49)
SO1GRFH1 5.06 (3 x10™%) 5.59 (1x10™) 5.89 (1x10™)
S0179DH1 4.9 (6 x10™) 4.17 (5 x10™) No data
SO17E3H1 4.54 (1.1x107) 6.8 (1x10™%) 3.67(3.7x107)

Fold enrichment
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Rank Normalized Gene Expression
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Supplementary table10

Gene Symbol | Gencode Id SNP P-Value Effect Size | T-Statistic | Standard Error | Tissue

MYC ENSG00000136997.10 rs28665337 0.00072 0.24 34 0.07 | Whole Blood
PCAT1 ENSGO00000253438.2 rs28665337 0.067 -0.21 -1.8 0.11| Whole Blood
POUSF1B ENSG00000212993.3 rs28665337 0.17 0.16 14 0.11 | Whole Blood
CASC8 ENSG00000246228.2 rs28665337 0.21 0.16 13 0.13 | Whole Blood
FAMA49B ENSG00000153310.14 rs28665337 0.29 -0.03 -1.1 0.028 | Whole Blood
TMEM75 ENSG00000256655.1 rs28665337 0.38 0.11 0.89 0.13| Whole Blood
ASAP1 ENSG00000153317.10 rs28665337 0.59 0.026 0.54 0.047 | Whole Blood
PVT1 ENSGO00000249859.3 rs28665337 0.71 -0.027 -0.38 0.072 | Whole Blood
GSDMC ENSG00000147697.4 rs28665337 0.94 0.01 0.081 0.13| Whole Blood
GTDC1 ENSG00000121964.10 rs17481869 0.037 -0.11 -21 0.052 | Whole Blood
ZEB2-AS1 ENSG00000238057.4 rs17481869 0.67 -0.049 -0.43 0.12 | Whole Blood
ARHGAP15 ENSG00000075884.8 rs17481869 0.87 0.011 0.16 0.07 | Whole Blood
ZEB2 ENSG00000169554.12 rs17481869 0.92 0.0053 0.099 0.053 | Whole Blood
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HLA alleles and risk
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Impact on heritable risk

T/ LT RESHEESNT (GCTA) ZHWT, HBZERICK > TSI N SBCP-ALLOEGREIE. 0.16
Y754 I DWTIEZEFNZ 1. Hyperdiploid: 0.18 ETV6-RUNX1E54£BCP-ALL:0.20

Supplementary table11

% of total variance
in risk explained

Chr SNP Locus (relevantgene) Reference Position(BP) Risk Allele RAF in controk OR(95% CI)° P-value 3.2
2 rs17481869 *2g22.3 This study 146124454 A 0.07 2.14(1.64-3.35) 3.2X10°  4.21
7 rs10230978 7p12.2 (IKZF1) This study 50477144 A 0.28 1.75(1.63-1.88) 1.89X 10%*  7.06
8  rs28665337 *8¢24.21 This study 130194104 A 0.12 1.33(1.21-1.47) 3.86X10°  0.96
(Vijayakrishnan 2
9  rs3731249  9p21.3 (CDKN2A) etal 2015[7) 21970916 A 0.03 2.65(2.22-3.17) 1.09X 10 3.09
(Sherborne -1
9  rs3731217  9p21.3 (CDKN2A) ctal, 2010[0) 21984661 G 0.85 0.70(0.64-0.77) 7.24X 10 1.81
10  rs10821936 10g21.2 (ARIDSB) (Trevino 63723577 C 0.32 0.53(0.50-0.57) 5.77X107™  9.81
get et al, 2009 [10]) : +IINDT0. ' :
10 rs3781093  10p14 (GATA3) This study 8101927 C 0.14 1.34(1.22-1.47) 1.18X10°  1.15 /5\@%% é n 7":2’_) 75: ’%\{3 11
10  rs11013051 10p12.2 (PIP4K2A) This study 22856279 C 0.77 0.79(0.73-0.84) 5.92X 10  1.10 S11 = ~ o
10 rs12779301 10G26.13 (LHPP) This study 126292655 T 0.62 1.26(1.18-1.35) 6.63X 102  1.41 @E%%D dDJ/\ J J0 2/ I\ Li\ %‘djﬁ’i
14 rs2239630  14q11.2 (CEBPE) This study 23589349 G 0.45 0.73(0.69-0.78) 2.45X 10  2.74 ,|\ I o
| : )R D34% = 53
12 rs1030137  12g23.1 (ELK3) This study 96616051 C 0.29 1.21(1.12-1.30) 1.35X 10 0.84

Overall % 34.18%
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Supplementary figure9
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