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. - Onr*Je.'c'""' The recent decision of the United Nation Scientific Committee on the Effects of Atomic
Radiation to pubhsh its report on beneficial for normetic) effects of small doses of radiation.rn Jos rauua

may influence the current philosophy of rad ological protection. which is based on a pnnciple !

i
n m warepna.i""

of knear-notwthreshold dose-effect relationsnip. The hormetic effects were observed at43

Ilpnusuueton,ic biochemacal. cellular and organism level in cellular cultures. bactena, plants, expenmental
'

animals and in human populations. The most important from among more than 1000 pub-
p

iposanna Hun n. 4

heations on radiabon hormesis are reviewed in the UNSCEAR (28) report. in which theirrtot o n ra uua {main emphasis is laid on elucidation of the mecnanism of this phenomenon. '

51
'

.aa. turonam
in March 1994 the United Nations Scientific Committee on the Effects of Atomicdadas a cocraua
Radiation (UNSCEAR), decided to publish its report on radiation hormesis, aW"""""*''^
phenomenon of beneficial effects of radiation. The report " Adaptive Responses),h "('''""' to Radiation in Cells and Organisms"[28] approved after 12 years of delibera-61

1tion, dispels the common notion that even the smallest dose of radiation isy ,_ ,

np t.. t unnis harmful.
\d.l.06tu,% p |$. -

What caused that UNSCEAR needed twelve years to prepare a report on
hormesis (a Greek word for stimulation)? Myths are hard to banish, and until

omanna n.-ni

67
recently hormesis was a scientific taboo. Tnis was because it contradicts an

n Kuscaw mn
assumption which is a basis for the current philosophy and policy of radiation IL' t '" OI -
protection. This assumption states that there is no dose !imit, or a threshold.

'"} ""[""""" below which no cancers are induced by radiation. It implies that each dose, even d
, ,, ,,

close to zero,is detnmental. It also implies that low doses of radiation produce theILi . u si

gg same effects as observed at high doses. only with a lower incidence, and that no ]
, , ,

. _ rpa g,m other effects occur at low doses than at the hign ones. The assumption had an,
-

enormous influence on spreading of radiophobia. the irrational fear radiation anda n.nin pa n .

on . Pun o"
all nuclear things. In effect, Amencan women and college students perceive f87 j
nuclear power as the most dangerous among 30 nsky activities and technolog:es. <

far away from the 20th position assigned to it by experts (19]. l

The non-threshold hypothesis was accepted as a principle 35 years ago by f|the intemational Commission on Radiological Protection (10] for protection of
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tion. dispels the common notion that even the smallest dose of radiation is,. , ,,

np t t un,n, harmful.
s .unn.s p I:. - What caused that UNSCEAR needed twelve years to prepare a report on

hormesis (a Greek word for stimulation)? Myths are hard to banish, and until
mununnancni

67
recently hormesis was a scientific taboo. This was because it contradicts an

t Kusens.mn
assumption which is a basis for the current philosophy and policy of radiationL8 t"' O l -
protection. This assumption states that there is no dose !imit, or a threshold.

'"} ""{"""''"; below which no cancers are induced by radiation. It implies that each dose, even
.

d
,, , , , ,

close to zero, is detrimental. It also imp!ies that low doses of radiation produce theii ,, g y g,
g,, g ,g ,. same effects as obsefved at high doses. only with a lower incidence, and that no ]. - cpannein,.. other effects occur at low doses than at the high ones. The assumption had an =

enormous influence on spreading of radiophobia. the irrational fear radiation and. n.ni.n pa in. .

un i.tur'""
all nuclear things. In effect, Amencan women and college students perceive87
nuclear power as the most dangerous among 30 nsky activities and technologies. '

far away from the 20th position assigned to it by experts (19). I

The non-threshold hypothesis was accepted as a principle 35 years ago by
fthe Intemational Commission on Radiological Protection (10] for protection of
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cccupationally exposed people. Over the years. this assumption came to be The absurct.
regarded as a scientifically documented fact by mass media pubhc opinion anc to light after it
even many scientists. However. it belongs to the realm of administration. At the rac10 active cc
time the assumption became a pnnciple. Its main basis were results of epidemi- from Chernob
clogical studies of atomic bomb survivors in Hiroshima and Nagasaki. These pie. it was four
results indicated that cancers were induced by single radiation doses hundrecs next 50 years
or thousands times higher than the world-wide average annual dose from natural 0.004% cftne
radiation background (2.4 mSv). These results however. did not indicate that grcuna rac:ati

cancers were induced by the background radiation or by the doses received by schere wcu'd -
general population from all kinds of man-made radiation. the peculat;cn

The ICRP assumption was not very realistic. However, everybody accepted These mi:
it because such an extrapolation of knowledge from the region of high doses. deaths that tr
from which we had reliable epidemiological data, to the small dose area. from Chernctyl fai!,
where we knew nothing, simplified regulatory work. In addition. it was also more cancer :
advantageous for the relatively small group of occupationally exposed persons. Hemispnere
and did not involve exceedingly high social costs. This was a sr

in the 1970's. however ICRP applied the non-threshold pnnciple for hmiting nurrber of pec
exposure of general population to man-made radiation, and in the 1980's for demiological
limiting exposure to natural sources of radiation (such as radon). The dose limit Nagasaki Tne
for the members of the public was set at 50 mSv over a lifetime [11]. This value with ccses mc
is more than three times lower than the global average lifetime dose from natural tne United Sta
radiation (168 mSv for 70 years), and several orders of magnitude lower than demiological c
natural dose in many regions of the world. tionsnip ncids

Limiting exposure to natural sources of radiation was a logical consequence . Oniy in a '
of the administrative assumption from 1959: if each dose is detrimental. teen there was a cr<
one should also attempt to decrease the risk of natural radiation background. by the mecia.
This appeared to be less palatable for many scientists associated with radiation fact. not by nyt
protection. This was not only because of the epistemological problem of tres- ical stu0:es trcr
passing the limits of knowledge, as pointed out in a bnlliant paper by Walinder radiation is nct
[24]. but "trans-scientific'' difficulties discussed by Weinberg (26). and absurd ave age : eve!
practical consequences to which this pnnciple was leading. Staying on tnese the cancer ce
practical grounds several speakers (e.g. 2) at the 7th World Congress of the riston S. Tayic'
International Radiation Protection Association and international Conference on cal Prctection
Radiat:cn Protection in Nuclear Energy. Sydney.1988 cnticized the non- thresnc:d. dcs(
threshold pnnciple, sometimes branded as an administrative recommendation of cur sc:entif 4
dressed up as a pure scientific study. The'no-m

But even long before, the late prof. W.V. Mayneord. one of the most mento- local Chernec.
nous persons en radiation protection. a former member of the UK delegation to abcut 200 OCC
UNSCEAR and of ICRP stated: "I have always felt that the argument that sut'enrgs anc
because at higher values of dose an observed effect is proportional to dose. then Gereral Nate.
at very low doses there is necessanly some "effecta of dose. however small. is fcr esacJatcr
nonsense" [14]. at %t U.,ce 3
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nption came to be
The absurdity of using non-threshold pnciple for large populations was broughtj public opinion and
to light after the Chernobyl catastrophe A giant global monitoring network for'

ministration. At the
radioactive contaminations gathered a vast amount of data on radiation dosesesults of epidemi-
from Chemobyl fallout to the population of the Northem Hemisphere. For exam-! Nagasaki. These
ple, it was found that people living in the United States would receive dunng the( 1 doses, hundreds
next 50 years a dose of "Chemobyl radiation" approaching 0.0046 mSv [7), orj i doso from natural
0.004% of the average dose which they will get in 50 years from natural back-j not indicate that
ground radiation (120 mSv). The population of the rest of the Northem Hemi-

;

dosss received by
sphere would receive 0,3%, and in the European part of the former Soviet Union
the population would receive 5% of the natural dose.

erybody accepted
These minute doses were then used to calculate the number of cancer! on of high doses,

deaths that the linear no-threshold hypothesis predicts would be induced by! 'l dosa area, from
Chemobyl fallout over the next 50 years. For example, it was calculated that 30htion, it was also
more cancer deaths would occur in the United States,28,000 in the NorthernI 3xposed persons,
Hemisphere, and 25,400 in the European part of the former Soviet Union [7].|

This was a simple anthmetic: the 50 year Chernobyl doses were multiplied by aancipio for limiting-
number of people living in a region, and by a cancer risk factor based on epi-in the 1980's for demiological studies of 75,000 atomic bomb survivors in Hiroshima and

n). The dose limit Nagasaki. The bomb survivors, however, were irradiated in a fraction of a second'

e [11]. This value with doses more than 50,000 times higher than the dose which inhabitants of'

.1oss from natural
the United States will get from the Chemobyl fallout during 50 years. No epi-wtude lower than

'

demiological data exist to indicate that a linear no-threshold dose-effect rela-
tionship holds in this situation.;

,

'

catconsequence
Only in a few among such death estimates the readers were informed that

:

.'detrimental, then there was a probability of a zero effect [7}, and such statements are never cited'

non background,
by the media, which reported tens of thousands of future Chemobyl deaths as

ed with radiation
fact, not by hypothetical extrapolations. The media never say that epidemiolog-problem of tres-
ical studies from different parts of the world, where since immemorial time natural

tper by Walinder
radiation is not 0.004%. 0,3% or 5%, but 100% or 1000% higher than the global26), and absurd
average level, no higher cancer death rate has been observed. On the contrary.staying on these the cancer death rate is often lower than in less radioactive regions. Dr. Lau-

Congress of 'the
riston S. Taylor, the former president of the U.S. National Council on Radiologi-'

i Conference on cal Protection and Measurements, defined application of the linear, non-
cized the npn- threshold, dose-effect relationship for such calculations as " deeply immoral uses -

ecommendation of our scientific hentage"(23]. *

The "no-threshold" arithmetic was also applied to population exposed to the
he most merito- local Chemobyl fallout, and lead to a decision of the Supreme Soviet to evacuate d
JK delegatiori to about 200,000 inhabitants of Ukraine and Belarus, which lead to unspeakable

|argument that sufferings and a loss of many billions of dollars, equivalent of about 1.5% of the
,al to dose, then

General National Product of the former Soviet Union [9]. The intervention level] wever small, is
for evacuation was a lifetime (70 years) radiation dose 350 mSv. i.e. a level only
about twice as high as the global aveiage naturallifetime dose of 170 mSv. All

{,
n

:
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families with pregnant women and children under age of 12 years were reloca- |

ted from areas with 137Cs contamination greater than 550 Bq per m (9),137Cs2

body burden in children still living in such areas was found to range between
40K in the children's I0.04 and 2.25 kBq, which is less than natural amount of

bodies (9,19] (an adult body cames about 4000 Bq of K). Radiocesium body |40

burdens of several thousands Bq are now common in Northern Canada and
- '

|
were as high as 100,000 Bq dunng weapons tests in the 1960's (22].

The question arises: why governments of various countries do not relocate |

populations living in areas where lifetime dose of natural radiation is higher than |

350 mSv. For example, why are people not evacuated from Norway where all-
country average lifetime dose is 365 mSv [8), or from high background regions

;

in India with a lifetime dose of > 2000 mSv (21] and in Iran with lifetime dose of
> 3000 mSv (20]? Perhaps in Iran, for example, the govemment considered not
to follow the ICRP guidelines when it considered the fact that in a house in the Fig.1. Diagrc
city of Ramsar several generations were receiving average individual lifetime <aoseiessin
doses of natural radiation of 17,000 mSv (240 times more than the current ICRP neann (snace

limit for exposure of members of the public to natural sources of radiation). Yet giocal natwa
a se-enect re

these individuals show no increased incidence of any disease, and some of them
lived to 110 years of age (20]. a deficit of c '

Using the no-threshold principle to calculate " precise" numbers of imaginary ulation exp
victims of Chernobyl fallout is like counting the number of dead among a small statistically
group of suicidal persons who consume 50,000 tablets of aspirin each in one may solve :
session, and then stating that the same number of deaths will occur in another threshold di
group,50,000 times greater, whose members consume a single aspinn tablet Benefic
each spread 50 years, divided into 18,250 daily doses (so many days are in 50 ago. In plan
years). Even before eating all of 50,000 tablets at one session most of the radiation in
persons in the first group would die, while the members of the more moderate interesting -
group will show no detnmental effects, and may, in fact, have healtn benefits if by inhalatio
they increase their consumption to one tablet per day.

.

f atal, lived i
This simple truth was known to Paracelsus (1493-1541), a Renaissance taminated c

physician, naturalist and philosopher, who is recognized as the father of the But later st
modem toxicology. He posed the biological principle: "What is it that is not General At
poison? All things are poisonous and nothing is poisonous. Only the dose deter- showing for
mines that a thing is not a poison"(16). This principle is valid for chemical and gamma rad
physical agents, including ionizing radiation. Hormesis, fits this pnnciple, and Since t-
goes beyond the notion of no-effect-threshold at small doses: at small doses of However. rc
noxious agents new stimulatory effects occur, which are not observed at high decades.T
doses, and these new effects are beneficial to the organisms (Fig.1). reviewed rc

The existence of a true threshold vould be impossible to demonstrate rigor- internation,

ously, if hormesis did not exist. This follows from purely statistical difficulty of Germany ir
proving absolute that there is an absolute equality of an effect an epidemiolog- Most ir
ical study at zero dose and at an elevated dose. If, however, due to the hormesis been revie;

,

.

IfL ,

i

_
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are reloca-
I (9), mCs ,

a
||e bstween DISEASE

,

'

} children's ' ,

! sium body -

|inada and
,

'
'

,
'

'

G
k ."..y ,,

; ]t relocate tido- .

| ighsr than lii
'

'

j where all- 0 T

} 1d regions N
HEALTHy

{ 1e dos 3 of 0g idsr:d not DOSE

use in the
, al lifetime Fig.1. Diagram of general biological response to chemicit and physical agents. Deficit of an agent

(dose less than D) causes dehciency symptoms: small doses (between 0 and T) are vital for good
| rent ICRP health (shaded area); doses hsgher than Tcause toxic or other harmful effects. Nis probably average
i ation). Yet gi bat natural radiation dose. Dotted and sond knes represent hnear-non-enresnoid and hormenc

le of them d * * '' #''' '''*'' " *"'P * * ''5P'**"''Y

. a deficit of cancer incidence or of other deleterious effects is observed in a pop-imaginary
} ig a smaH ulation exposed to small doses of radiation or of other agent, there may be a
i

ch in one statistically significant difference at an acceptable confidence level (25]. This
may solve the problem of prohibitively large populations needed to resolve then anothe-
threshold dilemma.inn tablet

are in 50 Beneficial and protective effects of low do2es radiation were known long

' :st of the ago. In plants such effects were observed soon after the discovery of Roentgen !

Tioderate radiation in 1895 (1]. In 1943, during the early stage of Manhattan Project, an '

nteresting result was observed in experimental animals that were contaminatedi cenefits if
by inhalation of uranium dust. The rats exposed to uranium level expected to be
fatal, lived longer, appeared healthier and had more offspring than the non-con-aissance

er of the faminated control rats. For years, these results were treated as an anomaly (4].
But later studies produced similar results. The first report of UNSCEAR to the

,

| :at is not General Assembly of the United Nations presented results of experimentsse deter-
showing longer survival time of mice and guinea pigs exposed to small doses ofmeal and
gamma radiation than of nonirradiated animals (27].i iple, and

S nce the 1960s such effects were ignored in radiation protection practice,
i doses of g

However, research on radiation hormesis was continued during the past several gd at high decades. The results of 1239 published papers on these studies have been
reviewed recently in a book by Luckey (13), and have been presented at four

ate ngor- nternational conferences: in Oakland, California in 1985, Frankfurt a. M.,
Miculty of

Germany in 1987, Kyoto, Japan in 1992 and in Changchun, China in 1993.
:emiolog-

Most important of the publications on stimulating effects of radiation have
normesis been reviewed in the 1994 UNSCEAR document. These effects, at biochemical,

I% I '

-
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In other experime'

@ f
s

with doses betw\

y 300- radiation the nuti
o .O,

dose of 1 Gy of v.* '

/O Perhaps mos-
200-

ulations. UNSCEA| Pb 10 cm Hiroshima and Na1.

global average ant
,

'J

deaths. In fact, mj
o among non-irradic

0 0.3 Gy mortality c.
, , , , , non-irradiated per0 1 2 4 6 8 10

DAYS Probably the t:
out in China. BetweFig. 2. Effect of shielding on prohferation of Paramectum tetraurelia, cuttured in identical chambers.

of which one was shielded with 5 cm or 10 of tead. The non-shielded control animals were exposedhas a high level
to normal natural gamma radiation rate of 1.75 mGy per year and animals shielded by 10 cm of leadcompared to 77,0C
were exposed to 0.3 mGy per year. On the ein day, the proliferation of paramecia in the chamberand Taishan (2.1 r
shielded with 5 cm and to em of lead was 60*'. and 40%. respectively, of prohferation of the non-inhabitants are rec-
snielded control animals. Adapted from Planel et al(14}

than the interventic

cellular and organic level, were found in the cellular cultures, bacteria, plants
Chernobyl.

Should the Chand experimental animals. In mammals they increase the defensive reactionsthe Yangjiang coun
againts neoplastic and infectious diseases, increase longevity and fertility.

Of special interest is a group of French studies on the effects of deficit in do so. In an age <
mortality, was 17':

normal background radiation. These studies, started in the early 1960's, indicate
that protozoans and bacteria exposed to artificially lowered level of natural ones. The leukemi

lower in Yangjiang -
radiation dernonstrate deficiency syndroms expressed as dramatically decrea-

The most rece-sed proliferation (Fig. 2). This suggests that small doses of ionizing radiationformer Soviet Unic
may be essential for life, indeed, this might be expected. Living organisms'

Urals were irradia*developed at a constant exposure to naturalionizing radiation, which at their caused by the rack
ascent was higher than now. The early organisms learned not only how to protectreprocessing facilit.

.

M1;

. .
. . . - -
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themselves against the adverse effects of radiation to survive, but probably also
how to use it to their advantage. Similarly, organisms learned how to use ultra-
violet radiation, lethal at high doses, for photosynthesis that became a major
basis of life.

The UNSCEAR report (25] emphasizes the elucidation of mechanism of ra-
diation hormesis, occumng on the level of cell control systems (protein synthesis,
gene activation, DNA repair, stress-response protein production, radical detox-
ification, activation of membrane receptors, proliferation of splenocytes, stimu-
lation of immune system etc).

In several experiments, small initial radiation doses have been shown to

-

improve survival of animals subsequently irradiated with large, near-lethal doses.
In other experiments, an increase of life-span was found in animals irradiated
with doses between 0.25 and 3 Gy. In an experiment with '37Cs gamma-

'

radiation the number of all malignant neoplasms in mice exposed to a single
dose of 1 Gy of was more that 30% lower than in non-irradiated controls.

Perhaps most interesting are, viowever, the results of studies on human pop-
ulations. UNSCEAR report (28] informs that among nuclear attack survivors from
Hiroshima and Nagasaki who received doses of 0.2 Gy (80 times higher than the
global average annual dose of natural radiation), there was no increase of cancer
deaths. In fact, mortality caused by leukemia was less in this population than
among non-irradiated inhabitants of these two Japanese cities. At doses about
0.3 Gy mortality caused by non-neoplastic diseases was slightly lower than in
non-irradiated persons, and at the doses 0.5-1.0 Gy mortality was 65% lower.,

to Probably the best radioepidemiological study at low doses has been camed .".
out in China. Between 1970 and 1986,74.000 people in Yangjiang county, which

, identical enambers. has a high level of natural background radiation (5.5 mSv per year), were
.nimais were exposed compared to 77,000 people in two adjacent low-background counties of Enping
: ded by 10 cm of lead and Taishan (2.1 mSv per year). In the high background Yangjiang county the

ecia in me enameer
inhabitants are receiving dunng 70 year of life a dose of 385 mSv which is higher#* '* D " '** *
than the intervention level for evacuation adopted by the Sovfet Govemment for
Chemobyl.

bacteria. plants Should the Chinese Govemment follow the Soviet example and evacuate ,

fensive reactions the Yangjiang county? The epidemiological data show that there is no reason to
and fertility. do so. In an age group of 10-79 years the general (non-leukemia) cancer

'fects of deficit in mortality, was 17% lower in high background county than in low background
y 1960's, indicate ones. The leukemia mortality among men was 15% and among women 60%
j level of natural lower in Yangjiang than in low-background counties.

.

matically decrea- The most recent data showing hormetic effects in humans came from the [
'

onizing radiation former Soviet Union. In September 1957 inhabitants of 22 villages in Eastern | .

juving organisms Urals were irradiated with high radiation doses of up to 1500 mSv. This was *

an, which at their caused by the radioactivity release after a thermal explosion in a Soviet military 9
-

nly how to protect reprocessing facility "Mayak". About ten thousands people were evacuated from j i

:

/ )

/ lY | |
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mese ., yes C,er re cent thir*, , ears tne tumcr rerated mortahty amcng tnese
i

persons reas recorced in tre grcucs cf persccs e.no received average doses of ,.3.. ,

496 mS / 120 mss and 40 mSv the cancer mcriarity nas 28% 39% and 27%e w erce .
respectnely. lower than in the non rradiated control population from the same a s.ncr *. -<-

region and from the rest of the former Soviet Union. In the 496 mSv anc 120 accr ac- -

mSv groucs the citference frcm the ccntrcis was statistically significant ;12:
Epicemiclogical studies of a relancn between the raden levels in homes anc." * C ?C"

long cancer seem tc be also in cisagreement with the ncn-thresheid pnnc: pie

89% of pcculation. tne pecple kving in houses with radon air concentraticrin the United States in a study co'.ermg.
' ' ''' W :and may suggest a ncemetic effect

higher than average level were found to have a lower mortahty from lung cance-pg:geg , :3

[6}. In Chma in a me!!culcus study. the radon level was measurea dunng ore"- ~
~

year in the nouses of several nuncred women with lung cancers. and in houses
of similar numcer of nealthy women The results demonstrated at 95% statist - -

',.1 ' '
. ~ . ~ .

cal conficence !evel that women wno hved in high-radon hcuses (more than 3503

Bq per m ; had a 30% fower fung cancer nsk than those kving in low racen : .

|=houses (4-70 Bq per m3 . Tnis result is opposite to the no-threshcid-pnnc:cle1

estimate. according to onicn the |ung cancer nsk in the high-racon houses
-

:- -

should be 50% higner than the ncrmal nsk [3,i.
2

,

Similany. in a region of Japan n:th an a average indccr radon level of 35 Sc~ '1 -

-

3 ~ ~ ~

per m the |Ung cancer incidence was 51% of that in low- evel racon region t 112

Sq per m 1 and mortahty due to all types of cancer was 37% (15]. Similar results
- -

or showing a lack of positive correlation between the indoor radon level and lung
- :

c 2 ~ .-

cancers were rescrted from Canada Sweden Cenmark. Finland. France anc. 7y,Great 8ntain. 1

Despite the evidence from these studies. the United States Environmental . . .

