Germline variants in IKZF1, ARID5B, and CEBPE as
risk factors for adult-onset acute lymphoblastic
leukemia: an analysis from the GMALL study group

A number of single nucleotide polymorphisms (SNPs) in
the genes IKZF1, ARID5B, CEBPE and CDKNZ2A have
been implicated in the propensity to develop acute lym-
phoblastic leukemia (ALL) in childhood (< 15 years of
age)" but since the genetic background of adult and child-
hood ALL is different, it is not clear if these are also risk
factors for adult-onset ALL. We analyzed seven SNPs (two
in IKZF1: rs11978267, rs4132601; three in ARID5B:
1510821936, rs10994982, rs7089424; and one each in
CEBPE: 152239633 and CDKNZ2A: rs3731217) which were
reported to confer an increased risk for childhood ALL in
322 immunologically and genetically well-characterized
adult or adolescent ALL patient samples. All samples were
obtained from BCR-ABL-negative patients at time points
when they were in molecular remission, thus excluding
mutations acquired during onset of disease and randomly
selected from a large collection of archived samples
obtained during diagnostic procedures in the framework
of the German Multicenter ALL Study Group (GMALL)
trial 07/2003 (Clinicaltrials.gov identifier:00198991). This
trial has been approved by various local and central ethics
committees and our study complied with the principles
set forth in the Declaration of Helsinki. The median age of
the patient cohort was 38 years (range 16-76 years), and
58.4% of the patients were male. Flow cytometry
immunophenotyping and molecular genetic analyses for
BCR-ABL, MLL-AF4, MLL-ENL, TCF3-PBX1, and ETV6-
RUNX1 were performed at primary diagnosis as described
previously.”® Assessment of minimal residual disease was
made as described.”® BCR-ABL-positive samples and
mature B-ALL (sIg’, or MYC-IGH") samples were exclud-
ed. Twenty-six patients were MLL-AF4-positive, 5 MLL-
ENL-positive, 2 TCF3-PBX1-positive, and 2 ETVé6-
RUNX1-positive. Patient samples were selected in such a
way as to match the distribution of immunophenotypes
observed in the last ten years in the GMALL study group,
thereby taking into consideration that BCR-ABL-positive
patients had been excluded (Table 1).

The control group comprised a total of 1516 healthy
individuals of German origin collected through 2004 at
the Institute of Transfusion Medicine in Mannheim,
Germany (genotyped for rs4132601, 1rs7089424,
rs2239633, rs3731217).*’ Since no German control data
were available for ARID5B rs10994982, this SNP was
compared to a cohort comprising 14,311 individuals of
European descent without ALL, collected by the
Wellcome Trust Case Control Consortium (WTCCC);
these results are only reported for completeness and are
not listed in Table 2." Details of the control groups have
been described previously.”* The SNP Genotyping Assays
(Applied Biosystems, Darmstadt/Germany, Cat #
4351379) were used with the TagMan Genotyping
Master Mix (Applied Biosystems, Cat # 4371355) on a
RotorGene cycler (QIAGEN, Hilden/Germany) using
basically the conditions recommended by the supplier.

Some SNPs in the same gene were very closely corre-
lated suggesting that they belonged to gene haplotypes.
Linkage disequilibrium (LD) analysis revealed the follow-
ing correlations: IKZF1  rs4132601-rs11978267:
D'=0.9931, r’=0.9794; ARID5B rs7089424-rs10821936:
D'=0.9731, r’=0.9407, ARID5B rs10821936-rs10994982:
D'=0.9305, r’=0.5017; and ARID5B 1s7089424-
rs10994982: D'=0.9009, 12=0.4735 (see Ounline

Supplementary Appendix). Therefore, rs11978267 and
rs10821936 were not considered in further analysis since
they added nothing new.

The observed allele frequencies are summarized in
Table 2. All presumed "risk alleles" were more frequent in
B-lineage ALL patients as compared to non-ALL controls
while there was no difference in frequencies in T-lineage
ALL. For the following genotypes, the differences were
statistically significant in B-lineage ALL patients: IKZF1
rs4132601 ('G/T', P=9.2E-05; 'G/G', P=1.4E-04), ARID5B
rs7089424 ('G/G', P=2.0E-03), and CEBPE rs2239633
('C/C', P=4.7E-02). Four genotype differences narrowly
missed the significance threshold: ARID5B rs7089424
'G/T'" (P=0.055), CDKN2A rs3731217 'T/T' (P=0.094),
and CEBPE rs2239633 ('C/T', P=0.064). Male patients
had lower overall frequencies of all risk genotypes than
female patients which was largely but not entirely
explained by the higher percentage of T-lineage ALL in
males."” Females with ALL-negative B-lineage ALL
appeared at particular high risk with ORs of 4.74
(P=6.75E-07; 2.567;8.768) for rs4132601 'G/G' and 1.87
(P=1.5E-02; 1.130;3.086) for rs4132601 'G/T', but the
numbers were small (19 and 37 of a total of 84 MLL-neg-
ative female B-lineage ALL patients with 'G/G' and 'G/T"
genotype) and, therefore, this finding needs to be validat-
ed in an independent sample set. The previous pediatric
studies reported a moderate risk for childhood-onset ALL
with ORs of 1.8-2.8 (IKZF{1 rs4132601),"* 1.6-3.2
(ARID5B 1s7089424),"* 1.1-1.6 (CEBPE rs22396339),"*
and 1.4 (CDKN2A rs3731217).2In our adult cohort, we
observed comparable ORs for rs4132601 (1.5-2.0) and
rs22396339 (1.6) but the ORs for rs7089424 were lower
and only significant for the bialleleic SNP (Table 2).
rs10994982 showed no difference as compared to the
WTCCC control group.

