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Background

e Aarhus post-mastectomy cohort
e 319 patients treated '78-'82
e Fibroblasts from 41 patients
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Intra- and inter-patient variation
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Intra- and inter-patient variation

= Conclusions
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Intra- and inter-patient variation
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Predicting normal tissue toxicity
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Predicting normal tissue toxicity

e Candidate gene versus whole-genome association
studies

e Methodological problems
e Quantitative complex traits and endpoints
e Clinical versus biological phenotypes
e Tagging SNPs versus functional variants
e Genetic haplotypes
e Confounding factors
e Intermediate versus clinical phenotypes

e Differential gene expression between patients
with either low or high risk of radiation-
induced fibrosis in patient-derived fibroblasts
after irradiation Co¥s



Genetic association studies
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Whole genome association studies

e Stage design

Vol 447|28 June 2007|doi:10.1038/nature05887 nature

ARTICLES

Genome-wide association study identifies
novel breast cancer susceptibility loci
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Stage 1
>225,000 SNPs
~400 cases
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~4 000 cases
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~22,000 cases
~22,000 controls
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Whole genome association studies

e Direct design

007|dei:10.1038/nature05911 nature

ARTICLES

>500,000 SNPs

Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium*



Quantitative complex traits

e A biological trait that has measurable phenotypic
variation

e Genetic basis often involves the effect of several
genes

e Some affect the phenotype in an almost
qualitative "all-or-none" way

e Usually each causal gene only makes a small
contribution to overall susceptibility

e Quantitative complex traits are often under
environmental influences



Endpoints

e Most common diseases + risk of radiation-induced
morbidity: quantitative complex traits

e Binary phenotypes
(like disease occurrence "yes or no")

e Complex phenotypes (radiation-induced morbidity)
e Severity and the time factor (late effects)
e Clinical versus biological phenotypes
e Confounding factors
e (Genotype-phenotype associations



Clinical versus biological phenotypes

e Presumably, differences exist between the genetic
component of various types of radiation-induced
morbidity in unselected patients

e Example: Data from the Aarhus post-
mastectomy cohort

e Even if the same overall endpoint is evaluated,
clinically defined phenotypes might represent a
different underlying molecular pathology

e Example: alterations in breast appearance
after irradiation and late radiation morbidity
assessed by palpation of subcutaneous
induration might not reflect exactly the same
biological mechanisms

Co¥os



Confounding factors

e Potential confounding factors are differences in
e radiation dose and type
e target volume

e target dose specification (especially when at a
variable depth like tumor location)

e overall treatment time

e fractionation

e concomitant chemotherapy

e juxtaposed skin surfaces

e immobilizing and dose-modifying device

e comorbidity (e.g. connective tissue diseases)

Co¥os



Genotype-phenotype associations

e Understanding the biological function of
genotype-phenotype associations

e Tagging SNPs versus functional variants
e Genetic haplotypes



Haplotypes
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radiotherapy and the cellular response to DNA damage
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Haplotypes

TGFB1 ?
C/T Leu/Pro Arg/Pro
Position -509 Codon 10 Codon 25



SNP association studies

NATURE|Vol 447|7 June 2007

nature

FEATURE

Replicating genotype-phenotype associations

What constitutes replication of a genotype-phenotype association, and how best can it be achieved?

NCI-NHGRI Working Group on Replication

in Association Studies
The study of human genetics has recently

undergone a dramatic transition with the com-
pletion of both the sequencing of the human
genome and the mapping of human haplo-
types of the most common form of genetic
variation, the single nucleotide polymorphism
(SNP)'*. In concert with this rapid expansion
of detailed genomic information, cost-effective
genotyping technologies have been developed
that can assay hundreds of thousands of SNPs
simultaneously. Together, these advances have
allowed a systematic, even ‘agnostic, approach
to genome-wide interrogation, thereby relaxing
the requirement for strong prior hypotheses.
So far, comprehensive reviews of the pub-
lished literature, most of which reports worl
based on the candidate-gene approach, have
demonstrated a plethora of questionable geno-
type—phenotype associations, replication of
which has often failed in independent stud-
ies*”. As the transition to genome-wide asso-




Endophenotypes (Intermediate)

e The concept of dividing a clinical phenotype
(quantitative complex trait) into more stable
phenotypes which

e correlate with the clinical phenotype
e associate more closely with genetic variants

e may be portrayed by gene/protein expression
patterns

e may be applicable to pathway analysis



Various normal tissue damage endpoints
CLINICAL PHENOTYPE

INTERMEDIATE PHENOTYPES
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Irradiated fibroblasts

e Aarhus post-mastectomy cohort
e 319 patients treated '78-'82
e Fibroblasts from 41 patients

Photon field [
without bolus

"Scar” photon
field with bolus

Chest wall
electron field




Genome-wide approach

Selection of genes
(total: 225)
SAM analysis
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enome-wide approach
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'Independent’ validation - real-time PCR

e Same and more cell lines (but different batches)
e New irradiation - reference gene: PMM1
e Before and after 3 x 3.5 Gy / 2 days

Alsner et al (2007) Radiother Oncol 83:261-266 C O



FAP, Fibroblast activation protein «
Before and after 3 x 3.5 Gy / 2 days
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FAP, Fibroblast activation protein «
Before and after 3 x 3.5 Gy / 2 days
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FAP, Fibroblast activation protein «
Before and after 3 x 3.5 Gy / 2 days
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MXRAS5, Matrix-remodelling associated 5 (Adlican)
Before and after 3 x 3.5 Gy / 2 days
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e Adhesion protein with
leucine-rich repeats and
immunoglobulin domains
related to perlecan (large
extracellular matrix
proteoglycan)

o Upregulated during
senescence, in skin
fibroblasts from
centenarians, and in
cancer
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MXRAS5, Matrix-remodelling associated 5 (Adlican)
Before and after 3 x 3.5 Gy / 2 days
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MXRAS5, Matrix-remodelling associated 5 (Adlican)
Before and after 3 x 3.5 Gy / 2 days
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MT1X, Metallothionein 1X
Before and after 3 x 3.5 Gy / 2 days
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MT1X, Metallothionein 1X
Before and after 3 x 3.5 Gy / 2 days
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MT1X, Metallothionein 1X
Before and after 3 x 3.5 Gy / 2 days
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'Independent’ validation - real-time PCR

e Same and more cell lines (but different batches)
e New irradiation - reference gene: PMM1
e Data based on(delta valuesi(before and after IR)
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Genetic profile and risk of subcutaneous fibrosis
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enome-wide approach
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Ingenuity pathway analysis

Cellular movement o
Cell morphology
Cell death er @i
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Future studies

e Functional studies on fibroblasts

e Validate differential MRNA expression after
irradiation

o Differential miRNA expression after
irradiation ?

e Pathway analysis (siRNA)
e SNP arrays ?

e Animal studies

e Subcutaneous fibrosis (leg extension)
e Lung fibrosis
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