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Abstract

Genome-wide association studies (GWAS) have identified that frequent polymorphisms in
ARID5B and IKZF1, two genes involved in lymphoid differentiation, increase the risk of child-
hood acute lymphoblastic leukemia (ALL). These findings markedly modified the current
field of research on the etiology of ALL. In this new context, the present exploratory study in-
vestigated the possible interactions between these at-risk alleles and the non-genetic sus-
pected ALL risk factors that were of sufficient prevalence in the French ESCALE study:
maternal use of home insecticides during pregnancy, preconception paternal smoking, and
some proxies for early immune modulation, i.e. breastfeeding, history of common infections
before age one year, and birth order. The analyses were based on 434 ALL cases and 442
controls of European origin, drawn from the nationwide population-based case-control
study ESCALE. Information on non-genetic factors was obtained by standardized tele-
phone interview. Interactions between rs10740055 in ARID5B or rs4132601 in IKZF1 and
each of the suspected non-genetic factors were tested, with the SNPs coded as counts of
minor alleles (trend variable). Statistical interactions were observed between rs4132601
and maternal insecticide use (p = 0.012), breastfeeding p = 0.017) and repeated early com-
mon infections (p = 0.0070), with allelic odds ratios (OR) which were only increased among
the children not exposed to insecticides (OR = 1.8, 95%ClI: 1.3, 2.4), those who had been
breastfed (OR = 1.8, 95%ClI: 1.3, 2.5) and those who had had repeated early common
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infections (OR =2.4, 95%Cl: 1.5, 3.8). The allelic ORs were close to one among children ex-
posed to insecticides, who had not been breastfed and who had had no or few common in-
fections. Repeated early common infections interacted with rs10740055 (p = 0.018) in the
case-only design. Further studies are needed to evaluate whether these observations of a
modification of the effect of the at-risk alleles by non-genetic factors are chance findings or
reflect true underlying mechanisms.

Introduction

Acute lymphoblastic leukemia [ALL] accounts for 80% of all childhood leukemia and for ap-
proximately one quarter of all childhood neoplasms in developed countries [1]. Until recently,
only Down’s syndrome, a few inheritable predisposing diseases and high-dose ionizing radia-
tion were known to increase the risk of ALL [2,3]. Genome-wide association studies (GWAS)
have revealed common Single Nucleotide Polymorphisms (SNP) associated with childhood
ALL risk [4-12]. The two loci associated with the greater ALL risk are in the AT-rich interac-
tive domain 5b gene (ARID5B, chromosomal region 10q21.2) and Ikaros family zinc finger 1
gene (IKZF1, chromosomal region 7p12.21). IKZF1 codes for a zinc finger transcription factor,
Ikaros, which is a key regulator of hematopoiesis. In particular, Ikaros is required for the devel-
opment of the earliest B-cell progenitors and at later stages for V(D)] recombination and B-cell
receptor expression [13,14]. Ikaros also acts as a tumor suppressor [15] and genetic alteration
of IKZF1 in leukemia cells is associated with a poor outcome in B-cell-progenitor ALL [16,17].
ARID5B is a member of the AT-rich interaction domain family of transcription factors that
plays an important role in embryogenesis and growth regulation [18]. The potential role of
ARID5B in immune response and lymphoid lineage differentiation has been less investigated
than for IKZFI. A role is supported by data from homozygous knockout mice that had immune
abnormalities and reduced numbers of B-cell progenitors [19].

The discovery of some ALL susceptibility loci calls for revisiting the suspected environmen-
tal risk factors for childhood ALL in light of the possible interactions those factors may have
with the variant alleles of ARID5B and IKZF1. The relationships between ALL and the expo-
sures may vary depending on ARID5B and IKZFI polymorphisms and, conversely, the genetic
effects may be modified by environmental exposures. Indeed, growing evidence suggests that
environmental factors may cause diseases by modifying the expression of genes involved in key
cell functions, potentially through epigenetic deregulation [20-27]. Modeling their combined
effect may enable insights into the underlying biologic processes and the potential implication
of the environmental factors in ALL risk [28]. Several exposures are candidate risk factors for
childhood ALL: pesticides, low dose ionizing radiation, extremely low frequency electromag-
netic fields, benzene exposure, paternal smoking, absence of folic acid supplementation, infec-
tions transmitted through population mixing, a lack of early exposure to infectious agents, and
absence of breastfeeding [2,3].

The exploratory study reported herein investigated the potential interactions between poly-
morphisms rs10740055 of ARID5B, and rs4132601 of IKZF1, and the non-genetic suspected
ALL risk factors that were of sufficient prevalence in the ESCALE case-control study, for power
reasons: maternal use of home insecticides during pregnancy, preconception paternal smoking,
and some proxies for early immune modulation, i.e breastfeeding, history of repeated common
infections before age one year, and birth order [29-31].
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Materials and Methods
Case and control ascertainment

The ESCALE study is a population-based case-control study designed to assess the role of sev-
eral environmental and genetic factors in childhood cancer, including ALL [29-31]. The ALL
cases were children diagnosed with ALL between January 1, 2003, and December 31, 2004, as
defined by the registration criteria of the National registry of childhood hematopoietic malig-
nancies (RNHE). To be eligible, children were to be less than 15 years old and residing in
France at the time of diagnosis. Children were not eligible if they had been adopted, or if their
biological mother had died (n = 8), did not speak French (n = 19), had a serious psychiatric dis-
order (n = 12), or could not be interviewed for ethical reason because the child was in palliative
care (n = 2) or had died (n = 17). Among the 714 eligible ALL cases, 648 cases (91%) had par-
ticipated in the ESCALE study. Information on leukemia subtype and cytogenetic characteris-
tics was subsequently obtained from the RNHE information system.

The population controls, children free from cancer, were contemporaneously selected in
2003-2004, using a quota sampling method. A base of 60,000 phone numbers representative of
telephone subscribers was randomly extracted from the telephone directory (S1 Fig.). Then,
controls were recruited using gender and age quotas in sixteen strata (boys and girls from the
age strata 0-1, 2, 3, 4, 5-6, 7-8, 9-11 and 12-14 years) reflecting the expected distribution of all
the cancer cases included in the ESCALE study, based on rates from the RNHE [32] and the
Regional Childhood Cancer Registries [33]. Additional quotas were applied in order to make
the number of children less than 15 years old living in the household similar to that of the
French population, conditionally on age. Children who had been adopted, or whose biological
mother had died, did not speak French, or had a serious psychiatric disorder were not eligible.
Finally, 1681 of the 2360 eligible controls (71%) were enrolled in the ESCALE study.