Protection Agency (EPA) recommended a remedial action level of radon indocr T ~

.

concentration of 150 Sq per m . EPA considers that the remedial action at any - -

3 , _ - ,

tevel down to 70 Sq per m would be " cost ef*ectivel even for the cost of3

reduc:ng the racon acnon level from 150 to 70 Ba per m3 cf $1.963 000 per hfe
saved {18). Studies of radiaticn normesis suggest that such expenditures could _ _

3:. ;;; :not only be futile but may bnng an effect opposite than expected: an increase in
. -lung cancer incidence. _

Between 1975 and 1985. the Nuclear Regulatory Commission (NRC) intro- f_ _,

duced a number of restnctive regulations on nuclear utilities that were denved
- -

,,

''

from the no--threshcid pnnciple applied for protection of members of the pubhc ,

, . . .. _

against small radiation doses. These regulations virtually strangled develep-
- - -

M |,{ ' $[ ,ment of the nuclear energy system in the United States. Each human hfe hy- '

;,,

pcthetically saved by implementing these NRC regulations costs about $2.5
~

,: _;

bilhon Sucn costs seem to be absurd wnen compared to the costs of saving hfe
-

~

'

by immunization against measies. dicnthena and pertussis. which in deve!cp- ,

-

ing nations range bete een $50 and 599 per one numar hfe saved [5L.

:

.

Ms
i

_-_-
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portality among these it is the author's hope that the official acknowledgement of the very 5

j ed average doses of existence of hormesis by UNSCEAR. the most distinguished international -

,28% 39% and 27%- authonty in the matters of ionizing radiation. may help forming a more realistic
jation from the same approach to estimating and managing the nsks of radiation and nuclear energy.
;e 496 mSv and 120
?ly significant [12).
j lovzls in homes and This paper willalso be published in the "21st Century Science and Technology" {

j-thr shofd principle, with the permission the Editorial Board of Nukleonika.
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KORZYSTNE PROMIENIOWANIE triamme cema-2
astatme rt: a c .

Tre c, reg ca, +
Streszczenie Os.rese amste'

a:!xty cec ess :-
Niecawne Komitet Naukowy Narec a 2 ecncezcnich co Bacania Skutkow Promieniowania radons arc :eo
Jaarowego iUruea Nation Sc:ent:fic Comm:ttee or tre E'fects of Atomic Radiation) Icecydowat tre eca - e *
cpuchkosac swo) raccrt na temat korzystnycn ;ncrr'ezWyCN skutkow matyCn cawen premieniowa. et astat re-Z'' T-
ma Decyz;a ta mcze actynac na :cecca 'acz t e centcry racioicgicznej. ocarta na zasacz e
.

c :crga!:r :t-
' niowei. cezorogcwej za:eznosci pcm eczy canna a :e. skutkiem E'enty normezyine oeserwowano
na ocziomie czastectacwym acmorkc aym i ca ocz cme Organizmu w nocowtaen komorex caktern.
rest.n zwierzat cosniacezarnycn oraz aa occulac,ac tczuren W rapore:e UNSCEA A (25] omawia INTRODUCTION
s.e nalwazr.eiste (z conac tysiaca. c,.cl nacle na temat normezy radiacyinei Glowny nacisk
ccrczcno na nyjasrien e mecranizma ' ego z|awisaa A possibility of using -

attention Of onCOICgIS'
Characteristics Cf raCo!/.o .p",o i. ii J.
accumulation in an :-

b.1 \ll )llO. lPillOF. Il3. lPil.lilll . accumulated in tumet
After techniques

i ., n, , ,,. synthesizing ant:bCc4
Clonal antibodies MCn,

i.nn,.. nn .nn.m .oun re s . .c or miminn.n na.mn i m .i. . m i. ..u mn, n. .. m n nmn a mem.n n i n .""'"'
p.,o n r . .n> c mx.au n. , non . n m i n. c . o ..n. . n .nn.iu n.n. , ra u ua n.n in i n o rmonn w i """"""" emphasis has been g

.

e
.

n..n ann i. na na, n onn3 . .pn n Lua ca m.. i.o mmi 6..n uunn u. o. non.nm3 v e na nmnmon cm - directly to tumeurs fcrun a r i

n. .i..o .non ,a nn. nu. o t n ur a n to u.n o er m i inunun b uomo symsm aD.Dek ru nac. ins sa.nu h na [4] Of tumours.
u.. i. o :non..u n a m n..mou s p..nne. na . ponne ope .om .ua n a w rmon.n a cak repcmn.n my n.n p.n. na The main task of -
s p. . um pa. wunn. . .n u nn.n a nn. . on.n . a r a u r ua. e :enna i)rmr UNSCEARi25h n onapmuer i aui.m antibody IcCaliz:rg at -
i won.m o i usum n.n a.in in.. ma a n no n.. .. hn ono n unau . m o muau a upmann Ilpe A w su n "

tissues. Rad 10tCx!CQ .s..o a n. ma ..u m ur u un noa n.n o an equa
However. the d FE

and in nCrmal tissuese
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' j,,,,,,,,,s, ,,, un ramihes or 67 patients indevelopment. Fweer, abese chakisen su at a significandy,una mai etee parena of affeced..

{ "'[s a a or ancer (P2). Two of the deaths were
mcreased risk for developag cancess of the comaecave

| |[.',","r,nw oncer compared with only 0.17 expeced assueand brainandskinawtama=a,because "Qy
appears to enkmace the inborn ==- Of to cancer

' % a ,,n mortality raies in England and Wales, and the developsnest [E4}. Chikken tested for ==auanw n
i

meas statastically sigmficant(p < 0.05). Howevct, ao
excess mortality was found among the graadpartnes of sine

who have basal cea nevus syndsonne develop multiple
'

atTected patienes. De interperation of these sauhes must basal mH carc=a=aa la irradiated skin at an exceptionally;

high rose [S71}. Patiseen wie a aue f==aint cancer; remain at present uncertain, More studies of 6e reistiwa
syndrome cased the IJ Fransmeni syndrosne are at; of affected patienes comparable in size to that of SwiA et

al. and a metbod ofidentifying staxis-selangiectasis hetero-
increased risk for cancer developsmeat Imgely because of

rygotes in te general population would be very useful to
an inhensed momeios as he p53 ammaar suppressaos gene.I

clarify the situation. De frequency of staxis-tetaagneassas
Radiation appears as enhamee the developsnest of second-!

t beteracygotes in the population is estansted to be between ary tumous among peneans wth this syndresne [L24).
1

,

1

1% and 8% [543}. If the thding of an hacnmed tendency 397. In a new analysis of te becast cancer risk amongi for them to develop cancer is confmned it WJ be of
atomic bounb aurvivors, a high exams seistive risk asso.| major significance., whether or not it is cauued by an
cisted with radienom dose was apparent for enriy-onnet

i

j meressai radiosensitivity. For father discussion of this
breast canar, deAmed as cancer daagnosed before age 35

'

;
topic, see Annex E in the UNSCEAR 1993 Report [Ul[ years [L20]. name early-onnet cases occurred almostj

exclusively among women apasai before the age of 20{ 396. Dere are a number of genetic conditions for
years. De autors angemoed that this may be ibe con-; which radiation has enhanced she development of second- sequence of a smaE r " ^ ^- A subgroup of} ary rearws. Children wie familiar retmobiastoms have a exposed wassen. De autors <===~8 est the inner-deletion in d.v .c.sias 13 that pral=pn= to osseo.
pretaton of hese does needed to be madrmed is studies

,

i sarcoma, and radiation appears to cause a scand mumtion from other irradiated populanr=a or in % ..c ;.1;

in an osteoblast that leads to a high rate of osacosarcoma anvestigaticas.
I ,

:

CONCLUSIONS
i

398. In recent years a substantial number of new 400. In the UNSCEAR 1988 Report [U2], !epidemsological studies of the carcinogenic effects m man estimates of the risk of exposure-induced death and
|of exposwe to external low 1Er radiation at high dose loss oflife expectancy following exposure to 1 Gy of {

,

} rate have been undertaken. Many of these saubes are of a low-LET radiation delivered at high dose rate werej high quality, and they mneribute substaanally to the know.
made on the basis of estimates of the excess absolute!

ledge of the causequences of human exposure to this type and excess relative risks, averaged for age atj of redistkin under hese conditions. In addman, many of 6e cxposure and sex, observed is the life span study
] studies that how beat under way for several years have cohort of survivors of the atossic bosabings in Japanj

been extendes The new information is broadenug the base using data through 1985. Dese estintates werej
of data on which to evalusse the assocution between calculated on the basis of unweighted orgsa absorbed

j radiation expanse and cancer acidence or morality. dose. Individuals whose estimated kerma doses werej
greater than 4 Gy were included la the calculation,

j 399. De Comminee acknowledges that for the time and a linear dose-response relation was assumed both
} being quanutstrve evaluations must coconue to be tased for leuksemia and for other sites of cancer. For"

pnmanly on the Gndings of the life span study cohort of leukaemia the risks were assumed to apply from the
survivors of the stomic bornbings. However, as tbc second year foi! ewing exposure up to 40 years after j
rnaienal in this Annex illustrates, some other studies are exposure, while for other types of cancers they were j
able to provide useful rak estunales for a substantial assumed to apply ('om 10 years after exposure for

;number of specific sites. It would be very useful if more the rest, of life. It was assumed that there was no 1

parallel analyses of multiple studies could be made, as was additional variation in the risks with time since
)done for the radon studies or the studies of cancer of the exposirre and that risks for men and women were the

breast De Committee recogruzes that a limitation of the same. While age-specific coefficients were used to
life span study is its inabdity to address directly the effects estimate the total risk of all cancer, for specific sites
of low-dose raie exposures. Other studies are needed to of cancer the only estimates that were presented were
provide information on the appropnateness of nsk those based on risk coefficients that had been
esumates denved frorn high dose-rate exposures. averaged over all ages at exposure.
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{ ANNEX A: EPIDEMIOI.OGICAL SWDIES OF RADIATION CAACINOGENESIS 39;
-

l
1

!

: 401. Den on te i-A- of cancer in te life span in the UNSCEAR 1993 Report [U11 Annex F, *InouenaI, sady Imve bessens avadable for the first ene and may be
of done and dew rate on seachastic esecas ofindistion". lf; composed wth he morality dem, which have been
a factor sed as 2 (as was used by ICRP [Il0D is applied,1 exanded esegh 1987 [R23). Esemnases of the fami risks
te above estiness for solid tumnous for boek 0.2 Sv andassociated wie exposee to highwicee-rate, law.LET
1 Sv would be halved. Those for leukaemh would also be

-

radiation in this Annex have been based on this extended approaimately hahed for a chrome exposure of 1 Sv as,

: life span sedy morality dem. The analyses of the more
counpared wit an acune exposwe, wh5e tone at 0.2 Sv, !

,

j recent dem differ Bosn those used to desate the risks in hevig already been dearmoed by a linear-quadraticj the earlier life spaa study dem. la paracular, excess risks response, would seiy the same.
; in the life span study were described usag general modeis

)) that aDowed for differences in age at exposure and sex in 404. De publication of the life span study mcWence l
! the excess risks. Survivors wie shielded kerms estimats dois, available for 19581987, is an important addition to !! ht exans of 4 Gy men exduded, and ruks wen the body ofinowledge an te lsae edecu of radiation. The'

computed in enns of weighted organ doses in which the stegibs of the ima4=aa det indude the high quality of
neutron done was given a weight of 10 and the gnauna the diagnosee adormadan and the lasser musiber o(cases,

,

! done, a weight of1. Because the time-constant additive especaHy for siens sad as breast, thyrood and skin, wahi
(i.e. maannat absolute risk) model no longer om the life lower lethality. Deir limientions undude the absence of

; span sady dem, risk piojecuous based on the consent dem on solid ascer h for the ikut 13 years after
j absolute risk model are not induded in this Annex. De exposure in the Japanese population and the need to adjust
; Comminee acknowledges that risk projeceans must take for migratica. It is noteworty est in the acema-
! int) accomit snportat variations in radiation-induced risks analyses two maars, tot of the W j and multiplej with sex, age at exposure and time sina exposure and tat myeloma, for which satisecauy signaGcast risks had been
j more efforts are needed to distinguish significant aspect seen in the startahey dem, did act exhtst satineaHy
j of the different pesems of risk seca for specific sises from signi6 cant risks.
j the randoen variebGity miherent in counpersons of site-

. speciGe risks. 405. Additional sifonnatlas has become available on
the effecs of pseassal exposee to redisman since the

! 402. The life span study de's for solid tumours from sdpect was last revawed in dept la te UNSCEAR 1986
1950 to 1987 are consistent wie linearuy between 0.2 Sv Report [U3). De evidemoe regnahng te caussi antwe of
and 4 Sv (weighted done), but they provide liede ducct the inacase im daeood csacer fallowing exposse of the

,

} evidence about the shape of the done response at lower mother's hana to dia;pansee x rays in psegnancy is
i doses. Risk estimates are presented in this Annex for still equivocal. The best estimate of the excess absolute
j doses of both 1 Sv and 0.2 Sv and for a Japanese nak of developes casar before age 15 years fouowmg

population with the dentagraphic daractensocs that ;xensal to x rays at high does rete is about '

a

j prevaded in about 1950. The results for 0.2 Sv show a 5102 Gy , simaar e the lifemmie risk far adule. His
j

i slightly greater risk proposan= ally tas for 1.0 Sv because estimsee does not adede any cancers induad liy prenatal '

i the risk of exposure-induced death is non-linear in done. A exposwa to radataos that may arise in the age group of 15
! linest done. response model does not St the life span study years and above. Det from the survivors in usero at the
! leuksemia does, but a linearwtundratic inodel does. De time of the secunic bosnbegs in Japan imising revealed any

dets from te life span sesdy (19501937) lead to a acrease in cancers in the ages of 15-39 years, but no new
a

i lifetsne risk assimas br solid anneurs of la9% at 1 Sv; cancers were found ha the exposed group in the next four
j the estensee der a2 Sv is 2.4% (Table 31) For leukaemia years of follow up [Y1). The exams is large but not, so
; the correspaniing numbers are 1.1% at 1 Sv and far, statsacaHy signaikant.
1 0.14% at 0.2 Sv. For all cancers, solid tumours plus
j leukaemia, at 1 Sv the ris: is 12.0% and at 0.2 Sv it 406. La the UNSGAR 1988 Iteport [U2|it was noted
i is 2.5%. The corresponding estimate of risk for all that signi6 cant exans canar mortahey had been seen for
1 cancers in the UNSCEAR 1968 Report [U2] using a the first tune for some cancers at doses between 0.2 and
3 multiplicative projection was 10.7% at 1 Gy (organ- 0.5 Gy. Dere is also some limiend evidence that directly
i absorbed done). Projectons beyond the follow.up penod poins towards the carcinogenicity of doses in the <0.2 Gy
j for models in which risks were aDowed to deatase at range, although end ofibae saadees has weakmm The
| longer projection tirnes lead to lifetime rak esumanes 20%. studies sciude dileood cancer among those exposed to
i

40% lower than 12.0% (Table 31) doses c( about 0.01 Gy is usero, for which there a an
equrvocal but possibly signi6 cant acacase; both incidem,

j 403. No attempt has been made in the above rak and triertality for au canars other than leuksema m the
j estarnates to address the issue of dose rate for either solid life span study cohort, for which, although not segruficant.
; tumours or leukaema. The estanates are presented without there are smooth screases in reistive ruk with mcTeasirw
| any adjusanent for such efrects. The applicanon of a small dose m dose categones a the <0.2 Gy range; and thytow

dose and dose rate effectiveness factor was recommended cancer m the Israeli taea capits study.
*

: )ee
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; 407. Sace he publicatice of the UNSCEAR 1988 exposwes to low-LET radiation Dom ui
t and other radio-ikport [U4 a subematial annount of new htfonnatkn has

nudides would be desarable, especinDy a chadren, for
bemme avatable on workers at nudest giants in abe whom there is tiede infonnation.
Unhed Kingdun and in North Amenca.The studies po.

*

vide some questintive afonnation on ibe racts of 410. Saubes of patient who have beca arew wie
i

s
pmeracsed kw<ione exposures to low-IIT redistion.

or workes who beve ingested one or another of the !
;

; Although at petsent the conMean limita are wide, the
various isoepes of radisan povde coadmive evdeze of

sigm6 cant value for leukaenue in the study in the Uniard
the ability of alphs radiation in he skeletoa to cause bone

i

Kagdom,0.8% Sv'1, is sanaer to values derived fram the
tumours. The excess absolute rink does not appear to

'

life spen study. Also simikr e Ibe life span sandy resuhs depend stongly on act or age at exposure and amounts to
a

is a non-sigmfkaat value for as solid annours of about
about 510 Sv'l for lifetime. The summum =Avs-

d
'

10% Sv'I Additional dass acxiumed Ibrough extensions of
period aggears to be short, no incee Ibas about 3<

the follow-up and the inclusion of extra cabons abould
and he sendies of peticans injected with short-lived Pa

,

accase the aformation available trees t 1 study a future provde dear evidence 1bst the period of expression of the
,

years. On the onber hand, studies of wrtas in ibe Unised
radiation-induced tumours less no more tan about

Sates, which sie of somewhat lower power (smaDer 30 years. Further analyses of the dets on ibe ruk of beme
:

! popuhuon), have found no evidence of an assocution
tumours in persons exposed to Ibe vanous isotope: ofbetween exposure and leuksema or all cancer
radian in ternas of the risk per person-year at risk as
related to done, treauneat period, time saae exposure and

408. Dam have recently become available on several
other facsors would be help 6d in cambling cosnpensons

populations in the southern Urals, indudag workers with with saubes of populations exposed to a6er types of
substantial exposures in a nucksr plant and populations radiation. In addition to na inczesse in bone nanours,
'xposed as a result of covuonmenal releases and acxi-

excesses of < macers of ibe breast, liver, pa===al samacs
.

om. In the study of workers, only limited information is
and =mannel air ceas, and also of multiple myeloma, ksve

ailable so far on the melbods of des coDection, and beca reported in =r*<*d wie or worken
'

:miled inactnal analyses are only is the process of bemg contammsted wie y'Ra. Further saudy of these increases
aned out. The sandy could be very informstive, however, and Ibe associated dosanetry, adudug, where appropnete,

smce the doses were seminatial and the workers had the rde of external gamena-radasson wtmid be ,

jmdavidual done measurements, good medical supervision aformative,
and a good muted cohort. It is hoped that the analysis of

-

these important worker expenences win be completed and 411. There is strong evidence that igected Thorotrast
published. For the studies of populations czposed to is a cause ofliver cancer. The manauen haAus= period
envronmental reJenses, it would be desirable no improve is about 10 years, and relative risks are higher among
the quality of the dose estansics and the follow-up dets. those injased at younger ages, alhough absoiwe excess
lanal Gndings based on the follow-up of the Techs River risks do not depend r.irongly on age at exposure. Risks are '

mbort suggest elevated risks of leukaemis and solid similar in males and females, and the cumulative ruk of
cancers. While a bener understandag ofIbe dosanetry and maliganat liver annours, altough subject e many
the follow up is needed, resuhs are broadly sanilar to uncertainties owing to poeshie m=E=many or cabancmg
those denved froun sumic bomb survivors for leukaemia. facsors, is estimstd to be about 30010 Gy , ord 1

1510 Sv1, quite sutilar m resehs from low-LETd

40 9. No sendies have yet primded evidence that an exposure. There is also definite evdesce that injected
mcrease in thysoid esacer can be dearly anrbuted to 131 Thorotraat is a cause of neuarannis, especmDy myeloid1

However, ibe seletive unportance of Ibe vanous factors kukaenus and dg.a2.acmis, and it accans likely that
that mght affect these resuhs is not dear. These factors it is also a cause of a variety of other cancers. Perhaps
mdude the low dose rates hevolved is 1311 exposures, the because the dose is highly localieed at slees of mxrosmpic
beta-r y dstribunos a the gland, the rather limned follow- dimensions, rak esamates for leukaesnis based on ponens
up in some studies and biologxal factors such as the cell. exposed to lhorotrast are much less Ibsa would be
kdling, whidi usuaDy follows treatinent with m!. In expected based on low-IIT riska (i.e. an RBE of 1 Dts
addition, most of the evdence concerns those exposed in better than 20), Nevertheless, additional analyses of the
adult Itfe, and by analogy wub recent resula for thyroid risks of liver cancer and leuksemia in ibe German,
cancer foDowmg external low-I.ET redistion, the possi. Japanese and Portuguese sadies based on the concept of
bility of substantial nsks fonowing childhood exposure to person-years at risk would be helpful, as would calculauon
11! W! remaum. Medical exposures to Ihavebeenasso. of the relatrve ruk and corresponding signinnce lesch
cuted wah mcreased rsks for some other sites of cancer, for other types of cancer.
but tbc available data do not provide strong evidence of a
causal relanorsbrp. It should be noted that leukaemia has 412. Additional snadies and many more cases of lung
not been observed in many thousands of adult patients cancer attnbumble to radon in nunes have bemme
treated with ml. Further studies of the effects of internal available for analysis since the publication of the report of
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4j
'

ibe BEIR IV Comsnimec [C6) here a some recent
evidence ibet he escas tak of lung canar fouowag leuksenus and peernal exposwe has largely been ds.j

j P exposee lo adon anay be greater at low counted followtag exansive investigaticas of the Sellaucid
area and elsewhere and because there is no sound genetic

|
. cKPosee mas tan at high exposwe rates, but not au

basis for tis efect.
'

studies show his. Sandies of he joue egect of exposwe to
'

externs), podeemnandw low-I.ET radiation from ibe 415.
atomic bombs and to abacco smoke on the sidseequent In fumme research, several saeps could be uken to,

relauve rak oflung cancer has shown est the two factors facGimie ibe counpenson of risk esalmates from diNerent,

combine to increase the relative risk in a fashion that is
epideavoingual seudies. First, risk enannates per mut donej

more iban addiave but less than multiplicaave. Dere is should be paddished. Adeusedly this is dif5 cult for many
'

now strong suggesave evideam that the joint c5ed of samhes bemise eschnetes of done are unavailable or of
exposwe to radas and tobscro sanoke on the subsequent

pow quality. Nomeibeless, aude estanates of done for the
'

; relauve rak oflung canar may also be less than muhi. exposed population, aloug wah dest statements of the

plicative. Although it may eventuaHy need to be snodifieti Innientious of tone estimans, are essenmal for a com.,

u take these two incnors imeo ===r Ibe empecal model
perison of risk estunates froen diferent studies. When

proposed by the BEIR IV Commisee [C6] adequealy
endmeets of doses to indivuluals or gnmps are used si an

summarues abe effect of oavpstional exposwe to redon.
analysis, it is useful to desate heir uncerninties and to,

Arseruc is a newly recognmed confounding factor in some
anempt to evaluat the e5ect of tese on risk estimates.

|

Pierce et al. [P31) psovute methods for ts. Even if
redon exposwe cucunstances. raining the quesman whether

individual doses are not avaGable, investigators shouldt
exposwes to other substances in mine ar, sud as slim or

i diesel exhaust, might also modify risk. Studies of canars be encouraged to use moders regression and modelling
imethods [B28, B29, P32, V12] la their analyses of4 other than those of the lung followag redan exposure

efrect modification and temporal patterns of risk. Such
i

| provide little evidence of a positive association.
methods are especially useful as as alternative to i

4

isubset analyses.j 413. At present Ibere is liale dsect evidence on the
!

risks oflung cancer resultag froen residential exposure to dl6. A wiBingness on ibe part of investigstors to shase
redon. Although a substantal number of geographical

dem ibat are more comprehensive han Ibc data usually
,

i snMbes have been carned out, dil5cialties in ther interpre.
oNered in most publimaces would be another step to -

;
tahon render ibem unsunable for une in risk estimatiort faciliate oosnparative analyses of available dam. For

.

