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Abstract

Recent studies have provided evidence of bystander effect. The bystander
phenomenon has been tentatively linked to an elevated risk of health effect
at low dose in human (cancer, congenital abnormalities, neurological disease
and hereditary effects) but none of those health effects has so far been
scientifically shown to be associated with such radiation-induced effects.
The possibility cannot be excluded but remains purely speculative. Further
investigations are needed to clarify the nature and the importance of the
bystander effect for the risk estimation in the low dose range.

INTRODUCTION

There is no doubt about radiation biological effect at high doses. Such effects
for which a clear dose-effect relationship exists are called deterministic
effects.

At low dose, whatever the low dose received, if a cancer should appear, the
severity of the effect is not questionable and it is the probability of having
the effect which becomes of concern. Such effects are called probabilistic or
stochastic. The risk characterization is the estimation of the incidence and
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severity of the adverse effects likely to occur. The risk estimation consists
of the quantification of that likelihood. In this purpose any low dose effect
should be carefully evaluated.

The problematic of studying the low dose effect resides in the statistical
power of the studies. Indeed, the lower the doses, the lower the probability of
a stochastic event such as chromosome aberration, mutation or cancer. The
subsequent lack of evidence could indicate that either there is no harmful
effect of radiation at such low levels of radiation or that the health effects,
whatever they may be, are too few to be statistically significant.

To develop estimates of tumor frequencies at low radiation doses, it is
necessary to extrapolate from responses at high dose. Different possibilities
are to be considered: The choices generally are Linear Non Threshold, LNT
(fig.«1»), non linear (fig.«2»), threshold (fig.«3») or greater than linear
(fig.«4»). The Linear Non Threshold hypothesis estimates that the risk
decreases when the dose decreases but the risk is never nil since a dose zero
is impossible. (Natural radiation background). Non linear and threshold are
respectively relevant for adaptive response and hormetic effect and would
indicate that LNT is overestimating the risk. Greater than linear (fig.«4»)
indicates that LNT is underestimating the risk. The challenge in radiobiology
is to establish which dose response curve shape best fits the tumor estimates
at low doses.

Clearly any one of these three approaches has its own inherent sources of
error and suppositions.

THE BYSTANDER EFFECT

The major concern in the
low dose exposure range
is the increased risk with
increased radiation dose.
The conventional approach
is to consider that at low dose
only some cells in our body
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a cell transformed (a cancer cell) depends on the number of the cells being
hit.

Recently several works (1, 3,4, 6,7, 8,9, 11) have shown that at low doses,
if effects are observed in radiation hit cells, effects also can appear in cells
not directly hit by radiation but damaged by signal sent by neighboring
cells. Such effects are referred to as untargeted effect or bystander effect.

Bystander effect would suggest that the target for radiation is larger than an
individual hit cell and that a linear extrapolation of risks from high to low
doses could underestimate the risk at low dose (fig.«4»).

Bystander effect has been demonstrated, especially after high-LET
exposure, with various biological end points, chromatid exchange (5, 11),
clonogenic survival (8, 10), micronucleus induction (13, 15), chromatin
damage (14), chromosome aberrations (11) and apoptosis (4). A signal can
be transferred by cell-to-cell communication or via the culture medium.
The factors involved in the transmission of the effect have only partly been
characterized. They may involve the diffusion of cytokines or long lived
reactive oxygen species (ROS), the diffusion of paracrine proapoptotic or
antiapoptotic factors induced by up-regulation of p.21. Bystander effect
was reported to be suppressed by adaptive response induction.

Bystander effect is independent of dose. There is therefore no threshold.
The lowest dose used to evidence a bystander effect (single alpha particle
track to one cell or low dose to a cell population) caused the same amount
of bystander end points as doses that were orders of magnitude higher.
Bystander effects reported for y-ray are with dose of 500mGy and above.
For a-particles and other high-LET radiation used in bystander studies, the
dose to the nucleus was calculated to be 130-500 mGy per particle traversal.
The most critical question remains therefore whether the bystander effect
exists for low-LET radiation dose <100 mGy.

Data from the literature show pronounced bystander effect in a variety of
cell lines. Recently T. Groesser et al. (2) pointed a lack of bystander effect
from high-LET radiation for early cytogenetic end points. These results
were in contradiction with those of several published reports (7, 10, 14,
15, 16) but were confirmed by Mothersill who tested in her laboratory the
same cells. However when changing the culture medium, a bystander effect
appeared.
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To reconcile such conflicting data it is suggested that the epigenetic status of the
specific cell line used or the precise culture conditions and medium supplements
such as serum could be critical for inducing bystander effect (2).

It has been proposed that the bystander response could be the initiating
event in radiation-induced genomic instability (4). The instability induced
by bystander effect is frequent and nonclonal but tumors do have a clonal
origin. Bystander effect therefore does not appear to be directly involved
in cellular transformation but, by the induced genomic instability, would
favor its occurrence and increase the cancer incidence above the estimation
provided by LNT hypothesis.

It is also important to note that the experimental results supporting the
bystander effect involve only in vitro model systems. To evidence bystander
effect in in vivo systems appears clearly not possible. Mancuso et al. (6)
working on shielded cerebellum reported the first proof-of-principle that
bystander effects are factual in vivo events with carcinogenic potential,
and implicate the need for re-evaluation of approaches currently used to
L estimate radiation-associated health risks. We might however consider that
136 | such long distance bystander effects described by these author’s are more
=== likely related to the abscopal effect, a well known systemic effect for which
the mechanisms might be totally different.

CONCLUSION

If bystander effect is important, we should consider that it has already
operated in the population over many thousands of generations and is
included in any low dose effect studies. Epidemiology should then clearly
indicate that LNT underestimates the risk.

Epidemiological evidence however supports the LNT hypothesis.
International epidemiological research on health effects of low doses of
ionizing radiation has progressed in a classical way through dose estimations
of exposed populations.

The United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), the ICRP (International Commission Radiological Protection)
and the US National Academy of Sciences (BEIR VII) reviewed the scientific
progress worldwide and recently came to conclusions still supporting a
linear non threshold hypothesis as best fit to assess and manage low level
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exposure to ionizing radiation in the current context of uncertainty.

New investigations are needed to understand the mechanisms of bystander
induction, the factors involved in the signal transmission, the role the
bystander effect can play in vivo and verify if bystander effect is linked
exclusively to ionizing radiation exposure or is a cell reaction to any stress.
Only clear answer to those questions can allow to estimate the impact, if
any, of bystander effect in the low dose radiation risk.
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