A specimen was requested from each subject, and consisted in a blood sample for the cases,
and a saliva sample collected using a swab brush for the controls. After obtaining parental con-
sent, biological samples were taken from 619 (96%) of the 648 included ALL cases and 810
(48%) of the 1681 included controls, and 513 ALL cases and 570 controls had sufficient DNA
for genotyping (S1 Table).

Data collection

The mothers were interviewed by telephone, using the same standardized questionnaire for
cases and controls. The mothers were asked for socio-demographic information, child and
family medical history, and details on the child’s environment and lifestyle, birth characteristics
and infancy care. The mothers were also asked whether they had used products against insects
at home during pregnancy [30], if the father had ever smoked and the year he quitted [29], if
their child had been breastfed, and if the child had had none, 1 to 3, or four or more infectious
episodes for each of the following sites before age one year: tonsillitis, otitis, upper respiratory
tract infections, gastroenteritis, bronchiolitis and other lower respiratory tract infections, and
urinary tract infections [31]. A history of repeated early common infections was defined as 4 or
more episodes of infection of at least one given site or 1-3 episodes of infection of at least 4
sites in infancy [31].

Genotyping

The cases were genotyped on Illumina 370K-Quad BeadChips and the controls for 4,868 candi-
date SNPs on Illumina Infinium iSelect custom Beadchips (IntegraGen). Both beadchips in-
cluded SNPs from at-risk loci revealed in the first GWAS on ALL, in ARID5B and IKZF1 [4,5].
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Quality control excluded 109 controls with an individual call rate less than 95% and 36 ALL
cases with an individual call rate less than 97%, low or high heterozygosity or discrepancies be-
tween stated gender and sexual chromosomes [6]. Six cases were excluded because they had
Down’s syndrome. Mean individual call rates were 99.9% for the cases and 98.5% for the con-
trols. The SNPs of interest did not deviate from the Hardy-Weinberg equilibrium in the
control sample.

The analyses were restricted to the 434 cases and 442 controls who had at least two Europe-
an-born grandparents, given that this criterion proved to be a good proxy to identify children
of European-descent in the present study [6]. The cases consisted in 10 pro-B ALL, 355 com-
mon B-cell ALL, 19 mature B-cell ALL, 40 T-cell ALL and 10 unspecified ALL (S1 Table).
Eighty-two common B-cell ALL cases were ETV6-RUNX positive and 157 were hyperdiploid
(> 47 chromosomes).

Statistical analysis

The present analysis focused on rs4132601 for IKZFI and, on rs10740055 for ARID5B, as these
SNPs were the most significantly associated with ALL in the ESCALE genotyped sample [6].
We selected the suspected non-genetic factors associated with ALL in our previous analyses,
and to which at least 30% of the control population were exposed. The factors included pater-
nal smoking since the year prior to the child’s birth [29], breastfeeding, repeated early common
infections and birth order (2 and more versus 1) [31], and maternal use of home insecticides
during pregnancy which was the pesticide exposure the most associated with acute leukemia in
the ESCALE study [30]. The analyses addressing common infections were restricted to the chil-
dren aged one year or more (398 controls and 426 ALL).

Odds ratios (OR) and their 95% confidence intervals (CI) were estimated using uncondi-
tional logistic regression models including the child’s age and gender, and parental socio-pro-
fessional category. ORs were calculated for each stratum of the variables combining each
polymorphism with each of the 5 non-genetic factors of interest. Interaction odds ratios (IOR)
between the polymorphism and the exposure of interest were estimated by both case-control
and case-only analyses, with the SNPs coded as counts of minor alleles (trend variable), and
tested under the multiplicative model. The IORs that could be detected with a power of 80%
and a two-tailed 5% level of significance were equal to 1.5 and 1.8 for the case-only and the
case-control design, respectively, assuming a minor allele frequency of 30%, an allelic OR of
1.5, an exposure prevalence of 30% and an OR of association between ALL and the exposure of
1.5.

The research was conducted in accordance with the principles of the Declaration of Helsinki
(World Medical Association, 2004) and complied with all applicable international regulatory
requirements. In particular, the study was reviewed and approved by the French National Insti-
tute of Health and Medical Research ethics committee and the Direction Générale de la Santé
institutional review board before the study began (DGS No. 2003/0259). Written informed
consent was obtained from the parents of the children enrolled in the study.

All regression analyses were conducted in SAS version 9.3 and minimal detectable IORs
were estimated using Quanto version 1.2.4 [34].

Results

Table 1 reports the associations previously observed between childhood ALL and the polymor-
phisms rs4132601 in IKZFI and rs10740055 in ARID5B in the ESCALE study. The table also
shows the associations with maternal use of home insecticides during pregnancy, preconcep-
tion paternal smoking, birth order, breastfeeding and repeated early common infections
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Table 1. Association between childhood acute lymphoblastic leukemia (ALL), rs10740055 (ARID5B), rs4132601 (IKZF1), and the non-genetic fac-
tors of interest, in the ESCALE study, France 2003-2004.

ESCALE sample of genotyped European-descent children Whole ESCALE sample
(1681 controls and 648
Controls ALL ALL) Reference
N =442 N =434 OR? 95%ClI OR? 95%ClI
ARID5B (rs10740055) [6]
AA 106 67 Ref.
AC vs. AA 218 182 14 0.9,2.0
CCuvs. AA 118 185 25 1.7, 3.7%**
C allele (allelic OR) MAF = 0.51 MAF = 0.64 1.6 1.3, 1.9%**
IKZF1 (rs4132601) [6]
TT 211 175 Ref.
TGvs. TT 167 202 1.4 1.0,1.8
GGvs. TT 37 57 1.9 1.1, 3.0*%
missing 27 0
G allele (allelic OR) MAF = 0.29 MAF = 0.36 1.4 1.1, 1.7%*
Maternal use of home insecticides during pregnancy [30]
No 283 222 Ref. Ref.
Yes 149 185 1.6 1.2,2.2%** 1.7 1.4,2.1%**
missing 10 27
Preconception paternal smoking [29]
No 238 191 Ref. Ref.
Yes 196 229 1.3 1.0,1.7 14 1.1,1.7*
missing 8 14
Breastfeeding [31]
No 191 225 Ref. Ref.
Yes 251 209 0.8 0.6, 1.1 1.0 0.8, 1.2
Repeated early common infections®
No 246 288 Ref. Ref. [31]
Yes 127 123 0.8 0.6, 1.1 0.8 0.6, 0.9*
missing 25 15
Birth order [31]
First born 181 223 Ref. Ref.
Second born and over 261 211 0.5 0.4, 0.7** 0.7 0.6, 0.8**