Unt0 results become availabic of mee-consol and cobertexenple, des ca survivous of the stamic t-- ,inj
studies Ibst are currently under way, estansas of the risks

Japan are ava8able 1bom ibe Radiation E5eu Research: of residential exposee to redan must aberefore contmee to
Foundation and can be used in l===tive analyses ofI

be based on the result of studies of the e5ects of c'eser rad'" g ' f populations. Oher groups should
'

! occupational exposwes.
be ena== aged to make Ibeir dem ava8able a a like
mammer so es to encouage paraDel analyses. De Comnumee414. Followug iepons of a leukaemia dusser acar the
also noen she need for more careful, formal examination

.

j SellaSeid repromssag plant in the Unned Kingdom,
of the evidence for samlarmies or di5erences in nsk; several oeber elusters were found in the United Knigdom,
between cancer types. De joint analysis snehods suggesed! he subsequent study of the potential redistion doses ibat
by Pierce sad Pressom [P20] should be weful in nudi

might have been reocrved front radionuclide releases at
snesagations. Dere is, in snounary, modi scope for

or near the sites suggest abat ibe dussers arose eilber by enbeacing Ibe value of epideauologwal studies, makag
,

1

chance or for senaces odber than radiation exposure. A ibem beser able to contribute to ibe queen 6 cation of nsks
tentative expn===na= based on an assocution of childhood from radiation exposures.

1
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INTRODUCTION

1. The scientific community has been aware for 2. The biological expression of adaptive and
many years of the possibility that low doses of stimulatory responses in seeds and plants (e.g. [Cl4
radiation may result in changes m cells and organisms. H9. H10. R6. R7. S431) has also been described. The
which reDect an ability to adapt to the effects of extensive literature up to 1976 supporting radiation.
radiation. In lower organisms, for example. cnbanced associaled adaptive effects was reviewed by Luckey
proliferation m the presence of radiation at doses of a [L1). A more recent publication by the same author
few microgray per day to a few milligray per day has summartres the literature between 1976 and 1991,
been observed in experiments mvolving cultures of involving about one thousand reports judged by him to
prokaryotes and cukaryotic cells [C1. C2. C3. C4. C5. demonstrate beneficial responses in anunals and in
C6.11.12. L4. P2 P3, T11). human populations [L2).
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3. It has been sugested in recent years that the - - - - * . held at Kyoso in 1992 [S2) and one on now.,

couvessemel esehaats of stochasuc efecu foHowmg level exposuns a redataan ud reland agena, W g
4

exposee to low doses ofionizag radiation may have been Changchun, China, in 1993 [18D have psovuled as opporw.
oversteert bannee no :Dowance was made for the rury for scantam working si the fiend oflow done efecu m

,

Possbdity that assau doses of radiation may condition ceus present their expenmental findags and dsham te pom&de
4 so as to educe pmoesses that reduce ei&er ibe nanaral

mediansas sivolved ia ndisaca udisad adspewe nspone.
swwle- of cancer ut is vanous forms or the likelibood'

; of excess ancers being caused by funber radiataos
: 8- his Annex, based mainly on recendy pelishede,pa,,,,
j dem, has been compGed by the Coenminee we a view to

f 4. An unponant observation froen mamunalism cau ing te ceHular mianu tat may be involved
8 e mPane at W h It should besaadass is support of these procunees is ibet autogen.;

! stunuisend human blood I-- '--3%, exposed in vero cousmierad as a consumstion of the dh- on redis-
appear to safer less den ge than would be expecaed lion response coassiend in the UNSCEAR 1993 Report

'

.

! fouowing acute exposwe to a few gray of low-LEI. W Winidendying omunom medamanu of !
l radiation if they are first exposed to a done of a few was response is has test an diferescus between the doses

| of maligssy. This response to low-dose exposure, which an me mas med is ceuular sandus and tone med si m
! remens esecove for several hours, is refened to as an disbammy ananals. A h canplimten

Wapuve rupame, a that them are few sendies avsamble in which doses of a )few mdhgrey per year above the nansal Na- _j
5. Adapove responses have been observed in oeer radiation imi hm been med. Law dous we deGami in

manunalian cell types, such as bone marrow cells and the UNSCEAR 1993 Report [UI L Annex F, "Insmence of

fibrobissa, but not coassiendy in spermaaocytes or at au due and due mm on saasasse eh of adiation',we

is eunbryo caus exposed in the pse-implantation stage. &c V838m dtPending on te Iml d EJ At a_

aumemmeme a is as aboutChanges in the msnpassion of the cuitwe median can
alter the adspuve rapa=ae la a wider cxmtext,it is known 0002 4 la a simaar amen, he Inkranaamai

munamaon [M] cammieredthat changes suniar to those observed in radiation-aduced
adspuve naponse cza occur as a result of membolic hat low des and k due rams imgdy sinstman in

N **'I I "'I ""' *** ''' ""8 ddiseasbances and after damage resultuig from exposwe to
a vanety of physical and chemical agens. The con. 88885Y Y""" *lE OCN * Ge entica(Pens d a mE
sequences of these ceDular changes are referred to weia lhe tsme during whid repair mechsasans e nhe mu

milectively in ibe literatuse u seems response or response ma opeau. Fw maanalsan mHs a almue, a h done
a defined as less ihan about 0.02 Gy. For the inducsion of, ,, ,,,, ,,,,,
human twnours, a low done is denmed as less aban about

6. Evidence of adspove response has also been a2 4 De une mens can be apphed hi mis Annex.
" "I '" "" **desmbed in sauhes usag laboreaary aasnals, m which the

ansnals were exposed caber to sagle acute doses fsom a CAPenmW dem on efecu a cens W ananals k ud
a mes a exas 0.54few teas of milHgray to a few grey, or accumulated doses

of up to a few gray over a hfetune. Reponed mani-
fesations of this formi of adspeve susponse described in 9. Manifesations of adspave responses a animals and
manunais atur exposee to low doses of redistion include in human populations ase bne0y addmased m ibis Annex
an acceismed spone rose is 6e young, an screase in Evidence for the expsessaan of as adspove e in
reproducsiva shgley, an extended life-spen, stamulatory human ;-7 ' = exposed to low doses of radiation
cNecs on es hemmane sysum and a lower-than-expected above the natural background level has not until now been
=w=ieaar of spoenneous tumours. A satsfactory dearly desnessarseed nor has it been refused. The
explanation of mechanisms that might be responsibic for possibility that exposme to low doses of radiation may
such eNecs, which beve not been mnsistendy observed in aNect the level of competence of immunosuveillance
diferent investigatons, a not obvious, it may involve a mechansms in arcinogenesis is discussed. Detsds of the
DNA repair m=*ma=m simdar to that proposed for the mechanisms of acten of radiation in inducing cancers and
cellular adapuve response, unpiying in snmediate senous hereditary eNecs in humans are not dim-d
availabdity if ceuular damage tsadortdy occus dunng tbc These aspecu of the deletenous efacts of radianon an be
anamal's lifetsne. Involvement of the unmunosurvedlance found in the UNSCEAR 1993 Report [Ul], Annex E,
system t.as also been proposed. *Mectbrusms of redirtion oncogenesas", Annex G,

' Hereditary cNecu of radiation *, and in ibs Repan in
7. Four conferences (one on redataan hormess, beld at Annex A. "Epidemiologual studies of radiataon caremo.
Onkiand, Sth==; m 1985 [SI) one on low-dose radiauon genesas". These Annexes should be read in conjunction
and ibe sumune sysaem. beld at Frankfurt m 1987 IS21k we this Annex to achieve a hala-d view ofibe oversu '

one on low dose utadauan and belogical defense effeca of low doses of radiation.

leb
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I. ADAPTIVE PROCESSES IN MAMMALIAN CELIS |

10. Effons have been made over the past decade to
.

charscurue te adapthe response edumd by mutagens in
form which cannot be % ed. I.ater expenmens in

mammalian cells. A susponse has been demonstrated in whid the intiated tymidine was pulse-labelled while te

nutogen4tanulated, buman blood T lymphocytes. Other cells were in the $ phase mas sedly ndumd his vanebGity,

cell types mvestigated for evidence of a naponse include
and the upake of tritisted thymidine was mazunned.

proliferstag lymphoblaam, bone marrow cells, spermato. 15.
cyies, pse.ampiantauon embryos and fbroblasm. A similar naponse was shown to be indumd by

exposeg phytoheemagglutsun-stanulated lymphocytes in

11. Cells respond to radiation-induced injury by the up-
the S phase to a low done front x rays (refened to

regulation of protems involved in au signeuing and by
vanously in the literneue as the conditionag, inducmg,
prumag or adsping dose), folloned by exposwe of the

lthe inacased expressaan of genes involved in cell peo-
mils in the G2 Phase to a high done from x rays (called |

liferanon [A1,53) and in the synthess of DNA repair
the challenge dose). His response was subsequendyenzymen [L1, L5, M3, W2) Qualitsthely siniilar
cont' med by some investigstors [B6, Bil, K4, L25, M30,e

responses have been desaibed as a mault of ceuular
03, S13, S14, W4, W5], although not conssteady by

disturbance comed by temporary osygen depnvation [B5,
others who were useg sanilar culture pectocols [B7, H8,

L7, M4, S9, S10) and glucose servauon [H1, S11). M21, $15, S16) De lymphocyte odis from diffe ent
donors show vansble sensiuvay, as is shown in Table 2.

12. %c mechanums involved in the adaperve response
)to low doses of redisuon have been linked to a more 16. It was postulated that the conditioning does of igeneral phenomenon in which the cells are able to

respond to damage from a vanety of physical and radiation aaksted genes and that this was quiddy '

followed by the synessas of earymes papa =saa for
chemical agens. These agents melude overheaung [S8), DNA mpair. If these enzymes west svadable in adequit jUV radiation [B3), trace amouns of savagenic chemicals
[B4, V1), local anaesthetics that alter membrane structure

==<wanations at the time the oeus were exposed to a
challenge done, the exten of the sepair of DNA damage

[14) and heavy metals known to act as cellular pomons was improved, so that fewer chromatid eherrations were
[C7),

observed than in caus secesvag the challenge done only.
;

It was psesunned that the repair eurymes mese not |

immediately available to c Us secesvmg the challenge doneA. Ef7ECTS IN HUMAN LYMPHOCYTES only and that, in 6ese cucumstances, much of the damage

was wreparable by the tune a suiticient quanney of
1. C1-- aberrations

enzymes becanne available. His hypotesis was supponed
by the observation that the adepuve response could be

13. It was reponed in 1984 [0 2) that when phyto. bioched by the psotein synthens inkbitor cydahexamde
boemagglutana-sumulated human lymphocytes were (Table 3) and by 3 asuma8===mide(Ts5ie 4),an inhibitor
grown m a cultwc medium contamag intiated thymedme of poly (ADP-rbose) polymerase, which is known to be
and were exposed in the G, phase of the cell cycle to mduced durug the repsir of DNA saand breaks [A16). |1.5 Gy frasa x rays, the yield ofchromatid aberrations was

significandy less than the sum of yields of the aberrations 17. Other charneserstics of the in viro lymptwxyie
induced by seisard tymidae and x rays separately adaptNe respanac beve been reported.
(Table 1) De response was observed to occur at a

(a) se adaptNe response to x rays requires a done of at
: cxmmntration of insisted thymidine low enough to ghe an least 0.00$ Gy delkered at a rate of most than

estunated one bem disintegration in end cell volume 0.2 Gy min't [S14j. De implication of this findag
between exposure to the incum and the x rays. De is that a attain number of DNA lesions, perhaps of
reducuan m the expected number of aberreuons was not a specific type, need to occur within a fixed ume m
considered to be attnbutable to a radiataon-induced delay order to initiate the signal for expression of the
in au cycle prpgression at iba low concentrauon. Nor adaptNe response. In fact, there is a wmdow of
was at considered to be due to the selective killing of a rione, 0.005 to 0.2 Gy, below which and above
radiosensstrve population of lymphocytes that had which the phenomenon was not observed. Such a
mcorporated tnuated thymidme [W3). narrow wmdow has also been observed m

esperunents with redsomunenc compounds suct as
14. When the tntated thymidine was present m the bicomycm, which, like x rays, induces double-strand
blood cultures throughout the enure culture penod, the breaks:
resuls were quite vanable. Dis was shown, however, to (b) the induction of tbc reper mechanism takes plam
be aanbutable to the fact that, m blood, the amount of between 4 and 6 hours after exposure to the
tnisated thymidme acorporated into cells is highly condetionag done and remams effectrve for three
dependent on the estabolam of thymadme to a degraded cell cydes [S13);

_. Jo]
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|

(c) whom to osEs wem exposed to two condiuorung reocct the average of a mizatre of ceus havmg diferent
1 desas ddlWeed whin a few hours of each other, radiosensitwiues, and any shiAs in the auntre esuas wiu
j ihe reducalon in the amount of chromaud damage induence the aberreuen yields. A double-labeunng
'

was fasad to be sandar to that observed afur a technique (Brd-U replication bendies), which peans
; single done. De second dose thus provided no identaficados of she ceu cyde posmos campsed by end
; additional prosechan assiast abe damage caused by scosed metaphane at the tune of the "-- and
j the fast conditionmg done wein this time (Table 5); challenge doses. has recently been descr6ed and may help

! (d) it has recendy beta shown that a single done of
* "'' N *** I

i 0.005 Gy finen soCo gesuns rays did not create ymm[,
' " " * " * * * * UI * "Y" '

en at a m 6 hounI ==Imans for the adspave sesponse, but two doses,
' " " * " "end of 0.005 Gy given m the sasne cell cycle, did '.

0.0044 Gy aun , esselend in a esasiest decrease in thej do no [B22) De esas d k m MW ,

uency abenmes at 6 hans, but not at 9
i doses was optunum when they wen given at 36 ,

,a . Fh, & ee coba at 3,
| hous and 42 hours and the daHenge dose of 1 Gy

"" ' ' '"*4' * * ' ' ' " "i or 13 Gy was given at 48 hours eher mitagen
| stianulation. It is implied froen this study that the

" " * " " * "" ' 'P" "'P""*~ D"
68"*887 "P8nm*88 88W88 # **"8888 8 canP exI aceite dose to induce maximum actaity of the repair

! "8"" d 8 d "U8 3 mP ocyuY henzyme system is about 0.01 Gy.
| cultures and the possbility that an adaptive naponse may
j occur only in a narrow window of ceu cyde when ceus
| 18. De quesuon why lymphocytes from sane are pan.cularly radiosesseve.
j indwiduals do not respond semans unresolved. In fact. the
; Ir;' -:p in some cultures exposed to 0.02 Gy (som 20. De expennens descreed above sfer a te
! x rays suscted synergstimuy to subsequent mutagenac application of the ==dma==g dose in he $ phase and a
j tresonant [03). ne alls in this emnerunent were fixed 2- chausage done tom x mys is te g phase d te ac

'

| 4 hous aner the challesse done, in costrut to those in cycle. Sadies in which phytoksemagglutinin-stasnuiseed
j other experunent, whose Gastson times were mnfmed to lymphocytes were exposed to the conditaonag done at
| 6 hous or inose aner the chauenge done. De other stages of the ceu cyde have besa reponed, but
i 88P'edeembic imam of the response has been conGrmed diferent labossiories have had different resuhs, whid has
j mag di5estaces in micronuclei frequency as an end-point yet to be expisined. An adspesve response was reponed
j [P4) Chaages in the hydrogen ion concenestion of the when the Go or Gg phase cells were exposed to a
j culare medium can affect abe yield of induced chromaud

conditioning dose and challenged in the lam S or early G2
! aberretsons (Table 6). This Gading was conGnned when it phase [CS, K4, K5) and when ceus wem exposed to a

wu shown that adjusting the hydrogen ion concentraten conditionag dose in the G: phone and dauenged in the
of the cialene niedium to pH 6.4 jet before ibe challenge G: phase [S17, W7) No essponse was reponed by other

i dose enh-wi me effectiveness of the response [03]. It laboratones if the condenomms done was given in the Go
} was also shown that the response could be educed in or the G phase and the chsNeuge done a the G phase1

cultmed lymphocytes from demos who had not prevously [K4,513). These resuis are presened in Table 7.(

| displayed the adaptive suspense, by addesig compounds to

the cisituse usedhan that could aSecs the enembolam ofIbc 21. An adaptive susponse, indicseed by a reduced
j phy@ stimulated lymphocytes (e.g. frequency of chrosiososne aberrations, has also been

meerieukan 3, which stimuistes prolifernten). It is demonsessed we the condinoning done given a vr o.,

j conceivable est te repair sysseens induccd may react Prelaninary reisuls of the cytogenetic masuaoring of
; di5erently accordug to the culaire conditionis, a situaten children living in a regma of Ukraine contammated aner
j that should not be overlooked when considermg the the Chemobyl acculent indicate that the chromosome j

j consequences of me conditiosung dose. Dus, the aberraten yield in lymphocytes to a challenge dose m
; mmposition of the culture medium may be crucial, verro is less than that a consol lpnphocytes from a ;

f challenge dose alone [P10) Dis has to be confirmed bv
i 19. It has been pointed out that measurements of the funber studies, but there is supparung evidence from m )
j frequencies of aberrauons induced m asynchronous cell vrvo studaes in the rabbit [LJ). He response of l>1npbo- )
; populauons are likely to be malcading if expressed as a evtes to both conditioning and chauenge doses m vitro had I

; sunple average from a single fixauon tame [S23]. The been demonstated earlier [C8]. In the m vho studv, tour
; reason for this lies in the intercellular vanability of the adult. male rabbits were exposed to gamma-radiation at a

{ cell-cycle transiuon umes. It is known that tbc mtrutsic dose rate of about 6 mGy b'1 for 9 hours each dav for %
cellular radaosessiuvity vanes as the alls pass through the days, giving a daily dose of 0.05 Gy. Blood samples wcre4

cell cycle, and the ume of applicauon of the conditioning taken before the si une irradiations and further sampics
,
~

or chauenge doses of radiaten may therefore be crucial. were collected at intervals of 6.15,18. 24, 30 and M
'

In these circumstances, the aberration score wd! always days, the cumulatrve doses besig 0.3,0.b,0.9.1.2 1.$
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and 1.8 Gy, napocevely. Six cultures were established
j 6emi each blood sample. Two were analysed for baselme tens of minigray before the challenge done of 3 Gy and

j h sherraeons; two were exposed to a challenge
obsemns if any raaa= in proliferating T cells wah
sable aberration occurred.'

done of L5 Oy tuum x rays at a done rese of 0.44 Gy
i ma'I. and phytoheemaggli:tmin was added to abem
'

inunediately thesus8er. The remaming two culaires were 3.
CeN survival and rautation %incubated with ibe addition of phytchaemagglutam at the

start of culare and exposed to a challenge done of 15 Gy 26. Ceu survival and cluomosome abention yield have
j 6oun x rays 48 hours later. De resula 6can ibe analyss been measured in N' w daadof biood lymphocytes from indkidual rabbats showed the I- / ni- exposed to 0.05 Gy Dom x mys foDowed by7

same send and are pasented as average values in Table 8.
j hey show ibat as adapuve response can be educed in acuse exposme to 2 or 4 Gy, bot apa== being is te

G: phase [S17) la sendies on sax donors, he ymids of
! ly--7 =f- exposed to 0.05 Gy d4 ss 64o when the

esosnesome exchanges and deletions were fond a bej dialienge dose to the phywheemagglutinia-stimiulated calk
less han in caus receiveg te challenge done omiy.

| is given a vuro a eiher ibe Go or abe G phase of the L,M=r- fresa only two of te six donors useed2
j call cyde. His could imply that caronic irradiation of

showed an adspeve response expnamed as enhanad ceu
; circulatag blood lymphocytes induces the synibess of survival wie a challenge done of 2 Gy and mane s8er a

proteins in sufficient amounts to maatam a continuous
chauenge does of 4 Gy. A chromiosome adspove nspanne,

and eficcuve reservoir of repair enzymes. iberefore, does not =*==arily en=nde with a cell survkal
adaptke :=paaan Reduceans a the nunbar of cells wah
several aberrations (multiply abemat cans) can be the (2. Clone forming ability and genomic stability
result of a cytogenetse adsperw seaponse, but if the pro-
portos of non-aberrant ceas is act screened, then a

22. To sandy the effects of radiation on clone. forming sumval adsparve seaponse wB act be ases.
14

'

ability and karyotypic abnormalities in human penpberal
bicod lymphocytes, czils were exposed to 3 Gy from 27. In a *%==* sandy, a lower challenge done was
x rays si varo sad eisber individual T-cell dones or long. used. Lymphocytes tesa the six donoss were exposed to
term T cell cuinaus were established [H16[ The karyo- 0.05 Gy tom x rays, fotowed by 1 Gy in the G phase

3types were analysed in G. banded chromosome prepers. [S44[ Under these exposwe condmans, snost of the
-

{ tsons aher proliferation for 9-34 days in vitro. abesant cells would be expected a commis only cae
;

chsesnosome aberranos a8er the challenge dec. Ce5
,

)23. T-ceu donal karyotype abnormalities were found ai survival adsparve responses wese seen an four of ibe six
|

-

24 of 37 (65%) rradisied dones and in 2 of 43 (5%) donors, but the docusase in the aanbem of singly aberrant
consol domes. Balanced reciprocal translocations and

cells was not is itself sufBdent to account for abe hicrease
,

delecons were the psedosnaisting types of donal aberre- a call sumvel It was psoposed, therefore, that some
:

tions. Complex aberrations and unsable karyotypes were acrease in cou auvsval could have been due to reper of
found in about half of the irradisted dones. Some of tbc lessoas in ceus that were at te level of the gene locus,

i T-ceu dones demonstrated sequential change from normal wluck would not be secognmed by te cytological
.

to aberrant karyotype. Other clones seemed to develop technsques used to identify aberrations. !
muluple, beserogeneous chromosomal abemtsons durmg
growth a veroL 28. Cru survival has been messmed concurready wnb

,

'

the yield of mutations using 6.ibiogusanne (TG) selection
24. T cens kredissed with x rays and grown in long. to detect dones mussed at the X-linked hyposanthine
term cultee displayed karyotype abnormalities in 604 phosphorbosyl'Iransferase (hprr) locus [S18[ Tritisied

,

!

