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The individual response to ionizing radiation may show several clinical features such as skin burns, cancers or
cataracts, according the tissue type, the genetic status or the dose. To avoid any confusion with a non-univocal
way of using the term “radiosensitivity”, we have proposed the following definitions :

- “Radiosensitivity is the proneness to the radiation-induced adverse tissue events generally attributable to cell
death that is correlated with unrepaired DNA damage.

-“Radiosusceptibilty” is the proneness to the radiation-induced cancers generally attributable to cell transformation
that is correlated with misrepaired DNA damage.

-"Radiodegeneration” is the proneness to radiation-induced non-cancer effects attributable to mechanisms related

to accelerated aging that is correlated with the accumulation of tolerated unrepaired DNA damage.

radiosensitivity radiosusceptibility radiodegeneration ATM ionizing radiation

| 1. Introduction

The individual response to ionizing radiation (IR) raises a number of medical, scientific, and societal issues. While
the term “radiosensitivity” was used by the pioneers at the beginning of the 20st century to describe only the
radiation-induced adverse tissue reactions related to cell death, a confusion emerged in the literature from the
1930s, as “radiosensitivity” was indifferently used to describe the toxic, cancerous, or aging effect of IR. In parallel,
the predisposition to radiation-induced adverse tissue reactions (radiosensitivity), notably observed after
radiotherapy appears to be caused by different mechanisms than those linked to predisposition to radiation-

induced cancer (radiosusceptibility).

The individual response to ionizing radiation has been the subject of a plethora of studies in the last decades,
notably to evaluate the related risks, not only for exposed humans, but also for ecosystems. In particular, the
International Commission of Radiation Protection (ICRP) set up in 2018 a dedicated group (TG111) to address the
corresponding issues. Unfortunately, while the individual response to radiation is more and more documented,
some of its various features are described with non-univocal terms, which does not facilitate their understanding

and the elucidation of their intrinsic mechanisms.

This review aims to document these differences in order to better estimate the different radiation-induced risks. It
reveals that there are very few syndromes associated with the loss of biological functions involved directly in DNA

damage recognition and repair as their role is absolutely necessary for cell viability. By contrast, some cytoplasmic
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proteins whose functions are independent of genome surveillance may also act as phosphorylation substrates of
the ATM protein to regulate the molecular response to IR. Hence, the role of the ATM protein may help classify the

genetic syndromes associated with radiosensitivity and/or radiosusceptibility.

| 2. Historical context

The term 'radiosensitivity’ is one of the most extensively used words in radiation biology, oncology, and protection.
The first occurrence of the “radiosensitivity” term was found in the French “radiosensibilit¢” and German
“Strahlenempfindlichkeit” in 1907 . The French “radiosensibilité” likely originates from “radioactivité” (radioactivity)
that was proposed by Curie to replace the term “hyper-phosphorescence” initially chosen by Becquerel after his
discovery of natural radioactivity [&. Although the exact origin of this term is still unclear, “radiosensitivity” was
systematically used to describe radiation-induced tissue reactions, such as skin burns, with the widely accepted
hypothesis that these tissue events were associated with cellular death and that there was a causal link between
clinical and cellular features [Bl. This was notably the case of the reactions reported by Albers-Schénberg in 1898 in
patients treated for lupus [4! and by Bouchacourt in patients treated for hypertrichosis &,

By contrast, to describe the first radiation-induced cancers, notably that reported by Frieben in 1902 [8, and those
from the over-exposed dial painters (the “radium girls”) between 1917 and 1926, the term “radiosensitivity” was not

used but was simply replaced by “radiation-induced cancers” [,

From the 1930s, English became the official language during the first International Congresses of Radiology, the
term “radiosensitivity” was used indifferently whether for describing radiation-induced tissue reactions or cancers

[8. As a consequence, confusion has emerged 2.
Since the 1930s, in the ICRP publications, the term “radiosensitivity” was used as a synonym of:

« radiation-induced cancers, e.g., “Children are more radiosensitive than adults” [ or “thyroid is a radiosensitive
organ” 19;

 radiation-induced cataracts, e.g., “eyes are radiosensitive” (11].

 radiation-induced toxicity as adverse tissues reactions in “ataxia telangiectasia, caused by ATM mutations, is
the most radiosensitive syndrome” 121,

A practical consequence of such confusion is to allow the belief that a “radiosensitive” patient may have the same
guantitative risk of radiation-induced cancers, radiation-induced cataracts, and post-radiotherapy adverse tissue
reactions. Additionally, such confusion may raise obvious legal issues, as radiation-induced cancers, cataracts, or
skin burns do not obey the same incidence laws and do not correspond to the same level of clinical injuries and
repairability 131,
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To date, while the term “radiosensitivity” is still used indifferently, there is increasing evidence that the molecular
and cellular bases that lead to radiation-induced cellular death and tissue reactions are different from those that
lead to radiation-induced and spontaneous cancer proneness. A typical example is given by three genetic
syndromes:

« the Li Fraumeni’'s syndrome (LFS), caused by the heterozygous mutations of p53 [24! is associated with cancer

proneness but not with significant post-radiotherapy adverse tissue reactions [141;

« the ataxia telangiectasia (AT) caused by the homozygous mutations of ATM 13 is associated with post-
radiotherapy fatal reactions and AT patients are at high risk of leukemia (2116l

« the Cockayne’s syndrome (CS) caused by the homozygous mutations of the CS genes 17 is associated with a
significant tissue radiosensitivity but no cancer proneness 17181,

Altogether, these observations strongly suggest that radiation-induced tissue reactions are not necessarily linked to
spontaneous and radiation-induced cancer proneness. Practically, such a conclusion is important for radiation
oncologists who should, in the first case (tissue radiosensitivity but not radiation-induced cancer proneness),
decrease the total dose in the planned treatment, or even forbid any radiotherapy 18 while, in the second case
(radiation-induced cancer proneness but not tissue radiosensitivity), they can treat their patient by considering his
age: if the patient is young, they should reduce drastically the dose on healthy tissues surrounding the tumors,
maybe by using new-generation radiotherapy modality, while if the patient is old, they may consider that the

transformation of cells into a radiation-induced malignancy may be longer than the general life span of the patient.

Similar conclusions can be reached with radiation-induced cataracts vs. tissue reactions and/or cancer proneness.
For example, some genetic syndromes may be associated with both juvenile cataracts and tissue radiosensitivity
like in the case of the Rothmund—Thomson syndrome 2l or else both juvenile cataracts and cancer proneness

like in the case of the neurofibromatosis type 2 29,

| 3. Univocal Definitions

To avoid all these confusions with the use of the term “radiosensitivity”, two approaches, at least, were possible:

» the “genomic approach” which consists of inventorying all the genes involved by their expression or
polymorphisms in the high throughput studies of radiosensitivity, in order to establish causal links with clinical
features 21, The major advantage of this approach is to get a large number of candidate genes. The major
inconvenience is to consider gene expression as a major feature of the response to radiation, while some cases

of radiosensitivity are not necessarily linked to a higher or lower gene expression but to protein dysfunction [&!;
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» the “clinical approach” which consists of defining the major clinical features of the response to radiation, and
thereafter to identify genes in each category. The major advantage of this approach is to gather all the different
types of radiation-induced events observed by clinicians. The major inconvenience is to omit some genes that
may be involved in the response to radiation while their mutations lead to non-viability and therefore are not
associated with any described syndrome (&,

In the present review, we have considered only this second approach, arguing that it permits to alleviate the major
confusions caused by non-univocal definitions of the terms used. In addition, this approach permits us to
indifferently apply the following terms to the individual, tissue, cellular, or molecular scales. The following definitions

have therefore been proposed in the literature:

» The radiosensitivity is the proneness to the adverse tissue events that are considered as non-cancer radiation-
induced effects and attributable to cell death. Radiosensitivity is generally correlated with unrepaired DNA

damage 12;

» The radiosusceptibility is the proneness to the radiation-induced cancers that are non-toxic radiation-induced
effects attributable to cell transformation and genomic instability. Radiosusceptibility is generally correlated with
misrepaired DNA damage 22, As IR is considered as a carcinogenic agent, radiosusceptibility is strongly linked
to susceptibility to spontaneous cancers. The term “radiosusceptibility” was proposed through its similarities
with “cancer susceptibility”, extensively used in the ICRP reports, and as it introduces the notions of stochastic
events [8l:

» The radiodegeneration responses are non-cancer effects attributable to mechanisms related to accelerated
aging. Radiodegeneration should be correlated with unrepaired DNA damage that is tolerated by and can
cumulate in cells 8. Radiodegeneration responses cannot be considered similar to radiosensitivity responses

as defined above, as their incidence rates, the types of cellular death, and the genes involved are different.

| 4. Conclusions

The notions of radiosensitivity, radiosusceptibility, and radiodegeneration appear to be necessary to better describe
the different types of individual radiation responses, and permit an evaluation of the specific radiation-induced risks
in agreement with clinical observations. This review reveals that there are very few syndromes associated with the
loss of biological functions involved directly in DNA damage recognition and repair bas their role is absolutely
necessary for cell viability. Interestingly, some cytoplasmic proteins, whose functions are clearly different from
genome surveillance, may also act as ATM phosphorylation substrates to regulate the DSB recognition and repair.
The radiation-induced ATM nucleoshuttling model may therefore provide a novel approach to classify the genetic

syndromes associated with abnormal individual response to radiation, whether linked to toxicity, cancer, or aging.
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