ALL: acute lymphoblastic leukemia; Cl: confidence interval; MAF: minor allele frequency; OR: odds ratio; SNP: single nucleotide polymorphism
*:p<0.05;

**: p<0.01;

**%: p<0.001

2 OR and 95%Cl estimated by unconditional logistic models including age and gender, and for non-genetic factors, parental socio-professional category.
P Restriction to children > 1 year old

doi:10.1371/journal.pone.0121348.1001

observed both in the genotyped subsample used for the present analysis and in the whole
ESCALE sample [29-31], with similar results.

The combined variables and the joint effects are shown in Table 2.

The more marked interactions were observed between rs4132601 and maternal insecticide
use (IOR = 0.5, 95%CI: 0.3-0.9, p = 0.012), breastfeeding (IOR = 1.7, 95%CI: 1.1-2.7,
p =0.017) and repeated early common infections (IOR = 2.0, 95%CI: 1.2-3.4, p = 0.0070) in
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Table 2. Joint associations between childhood acute lymphoblastic leukemia (ALL) and the variables combining the non-genetic factors of inter-
est with rs10740055 (ARID5B) and rs4132601 (IKZF1) polymorphisms. The analyses addressing common infections were restricted to the children
aged one year or more (398 controls and 426 ALL), while the analyses addressing the other exposures were based on the whole sample (442 con-

trols and 434 ALL).
rs10740055 (ARID5B) rs4132601 (IKZF1)
Co/ALL OR?  95%ClI Co/ALL  OR®  95%CI Co/ALL OR?  95%Cl Co/ALL  OR?®  95%Cl
Maternal use of home insecticides during pregnancy Maternal use of home insecticides during pregnancy
No Yes No Yes
AA  69/33 1.0 Ref. 35/30 25 1.2,5.0% TT 141/79 1.0 Ref. 65/85 24 1.5, 3.8%**
AC  142/92 1.7 1.0,2.9 70/80 2.9 1.6,5.1*** TG 107/108 1.7 1.1, 2.6* 58/82 23 1.4, 3.7%**
CC  72/97 3.4 1.9,5.6%**  44/75 3.8 2.2,6.9*** GG  19/35 34 1.7,6.7***  16/18 24 1.1,5.3*%
Preconception paternal smoking Preconception paternal smoking
No Yes No Yes
AA  56/34 1.0 Ref. 50/33 1.0 05,20 TT 109/77 1.0 Ref. 96/92 1.1 0.7,1.9
AC  115/81 1.3 0.8,2.3 99/93 15 0.9, 2.7* TG 92/86 1.2 0.8,1.9 73/110 1.7 1.1,2.7%
CC 67/76 1.9 1.1, 3.4%* 47/103 33 1.8,5.9*** GG  19/28 23 1.2,4.7% 18/27 2.0 1.0, 4.3*%
Breastfeeding Breastfeeding
No Yes No Yes
AA  46/35 1.0 Ref. 60/32 0.9 0.5,1.8 TT 87/101 1.0 Ref. 124/74 0.6 0.4, 1.0*
AC 98/88 1.4 0.8,2.6 120/94 1.4 0.8,2.4 TG 71/99 1.1 0.7,1.8 96/103 1.0 0.6,15
CC 47/102 3.0 1.6,5.4%**  71/83 2.0 1.1,3.6 GG 21/25 1.1 0.5, 2.1 16/32 23 1.1,4.8*%
Repeated early common infections® Repeated early common infections®
No Yes No Yes
AA  56/40 1.0 Ref. 37/24 0.9 0.5,1.9 TT 113/126 1.0 Ref. 68/44 0.6 0.3, 0.9*
AC  123/111 13 0.8,2.3 57/57 1.6 0.9,2.9 TG 97/131 1.1 0.7, 1.6* 41/59 1.1 0.7,1.9
CC 67/137 3.1 1.8,5.3%**  33/42 1.7 0.9, 3.3 GG 22/31 1.2 0.6, 2.3 7/20 3.1 1.2, 8.0%
Birth order Birth order
1 >2 1 >2
AA  35/34 1.0 Ref. 71/33 0.5 0.3, 1.0* TT 77/88 1.0 Ref. 134/87 0.5 0.3, 0.8*
AC 98/93 1.2 0.7,2.2 120/89 0.8 04,15 TG 74/105 1.1 0.7,1.8 93/97 0.7 04,11
CcC 48/96 2.7 1.4,5.1%% 70/89 11 0.6, 2.1 GG 18/30 1.7 0.8,3.5 19/27 11 05,22
ALL: acute lymphoblastic leukemia; Cl: confidence interval; Co: controls; OR: odds ratio; SNP: Single nucleotide polymorphism.
*: P<0.05;
**. P<0.01;
***: P<0.001

2 OR and 95% ClI estimated by unconditional logistic models including gender and age and parental socio-professional category.
P Restriction to children > 1 year old

doi:10.1371/journal.pone.0121348.t002

the case-control design (Table 3). The magnitudes of the interactions were similar using the

case-only design (Table 3).

The allelic ORs were only increased among the subjects not exposed to the suspected non-

genetic factor, i.e. the children whose mother did not use home insecticides during pregnancy
(allelic OR = 1.8, 95%CI: 1.3, 2.4), those who had been breastfed (allelic OR = 1.8, 95%CI: 1.3,

2.5) and those who had had repeated common infections in their first year of life (allelic

OR =24, 95%CI: 1.5, 3.8) (Table 4). On the opposite, the relationship between ALL and the G
allele of rs4132601 was not present among the subjects exposed to the non-genetic factors, i.e.

the children whose mother used home insecticides during pregnancy (allelic OR = 1.0, 95%CI:
0.7, 1.5), those who had not been breastfed (allelic OR = 1.0, 95%CI: 0.8, 1.4) and those who
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Table 4. Associations between childhood acute lymphoblastic leukemia (ALL) and rs4132601 (/IKZF1) polymorphisms by non-genetic factors: alle-
lic OR in the whole sample and by ALL major subtypes, in the ESCALE study, France 2003-2004.