80% ofibe caus, and abe types of abemtions were simdar thymidine was added during the Go phase, fonowed by
I to those found in the individual irradiated T-cell clones. exposure to 15 or 3.0 Gy tien x rays hi ibe G phase.

An incressmg number of cells with the same abnonnal Ceu surysval was not affeceed (Table 9), but trmated
karyotype was observed wheit the cultivetion tune was thymidine at concementsons of 3.7 and 37 kBq mi in the

4 l

extended, indicatmg preferental clonal prohferation. culture medium produced a signifksnt decrease m the
number of mutsucas =w a8er ibe chauenge done

25. %ene resula demonstraic that a surpnsingly high from x rays compared with cells receking ibe chauenge
'

proportion of T cells with stable and often complex dose only.
.

arradauon-induced chromosome abemuons are able to s,

proliferate and form expending cell clones m wro. 29. ln support of this observatson, the mutauon
Furthermore, they mdianie that x irradiation induces latent frequency was reduced by 70%, whue cell survrval was

'

chromosome damage and genomic msubility in human not alTected, when lymphoblasmid cells were exposed to*

T lymphoevies. What would be interestag would bc so 0.02 Gy from x rays, followed by a done of 4 Gy m the
repeat this study by givmg a conditionmg done of a few G: phase [R8}. His decreased munuon frequency was

Y
. . . . . ._ . __



.- _ - ~ _ -- _ _ _-- ._- - _. - - - _ . . . . . _.

ANNEX B:
ADAFITVE RESPONSES TO RADIAT10N IN CE115 AND ORGANISMStot

_

<==daad to be the result of as induced repair system, h
which was shone to be absent from mussat cells de6cientfunction of the acasmulated dome, agardless of the

,

in the Aprrlocus. Lymphocyts exposed in the G phase radiation source and the modalities of staunent, a laser

to a madnicanug done of 0.01 Gy from x rays, followed relationship was found, indicatag that he amongenact

by a challenge dose of 3 Gy from x rays in the G phase, effecs of proaacted exposure to treated water and acute !

exposure to x rays were additive, as ma be seen Bosn thealso showed a redumd muistoon frequency compneed wah lower plot of Figure L
cells exposed to the challenge done only (Table 10).

4. Interaction with ebensionis30. Reducxd mutauon frequency was demonstrated wie

human H1A0 cells exposed to a conditiones done of 34.
0.01 Gy froen soCo gesuna rays at a done rate of A recent review of experunens invoivag the

and then exposed 18 hours later to a acsivation of bactenal oxidatsve stress genes provides a0.078 Gy min 4

challenge done of 2 Gy [26[ AAer irradiation, the cells useAsl bemnmul for understnadig adspeve mechansms

were cultured for seven days in a aan-telecuve RPMt. in eukaryote cells (DS). One of the mischenians involved

1640 medium to allow phenotypic expression of /per-
in DNA repair aner exposure to low-IET redistion in

mutans. De frequency of Apr mutations resulting from thought to be similar m est operaung after exposme to
!

the dose of 2 Gy was 26.910 . Tresunent with the trace amounts of oxidsthis radicals. In confirmauan of d is4
I

hypotess,exposag ly p 7.w to low ooncentauons of '

conditiones donc reduced the muistion fiequency to
hydrogen peroxide, followed by a dose of 1.5 Gy from410.7 10 .
x rays, was found to induce the adspdve response

31. Mutant colonies exposed to the challenge done (Table 11) Condiconag wnh a chenucal and challege

showed gene deletions and rearrangemens in 15 out of 32
wnh radiation is tenned cross adaptation.

colosues (46%) Dis counpared to 12 out of 46 colonies 35. Other sendies (see also paragraph 74) have(26%) first eq=d o a madmonag dose. Since gene
sidissadsted this Sading, in which te adspeve response

t

deleuens and rearrangemens are associated wah
unrepared or error-prone DNA double-sesnd breaks, it

was shown to occur in demon whose lymphocyus were

could be conduded from this experunent that a DNA treated wie 25-75pM of hydrogen paaride 24 home

doubic4uand fidelay repair mecharusm had been inducrd. before a challenge done of 1.5 Gy (men x mys [C13}.
However, when te cens wese repeneasy exposed to

32. In contrast, the human lymphoblastoid cell line TK6,
hydrogen peroxide at intervals of 24,30 and 36 hows, the
adapirve response was not observed. De authors did not

which is heterarygous for the thymidine kinase gene
gave any explanauon for this lack of rueposse to repeated(TX*~), has been used si sedies of musuon induction at
doses (W3)

two independent genene loci. One of thee is the /per
locus; the other is the autosomal thymidine kinase (TK) 36. A reduction in miacouclei faquency has been
locus. De selecuve agens 6-iluoguenme (TG) and
inouorothyuudme (ITT) wese used to measure mutauon

demonsented in lymphocytes <=dwd with hydrogen
peroxide [D6}. Lymphocytus were exposed to a 30.aunute

at the hper and TK loci, respecovely. Cell survival and
pulse of hydrogen peroxide (25-250pM) 24 hous sher

murstion rate were meesmed sher pmeracted exposure to formation'of the cultmes and to a challenge done of
tntiated water, followed by exposee to x rays at the rate 1.5 Gy or 3 Gy from x rays 48 hous later.
of 0.8 Gy nun 4 [T1). The resula of this expenment are
illustrated in Figue 1.

37. An adaptrve response can be induced in the presence
of trace amounts of bleomycm, which is known to

33. De osEn were grown in a medium containing produce double stand breaks durmg the G and M phemes
0.74 MBq arlof tritiated water, the truium irradisung the of the cell cycle (V2, WB) Thus, when lympbocytes

2

cells at a does rate of about 0.05 Gy d . During the cultmed in the presenz of low concentratma of
4

overall period of incubenon in the presence of intiated
bleomycin (0.010.1 g ml )for48 hours were (buenged4

water, the cionag efficiency, determined after 10,20 and wie a high concenration (1.5 g ml'3) of i 20mycm or
30 days of exposure, remained almost constant, and it was

with 1.5 Gy from x rays, lower than expected frequencies
comparable to that found for unartadiated cells. After the

of chromatad and isochrometid breaks were found. The
challenge done of up to 1.5 Gy from x rays, the survrval cross adaptation was not observed if cells were exposed to
curves for TK6 cells, pretreated or not with tnuated water

methylating agents. In fact, radiation and methyl methane
for different lengths of tarne, were also similar. as sbon sulphonate act synergetically in the same way as a
in the upper plot of Figure 1. These results showed that

combina:I6a of methylaung agents 4 (Table 12).wah a low-dose rate, protracted conditioning expnsure Condniaming with interferon (50 IF ml ) has been
from incubetson m tnuated water, no adaptive effect on desenbed [M30[ These expenmens lend support to the
cell survrval was detectable. Furthermore, treatment wnh

view that cross-adaptation may operate in lymphocytes to
tnuated water had no significant effect on the inductson of reduce the damage caused by some, but not all. DNA-
munauons. When the mutatson frequency was pioned as a damaging agents.

.1/0 '
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i S. Baysir of specioc DNA lesions
j to the observation that a stanstmally sagsaficant decreened

number of sister chrometid exdisages was found is 6e<
33. A sedy to ideshfy the molecular lessons assocated

lymphocytes of weakers who had been occupseonsMy) wah commonag doses of several mutagens has reczntly exposed to low doses of radiatica and whose bloodbeen repand [519[ ne end-pons measured in the lymphocytes were presaned to be in the G hb P ase while. lymphocytes boss two donors induded chrometid and
they wat ducaxally kindiated [T2){ clucenosome aberrations and sister chromatid exchanges.

| 39. To measure chromatid aberrations, the cells were 6. Seminary| exposed e 0.05 Gy 6cui x mys 24 bows sher phyto.i
haanagglutinin aamuistion (i.e. in the G: phase) and 43. Am adspeve sesponse to low-!1T radiation exposure
challenged wnh 2 Gy froun x rays at 48 hours (i.e. in las has been demonsesed in skogeo stimulated hunan

:

j S/early G h2 P ase). To sneasme chromosome aberrations, 1 7-gw. when tey are acuady exposed to a con.7
: the cells were exposed to 0.05 Gy fmss x rays 12 hous

ditionag dose witin the reage a005-0.2 Gy pnar to a{ ahuphf * - J isthmd.nonnaddiallengedwnh chauenge done of a few gray. The naponse has been1 2 Gy ton x rays at 1g hems (Le. boe exposwes a the expressed as a seducsom in the yised bi ch amatad or
O phase) Cegs hem one donor showed an adoptive

chromaansne lessons, typecauy to about one half the yield

-

g

! suspense when chaue ged in the let S or early G h2 P ase, expecond. De adspewe esponse has been danonsarnaed
| in contast to cells froun the other donor, which showed when bot the ==adanhg and c% doses arej

the adspeve response when challenged in the G: phase. applied at las sages (SRs2 phases) of the ceu cyde.{ However, these is " . . ~ as to whether or act te. 40. neee dnigs were used to induce saaer chrosnatid
adaptwe tempanse ocass if the ==ditirang done is{ exdissages: etoposide (VP16),1, Mis (2 chloroethyl).1 applied in the resang or endy anages (G ,G ) of te c=Hj nitronoure (BCNU) sad cis.diamminedichloro- cycle. His imiportsat peut needs to be clarified, ahnee it

c t

i platassun(U) (ca.plaan). Esoposide, a topossomerase II has inyae=aa== hr the cuaansasaces in which cess ase
| mhibisor, pavens the causman and ruesling of DNA duosuailly irradiated a vae.
i senad bresla, as opposed to the base modiocanons caused
! by cis piani and inter senad cross links by BCNU. De 44. ne caustar response is enmuent, lasting for aboutj

repair of DNA damage at specific sines from these drugs tinee oeX cydes in culase. Since redisdon-anduced dosie-i

!
is the result of the synthesis of enzymes involved in sarand breaks are sepsmed, his could haply the puhn
exasion and post-replication repair or the synthesis of of spec Ge repair eneyines in addition to those involved in

{ desnage-recogmtion pmaeus (esterases) that prevent cross- the promes of repair of damage a cens occurrug durmg
; linnung. normal membolam.
i

41. Caus were apa=8 to 0.05 Gy from x rays at 40 45. Dese appeem to be individual donor variation, wnh
,

!
bours after phytoheemagglutinis stanulation and exposed no evidence of as adspave response in the lymphocytes of

; to drugs (0.5 # VP16,10 M BCNU or 0.67 M cis- some blood samples tesand even though the culaue
! . platin) 6 hous later for 2 hows. At 48 hours, the drugs procedures are adesecal to those produces a respouse. l
j was washed out and the adimes treated for 4 hours with Why this is so is not known. Several explanations have
; 30pM bromodeoxyundine (BrdUrd). His technique been proposed. One possbgity is that the adapuve
i ensured est only the cohort of cells that spent sufficient response sequires the s==*ana~ of a narrow range of
i tune in es 5 phase durag the BrdUrd labelling would be pH and the pasence of speci6c growth.stimialating factors
j scored. tenB but statisacaHy signi6 cant reductaons in in the culase niedian. Anodrr possbGity is that the
; saaer duummeld exdianges, consistent with an adaptive adaptive response occurs at a precue tune si the cril
| response, wee obsesved (Table 13). Both donors cycle, so that cells outude this phase do not respond. A
j susponded sensierly, showing redesions most ofkn for third possibilky is that in me factors such as the

VP16-induced sisaer chromatid exchanges. Although nutnuonal staans or the inununocompetence of the Irvmg
!
'

significant reducuons were also observed for chromadd organism may induence the cellular response.
deletions, analysis of the data showed that they oerurred

i independently of those for sister chromated exchanges.
! Dese results are consistent wnh the view that damage to B. EFTICIS IN MOUSE CFTH
{ specific sites in DNA s repanbie following a

condiuonag dose of x rays. , 1. Splenic lyinphocytes

f 42. No adapuve response was obtained when cells from 46.' He resula of different studies with mouse
! 10 donors were exposed to mitomyem C, wnh and without lymphocytes have been contradictory. In one experirnent.
) a pnor condiuoning dose of 0.01 Gy from x rays m the micr of the C57Bl/6 seein received a whole. body done of
| Go P ase [M5[ nis may be relevant and in contradicuon 0.05 Gy fmm gamma rays, at the raw of 1.25 mGy mmh 1

M
_ _ .
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N
on four coasscutwe days (W9[ Groups of mur were 2. Bone rearrow cells
kiued at insarvels up to 26 days therenher. Lymphocytes
isoissed tasa te spleens of sham-irradiated and irradiated 50. Male Kunmmg mice were exposed to a whole bodv
mice were esposed he verso to W-radiation to educe conditioning dose of al Gy front x rays, fonowed 2.5-3
unscheduled DNA synthesis or to minomycu C to indum

bours later by a challenge dose of a75 Gy from x rays
seier chmanatid exchanges. De resulu showed a higher [C8, L10J. De combined exposwe to the acaditiones and
rate of unscheduled DNA synthens and lower sister challenge doses resulted in a smaller number of chromoted
chromatsd exchange frequencies in the irradiated mia than

aberrations a boas marrow cells than as cells froni
in the sham-irradiated controls. Irradiation et me with low aasnais recewing the chalPage done caly. Dese resuis
doses of gesuas rays was coasseems wah an increase in are swen m Table 14 De whole-body exposum of female
the ran of DNA repair, which is eSectue for C57Bl/6 auce to a condinosung done of 0.002 0.5 Gy
approssnately 12 days. ne results support those publahed from x rays, followed by a challenge done of 0.65 Gy
by Tuschi et at [T2, T3] and Liu et al. [L9), who within 3 hours, also resulted in an adsparve response at au
demonstrated that it is possible to induce the adapuve condihanag dones (Table 14). A sander adaparve response
response si who was observed when the asianais were exposed to thee low

conditionag doses and then to e high done of
447. However, she adaptwe response was not observed mitomycin C (0.5-50 mg kg ) maseed of the chauenge

. when lymphocytes obtained from the spiecas of female dose fran x mys [Y2[
l mice of the HeGigenberger strain were exposed he ven,

. .l ember to a05 Gy from x rays at 24 bours or 32 hours 51. In a sequel to the. experunent, mice were exposed
i aher phytchaemagglutnin-stunulation, followed by a e a range d whole-body dous fran % gmuna-
! chauenge done of 2 Gy at 40 bours; or to 0.1 Gy at 32 radiauon at a rate dW @ mm and inediawd 3 hous4
'

hours or 42 hours with the chauenge done at 48 hours later wah a chauenge done d 1.5 4 from x rays [4
[WS, W23[ A reducuos in the number of h SigniScantly lower chr===== aberration frar-
aberrations as a result of exposure to conditioning doses were obsewed ha k manow ceus aAer condaicang '

was seen in the lymphocytes from only 1 of 14 mice doses of 0.05, 0.10 and 0.2) Gy, but not 0 50 Gy,
tested. Beaune of the high variability of the radiation- anpand wie saunals moewing te cWeage dose only.
mduced besak frequencies in the lymphocyus of the De pecescted whole body expoem dmale mice #Co
different donors, the authors conduded that this one gnavne-radiation at the rose of 0.014, 0.025, 0.06 or

4
positwe result was due to chance and was not a genume 0.23 Gy d , fouowed by a disuenge done of 0.9 Gy froni4

j
ada m e p x reys wakin 3 hours aber promacned exposure had ceased,

j also resulted in adaptive :=pa== [Y2).

48. To determine af this lack of an adaptive response 52. Using a different end-point, male whiae SHK mice I

was uniqui: to the Heiligenberger straus, spleen were gwen whole-body exposuns to Cs samma-
W'

lymphocytes were collected from C5W feinale mice in 4radiation at the rate of 1.3 a:Gy h over penods up e 80
which, as discussed above, adaptive response to UV-

days and then ewpanat to a challenge done of 1 Gy from
radiation-induced, unscheduled DNA synthesis and

x rays wnha a few hours sher the pseeracted exposure
mitomycm-CJah=8 sater chromatid exchanges had been

i ceased [G2[ De frequency of aucronudei in poly-
observed [W5). A done of 0.1 Gy from x rays was given chromauc whM in chreeuoally irradiated mice |

;

after 32 boma, followed by a chauenge dose of 1.5 Gy exposed to me challenge done was about one third of that
aher 48 hous of culame. Initial resula indicated the observed in mice receweg the chauenge dose only. It was
presence of an adaperve response in some of the C57Bl/6

also shown est chronac exposase before the challenge
mice. However, N7 _:: analysis of the aberration

dose esulted in a marked deatase in single-seend beaks
scores of parnuel lymphocyte cultures revealed a high

anGn meresse in DNA polymerase actwiry in splenic and
ines-individual vanability. De authors concluded that the

tuer cells, consistent with the availabairy of a reservoir of
results were a reDecuon of this vanabGity rather than of

repair enzymes dunng chronic irradisuon.
any induced adaptive response [W27[

53. In another expenment,912 week-old male mice of
49. Expenments have been reponed in which colony- the Swiss albino stra:n were exposed vi vne to *Co
formmg uruts (CFU S) cells were exposed to low doses of gamma rays [F23j. The conditioning doses of either 0.025

4radiation m the range 0.03-0.05 Gy [S20, S32[ The or 0.05,Gy were given at a dose rate of 1.67 Gy mm
adaptrse response was observed from 4 hours umil 23 The challenge dose of 1 Gy was given at 2,7.5,13,18.5
days arter each challenge dose and was more pronounced or 24 hours after the conditsorung rinses At a time interval
after high dose-rate exposure. The response could be of 2 hours, both conditaonag doses reduad the frequency
potenuated by injectmg the mice with 50 ug of of micror'"clei in polychromauc erythrocytes and of
polynucicoude Poly 1 Poly C two days before the chromor. ae aberrations m the bone marrow cells. After
challenge dose. exposure to 0.025 Gy, the adaptrve response remained for
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24 hows. Aamr exposme to 0.05 Gy, however, the rays, followed by a dose of 3 Gy from gamma rays
adapthe mapenas was not pruneat when the challenge 18 24 hours later, resulted in a decreased frequesey of
done was ghes 13 or more hous later.

induction of mutations at the Aper locus [Z5
cells were exposed to bleomycia (5 10 g mr|. When)for 1254. Does experunents indiate that the adaptive hours instead of 3 Gy from gamma rays, a sanilar

response cza be maud in bone marrow cells in some reduction in mutagenic response was observed. Since
seems of auce sher acum or chsonic exposure to low LET bleomycia acts to produce double strand breaks,it was

| radiauon in vne, provided that the challenge done is given presumed that the reduction in the frequency of
withni a few bows aAer the exposure to low doses has

radiation induced mutations was also attributable to
ceased. De resula contrast, however, with those of the repair of double-strand breaks.
Amhun-Kram and Wiliams [J1), who were unable to
elics an adapuve naponse a the bone marrow cells from 5. Pre-implantation embryos
ibear sosia of mice irradisted in vino. However, a the

'

laaer experuneas, the challenge done was given 24 hows 59. Mouse embryos of the Heiligenberger strain were
sher the conditicanag done, a time span possbly too long exposed to a conditioning dose of 0.05 Gy from x rays
for ibe DNA repair carymes to remem effectsve in repuRy at times corresponding to the late G /M hase of the

2 Pdrvuhsg bone metrow cells.
four-cell stage or the G /S phase of the eight-cell stage

,

embryos [M6, W5]. A challenge dose of 1.5 Gy from !3. Spervas" y x rays was applied 6 hours later, and cells were
arrested is metaphase imatediately thereaher. De

!55. Male Kunming mice were exposed to a whole-
interval of 6 hours between the conditionias andbody dose of 0.01 Gy from x rays, followed 2.5 3 challenge doses was chosen because it was found to

hours later with a challenge dose of 0.75 Gy from be the approprinae time for the expression of the |

x rays [C8]. De number of chromatid aberrations in adaptive response is both hemma lymphocytes and in
the spermatocytes of conditioned mice was ! css than

cultured Chinese hamster fibroblast cells [15]. De ;
in the spermatocytes of mice receiving the cc'allenge results of these experimean are summarized in !
dose only (Table 14). Table 15. The yields of chrosiosomal break

frequencies and the percentages of aberrant cells give
56. In another experiment involving the whole. body no indication of an adaptive response compared with
irradiation of male Kunming mice, the adaptive cells receiving the challenge dose only.
response was shown by reduced chromosome damage
and dominant lethal mutations [C17]. A conditioning 60. It has been reported that rat mammary gland
dose of 0.05-0.2 Gy resulted in a statistically cells irradiated in vise may have a higher repair
significant reduction (p < 0.01) of chromatid and capacity than cells irradiated in visro, a phenomenon
isochromatid breaks in spermatocytes and in reciprocal called in situ repsir [G4]. To examine the possibic
treastocations in spermatogonia, compared with cells induence ofin sits repair on the adaptive response in
from animals receiving only the 1.5 2 Gy challenge embryos, the conditioning dose was applied in vino
dose. and the embryos we e left in sits until shordy before

the challenge dose [W5]. One group of embryos given
57. Crcsa-adspostion has been shown using x rays a conditioning dose of 0.05 Gy was irradiated in vivo
and low concentrations of mitomycia C, hydrogen with 2 Gy from x rays at 50 hours sher conception
peroxide and cyclophosphamide as the conditioning and isolated d hours later. Another group was isolated
dose [M27). Mais Kumming mice were exposed to a at 48 hours aner conception and irradiated with 2 Gy
conditioning done of 0.05 Gy from x rays; 3 hours from x rays iir vitro at 50 hours sher concepten.
later,0.1-0 5 mg :nr1 of mitomycin C or 0.11 M of Colchicine was added at 55 hours and the metaphases
hydrogen peroxide was injected intrateritoneally or of the embryos in the 816-cell stage were harvested
directly into the testis. Twenty-four hours later, the at 62 hours after conception. The results of the in suu
mice were exposed to a challenge dose of 1.5 Gy from repair experiments, given in Table 15, indicate that an
x rays. Tbc frequency of aberrations in primary situ repair was not associated with an adaptive
spermatocytes was markedly reduced with the use of response. They suggest that the mouse embryos are
mitomycm C or bydrogen peroxide. In contrast. either in situ repair deficient or that the optimal

dcyclophosphamide in the range 0.05-0.5 mg mi acted conditions for the induction of an adaptive response
synergistically with the conditioning dose of x rays. have ret been achieved.

