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Individual radiation sensitivity 

- What is radiation sensitivity ?

-Does radiation sensitivity predict cancer risk ?

-Does radiation sensitivity predict non-cancer end points ?

-What does sensitivity contribute to dose response curves ?

-How can we include this in modelling risk ?

-What is the relevance to radiation protection ?
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Clinical experience of acute radiation reaction  (1-10%)

Acute radiosensitivity 



“Severe” genetic disposition (under 0.01%)

Chronic radiation sensitivity (cancer)

Data from Pazzaglia et al
Oncogene 25:1165-1173 (2006)



“low penetrant” genetic disposition (unknown 10-50%??)

Chronic radiation sensitivity (cancer)
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Sensitivity can be defined on many scales:-

- Induction of a specific lesion in a cell (DNA DSB, 
disruption of a mitochondrion)

- Change to a tissue or organ (inflammation, cell death)

- Change to an individual (cancer, cardiovascular disease)

Note that a shift from “deterministic” to “stochastic” events accompanies 
the change of scale, but no shift in dose response relationship is considered.
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Meta-analysis of 64 individual studies
Berwick &  J Natl Cancer Inst 2000; 92: 874–97 :

Primarily comparing DNA damage induced 
by stressor (radiation, CTX etc) in
a cancer case with the same challenge in 

a non-cancer control.

OR in range 1.4 to 75.3 

Scott  Cytogenet Genome Res 2004; 104: 365–70 

Cause or effect ??????
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- Non-cancer effects are not clonal. Therefore an initial 
single cell lesion from radiation hit may not explain the 
effects. 

- Current assays of radiation sensitivity directly or 
indirectly assay only DNA damage at a single cell level.
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Differences in thyroid cancer rates

is this due to gender, environment or genetic effects? Data from SEER 



Intraclass correlation of 
mutagen sensitivity 
(mean breaks per cell) 
between twin 1 and twin 
2 in MZ twins (left) and 
between person 1 and 
person 2 in dizygotes
(right), as calculated by 
use of ANOVA.  

Wu X et al. Cancer Res 2006;66:5993-5996

Is sensitivity genetically determined ? 

Heritability for 
agents such as 
bleomycin and 
benzopyrene
between 40 and 
60%



DNA repair gene activity and radiation-induced cancer

Bhatti et al  Int J Cancer 122:177 2008



Some individuals are inherently more susceptible 
to radiation-induced cancers

Familial cancer syndromes (germ-line mutations) predispose to 
an increased sensitivity to radiation-induced (secondary) 
cancers:-

- Gorlin (BN) syndrome (Patched1 gene)
- Retinoblastoma (RB1 gene)
- Li-Fraumeni (p53 gene)

DNA repair genes are also candidates (ATM, BRCA1, DNA-PKcs
etc.)



Medullloblastoma formation in Ptc1+/- mice irradiated with 250kV  X-rays at 
postnatal day 1 
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Constitutive deletion of one copy of Rb1 in the osteoblast 
lineage (cre-Col1:Rb1flox/+) confirms radiation sensitivity

p=0,0042

Osteosarcoma 
induction in 
Th227-injected 
mice

Rb1flox/+

cre-Col1
Rb1flox/+



Role of environment, diet and lifestyle on sporadic cancer 
susceptibility

Studies of cancer incidences in migrant populations:-

- Japanese in Hawaii and Brasil
- Vietnamese and Pacific islanders in mainland US.

Overall in subsequent generations the rates of stomach and colon
fall to US average.

Incidence of mammary and prostate approach US norm and rate of
lung cancer remains unchanged.

Although not complete explanation, diet and lifestyle 
have some contribution BUT WHAT ABOUT RADIATION?
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From: Hanahan D., Weinberg RA. (2011) Cell 144:646-74

Pathways take precedence over individual gene functions



Susceptibility may drive genomic instability

Telomere content 
assay in untreated 
osteoblasts in vitro
after repeated 
passaging



Telophase bridges contain PNA-telomere signals, suggesting BFB



Santos et al Oncogene 29 5265 2010 

Susceptibility may modulate cell-cell interaction
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Assessment of risk,.....in the dose region from fractions of mGy
to a few tens of mGy, would be greatly facilitated by knowledge 
of the shapes of the dose-response relationships for radiation 
induced cancers in humans. 

.....not available and not likely to be obtained by direct 
observations.

UNSCEAR 1986

What experiments are needed ?



Are non-cancer effects influenced by individual sensitivity ?

How many genes with high penetrance ? 

How many genes with low penetrance ?

Can we include sensitivity in pathways and model them ?

Relative contributions of gene-environment interaction ?

Key questions
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