Maternal use of home Breastfeeding Repeated early common
insecticides during pregnancy infections®
No Yes Yes No Yes No
OR? 95%Cl OR? 95% pint OR® 95%Cl OR? 95% pint OR® 1C95% OR? 95% pint
Cl Cl Cl
Rs4132601 (IKZF1)—OR per G allele
Whole sample 1.8 1.3 1.0 0.7, 0.012 1.8 1.3, 1.0 038, 0.017 2.4 1.5, 1.1 038, 0.0070
(n =442 ALL) 2.4%** 1.5 2.5%** 1.4 3.8%** 1.5
B-com ALL 1.7 13 0.9 0.6, 0.007 1.7 12,24** 1.0 0.7, 0.03 23 14, 1.0 0.3, 0.0078
(n = 355) 2.4%** 1.4 1.4 3.7%** 1.4
Hyperdiploidy B-com 2.2 1.4, 1.3 038, 0.07 22 14,36** 13 038, 0.10 3.2 1.7, 1.3 0.9, 0.026
ALL (n =157) 3.4%** 2.2 2.0 6.0%** 2.0
ETV6-RUNX 1.7 1.0,28 1.0 0.5, 0.18 1.9 1.1,3.5*% 1.0 0.6, 0.13 23 1.0,5.1* 1.1 0.7, 0.10
positive B-com ALL 1.8 1.7 1.7

(n=82)

ALL: acute lymphoblastic leukemia; B-com ALL: common B-cell ALL; CI: confidence interval; OR: odds ratio; p int: p for interaction
*:p<0.05;

**: p<0.01;

**%*: p<0.001

2 Allelic OR and 95% Cl estimated by unconditional logistic models adjusted for gender, age and parental socio-professional category.
® children > 1 year old

doi:10.1371/journal.pone.0121348.t004

had had no or few common infections in their first year of life (allelic OR = 1.1, 95%CI: 0.8,
1.5) (Table 4). Similar differences in the effect of rs4132601 by the non-genetic factors were ob-
served for the most frequent ALL subtypes, i.e., common B-cell ALL, hyperdiploid common B-
cell ALL and ETV6-RUNXI1 common B-cell ALL (Table 4).

Regarding ARID5B, the at-risk loci of rs10740055 also interacted with maternal insecticide
use, although not significantly. A negative interaction was observed with repeated early com-
mon infections (IOR = 0.7, 95%CI: 0.5-0.9, p = 0.018) in the case-only design (Table 5).

However, the tests were no longer significant when the Bonferroni correction for multiple
testing was applied (10 tests for 2 SNPs and 5 non-genetic factors; corrected alpha
risk = 0.005).

Discussion

In recent years some IKZF1 and ARID5B SNPs have been shown to be clearly associated with
childhood ALL. The present study showed that the at-risk allele of IKZF1 interacted negatively
with maternal use of home insecticides during pregnancy, and positively with factors related to
early immune modulation, breastfeeding and history of repeated early common infections.
There was no interaction with preconception paternal smoking.

However, chance findings cannot be ruled out as the study was exploratory with respect to
the interaction between the at-risk alleles and the non-genetic suspected risk factors. We have
limited multiple testing by focusing only on the 2 loci the most significantly associated with
ALL in the present study and the literature [4-12], and on the 5 non-genetic suspected ALL
risk factors that were of sufficient prevalence in the ESCALE case-control study. Therefore, the
other ALL risk loci identified by the GWAS, in CEBPE, CDKN2A, GATA3 and PIP4K2A, were
not investigated. Larger consortium-based studies are needed to comprehensively investigate
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the interactions between each of the ALL susceptibility polymorphisms and non-genetic sus-
pected risk factors.

There was a substantial number of losses in the present study, related to non-participation,
refusal in providing genetic material, and insufficient amount of DNA, leading to the potential
for selection bias. Employment in the most qualified category ‘Intellectual and scientific jobs,
managers and intermediate professions’” was significantly more frequent in the parents of the
genotyped controls (56%) than in those of the other non-genotyped Caucasian controls (39%),
but significantly less frequent in the parents of the genotyped cases (34%) than in those of the
other non-genotyped Caucasian cases (45%). However, the frequency of the at risk alleles of
rs4132601 and rs10740055, differed only slightly according to whether the parents’ belonged to
the most qualified professional category, among both the controls and the cases. This, and the
fact that the associations of ALL with the non-genetic factors were similar in the genotyped
and non-genotyped children, suggest no or little effect of the loss of subjects on the estimation
of the interactions.

The cases and controls were genotyped separately using different methods, but the geno-
types obtained with the pangenomic and customized BeadChips were shown to be fully con-
cordant in a sample of 96 cases genotyped using both platforms [6]. Past exposures may not be
remembered perfectly by the mothers and some misclassifications inherent in the retrospective
design of the study could not be prevented. The potential for recall bias is likely to be greater
for a history of common infections and the use of pesticides during pregnancy, which are spo-
radic events, than for breastfeeding, paternal smoking or birth order. In particular, underre-
porting of medically diagnosed infections has been reported [35-37], and, in the United
Kingdom Childhood Cancer Study, an inverse association was observed between ALL and a
history of clinically diagnosed infections as reported by the mothers, but a positive association
was observed when relying on information from medical records [37,38]. In addition, studies
based on medical records or health claims databases reported null [39,40] or positive associa-
tions [41-43] between a history of clinically diagnosed infection and ALL, suggesting that chil-
dren who develop leukemia are more likely to have had clinically diagnosed infections in
infancy. The present study reported an inverse association between ALL and maternal report
of repeated common infections, medically diagnosed or not, considered as a surrogate for fre-
quent exposure to infectious agents. The influence of case/control status on that recall, and the
direction of the bias remain difficult to predict. However, with regard to the specific goal of the
present analyses, the exposure misclassifications are not expected to differ according to the
polymorphisms of interest and are not likely to have resulted in strong bias in the estimates of
the interactions.