4. Maramary carcinorma cells 61. 'Wojcik et al. [W5] pointed out that for an
adaptive response to occur in pre implan:ation mouse

58. Exposmg cultured mouse mammarv carcinoma embryos, they must be able to perform DNA repair.E(SR 1) cells to a dose of 0.01 Gy from Co gamma Unscheduled DNA synthesis does occur m both

h _ _ __
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pronucici of the one-cell embryo as well as in cells of
te later developmental suges. Until the late two-cell exposure, but the authors pointed out that the different

stage, however, there is no gene expression in the conditions of exposure need to be examined before the

absence of an adaptive response can be conclusrvelyembryo, and all proteins required are synthesized stated.
constitutively froni mRNA inherited from the oocyte
p3). At the late two-cell stage, the embryonic genes
are switched on and much of the maternally inherited C. EFTTf!3 IN FIBROBLA5mimRNA is destroyed. There is, however, evidence that

FROM VARIOUS SPECIEidespite the transcriptionally active genome, some
genes inducibic in somatic cells do not respond 1. Human umbryonic and sida fibroblasts
inductrvely to the changmg environment in embryos of
the prebisstocyst stages. It is not clear whether (a) Life 4 pan and mutation thquency
induced expreuion of repair genes in the embryo is
necessanly required for an adaptive response to 66. De effed on the life-span of human embryo
radiation. However, the negauve outcome of the above

Obroblast cella of chronic exposure to *0Co gamma-
expenment could be due to a general inability of the

radiation delivered at a dose rate of about 0.001 Gy h for4
prtblastocyst embryo to adapt to changes is its

D bours per day has been invesagated [S25). 'Ibe averageenvironment.
life-span, which was measured by the ntsnber of mean

populauon doublings, was 1.2-1.6 times longer in
62. To investigate the pomis further, pre implantation

inadiated than in unirradiated ce!!s. The number ofembryos were exposed to a conditioning dose of 0.03-
chromosomes in the ururradiated cells remained constant

0.1 Gy, with a challenge dose 6 24 hours later [M6|. throughout their life-span. Conversely, the tradisted cells
Table 16 gives the results of an expenment in which

showed numerical abnormalities with uncreasing time.
two-cell embryos were exposed to 0.05 Gy in the early These results indicated that the life-span of chronacallyG h2 P ase and to 2 Gy when the embryos were in the inadiated alls at low dose rates was prolonged, but that
! ate G2 Phase of the same cycle. None of the end. the cella showed chromosomal changes amsmacnt wah
points measured indicates a statistically significant atinonnal pk.ssyru.
effect as a result of the conditioning dose.

67. In another sandy [W10, W11] so determine the etrect
63. It is recognized that up to the early two-cell on the growth ability of human embryo (broblast alls in
stage, the absence of en adaptive response in early varro, the expressaan of abnormal phenarypes was
embryonic development could depend on specific traits measured after fractionated low dose gamma-rsdiatioit
of this system. Startmg with the blastocyst, however, Cells were assayed for cell survival by their colony-
there is no reason why genes coding repair enzymes forming ability, for mutation at the Aprr locus and for
should not respond to signals calling for additional transfonnation by foci formatioit der a dose of about
enzyme synthesis. A sunilar experiment to the one 2 Gy had been accumulated, the mean population doubling
described for the embryo in the two-cell stage was time was 1.31.6 times that of the controls. Although
therefore carned out using blastocysts in which the transformed foc were not observed until the cells had
embryonic genome was acuve. No statistically amumulated about 1 Gy, the numbers of alls with
significant difference was seen between the effects

abnormal phenotypes mcreased therestler with incressmg
with and without the conditioning dose [M6]. dose. No ce!!s, however, showed unlimited life-span m

vstro.
64. It may be concluded that an adaptive response
cannot be induced in pre-implantation embryos, at 68. The mechinism responsible for the inceased growth
least with regard to the end points measured, or that potencal of embryon:c fibroblasts after fractionated low-
the conditions are entirely different from those dose gamma-radiation in vitro remains obscure. Although
determined in other systems, in particular in buman the data suggest that some damage is repaired dunng these
lymphocytes, exposures, it cannot be assumed that all of the damage

resultmg in the transformauon of cells is repaired. The
65. The response of fetal tissue has also been prolonged life span may allow additional ume for the
examined. Pregnant Sprague Dawley-denved tats were expression of an otherwise unexpressed lesion perhapr,
exposed to 0.02 Gy from # s gamma radiation at a associated with the development of additional karyorypicC

4rate of 0.4 Gy mm at various times on day 15 of changes and aneuploidy. Dis process might be very rare
gestation, pnor to receivmg a challenge dose of among buman dsploid fibroblasts grown m vuro [K6. K7|
0.5 Gy. Fetuses were exammed 6 hours and 24 hours and might be specif'ically related to the immortalization of
after the chat!cnge dose for changes in the developing human cells. Tbc mechanism leading to the prolongation
cerebral cortex [H20]. There was no evidence of a of their life-span remains to be shown, but calaum ion
cellular adapuve response under these conditions of may act as a sgnal transducer dunng cell cycling [110]

- Y
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(b) Ca5 sur*al and ? "
_ ing abinty

dose of 1 Gy, but exposme to high-IET redistion did notj |

De basses akis ihmbinet cell line (AG1522) has
his deptadency om the type of edission might maect she69.

quality and quesney of chrespososasi lesions est iriggerj
been used to duesname the effects of low. dose gamma.

the adspuve seaposse.he adspelve neponse did act AaBy{
radiation, Is5smed by a chsucase done of x rays [A2).
Ceu survsval, oniony growth rate and macecaudei develop until 4 hours a8er the es5eage done and was not1

observed if the time inaarvel besmesa lhe onadiocamg doneformados wue measured to assess evidence of adapeve
and the dallenge done was extended to 6 bows. neresponse. Progracted exposme of plateau-phase aus to
adapt!ve response can be serbused to the induceos of aj

gamma rays, delivered at a dose raet of a003 Gy nua'l
n=*a==mi that repass DNA deange.J over a period of 24 hours, reduced the effecs of a

;
&allenge done of 4.25 Gy frcen x rays grven svunedistely (b) C.u " ,

-) aner ibe chronic exposme. Figwe G shows that up to a
-

'

twofold innprovement in cell seveval and a twofold 73.
reduction in maaonuclei fannasion wese observed, Chaene basiseur V79 cells exposed to conditioning!

composed wah the resula obesiaed when ceus were doses (0.010.05 Gy)fsoniganuna radiation showed auss-
,

adaptanon to daBesge doses of UV B-radiation (97.5-j
exposed to the delicage dose only. Furthersnore, a8er 7

days, the siec of colonses froni alls surviving the
195 J m.2) and minounycia C (25 50g art) but not e'

| combined exposures was about four tunes as great as the etyi methsee malpheaste (EMS) (100g nW ) or cm.1

pistin (1 g ml'8), as evidenced by a seductan in thej
size of colonies from ceus given a challenge dose only.

number of siser cluonnatid exchssges. This could iniplyj

that the adapave response observed aAer redistion couldj 70. Tbc sumulation of donagenicuy at doses below
be coupled to the repair network that copes wuh chrosnatin

'

O.4 Gy from ganuna rays has been observed in cultures of
j buman skin Gbroblass (urnin GM 2185). The resula, lesions induced by mansnycia C and UV B [17). He

results observed sRer exposme to cis.plads weie comenry
|; dlustrated in Figure IH, are campsuble wnh the hypothesis

to those observed when hunan lymphocytes were esposed
that cells that do not form clone: in the absence of,

to this agent
j radiation are stimulated to do so by low doses of radiadon:

that s, additional colony formmg cells are recruited from
74. The effecs of assu amounts o(hydrogen pemode ]

,

formerly non clonogenic cells. His enhanced
cionogenacuy was not observed in fibsoblass (A T sosin

on tbc killing and mustion of Cheese hemisser V79 ceus j

j GM 2531) in which DNA repair was deGcient, although
by diffesent agens is supportrve of as adspove response

j the numbers of non.clonagense ceus are sanilar to those front damage dee so omdative 6ee radicals [Gil, S22}. It
has been shows that now, non toxic concementions (e.g.1

!
observed in the normal Gbroblast strain. It can be innplied 0.9 g af ) of hydegen paramide reader V79 caus niese

!

from these resula that enhanced clonagenicity is
ressmat to -M : lulling by hydrogen paoxide (3-dependent on DNA repse competence, but onber
15 g mi ), snaues rays (16 Gy) and N-metyl-N' amo.

l,

| ==A
could be involwd [GS). N-nisonogummidias (0.5 2.0g a(3)L However, such ({ preseannent wah hydegen pesosade maessed Ibe '

mutation yield by N-aistyl-N' - '- Mu Wise or
2. Chiasse barnster cets gamma rays, suggesung ener pmmeness of abe induced

repair activity. Cyclohexanidr or hammanmie prevenend Ibej (a) Mkronucesi forssation drequency
mductson of repair, and they also suppressed abe increasei

in mutation yield.
71. Pmlismaams Cheese hamster cells, cloned from the

j V79-B310H est time, weie exposed to beta- or gamma-
75. The treatment of Chamme hamaser V79 cells or H,

radiauon taas iruissed thymidine or intisted water,
rat bepstoma caus widi Iow concensations of hydrogen{ followed by esposest to 1 Gy from "Co gamma rays [15, peronde (15 jM) also resulted in sa adsparve response,{ 17,111). An adapt 6ve nsponse, expressed as a reducuon in expressed as mcreased survival when the ceus were;

muronucici frequency, was observed. The adapuve exposed to high doses of hydrogen perozade (0.1 1.5 mM)'

response was inhbited by 3-ammobenzamide (3AB) and or to a challenge done front gamma-radisuon (up to 8 Gy)} was not observed after one cell division following the [120[ This adaptive response was observed in boe1

conditionmg dose. He opumal range of the condiuonmg exponentiaUy growing cells and plateau-phase cells, buti dose was esumated to be between 0.001 and 0.1 Gy on there was a reduced hprr mutation frequency
;

j the bass of the amount of triuurn mcorporated into DNA.
I

When tntiated thymidine was admirustered at lower or,

| bigher concentrauons, a reduction in micronuclei mduction 3. Mouse erobryo cous
*

1
was not observed.

-
1

;
76. C3H1(Tr% plateau-phase mouse embryo crus werej 72. Acute exposure to 0.01 or 0.05 Gy from gamrna- conditioned with doses of 0.1,0.65 or 1.5 Gy from "Co

radiauon also mdund an adaptive response to a challenge gamma rays at a rate of 0.0025 Gy min . Three and a~1

.
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h
half hous laear they were exposed to a dose of 4 Gy from

then remove bisicaes from the DNA. themby silowing
gamma rays. The onaditionag done did not affect clono. access to other poeems, e,g. DNA belionne A and
geese servoet, but it led to a reduction in micronucleus

toposomerase I, to encourage DNA cacaen apau.
frequency in thiudesse cells and to a twofold reducnon m

Inhbitors of polWADP-rbone) polymerase suppress the
transformation frequency per visbie ceu when ceus were adaptive response in manunalian ceus.
subsequeady exposed to d Gy test gasuna rays. De dem
suggest that a conditionmg dose of low-!ET redistion 80. Funber evaluation [B9], however, has abown that
educes an adspuve response a C3H10TM caus. remiting difI*'ences in the nucleout sedunenstion rese nught also
in enhanced DNA double sused break repair when the be explained by changes in the amount of RNA and
cens are expand m te cbsunse dose. His enhanced poseins, which a5ect the sedanentation velocwy of the
repsw appears to be error free, since the cells are less nucimids. To met his hypotesa, kerstmocyus wac
suar.phie to radiation-induced neoplastic tremformation exposed to 0.00$ pM of N-methyl-N'-aitro-N-
[A17). "I'***8"*"'di'* I" I D'd'U'"88d"*'

of 5 pM of N-unesbyl-N' aiso N-ainosognanadine 6 hours

later. De resula can be interpreted as reSeams fewer4. Derived human epithelini ceu line
DNA breaks in the pretreated ceus than in ceus exposed
to the challenge done only. De pneena of 2 mM of

77. Adaptive response bas been desaibed in expenmens
3.aminobenzamide blocked this response. Repair in the

involving Hela cells [C21). De cens were exposed to a presence of low doses of N-metyl-N' nieo N-
conditionag done of 0.03 Gy, followed by a challenge

ruirosoguanidine is coasstent wnb sa adaptive response ofdose of 2 or 3 Gy. A decnase in the number of mduced
the cells to the mutagen. However, a synersatic meer

nuaonuclei occurnd wnhin 4 hours of the conditiones than an adoptive rispasse was observed in benaa
dose and lassed for stuce ceu cycles, if the conditioning lymphocytes peressed wie N metyl-N' aiso N-
dose was uncreased to 0.4 Gy, the adapuve response nivanaguanidine, fonowed by a challenge asseness wak
disappeared and the aus subsequendy showed increased

metyl metase sulphaeste [W4), -

radiosensauviry.

81. Studies wie hydrogea penzide (0.1 M

( l ng mr7 due,16 dauence &ise) ami bleomycin
"*ddi""D. ADAFMVE RESPONSE

coulauming due,100 mg mr3 dauageM CHEMICAI M1frAGENS
dose) are also coasseest wit the view that exposure to a
#* "* me mungus naula eitbu in an oversu78. An adaptive response in banan keratinocwes

.

e mun a sWosend Ms a daages~ m
exposed to low doses of the mutagen N-methyl-N' nitro-
N-naronoguanuline bes been denenbed [K8). Growmg and e nucleoid cage of the DNA. They providea

conduent human kerstinocytes (Hs cat ceu line) were "#8m*888'Y "h d 88 8d8Pme M A mper
E" "*'** Posed to daSerent marwaastions of N-methyl-N'-nieo-

N-nsenseguenidine for one hour, and the number of
sogle-stand DNA breaks was determined by messunng
nudeced sedimemention through neussi sucrose gradients.

*

Stand banks cause the supercoiled DNA sancture of the 82. De adapirve response has been demonstated in
nucimids to relax, leading to a mduction in the proliferstag cultured lymphocytes and fibrobless. In
sedeneautism same. When the growing cells were treated addition to a reduction in ducenosome aberrations, the
wmb low deses of N-enesbyl-N' nieo N-natrasoguanidme, response has been measured as a r*w a the expected
the =6aa were found to sedia.sent faster than in cells number of s'aser chromatid exchanges, of induced
m the condesat pbses. Similar shins have been reponed macronuclei and of specific locus mutations. An increased
followmg mitgen actrvation of human lymphocytes [14) survival rate and an incmased prolifersove capocuy have
and mouse spiease lymphocytes [G6). His effect was been shown to be associated wit increased muetaon and
attributed to the re}oining of DNA single-seand breaks ennsformation inquency in some experunene.
present in conauent mHs.

83. Bonc marrow crus and spermatocytes from mace
79. De ADP ribosylation sysicm of chromatin responds exposed a vno to low doses (0.010.2 Gy) from x rays a
to radiation mduad damage by promssmg ADP nbase few bours before chauenge doses (0.75-2 Gy) to the cells

residues through a complex senes of syntbene and showo! reductions in the number of chromosome aberra-
catabolic reactaons. Tbc key mmponent of this mulu- taons compared to cells exposed to the challenge dose
enzyme system as poly (ADP-nbase) polymerase, a zme- alone.' No adapuve response was observed in pre unplanta-

conummg protem that specifically binds to smgle and uon mouse embryo cells, even though these embryonic
double-stranded DNA breaks. Binding actrvates different cells were tested at a sage of development m which they

catalytac reactions that lead to the synthesis of polymers were considered to be capabic of synthesumg their omi

covalendy bound so tbc polymerase [N3]. These polymers DNA repar enzymes.

J/6
- -
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84. Thee is svdeem of cross adaptation between some

i
-

toaic chamatal apsmas and low-LEI' radiation. While it is damage caused direedy by te ionszug eveals or indsectly1

by induced hydroxyl radicals), se minhos between ram-seasonsble to assuses hat some common repair peeways
dom redistion-induced DNA damage and speedic dunu.

exist dependag on the category of damage (for example,
cally induced DNA damage needs to be flerther nocived.:

.

|

!
IL MECHANISMS OF ADAPTIVE RESPONSE

85. Studus of emiastes of !ymphocyms, bone marmw
act at several check-poins, swaching cell cyde; cells, melanoms cells sad (broblasts have provided insight

into some aspecs of the medianisms involved in the pragmasson on and of pnacapauy by meeracmag wak)

adspake rupcase. hoe indade. cydias. Assivation of the kinase-cyclin counplexes aquins-

dephosphorylation of tyronme phosphate, and possibly of
) (a) te e5ecs of radiation on the up-regulation of genes lluecame Phosphate, on the kinase molecule.

,

-

and their in8uence on ceD cycle idactacs,
; (b) the identiikstaos of activated genes and their 89. Passage Ibem the G so the G phase is shought tob'

enzyme producs par.ny involved in radiation, be insgesed by low ceu pooulation densay, ceu see, the
! mduced DNA reper, presence of misagens and the assivation of pron,j (c) the relaticaship between redsstion-induced repair oncogenes. Progressaan in ibe G phase seems e bei g

genes and those activaled by other musagens; mgulated by kasses simiar m, but not identacal win, cdc2 {(d) the abGiry of cells to remove toxic radicals: kiasse =w8-7 by the p34 m2 scae (F20) Cydia D1 I
. (e) the acervation of membrane recepson and the release accumuistes during the G ht P ase and assocuses waki of grown fecsors; many ceBular protemis, induding culk2, ciAid and at5 1

,

j |

(f) Ibe e5ecas of redistion on the proliferative response kasses [M24, X1)
<

io ausagens.
] 90. The G to S phase amusihom appese to involve the
1 06er Wa-ns rnay be imroimi, such as enhanced 3

;
immunosurvedlance, which a, discussed in Chapeer III. counplexag of cydia E widi cA2 kiasse and of cydia D

wah cA4 kansa. The cdc2 cydie E complex may be
' partaasiarly isnportant for the transeca fresa the G to the

tA. CEIL CYCII COPrfROL S phase a hansa caus [K20) '
'

} 86. Researds into the mechensms involved si cell 91. A gene encoding a cydia-late peones has neendy
1

j
cyding is advancag rapidly [M23, N1, N2, N5, S28) The been isoissed Ikom ret fbrobless [T12) It is aferred to as'
division of a ceu inao a pair of geneocally identical cydia G. Cydin G mRNA is induced within 3 hours of

|

,.

} progeny depends on the precae timing of a sequence of growe stianulation, that is, duing the amasman 6cen the
1 events. To dkide successfully, the cell must have G to the S phase, and is level remains elevated wat no
f completed DNA replication and repsind any DNA apparent ceu ,:yde der =8 y, medicatag in done
j damage to the exent that allows the fannation of assocution with smwtii saimuli but not wish the ceD cyde.
! chromoscmes and their correct segregation. The kianse<yclia G complex resnams inacuve until
j dephosphorylatica of the kinase acces.
| 87. Control of cell cyding is in8uenced by feestock
i 92. A dc2 kiname<yclia A complex regulates S phase
!

rrMan=== tat ces detect fedme to coenplete ee above
processes andasset ymguses at vanoes stages in the cycle pmannsma p, 1) nem acomewy bces

5
(eg. pmgressima honi ibe G to the 5 phase and from the weg e p ase ude plan gmwt bcsw

| G to the M phase)L Much of the basic knowledge of the
g

'" I''8""* N'O
mechansam has bem denmi from samiiss with yeast cells

93-
; and sea urchia eggt Elucidating the mechansms in G8 Pe8s8ng tiuough the G phase, promesas that4

2
regnate the spindle assembly, chromosome ==d-atson: mammalian alls is proving more complex than doing so

j in prmuuve cells. It is clear that Ibe undersandirt a as
and nudear envelope breakdown are synthesized. If the

yet incompicie, but there is suf5cient aformatson to adow spindle assembly is not counpleted, een the mil is arressed

| 5 Peculating on the prmciples involved- in the M phase. A cdc2 kinase cydia B cranplex controls

the transition from the G to the M phase [G9, P11|.2
I

i
1. Protein synthesis 94. Cypins A and B are rapicsy degraded at the end of

i
mitosa. The process mduas the synthess of enzymes that

: 88. & key componens in mammalian cell cyde conjugste ubiquita to the cydins and thereby urges them
! consoi are two classes of protem, the kaases and the for degradation by proseolytic enzymes. Degradmg tbc'

cyduis, which are synthesized in a well-conserved cydins negates the activity of the kinase <ydin complexes.
sequence. Cell-division-cycle (cdc) kinases are believed to and the alls proceed to meerphase.

<

i h7
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95. The effna of redation on the levels of cyclin present 99. Prance- ongmally isolated as funcuanal Nst defuess anges of the ceu cyde has been studied In genes supponag te pmliferanon of asnow cens, enemme
normal ese sydhis of unsradissed ceus, the levels of snoeems that an inwatved in nonnel asuular pmlifessuon,
cydia B psunshi immense rapidly in the G and. M phases Sosne of these proe>camgenes ase eenfan concerned w,e2

and docueens at the end of misons. If ec' ceus are all cyding, They are involved a signal usanducson 6om
;rradiated in te G2 P ase, cydin B mRNA a readdy the all surface a ibe nudeus, themby magroung groweh

de m ahle al6ough at slightly lower levels tan in the sgenis so as to hicienne she biosymhess of DNA. These
usurisdissed coenois. However, cyclin B proeein is P adede growe facnors (eg. c.sar enadas
markedy domessed in amount, as can be seen in

pistelet giowe faceor), membrane bedag motpaars (e.g, c.
Fgue IV, and es is annonamd wie a delay in the fiser encodeg maaophage colony samuising faaor
mapiston of the G phone, which is associated widi seceptor), sigsmi madmenes by =h=a1==a phosphoryl2
dunsushed ievens of acuvated kinase cydis compicx.This suecmon (eg. c.n( emondag psonen, whidi can be
anding has been maanned a expermunis wie Chinese phosphoryised esas samal sensduceam), amancnpoonal
hamseer czRs [1.13) actuators (eg. c pm and c-for encodag AP-1 eenscnpuonal

actsvenor pmem) and septissiosweisend peceems (e.g. cec
L Turneur suppressor asess encodag audear pmaan). Some encoprosens possess DNA-

bedag aaway seer phosphorylation.
96. As the role of nanour suppressor genes was
ear ===d in the UNSCEAR 1993 Report [Ul] Annex E, 100. As ===t = te massman toen the Gg to the Od

g
only ibe pome relevant to their sole in cell cyding are phase has been a=aammad wi6 the hicmased expnanma of
seferred to in his Annex. Curmat evidence indicates that cfos, c-pse and e mpe and EGA4 pme>cacogenes that
the A6 ausmour suppressor gene prosean pisys multiple roles becomme acavand witin summens of a spown saanuhm. AD
in the consol of the ceu cycle, not only in regulating the of the produca ase duecdy bound wah DNA no savsee
maponse to early ausagenic signals to the cell but also in sanscnymon of te seasy genes anosanery for eney imeo the
medistag the kamamaani phases of the cycle imelf. The grown cyde. The cfor gene amussady expnses pnar to
16=haa a=8 mechnessi by whidi ibis is achieved is the ddles===s== a a wide venesy of pumment blood cess.
sepressans of cell gsowe and division by the Ab binding AAer ddlemanneon, sevesal types of cell Auther express |
of seguistory ancieer proteus, sudi as E2E and M)c, ddlesent encognans, such as are [G7], c sar [P5] and c-)lver
wMch dnve paiemstwe seaponses. Mutananal loss or [S29), depending on the type of ces. Psogmasson from the
macswation of the Ab gene in sa appmpnsee target cell G to the S phase is height to iswolve the g . . * of
may therefore be viewed as a pnncipal means of relaxing the rar famuly genes.
these coneois.

