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Our Goal: Define the causes of
childhood leukemia

*Prevention
Early Detection

Risk stratification (treatment decisions)

Tumor genetic/epigenetic analysis in epidemiology

*Trace the origin of the genetic and epigenetic changes
that result in leukemia: timing and structure

*Use epidemiologic methodology to discover the role of
environment in the formation of leukemogenic events



Etiology of Leukemia:
The Model

e Childhood leukemia is a disease caused by at least two
genetic/epigenetic mutations (“hits”)

e These mutations will occur in clonal succession at
different periods in development

e .,
_——
Hit 1 ~ Hit 2
I I Leukemia: the “simple” cancer

Environment/chance/predisposition



Environmental Risk Factors
linked to leukemia

*diagnostic X-ray exposure

diet (folate, topoisomerase |l inhibitors)
infection (clusters, daycare, birth order)
birthweight

pesticides

workplace exposures, solvents
tobacco (parental)

*the only generally accepted risk factor



Epigenetics: DNA methylation in
cancer

On a mechanistic level, epigenetics is the state
of function of the genome related to gene
expression which is controlled in part by the
state of gene promoters




Gene expression levels are dependent on promoter function.

Epigenetics is the control of promotor accessibility to transcription
factors.

Promoter
5/ o & -~ , - , - R ’ ) 4 ’ - = P 3/
K ¢ v - oo OV& o2 = -’ - 5
TF e TF
RNA
pol. Sense strand
e | /
’ " ——— P o - - I\ oo 3’
3 - _— 4 Vv 4 s 4 o 4 ¥ 4 e 5’
FELLELLEER R
5 PPP 2 >0H 3 \
RNA Template strand

(= antisense strand)

Key:
i Hydrogen bonds 6




NH, ?
|

c* N’ C° N’
L7 et 17 L NS
N ¢” \. HN ¢’ \
| I /CH (I: [ /CH"
HC c G
A 9
2SN INNG HN “SN7 “SNH
3 9 3
Adenine (A) Guanine (G)
e i
H
3 /04\5 . /C4\ s/c 3
N CH HN c”:
I | |
c CH c CH
y / y / y
0 2\r:m's 0/2\t;JH6 0
Cytosine (C) Thymine (T) 5-methyl- Cytosine (C)

The “fifth base”



5-methyl C facts

Only occur at CpG sites 5’ -GTCGTAACATCGATGGCA-3’

Most CpGs are methylated in the genome, and associated with

interspersed repeat sequences (“parasitic’ DNA) and heterochromatin

CpGs that occur in high density are associated with promoter regions and

are typically unmethylated. 45,000 such “CpG islands” exist.

Unmethylated CpG associated with open chromatin state.
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DNA methylation in normal
development and cancer
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DNA methylation in development

Degree of methylation
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DNA methylation is metastable during development



DNA methylation: environmental
exposures and disease

We can measure and classify everyone
High dimension methodology

“sensor” of environmental insults and also highly
relevant to the disease

Exposure - Biomarker - Disease



Gene expression permanently
influenced by pregnancy folate

Cropley, PNAS 103 46:
1 2 3 4 5 17308-17312, 2006

* These mice are clones with identical
DNA sequence



lllumina GoldenGate Arrays

1505 loci associated with over 800 cancer-related genes

Essentially it is a genotyping assay for CpG loci, but
statistically a continuous measurement from 0 to 1.

Distinguishing methylated from unmethylated sequence is
achieved through bisulfite modification of genomic DNA

Cytosine converts to Uracil
Methyl-Cytosine remains cytosine



Different normal tissues have different DNA methylation patterns
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Relationships between epidemiologic variables and DNA
methylation in normal blood
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DNA methylation during pre-B cell
development
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DNA methylation in blood cell development
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Folate nutrition, parental
smoking, pesticides

i

DNA
methylation in
Guthrie cards
(case-control)

Guthrie, birth
blood

DNA methylation
profiles of leukemia
(case only)

Infection,
daycare,
vaccination

Bone marrow,
lonal leukemia




Recursive Partition Methylation
Modeling (RPMM)

Select the number of clusters in a data set
beta mixture model

unsupervised variant of Hierarchical Mixtures
of Experts, a fuzzy version of CART

Model-based version of HOPACH algorithm

Samples are “split” when the data better fits
by Bayesian information criteria

Andres Houseman, Brock Christensen et al.,
BMC Bioinformatics



RPMM analysis
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Paternal smoking (and not maternal) is a risk
factor for childhood leukemia

Author Year Country Cases X
Magnani 1990 ltaly 138 } o |
John 1991 us 47 f o
Ji 1997 China 136 : —@ |
Brondum 1999 CCG 1618 ———
Schuz 1999 Germany 955 I
Sorahan 2001 UK 139 : : @ |
Pang 2003 UK 1308 —@—
Chang 2006 US 227 — @ |
Menegaux 2007 France 415 i E ) i
MacArthur 2008 Canada 386 : 9o |
Qur study Korea 148 = o

OR 95% ClI P :
All Leukemia (N=11) 5540  1.12(1.04-1.21) 0.002 :
ALL (N=9) 3073 1.17(1.04-1.30) 0.007 : :$—4

Epidemiology of parental
smoking and childhood
leukemia: Kang et al., 2008



Prior evidence: tobacco and p16 gene
methylation in lung

p16 Methylation Prevalence (%)

<31 31-40 41-49 >49

Duration of smoking (years)

Kim, D.-H. et al. Cancer Res 2001



Infection and childhood leukemia

e Early, common infections are protective

e Late infections (proximal to diagnosis) are risk
factors

* No specific infection has been associated with
leukemia

* |sthere an “imprint” of viral involvement left
behind?

—>the proverbial “hit and run”?



Parvovirus B19

“fifth” disease of childhood, common and
ubiquitous.

Causes fever and rash or occasionally no
symptoms

Erythrocyte precursors involved



IgM and I1gG in an immune reaction

infection



Summary

* Epigenetic aberrations can occur in early
development and contribute to cancer

— May lead to prediction and risk stratification

* Environment appears to have a profound
effect on DNA methylation patterns

 For research, an intensive environmental
assessment is crucial



Summary

exposures - S;ggggt?cnd Premalignant S;ggzce:t?cnd cancer
change 1 cell change 2
Metabolism, Metabolism,
Genetic

Genetic

susceptibility susceptibility

* Genetic and epigenetic markers contribute to disease, and can
be caused directly or indirectly by exposures

Can be used for:
— Tracing the origins of disease

— Sub-classification of cancers in etiologically-relevant subgroups
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