To our knowledge, the interactions between the genetic variants identified by the GWAS
and some non-genetic factors have been investigated in only two previous studies. Linabery
et al. reported no interaction between some ARID5B and IKZFI SNPs and some selected demo-
graphic factors, birth weight and maternal age, using a case-only design [44]. In a recent Aus-
tralian study, there was an evidence of interaction between rs4132601 risk genotype at IKZF1
and paternal preconception smoking (p = 0.05) and maternal use of folic acid (p = 0.04) [12].
In the present study, we did not observe an interaction with paternal smoking, and the power
was too limited for investigating interaction with folic acid supplementation, whose prevalence
was low in France during the study period [45]. Interestingly, in the present study and in the
Australian study, the increase in ALL risk in carriers of the G allele of IKZF1 rs4132601 was
not observed in the event of exposure to the suspected risk factors (or in the absence of expo-
sure to the suspected protective factor). Biologically plausible explanations for our observations
are lacking and further studies are needed to replicate (or not replicate) our observations. One
possible explanation may be the modification of IKZFI expression by the environment, as
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growing evidence suggests that environmental factors, including pesticides and breastfeeding,
may modify the expression of genes involved in key cell functions, in particular through epige-
netic deregulation [20-27]. To our knowledge, no experimental study has yet investigated the
possibility that exposure to pesticides or a lack of early immune stimulation may reduce the ex-
pression of IKZF1 or other genes involved in lymphoid differentiation, or that the impact of
the non-genetic factors may differ depending on the gene polymorphisms. The decrease in the
expression of one or several genes involved in a given cell function, following exposure to an
environmental factor, might possibly result in the same effect as carrying a specific polymor-
phism associated with lower expression of the genes, potentially leading to a negative interac-
tion. Statistical interactions on a multiplicative scale might also be observed if environmental
factors and genetic factors would lead to leukemia through different tumorigenic pathways.

In conclusion, this study suggests the possibility of a negative interaction between ALL sus-
ceptibility locus in IKZFI and prenatal insecticide exposure, and of positive interactions be-
tween the at-risk allele and breastfeeding and history of repeated early common infections.
Further studies are needed to evaluate whether these observations are chance findings or reflect
true underlying mechanisms.

Supporting Information

S1 Fig. Diagram of the procedure used to select population controls in the ESCALE study,
France, 2003-2004.
(TIF)

S1 Table. ESCALE sampling and final inclusions, France 2003-2004.
(DOC)

Acknowledgments

The authors are grateful to Claire Mulot, who was in charge of the biological collection at the
Biological Resource Center of Saints-Péres, INSERM U775; the CEPH and the Centre National
de Génotypage, who genotyped the cases; and IntegraGen, who genotyped the controls. We
also thank Florence Demenais and the UMR-946 unit (Inserm-Université Paris Diderot) and
Fondation Jean Dausset-CEPH for their support. The authors would also like to express their
gratitude to: Marie-Héleéne Da Silva, Christophe Steffen and Florence Menegaux (INSERM
U1018, Environmental Epidemiology of Cancer), who contributed to the recruitment of the
cases; Aurélie Guyot-Goubin and the staff of the French National Registry of Childhood He-
matopoietic Malignancies, who contributed to case detection and verification; and Sabine
Meéléze and Marie-Anne Noel (Institut CSA), who coordinated the selection of the controls.

The authors would also like to thank all of the Société Francaise de lutte contre les Cancers
de ’Enfant et de '’ Adolescent (SFCE) principal investigators: André Baruchel (Hépital Saint-
Louis/Hopital Robert Debré, Paris), Claire Berger (Centre Hospitalier Universitaire, Saint-Eti-
enne), Christophe Bergeron (Centre Léon Bérard, Lyon), Jean-Louis Bernard (Hopital La
Timone, Marseille), Yves Bertrand (Hopital Debrousse, Lyon), Pierre Bordigoni (Centre Hos-
pitalier Universitaire, Nancy), Patrick Boutard (Centre Hospitalier Régional Universitaire,
Caen), Gérard Couillault (Hopital d’Enfants, Dijon), Christophe Piguet (Centre Hospitalier Ré-
gional Universitaire, Limoges), Anne-Sophie Defachelles (Centre Oscar Lambret, Lille), Fran-
¢ois Demeocq (Hopital Hotel-Dieu, Clermont-Ferrand), Alain Fischer (Hopital des Enfants
Malades, Paris), Virginie Gandemer (Centre Hospitalier Universitaire—H®opital Sud, Rennes),
Dominique Valteau-Couanet (Institut Gustave Roussy, Villejuif), Jean-Pierre Lamagnere (Cen-
tre Gatien de Clocheville, Tours), Francoise Lapierre (Centre Hospitalier Universitaire Jean

PLOS ONE | DOI:10.1371/journal.pone.0121348 March 25, 2015 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121348.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121348.s002

@’PLOS | ONE

ARID5B, IKZF1, Non-Genetic Factors and Childhood ALL

Bernard, Poitiers), Guy Leverger (Hopital Armand-Trousseau, Paris), Patrick Lutz (Hopital de
Hautepierre, Strasbourg), Geneviéve Margueritte (Hopital Arnaud de Villeneuve, Montpellier),
Francoise Mechinaud (Hopital Mére et Enfants, Nantes), Gérard Michel (Hopital La Timone,
Marseille), Frédéric Millot (Centre Hospitalier Universitaire Jean Bernard, Poitiers), Martine
Miinzer (American Memorial Hospital, Reims), Brigitte Nelken (Hopital Jeanne de Flandre,
Lille), Hélene Pacquement (Institut Curie, Paris), Brigitte Pautard (Centre Hospitalier Univer-
sitaire, Amiens), Yves Perel (Hopital Pellegrin Tripode, Bordeaux), Alain Pierre-Kahn (Hépital
Enfants Malades, Paris), Emmanuel Plouvier (Centre Hospitalier Régional, Besangon), Xavier
Rialland (Centre Hospitalier Universitaire, Angers), Alain Robert (Hopital des Enfants, Tou-
louse), Hervé Rubie (Hopital des Enfants, Toulouse), Nicolas Sirvent (L’Archet, Nice), Chris-
tine Soler (Fondation Lenval, Nice), and Jean-Pierre Vannier (Hopital Charles Nicolle, Rouen).

Author Contributions

Conceived and designed the experiments: JC A. Baruchel AP YB BN MP GM LS PC SD YR.
Performed the experiments: JC A. Baruchel AP YB BN MP GM LS PC SD YR. Analyzed the
data: JC LO JR A. Bonaventure SBG DH. Wrote the paper: JC A. Baruchel AP YB BN MP GM
LSPCSD YR LO JR A. Bonaventure DH SGB.