97. The ;t ,_ :,-.-et peduct of the p53 tumour R. GENE ACITVATION
suppneaar gene is also suspected of playing a role in cell
cycle regulation [L22) It is abought to function as an 101. The darupaan of DNA saucase is a consequence of
inhibitor of ceu replication by delaying entry into the S exposure no many physical, chenucal and bioicgical toxms.

. phase of ibe oeu cyde through induenceg the assembly To a lesser degree, as descreed earlier, it is also a con-
' of the late Gg procem complexes that initiate DNA sequence of the chasges shot osa ske place dunng normal
replication. The inkbition of DNA synthess is therefore metabolism. It is not surpraing, therefore, that ceus have
an actwe physaological process, and loss of the p53 gene evolved a a==rin system of defence against cucuumances

results in | sus of his consol. that might ineversbiy damage thest. A mejor role is played

by the acswation of games and gene peduces ibat manie
98. Aaseur passbie a-*====i of action is that p53 DNA reper proomesak
prosen, by whose of in DNA-binding properties, may act
as a transcnynonni factor inDuences cntical gene 102. Evidencz for abe aarvation of genes associsied w,tb
expressaos consolling a cydb ' ; =i=t protem kinase growth coment and DNA repair casne initially from studies
inhibitor (ClG) His is a p21 protein eat can bind to and in prokarycess. These saadens provuled an maight nuo the

mhibit a wide venety of cydin-dependent kinases [NS), A mechanisms opersung ki eukaryone oeus. For exampie,
simple hypothess for cell cyde progression has been genosoxic stress in the beaeriurn Eschencluo coh mducts
proposed: cyduHiependent protem kinases build up at the responses in vtidi regulator genes (regulars) petuopsie.
G phase and 6e G ,M transition owing to the presence Dese edude the ferA/recA medated SOS respome [Ut 2

of cyclin <icpendent protem kmase inhabitors. Surplus M1, P9, R1, S4, W2, W24], the adspuve respome to
cydias then insger the mactrvatson of cydin-dependent alkyIsteg agens [B1, K1, K2,10, M101 S4. 55. 54
protem kinase ankbetors, and the cell proceeds through tbc the atyR-medened hydrogen penmude nuponse, the smAL
cyde. Iaar*4e DNA damage may also cause the build-up rnedsted supercamie sparaane and the actrvatson of beat

of cyde *pendas protem kmase mhbitors, which may shock protem (HSP) genes [D1, DS, F18, Gl. S''. M

be reversbic or irreversble. W24, Z4)

.- ._
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103. De response of mammalian cells to mutagens,
schedug redistica, is complex, but it is known est manySina cells wah wild-type (wt) p53 genes exhbned

of the guess involved in aannel cell cydeg are activated.trannent anest is bot the G and the G phases aAerg 2

These inchede genes responsbie for grows sumulation, gamma-irradiation, while cells wit abeest or mutant p53
,

growth casual and diNerennation [R9[ Genes associated
genes ansted only in the G h2 P ase,it was conduded ibat

{
wnb growe censol and actrvened by radiation exposure wtp53 genes played a role in G phase anest.t '

were discussed in a recent review article [F19[ Similar108. His observation was Asriber supported bytypes ofgenes are acovaled by some alkylating agens and
hydrogen peroxuie. experunents showing that the transfeenon of wtp53 genes |

into malignent cells ladung "; = p53 genes
ponielly ressosed abe Gg phase amst aber gasuns-1. Cell powth arrest |

insdistion and that overexpressaan of a esasfecsed muunt

104. An unmediate rescuan in prolifersting cells exposedp53 gene in nanour cells with wild. type endogenous p53
genes abrogated the G phase anest aberirradiaten [K22[to a mutagen a delayed pmgression through cell division, 3

and a number of genes have been idenufied that innbit i

call cycle luneocs, among them the growt arrest and 109. Beause the nunour cell lines used for the
transfection experunens had simitiple gencue '

DNA-demage inductie (DDI) genes [1.3[ Delayed
progressaan through cell division a accompanied by an abnormalities, the expenment were reposeed in irradiated

mcrease a the rate ofIranscripoon of genes that encode nonnel munne embryonic throblasts in whidi the p53

for the psoduction of eneymes to repair the DNA damagegenes had been disrupted by homologous recounbination

caused by abe mungen [WIj. De different types of repair [K23). Under these conditions, the loss of boe p53 alleles

enzymes produced in response to different types of in oeerwas normal fbroblases led to the loss of G: phase
anest.

genotosuc suess are probably intenelated in the sense that

they are she product of simaler reguions [S3[
110. Further sendies showed that uradmand cens tosi

105. Cell cycle delay is a prunary response to DNA patiens sufferieg 6cen stasis-telassiscsasas wese unshie to

damage that represens active processes mediated by
educe the goddd5 gene. Fhimily it was shown est wed-

cernin genes, such as those involved in the expression of type but not mutant p53 game psoduces baul seasigly to a

the cydins, p53 tumour suppressor gene, rar oncogenes, conserved element in ibe suddd5 gene. It was conduded

and the gadd (gpowth amst and QNAfamage), gar est in nonnel masunalism cells, p53 and paddd5 genes

(gPowth-Amst1pecific) Jpr (gmall gralinegCh), MD
penicipate in a signal t===d=== patway that connois

(myeloid diffesennation) and c/EAP gmwth arrest genes cell cycle amst in the G phase fogowag DNA damage
and eat this check point pathway is defecarve in assas-[F19]. Genoaoxic stress has te puuling effect of
telangiectasia patiens.

conditioning genes associated with both growth stunulatory
and inhibnory responses, but the main effect s inhibitory.
Many sanscripoon facsors and genes acavated soon aner 111. De effect of radistics on the expeession of two

DNA-demage suluced genes, desgesand goddd5 and
exposure to radiation are man =ted with both responses, goddl33, he beca examuned in cultused hunanMany of the genes mvolved is signal sansduction have

been implicated in both the initission and progression
lymphohlasm [P6). Dese seass had pseviously been

stages of arcsnagenesis, and he same genes are often
shown to be soongly educed by UV radiation and
alkylating agens k human and hasaster ceas. it was found '

mduced by manour prosnoters and DNA damagmg agents
(C15, D5) that the goddd5 gene, but not abe gudd153 gene, was also

strongly induced by x rays. De level of goddd5 mRNA

106. A sumamary of the DNA-demage induced (DDI)
increased rapidly aher x-ray exposure at doses as low as

genes found by various investigators to be induced within
2 Gy (Figure V) AAer 20 Gy, geddd5 inductMs. as

a few hours of exposwe is given in Table 17. De measured by increased amount of mRNA, was sungar to

complex multi-gene rescuon aner insdiauon ma6cs it that produmd by the most effective done of the alkylatag
igent methyl methane sulphonate. No induction was seen

difficult to characterize the molecular mechanisms of any
aber treatmentwisb 12-0. tetra decanoylphoebol 13-acemie,particular group of genes. However, mest of the DDI
a known acuvator of protem kinase C. Derefere. guddd5genes listed in Table 17 are probably mvolved

unmediately after DNA damage.
represents an x ray responsive gene whose mduction is not
mediated by protein kinase C. However, educson was

107. Expenments with cultured normal bone marrow blocked by the protest kinase inbbisor H7, so that
mduction is likely to be mediated by some other kinese-

progenator cells and with myeloblastic(ML 1) leukaemic
cells have shown that tbc levels of p53 tumour suppressor

.,

2. Radiation induced gene expression
gene protem transiendy mcrease while the rate of DNA

svnthess deceases afier DNA damage, apperendy 112. Tbc effects on gene expression oflow doses oflow-
occurnng via a post.transenptional mecharusm [lCl[ and high 1ET radieuons have been studsed in cultures of

.
thf
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Synna hesser embryo (SHE) cells [W16) nese fibro- H44ussone, c-jus, c-mye, Rb and p53 prosess have also
biasm am assual dipload caus that can be sansformed into been reported [W18). Syrina hanser embryo ceus were
asople ac esAs by ediation. Genes coding virus-like 30 inndeled at vanos doses and dose mess. AAer encubsuon
S *=emas efer and S psonesa innase C have been shown of the ceu culewes for 1 how fotowns redistion
to be scavated by exposure to x rays (0.75 Gy) or pmma exposwe, the uwma= of manscripes for e-jimi and H4
rays (0.9 Gy) but not by exposwe to fission neusons. histone was shows to occw fotsweg pauns-ray
Funber sendees [W17] have avealed that the ima=== of exposwe (Table 19) but not followns meuses expanse.
c for mRNA ocruered within 3 hours of exposwe. and a De expreessoa of p53 psosein was ineffected by enher
protem-bindag sde has been ideaalled that mediates pauna-ray or neumon exposwe. De acrease in the
sanscnplaanal response of die e-for gene to serum factors relative amosmas of A6 mRNA was marginal, and the

[T5]. expressaos of e mye mRNA was repseased fauowag
expomme to gamma mys and was uns5ecnad fonowag

113. Of parucular interest was the response to radiation exposwe to nousons.
of members of the protein himase C (PKC) gene fasuly,
which has been shown to play an important role in tumour 116. Dese experunsas psovuis support for the
presnouan and in the regulation of cell growth. De resuls hypoehesas that redission educes diffesent cellular
of dicac experanents showed that exposuse to gamma rays rya-a to redistion-indumd damage, be it DNA
can indum masased expsessaan of PKC mRNA wnhia damage, oxidative damage, protein desseration or some
1 hour of radiation exposum (Table 18). However, PKC other merecellular event. Racant experunema implicatag
inhibitors prevented the expmasson of PKC it. Chinese anidative demap as the indueng agent for e-for, c-jun, c-

hamster V79 cells [Ill). Done effecs were evid:nt, wah mye and other pass educed followag DNA desnage
maressed accumulation of PKC mRNA at higher doses. would suspet that paune-my inducena of these pass
Levels of expressaos of PKC mRNA were scent may involve osalstive damap as the moduisting apat.
sinfold over uniradiated consois aher exposure to
OL75 Gy hous x rays (Tgure VI) 117. De easvauan of oncepnes,induding c-ri(, cepe,

v-ac, Ki-res, c.# rse, vW.rer, N rus, >&.rer and v-fiser

114 De inducean of PKC mRNA occurred at a tune pass, has been caneisted wth incesased donoscanc
when ional ceuular transcription was seduced followns survival over the dose range 14 Gy [M25, S45} De ,

Iinedinaan. De acsivation of PKC directly sumulsass adspuve response appen ed to be a specsfic aa===v==~

sanscnytion c(preso.oncogenes c for and c jasi, which are of die rar gene sneestion rather then eensionneena, since ,

typical early inunedisse genes. Ceuular levels of c for and reverinas ceas that cuneined tha== ares pass reemed |

c-jwi mRNA also increase irsasiendy aner irradisuon (19, ther donagense survival propanes.

S48), and it has been reported that these oncogenes are

educed via the acavation of PKC aner irradiation [H12). 118. The e5ect of anonyme expressens on the acasitivity

Dene resula suggest that supplemenation of PKC aber to gamma-radiation of the ' Misc (32DO3) all,

acevauon of the PKC pne is necessary for prolonged line has been measured [F21). It was shown that thesc
.expres. ion of for/jun genes, since depletion of PKC and haematoposeec psogemoor mas ====fmad wah the

down egulation of fos /jwi mRNA occur aher their oncogenes we6 8, wohl or v.are also showed moenned
,

acsivanom. Os the ocher hand several cytokane genes such donagenic suvsval when exposed at dose roses of
as insedemida (Lip) and annour necross factor (TNF a) 0.05 Gy ma'1 over the dose range 110 Gy. Exposme of

are found as be canammously expressed by irradiation NIH3T3 ftwohlast ceus sansfected with the oncogenes ;

(Table 17)AIS is known as a radioproeector beause ibe v ahl, v.)iver or #-rar also showed increased donagense
swvival rags semr a subieshal dose of redistion is increased swvrval s

by the =d=a=hmanon of IIel$ [N6). Since there is a
potennal AP 1 (unencmptional actrvated protein, complex 119. In a more recent expenment at embryo cells from

of for and jun pet tem) binding site at the 5'-upseram ibe Fischer seein of som and derived transtecana
region of these genes, it is 'considesed that the genes are contaming the #s res anonymes were ersdasted wnh

c0
contmuously stanulated by regulators contaming the Co gamma rays at donc rees between 0.018 and

produca of the cady immediate genes as a later responte 0.72 Gy mm's [O6). De oncogene-contammg cells
agamst radiation damage at a whole body level [W25). exhibited higher survsval levels at all doses compared wuh

However, transient expression of the IIel$ gene is also the non-ennsfected celis.

observed together with sansient expression of fos /jun early

immediate genes within 1 how of irradiauon (19). This 120.'In contrast, the measwement of colony-formmg

suggess the acevauon of early prosectrve mechanisms as abiltty fouowag exposwe to ganuna-radistum was made

,

a response to whole body irradiation. on transfonned bumna embryo vennoblast cell hnes
coniammg mutant rar genes [G10). No mnelauan was

115. De effects of neurons and genuna rays on the found between transformation wnh acrvaied rar.
expression of genes encoding the nudeus-associated idenovuus or SV40 genes and incmased radiacon.

._ . . 2 2e _ - _ _. _. . .
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! ressanna. Nor was there any correisuon between
123. In addition to characternmg x-ray induced protems.

doangemac survival and the level of expresion of rar21,
the levels of x.rcy-inducble genes have been measured in

but two of te este rar transformans that were least CDNA dones isolated by differential hybndizatice. Some
sensave a spanna radiation were from ceu lines of these genes wese macased to over 20 times the'

expressag te highest levels of rar21 polypepude, which background levels by as liede as 0.05-0.2 Gy, four have
plays a pivoent trie in signal transduction and possibly
DNA reper. Notwnkstandag the negauve findings in

been ident:5ed as T-dipborase, tissue-type pinsmmogen

some laboratones, it a generally accepted that tidiation-
sawanor [B13, Bld, H3], thymidine kinane and the proe>.

,

oncogene c.))r/fer.
mduced oncogene acuvation can induce inacased cru

swvival in some cucumstances [W25[ 124. De first phase of posentially lethal damage repeur>

occurs very quickly (2 20 minutes), presumably to'

121. A humaa XRCC1 (x ray repair cross
acrease the ^==ces of survival of irradisied ceus. It acomplementag) gene ' as been isolated that affecs the associated with a rapid rescaling of single- and, at a leern

4

sensevny of ceus to radiation [C16, T13[ De Chinese stage, doubic-stranded DNA lesions that are cather aessed

1, bamster ovary ceu mutant, EM9, exhbis extraordmanly irunally by x rays or produced as a result of the repair of
high saaer chromatid exdianges and is unable to

vanous types of base damage. De second slower phase of
] cffectwely sepair DNA breaks caused by radiation and

potentiaHy lethal damage repsir proceeds over a period of'

ceram alkylating agenes. Introduction of the human
a few hours fouowing irradiation, during whidi anempa

BCCI gene corrects the EM9 DNA-repair defect and is are made to repair the remaining double-snanded DMA.
the first human gene to be doned that has an established

breaks. This second phase of repair dosely concsponds to
;

role in DNA strand-break repeir. De gene a 33 kb in the ressiscturms of gmss chromosomal damage and can
length and encodes a 2.2 kb transenpt and a mrresponding be parusUy bladed in some husnas alls by mhtstag
puntwe proiem containmg 633 ammo acwis. Construct in proice synthesis [Y3). The rapid repair of poesanauy
which the open reading frame of the MCC1 gene were lesbal damage may be due to the immediae availability of
Iranscnbed from the SV40 pmmoner, or the genomic mashnitwefy synthesized repair enzymes such as DNA

.

j promoser nauve to XRCC1 gene, were compared wah ligases, toposome ases or polymerases [B15[ In conenst.
regard to their ability to currea tbc sister chromatid it is proposed that the slow phase of potestsuy lethal

; exchange defca a the EM9 mutant These transfecuna damage repair requues the inducuan on demand of
j

dasplayed signifkandy fewer sister chromated exchanges speofic genes and gene produas. Dese slow-phase,
than other transfectana. De result suggest that potentiauy lethal damage repeir respouses may be further

,

i overexpression of the maigene fium the SV40 promoter enhanced if the genes are stimulated wish low doses of
may macase the repaar capacity of EM9 mutant cells radiauon before a high chauenge done is grven.
relauve to that of wild-type cells.

125. In a funber a ...a.:. conomence-arrested human
normal (GM2936B and GM2907A) and nenplane

3. Induced protein products and DNA repair (UI Mel, Hep 2 and }frB 152) cells were tesand for
evidence of adaptwe survival secovery responses [B26, |

. (a) Huaman roeianorma cells M9[ Cells were evpaned to 0.05 Gy each day for four '

days at a rate of 1.13 Gy ma'l and then challenged with
122. Induced gene products synthesized in response to a done of x rays giving a 20% ce2 surywal. Only Hep 2 |
low doses of radiation in human melanoma (UI Mel and UI-Mel cells pretreated wah OLQ5 Gy showed an |
strain) cats and in a variety of other human normal unprovement a survwal aner 4.5 Gy, annpared with I

and cancer prone cells have been identified using two. untreated cells. Two genes, EPS (banan growth
dimensicant gel electrophoresis [B12[ UI.Mel cells hormone-related) and a gene transcnpt related to EP12
were chosen since they have a high capacity for (human angiogena-related), shomed secreased expression
potentially lethal damage repair. Eight protems were over tirne in these cells. I.sveis of cyda A and. to a leser
induced by radiation, and two protems were repressed. extent, cydin B inacased in abe prenessed cells only aner
Rey were not found after heat shock treatment or the high challenge dose and were not expressed dunng
exposure to UV-radiation or certam alkylatmg agents. exposure to the conditioning dose or in cells recervusg
ne expression of one protein termed XIP269 (to only the challenge dose. A slight matase m glutattuone 5
mdicate an Jc, ray-induced p,rotem of approximately transferase mRNA was noted aner tbc pnrnary done, but
269 kDa) at a dose of 0.05 Gy correlated very well p53 suppressor gene and 10 EP genes were not actrvated.
with potenually lethal damage repair capacity. This .

protein was found to be down-regulated by exposure 126. Under the conditions of this expentnent UI.Mel
to caffeine or cycloheximide under conditions m cells'did not progress mto the S phase as measured by the
which both potentially lethal damage repair and uptake ofintiated thymicine into DNA. De induason or
subsequent adaptive responses, expressed as cell cydin A under these conditions may thus mdiate an
survival, were prevented [H3). involvement of cydin A in specifically stunulatmg DNA



. _ ._ _ _ _ - _ _ _ - _ __ _ .._ _ _ _ . _ _ _ . _ . _ - _ _ _ _ . _ _ _ _ _ - _

i

l

|

|

ANNEX B. ADAFTTVE RESPONSES TO RADIATION IN CELLS AND ORGAN 15 hts
203

%
mpair. upon duse palananary dem, a model has and that the biadag sine does not requut a conformation
been psopend is which an adspasve response to low doses dianted by internal disulGdes; and it is unitely not ge
of radistas may be assewed in mammalian cells [M9) 1418 kDe band preten is a subuna of te larger 34 kDe
lamaaily cults ass assumed to be in the Go phase or at band prosent Funber sandssa should comGrm ein,
sosne post he the G phase. Upon repeated exposme io
low doses of sulistion, for example 0.05 Gy, caus 130. The existence of a speafie DNA-bending pronem a
propens to and pause at or nest the G phase or the te nudei of humas ly=phahand ceus expoeng to
beginang of the S phase of the cell cyde. Gene transcripes radiation, whid mes not dessaed la andent exancs fuom
that buad up slowly in seaposse to conditaansas doses then umpemsbed cats, has been seported [S33) The esses of
produce pmethis (e.g. ydin A) that reguiste or consul the this bindag proces were shows to be dose dependent and
transanpa that appent fouowug a challenge done. As hat treassent, reactag a manaaman 1 hour aAer irradiation and
Post, caus ase posed to saanulate vanous DNA sepair disappestung toss the madei by 9 hours. The peones was
syneens that are not inducible ut the inatial sentag saaet. mduced in cells by a =adan== act sequenas de noie

proeem synthesis, and the esponse was spea6e for
127. In another experanent, hansa melanoma (G361 radiation and :=dia===ec agens; neiher UV-radiation
sosia) cells were exposed to gaauna radiation [04) aor heet shed invoked a seaponse. The DNA-binding
Beves induced presears were estacted from cells wah proces was psement in the cytopisess of naarradissed cells,
snoleaalst weights between 43 and 98 kDs, while in P39 appaready beag h to the oudeus oudy sAer
seem calls, 21 anduand peceems wem exencied aAer radianos exposum. Analyas desnensenend est the nudest
caposag the cells to 3 Gy. Their molecular weighs and cytoplassnac pmeses wese approzanstely he same
ranged hasn 32 to 98 kDs, and four of these, wah see, est is,43 kDs.
molecular weigins of 57, 58, 77 and 88 kDa, were
considered to be speedic DNA repair earymes. These 131. Sanalar supersasses widi irradissed IC g
prosens are of a lower molecular weight than those (msn bianaus, mises and rabbin have been reponed |L28)
isoissed and chareceerned by Bootlunan et al [B12) Hanna , ." g h new and ance h vao were -

inedisted widi 200 kV x mys at a rear of
: (b) Husman ', "w 0.0125 Gy min'3. Rabbas were esposed h vne to soCo

essums.sadiness at a dame an of 0.0056 Gy b'1 for 9
'

128. Usissimodanessaansigelelecomphorens.a erene homs, sesulthus is an accumudsend dose of 0.05 Gy.
group of presens was daar*d froen humna lymphocytes Essacs of cells or sepanned eyessehe and aucosar
exposed to a conditicang done of 0.01 Gy hem x mys fractions were subgected to two-dimeasional
[W6, W8). Cellular erusca fram unarradisted lymphocyus eleceophoress. Four pmeen spos not psesent in the
and fmm other ced types were separated by clearo. unsrradiated cells appesad in the essoas of human