In summary, the ORs were similar for pediatric and
adult ALL, and thus the risk conferred, appears to be life-
long and not limited to childhood. The lower ORs for
ARID5B in adult ALL might be explained by the lower
frequency of hyperdiploid B-lineage ALL in adults." To
address the question as to how these intronic SNPs con-
tribute to leukemogenesis, we investigated CD34* stem
cells for cryptic splice variants caused by the IKZF{ and
ARID5B SNPs but no splice variants were detected.

Recently, Peyrouze et al. reported their findings when
investigating 150 adult ALL patients for almost the same
six SNPs in the context of the GRAALL study group.” No
association of any of the investigated SNPs was found
but the study had some limitations, most notably a rela-
tively small patient number and an apparently heteroge-
neous (including BCR-ABL") patient population and con-
trol group. Since these genetic risk factors confer only a
moderate risk for adult- or childhood-onset ALL, efforts

Table 1. Immunophenotypes of the investigated patients. BCR-ABL-
positive patients (25% of the total) were excluded.

Immunophenotype N. of investigated
samples (%)
Common ALL (CD10+/CD19*/cylg-/sIg") 131 (40.7%)
Pre B ALL (CD10+/CD19+/cylg/slg) 43 (13.4%)
Pro B ALL (CD10/CD19/slg-) 53 (16.5%)
Thymic T ALL (CD1a*/CD2+/CD7+) 48 (14.9%)
Mature T ALL (CD1a/sCD3*(")/CD7") 23 (1.1%)
Early T ALL (CD1a7/sCD3-/CD7+/CD2-(*)) 24 (7.5%)
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Table 2. SNP genotypes in patients and controls. Absolute and relative frequencies of different SNP genotypes in patients (entire cohort, B-
lineage patients, T-lineage patients) and controls, with corresponding odds ratios and P values. The following genotypes were risk factors for
B-lineage ALL: rs4132601 'G/T' and 'G/G', rs7089424 'G/G', rs2239633 'C/C'. None of the genotypes was a risk factor for T-lineage ALL.

Genotypes All B lineage T lineage Control OR [95%CI] P

and risk patients patients patients group (all patients/  (all patients/
allele B lineage/ B lineage/
N. Freq N. Freq N. Freq N. Freq T lineage) T lineage)
rs4132601 (IKZFT)
/T 137 0425 86 0.379 51 0.537 811 0.540
G/T 151 0469 111 0489 40 0421 574 0.382 1.6 [1.2,2.0]/ 6.6E-04/
1.8 [1.3;2.5]/ 9.2E-05/
1.1[0.7;1.7] 6.4E-01
G/G 34 0.106 30 0132 4 0.042 116 0.077 1.7 [1.1;2.6]/ 1.1E-0%/
24 [153.91/ 14E-04/
0.5[0.2;1.5] 2.6E-01
G allele 0.340 0.377 0.253 0.268  14[1.081;1.81)/  1.0E-02/
1.7 [1.2462.23)/  1.0E-03/
0.9 [0.574;1.49] 7.5E-01
157089424 (ARID5B)
/T 126 0391 82 0.361 44 0463 683 0453
G/T 151 0469 109 0.480 2 0442 673 0.446 1.2 [0.9;1.6]/ 1.4E-01/
1.3 [1.0;1.8]/ 5.5E-02/
1.0 [0.6;1.5] 8.9E-01
G/G 45 0.140 36 0.159 9 0.09 152 0.101 1.6 [1.1,2.4]/ 1.6E-02/
2.0 [1.3;3.01/ 2.0E-03/
0.9 [0.4;1.9] 8.2E-01
G allele 0.374 0.399 0.316 0324 12[0.964159)/  9.4E-02/
1.4 [1.047;1.86)/  2.3E-02/
1.0 [0.616;1.50] 8.6E-01
153731217 (CDKN2A)
G/G 2 0.006 1 0.004 10011 320021
G/T 60 0.186 38 0.167 2 0232 379 0252 25[0.6;108]/ 2.1E-01/
3.2 [0.4,24.1)/ 2.6E-01/
1.9 [0.2;14.2] 7.8E-01
/T 260 0.807 188 0.828 72 0.758 1092 0.727  3.8[0.9:16.0]/ 6.8E-02/
5.5 [0.7;40.6]/ 9.4E-02/
2.1[0.315.7] 6.9E-01
T allele 0.900 0.912 0.874 0853 1.6 [1.0562.31)/  2.5E-02/
1.8 [1.1032.89]/  1.7E-02/
1.2 [0.640;2.22] 5.8E-01
12239633 (CEBPE)
/T 57 0177 33 0.145 240253 307 0.203
(¥ 173 0.537 122 0.537 51 0.537 773 0512 1.2 [0.9,1.7)/ 2.6E-01/

150,22/  64E-0Y/
0.8 [0.5,1.4] 5.1E-01

CLC 92 0.286 720317 20 0211 430 0285 1.2 [0.8;1.6]/ 44E-01/
1.6 [1.0,2.4]/ 4.TE-02/
0.6 [0.3;1.1] 1.0E-01

Callele 0.555 0.586 0479 0541 1.0[0.8341.35]/  6.2E-01/
1.2 [0.904;1.59]/ 2.1E-01/
0.8 [0.526;1.21] 2.8E-01
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