References

1. Lacour B, Guyot-Goubin A, Guissou S, Bellec S, Desandes E, Clavel J. Incidence of childhood cancer
in France: National Children Cancer Registries, 2000—2004. Eur J Cancer Prev. 2010; 19: 173-181.
PMID: 20361423

2. EdenT. Aetiology of childhood leukaemia. Cancer Treatment Reviews. 2010; 36: 286—297. doi: 10.
1016/j.ctrv.2010.02.004 PMID: 20223594

3. Wiemels J. Perspectives on the causes of childhood leukemia. Chemico-Biological Interactions. 2012;
196: 59-67. doi: 10.1016/j.cbi.2012.01.007 PMID: 22326931

4. Trevino LR, Yang WJ, French D, Hunger SP, Carroll WL, Devidas M, et al. Germline genomic variants
associated with childhood acute lymphoblastic leukemia. Nature Genetics. 2009; 41: 1001-U1067. doi:
10.1038/ng.432 PMID: 19684603

5. Papaemmanuil E, Hosking FJ, Vijayakrishnan J, Price A, Olver B, Sheridan E, et al. Loci on 7p12.2,
10g21.2 and 14q11.2 are associated with risk of childhood acute lymphoblastic leukemia. Nature Ge-
netics. 2009; 41: 1006—-U1073. doi: 10.1038/ng.430 PMID: 19684604

6. Orsil, RudantJ, Bonaventure A, Goujon-Bellec S, Corda E, Evans TJ, et al. Genetic polymorphisms
and childhood acute lymphoblastic leukemia: GWAS of the ESCALE study (SFCE). Leukemia. 2012;
26: 2561-2564. doi: 10.1038/leu.2012.148 PMID: 22660188

7. Ellinghaus E, Stanulla M, Richter G, Ellinghaus D, Kronnie GT, Cario G, et al. Identification of germline
susceptibility loci in ETV6-RUNX1-rearranged childhood acute lymphoblastic leukemia. Leukemia.
2012; 26: 902—909. doi: 10.1038/leu.2011.302 PMID: 22076464

8. UrayamaKY, Chokkalingam AP, Manabe A, Mizutani S. Current evidence for an inherited genetic
basis of childhood acute lymphoblastic leukemia. Int J Hematol. 2013; 97: 3—19. doi: 10.1007/s12185-
012-1220-9 PMID: 23239135

9. Migliorini G, Fiege B, Hosking FJ, Ma Y, Kumar R, Sherborne AL, et al. Variation at 10p12.2 and 10p14
influences risk of childhood B-cell acute lymphoblastic leukemia and phenotype. Blood. 2013; 30: 30.
doi: 10.5339/gm;j.2013.6 PMID: 25003055

10. XuH, Yang WJ, Perez-Andreu V, Devidas M, Fan YP, Cheng C, et al. Novel Susceptibility Variants at
10p12.31-12.2 for Childhood Acute Lymphoblastic Leukemia in Ethnically Diverse Populations. Jnci-
Journal of the National Cancer Institute. 2013; 105: 733—-742. doi: 10.1093/jnci/djt042 PMID: 23512250

11.  Perez-Andreu V, Roberts KG, Harvey RC, Yang W, Cheng C, Pei D, et al. Inherited GATAS variants
are associated with Ph-like childhood acute lymphoblastic leukemia and risk of relapse. Nat Genet.
2013; 45: 1494—-1498. doi: 10.1038/ng.2803 PMID: 24141364

12. Evans TJ, Milne E, Anderson D, de Klerk NH, Jamieson SE, Talseth-Palmer BA, et al. Confirmation of
Childhood Acute Lymphoblastic Leukemia Variants, ARID5B and IKZF1, and Interaction with Parental
Environmental Exposures. PLoS One. 2014; 9: e110255. doi: 10.1371/journal.pone.0110255 PMID:
25310577

PLOS ONE | DOI:10.1371/journal.pone.0121348 March 25, 2015 14/16


http://www.ncbi.nlm.nih.gov/pubmed/20361423
http://dx.doi.org/10.1016/j.ctrv.2010.02.004
http://dx.doi.org/10.1016/j.ctrv.2010.02.004
http://www.ncbi.nlm.nih.gov/pubmed/20223594
http://dx.doi.org/10.1016/j.cbi.2012.01.007
http://www.ncbi.nlm.nih.gov/pubmed/22326931
http://dx.doi.org/10.1038/ng.432
http://www.ncbi.nlm.nih.gov/pubmed/19684603
http://dx.doi.org/10.1038/ng.430
http://www.ncbi.nlm.nih.gov/pubmed/19684604
http://dx.doi.org/10.1038/leu.2012.148
http://www.ncbi.nlm.nih.gov/pubmed/22660188
http://dx.doi.org/10.1038/leu.2011.302
http://www.ncbi.nlm.nih.gov/pubmed/22076464
http://dx.doi.org/10.1007/s12185-012-1220-9
http://dx.doi.org/10.1007/s12185-012-1220-9
http://www.ncbi.nlm.nih.gov/pubmed/23239135
http://dx.doi.org/10.5339/qmj.2013.6
http://www.ncbi.nlm.nih.gov/pubmed/25003055
http://dx.doi.org/10.1093/jnci/djt042
http://www.ncbi.nlm.nih.gov/pubmed/23512250
http://dx.doi.org/10.1038/ng.2803
http://www.ncbi.nlm.nih.gov/pubmed/24141364
http://dx.doi.org/10.1371/journal.pone.0110255
http://www.ncbi.nlm.nih.gov/pubmed/25310577

@’PLOS | ONE

ARID5B, IKZF1, Non-Genetic Factors and Childhood ALL

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tijchon E, Havinga J, van Leeuwen FN, Scheijen B. B-lineage transcription factors and cooperating
gene lesions required for leukemia development. Leukemia. 2013; 27: 541-552. doi: 10.1038/leu.2012.
293 PMID: 23047478

Sellars M, Kastner P, Chan S. Ikaros in B cell development and function. World J Biol Chem. 2011; 2:
132-139. doi: 10.4331/wjbc.v2.i6.132 PMID: 21765979