32pharenas and then exposed to a auxnwe of P-labelled lymphocytes 4 hours aAer h nero exposure to 0.05 Gy,
rud-enasisted and non-adioactrve plasmid pCH110 on wah inciscular weght of 25,167,168 and 174 kDs.
suancellulose mesabranes. Several bands that bad to the Nine span we e desmand in the cyu=ak extsa from
nack-tenslated DNA were detected, the protein bindag mouse IC- W 4 hous aber h ice exposee to-

occumag as early as 1 bour aAer rendistion and reaching 0.075 Gy wah molecuist weght of 51,69 70,145 and

ses mamamma by 6 houm. This landag was dimirushed by 160179 kDs, and fair apon west found in the nudent

a pnar pnaamase K essansat of the exones, adicatag exence widi N meighs of 70, 90, 230 and
that the hands ase suissed to proeeins present in the 247 kDs. Five apos wese desmand in the esence troen

exences. The amador exances comisined Ihme proiems (of rabbit lymphocyans wie he weghes of 105,135,
moieasier wu@m 105 kDs,35 kDe and 1418 kDs) that 138,145 and 474 kDs. When compared to the proeem

reprododdy bened to the labelled DNA. Tbc binding of spos ideata8ed seer expomme of cells to minnenyce C and

the DNA psobe to the 30 35 kDe and 1418 kDa bands beat (41*C), it was found that the psoseus induced by

was twicz as great as that found in unrradiated cells, and these esseness showed insay aspeas in common,
the 35 kDe band regularly separated into two bands. although there were sosne differences in their

electrophoretac mobility.
129. The 30 35 kDe band proeems have been substantaally

purdied by stranity chromatography. If enough of tbc 132. Crude exencss of spieruc lymphocytes from
2

proteans can be obtsmed, a should be possible to see af inadasted and sham-irradiaeed mice were subjected to get
their inooduction into cells will lead to a reductaan in tbc filerstyi wnh sepheder G.100 and aliquoes tested for
yield of duomosomal aberratsons mduced by a dose of biologual actrvity. Boek saanulocary and suppressrse
1.5 Gy from x rays, even though the cells are not pre- effets were noemd when separate fraanons were added to
exposed to the conditsoning done of 0.01 Gy. An normal spicaccytes exposed to commnavelm A the
alternauve approach could be to maroduca engmeered stanuistory eged of one psonesa taason bemg more
genes uno cells and look for the adapuve response, it is marked in the elueed fracaca froen the irradisied truce.
likely that the binding protems are smgle cham molervies These vanous prosems wene found to have molecvtar

111
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weights beisw 100 kDs. When the fraction wnb
potems was given speemi samtion, in vmw of the 6nding

saanuistory essas was added in 10 ng amounts to that these poteins are punent in monocyms whose
lymphocyte culgues, it was found that the addition 42 antaoxidant acuvuies have biwa elevated [C9, P7]. A
bours aner phyeoheemagglutina stunulation reduced the similar response has been obseived in mangen-sumulaud
frequency of dmmatid and inochromaud breaks produced lymphocytes [F7, H4). Male Cf7Bl4 mice, six weeks of
by a dose of 1.5 Gy froen x rays to a magnitude sumlar to age, were exposed to a done rete of 0.04 Gy d4 from
that observed when a conditionsig done of 0.05 Gy from x rays on Sve consecuove days emb woest for four weeks
x rays was given 42 bours aner phyeoheemagglutmin [M19). T1ues days aher the last exposum, their spleens
stanulation. were assessed for the coassenwe and susagen-stanulated

levels of best shed poses (HSP) 70 mRNA and panem.

d, r; _ _ 4 Glyceraldehyde %phosphase dehydmgenase (GAPD), a
E' , ; gene, was used es a sefusence. ne nauts

"

133. Dese ase several examples of genosoxic suesses indiate that low doses augment Ibe consannive levels of

induences the expsession of poco.oncogenes and their HSP70 mRNA and HSP10 prosein (Table 20). Dus, the

poduces. Tesoporary hyposis or glucose deprwation, for magniende of the polifestive response of splenocytes to
example, induces the expressaan of several proseins. The T cou misages seisnuiselon can be direcily reissed to the

anaessed expression of inencellular pecerins termed consututwe and misogen-stanulated levels of HSP70

' oxygen regulated proteins' in Chinese hamster ovary cells mRNA and proces. Dese mouls are cousseent we the

has been described [W19). Bene poteins are different view that splenocytes need to accumuisse sane minimal

from the best shock potems, but two wah molecular coastitistwe level of HSP70 posean befase they can
weights of 80 kDa and 100 kDe appear to be idenucal to undergo an augmented pmlifemtwe response to misegenic

two proteus that are induad by glucose deficiency [S31j. saanulation and that T caus adapt am low deems by
augmenting their HSP70 gene expossaan.

134. Haemozygenase is a prosein associated with oxi-
dauve seens. Imatased levels of this 33 kDe potein 138. It was shown subsequesdy that the duosuc
transcript beve been observed in human skin fibmbiasm iradiation of suce inaenses the expnesson of HSP70

and can be induced by nesunent wah UV A-radisuon, 8e8"* si tasues [M11). ne mim wese irisdissed at a done
4

hydrogen peroxide and sodium arsenite [K9], beat shock rate of 0.03 Gy d , and the levels of HSP70 genes were

[SS| and temporary hypoxa. analysed. Immessed but sansmat expreesson of HSP10 in
lung, spleen and messanal cells was observed,

135. Changes in expressaan of posein kinase C can comunences om day 5 of irradiscion In an examsson of
follow exposure to physical or chemical agens. Protein this experuneet, the eNect of done raes was exammed. De

kinase C is oAca upregulated in poliferauve cells dois =h that dronse irradiscion wishin the reage
4cornpased we queescent alls in these circumstances. 0.03 06 Gy d ces acuvase the sanscmption of HSP70

Moreover, the inencellular dineibucca of potein kinase C genes and their suspeceve protein peducaL la this suspect,

a cells is also afected [A3). Cosmiseent we this, low the results were masasent with those of Noguni et al.
doses of W A-radieuon have been shown to inatase [N4), who observed d e =aa== of HSP70 peceem in
posein kinase C activity in cultured mammalian fibroblasm nestas splenic T ceus aAer checsue irradiation at a done

and also to inhibit EGF-binding [M10). rose of 0.04 Gy (1, but not at mas above 0.1 Gy d wub4

a antal dose not exceedag 0.2 Gy. However, increases in
136. When some degree of homology between the efreen HSP70 protein were not seen in Chinese bamster ovary
of various scenes has been reported, there are clear cells [A14] unicas the done was in the region of 400 Gy
differemoss, ne expuesson of the cfor and cjun genes. [S46).

*

both avalved in the regulatory mechansms of cell
progressaan, are inciessed by best shock [B16) and 139. In support of a casunon medanam, the effecs of
radiauon [W16). However, bypoxis followed by re- viral and actrvated cellular onagenes on the sensarvny of

oxygenation has been shown to elevale only c fos mRNA. Syrian hasseer (Osaka Kanazawa) caus exposed to
Radiauon muses up regulauon ofibe goddd5 gene, while gamma-radiation, W-radiation and best shod have
both W-radmiion and alkylating agents up regulate recendy been described [S41). Guester tolerance to
mRNA for godd45 and godd153. Up segulation of the gamma-radistson was conferred by the introducuan of

S polymerase gene is an example of chemical agents that v-mos and c coe genes, whid encode for serine.1hreonine

cause DNA damage alTecung transcnpion, whereas kinnae. Cells transfected widi v-mos and c<or genes were

x-rediauon and W, both potent agents for DNA damage, also more tolerant so W-radmuon and beat shock. Of the

have no etTea [F6). activated rar genes, the N-ras gene developed a all
phenorype resistant to W radauon and gamma-radatiort

137. The possibility that low doses of radiauen induce an De Ha-rar gene produced a cell type ressiant to UV.

adapsve increase in the anuosidant defence mechanism radiation and beat shock, while introduction of the Keras

has also been considered [N2|. The expression of stress gene did not affect sensniviry. The v-er6 B gene was

333 -
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found to be isrvolved in the deve!Opment of resistance to
the relative actrvity of thymidine kinase wu measured in

heat shock. Transiection wah neg e mye and v-fgr genes bone marrow cells sher one or two exposures, each of
had liule ce so e5ect on survival. De karyotypes of the 0.01 Gy. A dose of 0.01 Gy produced a reduction m
orignal ceR type and the oncogene-containing cells were enzyme acuvity that reached a mannum about 4 hours
compared, and no altrauons were seen in the cells

aher the irradiation, with fuG recovery after 6 8 hours. If
carrymg the foreign genes. These resula suggest that a second exposure to 0.01 Gy was given within 30
aarvauon of sermeAhreonme kinaa may be evolved in minutes of the Grst exposure, the deacase in enzyme
common pr==a occurrmg aber garnma-radiauen. U% activity was accelersed, as was the rate of recovery. If a
radiauon and heat shock treatment, ar.d that each onagene second expcsure to 0.01 Gy was given 4 hours aher the
may have a different effect on the development of a Grst, there was no change in enzyme activity, and a
resstant phenotype. However, CDNA clones for a vanery second exposure 12 hours aner the Grst resulted m a
of DNA damage inducible (DDI) transcrips have been reduction of enzyme actmty surular to that observed aner
solated that may represent more specific responses to a single dose of 0.01 Gy [F8[
DNA damage (F17[

144. These reducuous a thymidine kinase actrvny closely
followed the decreased rate of upake ofIUNdt into bone

C. OTHER MECHANISMS manow DNA, and there was a sunultaneous meresse in

the radical scavenger giunthione. Dese responses were
1. Radical detoxfSention absent in cells exposed to a strong magnetic field, which

transsendy alters lipid membrane structure. A deficiency of |

140. In additon to cell cycle aritst and induced genes vitamm E, which is known to be a radical scavenger, also |
and gene producs to irutiste DNA repair, an alternauve prevented the response.
mechanism has been proposed to explain the adapuve
response [FB, F9, Flo, Fil, F12, F13, F14. FIS, F16, 145. De effect of low-dose radiation on tuNdr becor-
M12. Zi[ 1: relates to the ability of cells to remove toxic poration has also been measured in mouse intesames,

,

'

radicals. Radicals are known to be generated in small spleen and thymus [M20) Youas female BAL&c mice
amouns and detoxiSed during normal membolism. The were irradiated within the range a05-0.23 Gy wnh x rays
process of detox Scation involves the mobilizauon of at a dose rate of 0.05 a2 Gy min ~l fouowed at vanous
enzymes, such as catalase, peroxidase, superoxide times thereafter by an mjectaan of Ndr.De scorpora-
dismutase, froen the cytosol [S34[ Membrane-bound uon of IUNdr was decreased for several hours after a
vitamm E is thought to scavenge the radicals as they are single exposure to x-radistion m a done-dependent manner
formed; the latter are then detoxified by the cytosolic in spleen and thymus. At 4 hours aAer irradiation, for
enzymes. The purpose of this radical detoxificauon system example, the decrease relative to controls was 79% in
is to maatam the structural and functaonal insegnty of the spicen and 86% in thymus. If the first irradiation was
cell by preventmg damage to cellular mnsutuents such ac followed 4 hours later by a semnd irradiation (0.05 Gy or
membrane. bound DNA [S35) 0.1 Gy, for example) the second irradiation did not

enhance the inhibitory effect of the first exposure, thus
141. Evidence in support of this hypothesis is based on confirmmg the obse vations of Fesiendegen et al. [FB[ ;

the results of a series of expenments in which male Wistar

rats were exposed to x rays wahin the dose range 0.05 146. To put these studies mio perspecove, it has been
0.5 Gy. Levels of superoxide dismutase were found to be calculated that a radiation dose sufficient to create an
inatased is spieta, thymus and bene marrow 4 hours average of one sontzing track per cell would produce
later, while lipid peroxides were decreased [Y4[ enough radicals to delay the rate of DNA synthesis in

metabolically 'actrve cells [F9[ nis tune delay was
142. It has been reported that the concentration of serum sufracient to ensure the availability of radical scavengers to
thymidine kinase increases af6er acute exposure to cope with radicals produced by a scand dose of radiation

radiauon [H5). This was assocuted with a decrease m the a few bours later.
mncrntrahon of the ertzyme in bone manow cells and a
delay m the incorporauon of the radioacuve thymidine 147. Other calculations reveal that 0.01 Gy of low-
analogue,5 iodo 2 deoxyundme (!"Ndr), into DNA m LET radiation could produce about 6 nM of oxidatne
these cells. De funcuon of thymxiine kmase is to prepare radicals in each cell [K10). This concentrauon should
extracellular thymxline for its incorporation mio DNA. be compared with the cellular steady-state concentra.
Measunng changes in thymxiine kinase acuvity has proved tion of radicals from normal metabolic processes
to be a converuent probe for studying changes m radical involying oxygen, which is about I nM . Therefore, it
detoxificauon. bas to be assumed that a small transient ancrease in

radical concentration above that normally present in
143. In one procedure of this kmd, female (NMRI straun the cell is able to cause a measurable actnation or

IUmice received whole-body Cs gamma irndiauon. and normal detoxification mechanisms,

hkk
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] 1 Aceivation of membrane escopears
151. This study was followed by a aandy of mousei

j
140 De activity of adenylate cydase sncreases markedlysplenocyus in which inserieukin 1 (LI) produccon was

j
m moisted ensn6ranes fsam rat bepstocytes.aner acut measured [14). De bioevailabiity of hiamoeilular IL.1 of
exposme to besween 1 and 2 Gy frans genuna rays (K17).Wiocyus stimulsed we I.PS w h %
his was canonned by experunent we isolated plasma whole-bdy irmh we 0.025 Gy b : y4

meinbranes h rat lug unsue, in which te matased Fatbennare, if splenocytes fran an unmadised mouse
'

adenylate cydase actrvaty, mduced by a low conanosten were exposed a Con A, the addition of a smau amount of
(0.02 miM) of soproserenol, was furiher increased if the serum fran an irmdised mouse pned k p
mesnbranes were iMaced we genuna-radiation at the literavve effea of the con A. His could snply se
rate of 0.36 mGy d' (K18. R4J. When misagen-sumulated preence dpM' ubstanceshpg
human lymphocyus [K19] and Raji cells derrved frein the irradiated serum.

hunan lymphone cells [R5) were grown in the presence
of seruin gmwih faciars, increased cellular proliferation

was cheerved if the cers were inadiated at done rases of D. SUMMARY
4

0.36 mGy d . De conclusion froen ihme sades was ibat

low doses d radisuon aarvand nwn6rane. bound 152. Studies to characnerne gene expressaan in relat,on to
N'** the redistion-aduced adoptive response are canunung, and

specific genes and their protem produds induced after
acuse exposure to doses of redistion in the range of a few

1 Schnulated proliferstion of splenocyus tens of mdligray to a few gray beve been idenafied. It has

149. he effect of radiation on the in vitro proliferation been shown that groups of genes coding for sanscrytaon

of thymocytes and splenocyus was measured in ram factora, nuclear proteins, oncogenes, vuuses, membrane

previouly irradialed in vne (13). The animals recerved a necepton, fu=rea=al presens and eneymes can be
activated dunng the few hows aher masse exposee io

whole-body dcse of x radiation in the range 0.012 Gy.
radiation. Recent experunenes haw maplicated oxidiemgCells isoisted fmm the spleen and thymus west then
radicals as one activating mar *====

calavated in the presence of varunas mdogens, and cell
proliferation was evaluated by the rate at which intiand
thynudane was moorporated into DNA. 153. While there is a general consensus ibat abe adapuve

response can be considered as a <==*t==<* of damage
to the DNA molecule, ciber mediansuns have been150. De resula showed that the proliferation of proposed. A recent review of the mechanians of iaAa=

splenocyas induced by concansvalin A (Con A) was
of Danscnpuon factosa by damaging envuonmental agens

enhanced by the ime of x rays within ibe donc range 0.01
provides useful insight inao abase othee n=*a=#a-a [Hil)0.1 Gy, whereas ibat of thymocytes was not affecwd, as
As an exampic, rencuve oxygen meennedisses and fne

can be seen in Figure VU. Irradianon with 0.05 Gy also
enhanced the prolifermave rate of splenocytes stimulated

radicais may disectly i=A===<- regulatory proseas, audi as
the transcnpoon lectors, which in turn may conditaan ibe

by phytoheemagluona (PHA) or lipopolysacchande
cellular adapove neponse by induceg the expnesson of-(U5), although their responses were less than that
genes. De presence of seens-indsond proneas at doneproduced by Con A. This e"--- a=t in the mitagen. rams of 0.04 Gy d has also been desnonsessed. Protos j

4 ;

mduced proliferamon of splenocyus was observed only kinase C is a cornmon facsor in inany of these respos us.
within a few hoess aher inadiation, suggesting that low. and since it pisys a cental role in cellular signal
dose, whole tedy irradiatson can indum an adapting effect transduction, its activataan could represent a gent.alin splenocyes.

response to mojecular damage.

III. EFFECTS ON THE IMMUNE SYSTEM

154. %e observations of a radiation induced adaptrve 155. Steady progress is being made in idenufying the
response m mitogen stunulated lymphoepes and of receptors on T cells that permit speciGc recogniuon of the
changes in the immune system after exposure to low doses mGrute\anety of non-self molecules and in determinmg
of radiation could imply an essental role for

how abe signal from the T-cell antigen surface receptor e
iminunocompetence m the Irving orgarusm. Understandmg transmmed to the cell intenor. De funcuoning of the
the mecharusms of T-cell signalling and how they are unmunosurveillance sysicm of the organsm, its response
affected by low doses of radiation may therefore explam to radiation and its possible involvement in adapme
some aspecu of the adaptrve response. response are considered in this Chapter.
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| '

i A. CEID OF THE IMMUNE SYSTEM lymphocytes and lymphoid orgsas [A5. H6, M14].
j (De presence or absence of accessory proteina on
! 156. T cells ese lymphocytes that develop in the T cells is designated by the superscrips + and , e.g.
j thynius. Dey are prumarily responsible for ensuring CD4*CDg'). A second group of glycoproteins coa.

cellular immunity and delayed hypersensitivity sisting of y and 6 chains is also CD3-sesociated and is,

j response. Dey mediate their acquired immune found niainly in the double negative (CD4*CDS') !1 responses first by activation of specific T cells, then T-cell population [Bl7). According to cornet under-
) by a phase of clonal expansion and finally by a phase standing, CD4*CDS' T cells are thought to be the ii in which some of the lymphocytes become effector precursors of thymocytes, which diferentisse into '

j[ cells. CD4'CDS* T cells, which in tura diferentisee inao

CD4*CDS' or CD4 CD8' T cells ($36]. Dese last two
j 157. Dere are at least three functionally distinct cell types become the antigen positive mature T cells.
; classes of T mils: |

Pontaneous las and ahendos la sangu
|(a) cytotoxic T cells, which kill virus infected cells -

h and amour cells directly; MCepw upassion la mann human N T cens
! (b) belper T cells (Tg), which amplify responses by obtained from healey denom have been deserted

[ ). H neepw CD3 mapiex plays ai secreting a variety of local chemical mediators

(interleukins) that stimulate activated T cells to
central role in antigen recognition and activation ofI i

| proliferate, help B cells to make antibodies, and m8 * * C8H8.80 8 la he "Pressh d his
c *P ex should be related to the unresponsiveness ofl

activate macrophages;4

T cens to sa%u stumulus. Using Dow cytomesy, .! (c) suppressor T cells (Ts), which inhibit the
responses of helper T cells. vanaat T cells with less or steeration of T cell recepest4

CD3 expmasson assong CD4+ mils were descoed and
i Helper and suppressor T cells are the principal enumerated. Varianos was demonsessed by defaces in
! regelseors ofinuouse responses, and the ratio betweca protein expression and partial protein deletion. De |
1 the two cell subsem is an impormat factor in ensuring varinas frequency la peripheral blood increased wie '

j immunocompetence in the living organism. age in monsal donors and was highly elevated is
i peticam with stasis telangssceassa. Thus, steerations in j
| saligen receptor expreesson may be andeced by the
i 1. T-cell ontegray spontaneous somatic mutation oft-cell receptor genes,
I and these alterations could be important factors related
| 158. Most T cells best an antigen receptor consisting to age dependent, disease-associnand T-call dysfunction

| of a heterodimer of transmembreas a and $ and radiation-induced T cell daninge.
j polypeptide chams. Both chains are required for

antigen tecognitica [D3}.These polypeptide molecules 161. Over the past decade, knowledge of T-cell,

i resemble antibodies in structure and interact with renewal, differentiation and maturation is ibe mouse
antigens that are presented to T cells as proteolytic has beca remarkably advanced by the development
digestion fragsments associated wie Class I and Class and use of specioc monoclonal anthodies that identify
Il major histocompatibility complex proteins on the T cells at the various stages of diferentiation. It 1

surface of ansigss-prescating cells. The specific should b: acted that a different terminology for
binding of ea5 bissocompstability complexes on the identifying glycoproteins is sometimes used in the
surface of a enigst cell to antigen receptors on the mouse. Dus. CD4' equates with L3T4*, and CD8'
surface of en T cell is often not strong enough to equates with lys2*. It is now generally agreed that a
mediate a fumetional interaction between the two cells, small progenitor cell compartment exism in the thymus

;

Various cell-ceH adhesion glycoprotems on T cells that expresses neither L3T4 nor lyt 2 surface antigens |

belp to stabilize such interactions by increasing the (i.e. it is double negative). De progeny of these
overall strength of cell-cell binding. The characteristics cycling cells become the major cell population in the
of these accessory glycoproteins are summartzed in thymus and express both L3T4 and lyt 2 antigens
Table 21. Among the best charactenzed are the CD4 (double. positive). At present, there is insufficient
and CD8 glycoproteins, which are expressed on the evidence to determine whether the mature thymocytes,

surface of helper and cytotoxic T cells, respectively. which express either L3T4 or lyt 2, differentiate from
a subsq of double positive cells or whether they

159. De T cell receptor is also associated with a derive directly from the double negative cells. in cither
group of glycoproteins, collectively referred to as the case. The majority of double positive cells are not
CD3 complex, which is involved in receptor assembly selected because of inappropriate major histo.
[C10). The T cell receptor CD3-a/$ heterodimer is compatibility complex reactivity. De single positive
expressed on the surface of the vast majority of functional effector cells are exported to peripheral
mature CD4* or CD8' cells in peripheral human blood lymphoid tissue, where, in contrast to their behaviour

_ _ eN $ - . _ _ . _



. - - - - . - - - _ - . -- _ _ - . - - - - - - - - - - ~ - . . - - - - - - ,

i I
-

==--mmmmmmmma

Joe
UNSCEAR 190s REPORT

\

in the hymns, they become the predominant cell
Populations. A model for the various stages in T cell sharp increase in mRNA polymerase II was observed.

ontogeny, as defined by L3T4 and lyt 2 antigen This was followed within 2 hours by an incruse in.

intracellular calcium ion concentration and the !

i

**Pression, is schematically presented in Figure Vill.
appearance of newly synthesised polypeptides. In |particular, there was a sharp increase in the

2. Apoptosis and radiation induced phosphorylation of three proteins with molecular!

interP ase death
weights of 20,35 and 48 kDa [Z3]. Different stress.h

i related proteins of molecular weights of 48,70 and
,

90 kDa were also detected after heat shock or af)er the
162. The mechanism responsibie for produemg T cells addition of glucocorticoids to the culture medium
is unusual in that the vast majority of differentistag [M16].
cells are destroyed prior to their complete
differentiation and release to the peripheral lymphoid
tissues. This phenosnemon, known as apoptosis, occurs 3. Signalling processes la thynsocytes

,

wnhin the thymus and results in the death of most of
the developing thymocytes. The process is thought to 166. Some consensus has emerged regarding te
ensure that differentiating cells with potentaal for nature of the signalling process that couples antigen
reacting against the host are eliminated, thereby recognition to changes in lymphocyte behaviour. It is'

|
preventing an auto immune response, and it essentially Postulated that the activation of T cells requires two
involves double positive T cells. One feature of signals, one through the CD3 complex, the other from
apoptosis is then an alteration in the differentiation antigen presenting cells. Antigenic, allegenic, *

rate of developing T cells in the thymus [L15]. mitogenic or monoclonal antibody stimulation of the
T cell antigen receptor (TCR/CD3 complex) leads to

163. Some types of lymphocytes die soon after 8 88'8 # M Psam, including ee
exposure to radiation and before enterug the mitotic 8*8 * hP osphoHpm C, wh subsequal
phase of the cell cycle. He process is referred to as Y8 0 YI M88

,

*Phate m*

interphase cell death. To determine any similarity genente m semi amengen, msM1,4,5
between apoptotsc death and radiation induced l'i bosphate (IP3) and diacylglycerol (DG) [H7,112,P

interphase death, thymocytes were collected from male """**I'"""*** * * "'

C57Bl/6 mia between Gwe and six weeks old, '*"""*"* "" *""**"''*"*"N' **4 **
separated into CD4*CD8', CD4*CD8*, CD4*CD8' and *ctivati a Protein kinase, respectively. The two
CD4'CD8' T cell subsets and exposed to gamma.

f***"I """* * *" # k ** " P'*** *** " " * "
radiation [M19]. They were assayed 8 hours later for 8"' "* ** I*'*' N
evidence of cell death by measuring the amount of 8 " Press a M omye, gamma Wedema.
DNA fragmentation. The results given in Table 22 interlev ins 1 and 2 W1 and L2) and transferna
show that double-positive CD4'CD8* T cells are rec 8Ptor, which are crucial in the activation and
extremely sensitive to radiation. With a 50% Proliferation of T cells [K26). Activated T alls
fragmentation indes (FD ) at 0.22 Gy, it would 2, 6 resu W h W 20sesecrete ug
appear that a small but signiGesnt fraction of the cell 8 e8 Pressing interleukin 2 receptors. The T cells

double-positive T cells die as a result of apoptosis Produce a series oflymphokines that clonally expand
ifollowing exposure to low doses of radiation. Since *# '' "** ""**' ' "*"*" ** '

the doubin-positive T cells constitute tbc majority of '"' 'N ** 8 ""* ! N"* *'

the parenchymel etils in the thymus in an intermediate derived from the T cell receptor could also regulate
stage of differentiation, elimination of a fraction of * ** " " *" ** ** * * '' #* "
them could conceivably alter the dynamic balance Progenitors in the thymus [V5).
between cells in different stages of differentiation.