Kastner P, Dupuis A, Gaub MP, Herbrecht R, Lutz P, Chan S. Function of Ikaros as a tumor suppressor
in B cell acute lymphoblastic leukemia. Am J Blood Res. 2013; 3: 1-13. PMID: 23358883

Kuiper RP, Waanders E, van der Velden VHJ, van Reijmersdal SV, Venkatachalam R, Scheijen B,
et al. IKZF1 deletions predict relapse in uniformly treated pediatric precursor B-ALL. Leukemia. 2010;
24:1258—1264. doi: 10.1038/leu.2010.87 PMID: 20445578

Mullighan CG, Su X, Zhang J, Radtke I, Phillips LAA, Miller CB, et al. Deletion of IKZF1 and Prognosis
in Acute Lymphoblastic Leukemia. New England Journal of Medicine. 2009; 360: 470—480. doi: 10.
1056/NEJM0a0808253 PMID: 19129520

Wilsker D, Patsialou A, Dallas PB, Moran E. ARID proteins: A diverse family of DNA binding proteins
implicated in the control of cell growth, differentiation, and development. Cell Growth & Differentiation.
2002; 13: 95-106.

Lahoud MH, Ristevski S, Venter DJ, Jermiin LS, Bertoncello |, Zavarsek S, et al. Gene targeting of
desrt, a novel ARID class DNA-binding protein, causes growth retardation and abnormal development
of reproductive organs. Genome Research. 2001; 11: 1327-1334. PMID: 11483573

Collotta M, Bertazzi PA, Bollati V. Epigenetics and pesticides. Toxicology. 2013; 307: 35—41. doi: 10.
1016/j.tox.2013.01.017 PMID: 23380243

Hou L, Zhang X, Wang D, Baccarelli A. Environmental chemical exposures and human epigenetics. Int
J Epidemiol. 2012; 41: 79-105. doi: 10.1093/ije/dyr154 PMID: 22253299

Kim KY, Kim DS, Lee SK, Lee IK, Kang JH, Chang YS, et al. Association of low-dose exposure to per-
sistent organic pollutants with global DNA hypomethylation in healthy Koreans. Environ Health Per-
spect. 2010; 118: 370-374. doi: 10.1289/ehp.0901131 PMID: 20064773

Kojima H, Muromoto R, Takahashi M, Takeuchi S, Takeda Y, Jetten AM, et al. Inhibitory effects of
azole-type fungicides on interleukin-17 gene expression via retinoic acid receptor-related orphan re-
ceptors alpha and gamma. Toxicol Appl Pharmacol. 2012; 259: 338—345. doi: 10.1016/j.taap.2012.01.
011 PMID: 22289359

Mostafalou S, Abdollahi M. Pesticides and human chronic diseases: Evidences, mechanisms, and per-
spectives. Toxicology and Applied Pharmacology. 2013; 268: 157—177. doi: 10.1016/j.taap.2013.01.
025 PMID: 23402800

Obermann-Borst SA, Eilers PH, Tobi EW, de Jong FH, Slagboom PE, Heijmans BT, et al. Duration of
breastfeeding and gender are associated with methylation of the LEPTIN gene in very young children.
Pediatr Res. 2013; 74: 344—-349. doi: 10.1038/pr.2013.95 PMID: 23884163

Aguilera O, Fernandez AF, Munoz A, Fraga MF. Epigenetics and environment: a complex relationship.
Journal of Applied Physiology. 2010; 109: 243-251. doi: 10.1152/japplphysiol.00068.2010 PMID:
20378707

Imamura L, Hasegawa H, Kurashina K, Matsuno T, Tsuda M. Neonatal exposure of newborn mice to
pyrethroid (permethrin) represses activity-dependent c-fos mRNA expression in cerebellum. Archives
of Toxicology. 2002; 76: 392-397. PMID: 12111003

Weinberg CR. Commentary: thoughts on assessing evidence for gene by environment interaction. Int J
Epidemiol. 2012; 41: 705-707. doi: 10.1093/ije/dys048 PMID: 22596932

Rudant J, Menegaux F, Leverger G, Baruchel A, Lambilliotte A, Bertrand Y, et al. Childhood hematopoi-
etic malignancies and parental use of tobacco and alcohol: the ESCALE study (SFCE). Cancer Causes
& Control. 2008; 19: 1277-1290.

Rudant J, Menegaux F, Leverger G, Baruchel A, Nelken B, Bertrand Y, et al. Household exposure to
pesticides and risk of childhood hematopoietic malignancies: The ESCALE study (SFCE). Environmen-
tal Health Perspectives. 2007; 115: 1787—-1793. PMID: 18087601

Rudant J, Orsi L, Menegaux F, Petit A, Baruchel A, Bertrand Y, et al. Childhood Acute Leukemia, Early
Common Infections, and Allergy: The ESCALE Study. American Journal of Epidemiology. 2010; 172:
1015-1027. doi: 10.1093/aje/kwq233 PMID: 20807738

Clavel J, Goubin A, Auclerc MF, Auvrignon A, Waterkeyn C, Patte C, et al. Incidence of childhood leu-
kaemia and non-Hodgkin's lymphoma in France: National Registry of Childhood Leukaemia and Lym-
phoma, 1990-1999. Eur J Cancer Prev. 2004; 13: 97—-103. PMID: 15100575

Desandes E, Clavel J, Berger C, Bernard JL, Blouin P, de Lumley L, et al. Cancer incidence among chil-
dren in France, 1990—-1999. Pediatr Blood Cancer. 2004; 43: 749-757. PMID: 15390289

PLOS ONE | DOI:10.1371/journal.pone.0121348 March 25, 2015 15/16


http://dx.doi.org/10.1038/leu.2012.293
http://dx.doi.org/10.1038/leu.2012.293
http://www.ncbi.nlm.nih.gov/pubmed/23047478
http://dx.doi.org/10.4331/wjbc.v2.i6.132
http://www.ncbi.nlm.nih.gov/pubmed/21765979
http://www.ncbi.nlm.nih.gov/pubmed/23358883
http://dx.doi.org/10.1038/leu.2010.87
http://www.ncbi.nlm.nih.gov/pubmed/20445578
http://dx.doi.org/10.1056/NEJMoa0808253
http://dx.doi.org/10.1056/NEJMoa0808253
http://www.ncbi.nlm.nih.gov/pubmed/19129520
http://www.ncbi.nlm.nih.gov/pubmed/11483573
http://dx.doi.org/10.1016/j.tox.2013.01.017
http://dx.doi.org/10.1016/j.tox.2013.01.017
http://www.ncbi.nlm.nih.gov/pubmed/23380243
http://dx.doi.org/10.1093/ije/dyr154
http://www.ncbi.nlm.nih.gov/pubmed/22253299
http://dx.doi.org/10.1289/ehp.0901131
http://www.ncbi.nlm.nih.gov/pubmed/20064773
http://dx.doi.org/10.1016/j.taap.2012.01.011
http://dx.doi.org/10.1016/j.taap.2012.01.011
http://www.ncbi.nlm.nih.gov/pubmed/22289359
http://dx.doi.org/10.1016/j.taap.2013.01.025
http://dx.doi.org/10.1016/j.taap.2013.01.025
http://www.ncbi.nlm.nih.gov/pubmed/23402800
http://dx.doi.org/10.1038/pr.2013.95
http://www.ncbi.nlm.nih.gov/pubmed/23884163
http://dx.doi.org/10.1152/japplphysiol.00068.2010
http://www.ncbi.nlm.nih.gov/pubmed/20378707
http://www.ncbi.nlm.nih.gov/pubmed/12111003
http://dx.doi.org/10.1093/ije/dys048
http://www.ncbi.nlm.nih.gov/pubmed/22596932
http://www.ncbi.nlm.nih.gov/pubmed/18087601
http://dx.doi.org/10.1093/aje/kwq233
http://www.ncbi.nlm.nih.gov/pubmed/20807738
http://www.ncbi.nlm.nih.gov/pubmed/15100575
http://www.ncbi.nlm.nih.gov/pubmed/15390289

@’PLOS | ONE

ARID5B, IKZF1, Non-Genetic Factors and Childhood ALL

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Gauderman WJ, Morrison JM. QUANTO 1.1: A computer program forpower and sample size calcula-
tions for genetic-epidemiology studies. University of South California/Division of Biostatistics website.
Available: http:/biostats.usc.edu/software. 2006

Alho OP. The validity of questionnaire of reports of a history of acute otitis-media. American Journal of
Epidemiology. 1990; 132: 1164—1170. PMID: 2260548

McKinney PA, Alexander FE, Nicholson C, Cartwright RA, Carrette J. Mothers reports of childhood vac-
cinations and infections and their concordance with general-practitioner records. Journal of Public
Health Medicine. 1991; 13: 13-22. PMID: 2029431

Simpson J, Smith A, Ansell P, Roman E. Childhood leukaemia and infectious exposure: a report from
the United Kingdom Childhood Cancer Study (UKCCS). Eur J Cancer. 2007; 43: 2396—2403. PMID:
17826085

Roman E, Simpson J, Ansell P, Lightfoot T, Smith A. Infectious proxies and childhood leukaemia: Find-
ings from the United Kingdom Childhood Cancer Study (UKCCS). Blood Cells, Molecules, and Dis-
eases. 2009; 42: 126—128. doi: 10.1016/j.bcmd.2008.10.007 PMID: 19091606

Cardwell CR, McKinney PA, Patterson CC, Murray LJ. Infections in early life and childhood leukaemia
risk: a UK case-control study of general practitioner records. Br J Cancer. 2008; 99: 1529—1533. doi:
10.1038/sj.bjc.6604696 PMID: 18827817

Vestergaard TR, Rostgaard K, Grau K, Schmiegelow K, Hjalgrim H. Hospitalisation for infection prior to
diagnosis of acute lymphoblastic leukaemia in children. Pediatric Blood & Cancer. 2013; 60: 428—432.

Chang JS, Tsai CR, Tsai YW, Wiemels JL. Medically diagnosed infections and risk of childhood leukae-
mia: a population-based case-control study. Int J Epidemiol. 2012; 41: 1050—1059. doi: 10.1093/ije/
dys113 PMID: 22836110

Roman E, Simpson J, Ansell P, Kinsey S, Mitchell CD, McKinney PA, et al. Childhood acute lympho-
blastic leukemia and infections in the first year of life: a report from the United Kingdom Childhood Can-
cer Study. Am J Epidemiol. 2007; 165: 496-504. PMID: 17182983

Crouch S, Lightfoot T, Simpson J, Smith A, Ansell P, Roman E. Infectious illness in children subse-
quently diagnosed with acute lymphoblastic leukemia: modeling the trends from birth to diagnosis. Am
J Epidemiol. 2012; 176: 402—408. doi: 10.1093/aje/kws180 PMID: 22899827

Linabery AM, Blommer CN, Spector LG, Davies SM, Robison LL, Ross JA. ARID5B and IKZF1 vari-
ants, selected demographic factors, and childhood acute lymphoblastic leukemia: A report from the
Children's Oncology Group. Leukemia Research. 2013; 37: 936-942. doi: 10.1016/j.leukres.2013.04.
022 PMID: 23692655

Amigou A, Rudant J, Orsi L, Goujon-Bellec S, Leverger G, Baruchel A, et al. Folic acid supplementa-
tion, MTHFR and MTRR polymorphisms, and the risk of childhood leukemia: the ESCALE study
(SFCE). Cancer Causes & Control. 2012; 23: 1265-1277.

PLOS ONE | DOI:10.1371/journal.pone.0121348 March 25, 2015 16/16


http://biostats.usc.edu/software
http://www.ncbi.nlm.nih.gov/pubmed/2260548
http://www.ncbi.nlm.nih.gov/pubmed/2029431
http://www.ncbi.nlm.nih.gov/pubmed/17826085
http://dx.doi.org/10.1016/j.bcmd.2008.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19091606
http://dx.doi.org/10.1038/sj.bjc.6604696
http://www.ncbi.nlm.nih.gov/pubmed/18827817
http://dx.doi.org/10.1093/ije/dys113
http://dx.doi.org/10.1093/ije/dys113
http://www.ncbi.nlm.nih.gov/pubmed/22836110
http://www.ncbi.nlm.nih.gov/pubmed/17182983
http://dx.doi.org/10.1093/aje/kws180
http://www.ncbi.nlm.nih.gov/pubmed/22899827
http://dx.doi.org/10.1016/j.leukres.2013.04.022
http://dx.doi.org/10.1016/j.leukres.2013.04.022
http://www.ncbi.nlm.nih.gov/pubmed/23692655


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