167. De kinases responsible for protein synthesis
have not yet been fully identiGed, but it is known that

164. On this basis, interpbase cell death caused by
radiation may be considered similar to. if not identical T cells contain transcripts encoded by at least three

with, apoptosis (D4, W20, W21). The eliminstion of members of the src family of protein tyrosine kmase

cells damaged by radiation ensures that the clonal genes: namely Ick./yn and ws [C11, S38|. The p56'"

expansion of renegade T cells is prevented- prot &n was first identified by virtue of its over.
expression in a marine lymphosna cell line. It is ibe
product of tbc ick proto-oncogene, which is closch

165. A biochemical mechanism responsible for related to the c.sre gene, and hence is a potennal
radiation induced interphase cell death in ly mphocytes signal transduction element (P8|, Two pieces et
bas recently been proposed [Z2). Within tens of evidence suggest the type of signalling event that rna *
minutes after exposing rat thymocytes to radiation. a be mediated by p56" First. expression ofIck mRN Aw -
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dand of p56 is altered by stimuli that induce plaque-forming cells observed in sham irradiated

lymf"is associated with CD4 and CD8 glycoproteinsine rolesse from T cells [M15|. Secondly,animals. The results are illustrated in Figure IX.
p56

[V6]. When p56" is brought into proximity with the 171. More recently, the immediate and long term
T-cell antigen recognition unit by CD4 or CD8 effects of radiation on the immune response of
glycoproteins, its activity may increase to redect specific pathogen free mice were desenbed after
receptor occupancy. exposing mice to a dose of 3 or 6 Gy from x rays and

measuring the surviving fraction of T-cell subsets
168. A second membrane associated protein tyrosine [S39). At high doses (>l Gy), Tg and Ts cells werefkisase, p59 f', the product of the fyn proto-oncogene, equally radiosensitive but there was a marked
is also abundant in T cells [C11). Using transgenic difference in the radiosensitivity of T cells between
mice in which a lymphocyte-specific protem tyrosine C3H, BALB/C, C57Bl/6 and B10BR strams of mice.
kinase isoform, p59W was 20-fold overexpressed No long-term effect of radiation at these high doses on j,

in developing T-lineage cells, it was found that the immune system was found in terms of accelerated
thymocytes from these animals were highly sensitive ageing of the immune function in animals exposed as |

to stimulaiion [C12]. Furthermore, the phenotypes young adults. l4produced by overexpression of p59 * were dilTerent
from those produced by overexpression of p36'7". 172. Other experiments have shown an enhancement of

4Although p59 ' may regulate early steps in the T cell the immune response following whole-body exposure to
|recepeor signalling,it cannot by itself confer a mature, low doses. As an example, rabbit wtre exposed to small

responsive phenotype upon otherwise re fractory, doses of x tays (about 0.25 Gy) before or after
immature thymocytes. Hus, CD4*CD8' thymocytes immunization with antigenic sheep red blood cells [F7,
from lyk fyn transgenic mice cxhibit enhanced calcium TB). These small doses were able to stunulate Ibc
ion accumulation following activation, but they do not proliferation of plaque-forming cella. This finding has been
release interleukin 2 or proceed to proliferate. Hence, confirined in +k.sm in which human and murine
components of the signalling cascade that are essential T cells were exposed to low doses (A8, A9, DS, L9, Ll6,
for activation are apperently unavailable or inactive in L17, M17, S40, S51,1%
immature thymocytes in these transgenic mice.

173. In contrast, four different straina of pathogen free
mice (B10/Sn, B10/SgSe, C3H/HeMsNrs and

B. RESPONSE IN THE ORGANISM C57BIESic)were exposed to doses of 0.025-0.25 Gy
from x rays [K13). Nine hours later, they were

169. The cell types involved in the immune response injected with sheep red blood cells; the number of
exhibit a broad spectrum of radiosensitivity with direct plaque forming cells per spleen was assessed
consequent effects in the organism (A6]. Some after 4.5 days. There was no evidence of enhancement
populations of lymphocytes are exceedingly of the plaque forming cells in any of the strams within
radiosensitive, while plasma cells and macrophages the dose range used. In an extension of this
are, by companson, relatively radioresistant. The basis experiment, C57BlW mice were immunized with
of these differences in radiosensitrvity is not well sheep red blood cells and exposed two days later to
understood, but the effects of radiation on the immune higher doses (1.5 3.0 Gy) from x rays. Numbers of
system bavs bess extensively studied. Several reviews indirect and direct plaque forming cells per spleen
have been published that provide comprehensive were assessed at intervals thereafter. Mice exposed to
background information (A6, A7, A8, S39, T6). 1.5 Gy were found to have a significant increase in the

number ofindirect plaque forming cells 11 days after
the injection of the sheep red blood cells. This was

1. Effects in anirnals highly correlated with an increase in the CD4*/CD8'
cell ratio during the first three days after radiation

170. Irradiation at high doses is known to inhibit the exposure, followed by a rapid decline, as shown in
immune response. A dose-lesponse relationship was Figure X. These results suggest that the ratio of Tu to
observed almost three decades ago by Kennedy et al. Ts subsets changes in favour of helper cells shortiv |
|K12). They exposed mice to x rays within the dose after exposure, possibly contnbuting to the obsersed
range 0.5 7 Gy and 10 days later injected the animals enhanc{ ment of the indirect plaque-forming cell
with anagenic sheep red blood cells. Four days after response.

~-injection of the antigen, they measured the number of
splenic plaque forming cells. The effect of exposure to 174. Anderse ; and Lefkovits [A9| proposed that the
between I and 3 Gy from x rays was to reduce the enhancing effect within the dose range 17 Gy could
number of splenic plaque forming cells to about 30"c be due to the climination of the more bigbl*
and 19, respectively, compared with tbc numbers of radiosensitive Tscells. These irivestigators questiom a

2%9
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bowever, whether the same mechanism operated when
doses below this range were used. Under these mediated cytotoxicity, natural killer cell activity, I

mterleukin 2 and interferon secretions, and the '

circumsinaces, they postulated that T cells could
lipopolysaccharide resetion are given in Table 23.s

proliferste. De enhancing effect on munne splenic Interestingly, the maximum response in most of these
|

T cells, which is illustrated in Figure XI, is however, reactions occurs at 0.075 Gy.
effective over only a narrow range of deses [M18].
The maximum effect occurs at about 0.25 Gy.

179. Some specific features of the reactions occurnng
at mazunum response are summanzed in Table 24. An

175. To determine the fate of proliferating T cells,
analysis " cell cycle progression by measunng the

animals from a normal C57Bl/6a/+ strain of mouse uptake of tritiated thymidine showed an increase m the
,

were chronically exposed to gamma radiation in the
number of thymocytes entering the S phase, with a

range 0.005-0.04 Gy d"8 during 20 days in a four- corresponding decrease in the number of cells in the
week penod [J7). Animals from an immunologically G phase 3-7 days after exposing mice to 0.075 Gy.o
depressed C57Bl/6J 1pt/lpr strain were exposed under De T /I's ratio of thymic lymphocytes was the sameHsimilar conditions. A dose related proliferation in for the first three days, with a lowering of the ratio
thymocytes and splenocytes was noted in both strains after seven days, which the authors claim was due to
up to cumulative doses of about 0.8 Gy. This is

a decrease in the number of CD4*CD8~ cellsillustrated in Figure XII. The mitogen responsive
L3T4*1yt2 and L3T4' lyt 2* T cells increased with

(compared with CD4'CD8* cells)in the thymus.

dose, while the mitogen-unresponsive L3T4 lyt 2" and
180. A parallel examination of the phenotypic changeaL3T4*1yt2' T cells decreased in both strains relative
of the thymocyte subsets, with Gow cytometry using

to sham-irradiated animals.
fluorescence. labelled monoclonal antibodies against
surface antigens, showed a signiflant increase la the

176. However, the magnitudes of the changes in
percentage of the doubic-segatrve (CD4'CD8') cells ia

thymic and splenic T cells subsets were different, the thymus after 0.075 Gy, implying as enhanced
Iaccording to whether or not the animals were fed on renewal of thymocytes.These results are also included '

a calorie-restricted diet. The immunologicelly in Table 24. At the samt tiene, the secretion of colony.
depressed mice were more sensitive to these dictary stimulating factors by thymocytes was stimulated. It is
changes. It was proposed that these experiments known that the colony-stimulating facscrs secreted by I

1

support the hypothesis that the stress of continuous the thymocytes act on macrophages to facilitate the
low-dose irradiation is consistent with an adaptive production of interleukin 1, which, in turn, serves as
mechanism for cell renewal and maintenance of a signal for the maturation of immature thymic
mitogen-responsive cells.

lymphocytes. All these changes occurring in the
;

thymus following low doses should increase the 1

177. Two recent reviews [L16, M19] provide the basis supply of mature lymphocytes.
of a hypothesis with which to explain a radiation-
induced T-cell response to low doses of radiation. At

181. Liu et al. [L26] proposed a mechanism to explam
the cellular level, the question as to whether or not their findings after the whole-body irradiation of mice
some subsets are more radiosensitive than others at low doses. This is summarized in Figure XIII. ;

remains unresolved. De evidence points to the need which outlines the changes in signal transduction of
for en intact thymus, in that thymectomy prevented the T Iymphocytes. It is a process similar to that
adaptive response [J6]. Mitogen responsive T cells postulated for apoptosis and interphase death. How it
appear to be a prime target, and their stimulation is might be influenced by neuroendocrine factors is being
associated with enhanced expression of the HSP70 investigated. What is known is that exposure to
gene and its related proteins. There may be selective 0.075 Gy causes a decrease in scrum corticosterone m
destruction of mitogen-unresponsive T cells. The the course of a few weeks accompanied by an increase
interpretation is complicated by the evidence that the in 5 bydoxytryptamine from the hypothalamus and a
metabolic status ofirradiated animals can influence the decresse in adrenocorticotropic hormone [L27]. It is
response and that there is a marked difference in not known how these changes in endoenne function
radiosensitivity between the strains of animals used m following low-dose irradiation affect the signal
the expenments. transduction process in T cells, but it is an area of

rescasgh worth pursuing.
178. Liu et al. [L8. L9. L16| have investigated several
reactions of splenocytes in two strams (C57Bl/6 and
Kunming) of mice irradiated with x rays. The dose- 2. Effects in burnans
effect relationships for antigenic (plaque forming celu
ability, mixed lymphocyte reaction, mutagenic 182. Several parameters of cellular immune function
(concanavalin A) stimulation, antibody-dependenicell- have been assessed for 168 persons who survised the

el N
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:
.

; atomic insabhas of Hiroshims and Nagashi but who to about 1.310 per single T-csil receptor locusd

} now reside la se United States (B18, B19, i320). among the CD4 cells, increasing wie age.'

Persons exposed to doses between 0.01 and 1 Gy were
! compared with persons exposed to less than 0.01 Gy. 186. The mesa frequency of mutant T lymphocytes
! Lymphocytes were isolated from the peripheral blood was measured in 203 survivors of the atomic bomb-
j of these individuals and assessed for the following ings,78 of whom received doses greater than 1.5 Gy
| parameters of cellular immunity: (a) mitagenic and 125 of whom received doses less than 0.005 Gy
i response to phytobaemagglutinia; (b) misogenic [K16). De results were IJ9 2 0.6310 mutants perd

response to allagenic lymphocytes (mixed lymphocyte cell in exposed male compared with 1.20 2 0.3510d

response); (c) naasral cell-mediated cytotoxicity; (d) in unexposed saales and 0.9910 3910 is exposedd

interferon production. la every ceae, the response of females composed with 0.89 2 0.3810 is unexposedd

the group exposed to 0.01 1 Gy was greater than est females. These was no statistical diNereacs in mutant
of the group exposed to less than 0.01 Gy, although frequency between the two groups, although the
only the diference for natural cell mediated Ircquency was higher in males than fesrates. The
cytotoxicity was statistically significant (Figure XIV). smoking habits of the males may have contributed to
It is not possible to say whether the increase in the higher values.
natural cell-mediated cytotoxicity observed in these
survivors of the atomic bombings exposed to very low 187. Amtsbody titres to Epstein Barr virus antigens
doses of radiation is a genuine adaptive response that were determined in the sers of 372 atomic bomb
was modulated by post-radiation environmental con- survivors to evaluate the efect of the psevious
ditions or a chance finding. radiation exposure os immune cosapetence against the

latent infection of the virus. De propornos of pomons
183. In more recent studies carried out among 1,328 with high titres (at:40) of igg antbodies to the early
survivors of the atomic bombings and now living in antigen was significantly elevated in the exposed
Japan, there was sa age related decrease in the total survivors. Furthermore, the disaribution of igm tious
number of T cehls (CD5*, CD4*, CDS*) [K14]. against the viral capsid antigen was significandy
Although the diNerences were not statistically aNected by radiation dose, with an increased
significaat, se overall impression is that ageing of the occurrence of titres of 1:5 and 1:10 la the exposed
T cell-related immune system is accelerated in older survivors, although the dose efect was only
persons receiving doses in excess of 1 Gy, compared marginally suggestive when pareces with rheumatoid
with the control group, who received doses of less factor were eliminated froma the analysis. Dese results
than 0.01 Gy. suggest that reactivation of Epstein-Barr virus is the

latent stage occurs more frequently la the survivors,
18d. The responsiveness of peripheral blood lympbo- even though this might not be affected by the radiation
cytes to allagenic satigens in mixed lymphocyte dose. Otherwise, there was neither as increased trend
culture was measured in 139 survivors of the atomic in the prevalence of high .itres (>1:640) of igg
bombings. In contrast to the findings la paragraph 182, antibodies to the viral capsid anages among the
the study revealed a significant decrease in mixed survivors nor a correlation between the radiation
lymphocyte celaus response wie increasino dose of exposure and distributions of titres of iga antibodies
previous radiation exposure. His decline was marked to the viral capsid antigen or antbodies to the nuclear
in the survivess who were older than 15 years at the antigen associated with anti Epstein Barr virus [A11].
time of the bombings. It suggests a possible relation- ,

ship between te recovery of T-cell related function 188. The effects on the immune system oflong-term
and the thymic function that processes mature T cells low level radiation exposure were measured in two
for the immune system. Thus it may be that in the aress in Gaungdong Province, Chine [Y8]. De sanual
persons who were older at the time of the bombings, effective dose in the area of low background radiation
the thymus function bad started to involute, allowing in Enping County was about 2.0 mSv. la the area of
less recovery of T-cell function than in younger high background radiation in Yangl ang County, tbci

survivors.who bad adequate processing T cell activity annual effective dose was about 5.4 mSv. The annual
[A19j. equivalent doses from external gamma-radiation to the

red bone marrow were estunated to be about 0.77 mSv
185. As mdica'ed in paragraph 160, the spontaims and 2.81 mSv. respectrvely. Twenty five healthy male
loss and alteration of antigen receptor expression in subjects from the high-background-radiation area and
mature CD4 cells has been found in blood cells taken 27 subjects from the control (low background.
from 127 healthy donors who bad not been exposed to radiation) area were divided into three age groups, a nd

oth:r than natural background radiation [K11|. The the frequency of interleukin-2 secreting cells aas
mean frequency of mutant T cells in males with measured as an index of immune competence in
altered T-cell receptor expression was 2.51 al peripheral blood lymphocytes.
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189. De resnits shown in Table 25 indicate that the
stimulated with intericukin-2 and thes interleukin 4 or

*

frequency es innerleukin 2-secreting cells was signi-
transformmg growth factor $ is added, the reductionficantly gneter la subjects from the high background- in cytotoxicity dots not occur,

<

radiation area than in those from the control (low-
backgroand-radiation) area. Tbc increased production

193. Low doses of radiation (0.251 Gy) have been
,

of interieukin 2 in lymphocytes after low-dose
irradiation has also been demonstrated [Z7], consutent

used to augment the efrect of immunization of animals

with the view that long term exposure to low doses of to reduce tumour growth [A4). The immunization

} radiation may affect the immune system. However, procedure involved injecting animals with an antigea
of non-active tusiour cells before exposing thesi toi oect factors, particularly differences in smoking
live tumour cells. The antigen was prepared byhabits, could also have contributed to the differences.
treatmg the oscitic form of a methylcholanthrene-
induced fibrosarcome (Sal ce!!s) with mitomycia and

190. A study of the T-cell subsets in occupationally
paraformaldehyde. nese mitomycia treated cells were

iexposed persons revealed no significant influence of
radiation on their profile [T10]. Data were pooled into

then injected subcutaneously into the A/J strain of
!3

j two groups, one with individual exposures less than mouse and, to assess inimunity, the mice were injected I

; 0.5 mSv and another with exposures in excess of subcutaneously with as amount of living Sal cells

0.5 mSv in the previous three months. The average known to induce subcutaneous tumours. The effect of,

irradiation upon this immunizasson process can be; doses for the two groups were 0.36 2 0.09 mSv and
measured. Figure XVII shows the effect of whole-

1.06 : 0.77 mSv, respectively. Natural background
body exposure to 0.15 Gy from x rays on the response

';

~ radiation was estimated to be 0.06 mSv during the of A/J mics to mitomyem-treated Sal cells.} period. De results sbown in Figure XV indicate no
immediately after irradiation, tbc mice were injected

|
statistically significant difference in abe percentage of with varying numbers of treated Sal cells, as indicated

<

CD2*, CD4', CD8* and IGlK 1 (natural killer cells).
in the Figure. Twenty-one days later, they recesved a

However, as indicated by the data given in Table 26,
subcutaneous injection of 10' viable Ss! cells into the

significant differences were shown as an effect of
left Genk, sad the size of the growing tumour was

3

) cigarette smoking.
measured over a period of 26 days. The aca-irradiatedi

control group (solid line) did act receive the
mitomycin-treated cells. Injection with 10 to 103 3I

3. Effects on tumour gruwth
i mitomycin-treated tuniour cells resulted in variable

degrees of imanusity in both sham-irradiated and
191. De precise involvement of the immune system irradiated groups, expressed in terais of smaller) in the natural course of cancer remains uncertain. It is

'

rumour size than in the control group. However, thei hown that white cells cultured in vitro in the degree of immunity was almost always greater in the
isence of the cytokine interleukin 2 acquire the irradiated mice. Low-dose augmentation was lessi specity to kill tumour cella [S50). The phenomenon pronounced in recnicats of thymus-derived T cells.

was termed lymphokine-sctivated killer sctivity. Tbc From these results it was suggested that exposure to
1
I

use of in vitro techniques to study cytokine kinetics low doses of radiation reduces the mustber of T cells,
has given some insight into their role in tumour

which normally suppress rumour rejection.
5

biology. Sonne cytokines (e.g. gamma interferon) can
render maaseur cells resistant to cell mediated killing, 194. In a follow-up to these studies, the effect of
wbde otheas (e.g. transforming growth factor $) can radiation was shown is an in vitro system in which the
enhance its growth of some tumour cells. ibus, effect of irradiating donor spleen cells could be
cytokines innersei to generate immune responses and measured [A18]. One procedure (Winn assay)
modulate the outcome of effector mechanisms on involved injecting viable Sal cells into A/J mice and
target cells,

kuling them two days later. The spleens were sham-
irradiated or irradiated with 0.15 Gy, and 10 spleend

192. Rus, the response of a cell to a cytokine cells were mixed with 10 Sal cells. This mixture was
4

depends on the context m which the cytokine signal is injected subcutaneously into A/J mice and tumour size
received. For example, if white cells are mixed wah measured over 18 days. Figure XVI!! shows the
tumour cells in culture, the ability of the white cells to inhibitory affect of the radiation.
kdl the tumour cells in the presence of cytokines can
be measured. His is shown in Figure XVI. Inter. 195. The effects oflow dose radiation on another type
leukin 2 can profoundly increase abe cytotoxicity of of esPerimental tumour, the f.4wis cell caremoma.
the white cells. Conversely, if either mtericukin 4 or

have been measured [1.29|. C57Bl/6 mice recened
transforming growth factor $ is added at the same wbole body x irradiation giving doses in the range
time as the intericukin 2, the cytotoxicity is signifi- 0.05 0.15 Gy at a dose rate of 0.0125 Gy min . All4

cantly reduced. However, if the white cells are Grst mice were injected intravenously with 710 cells of3

.UI
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1.cwis lung carcinoma 24 hours after the irradiation C. SUMMARY
and were idlied 14 days later The lungs were
removed and the tumour nodules on the lung surface 198. Studies to charactertze the role of the sumune
were counted. The mean number of lung rumour re5 Pome m low doses of radiaton are cceitmuuig. The
nodules was 16 in the 0.05 Gy dose group,27 in the mechanums responsible for T cell selecuan dunns normal
0.075 Gy group, 20 in the 0.1 Gy group and 27 in differentmuon in the thymus and actrvanan of the
0.15 Gy group, all significandy lower than the 85 signalling process that couples anagen recognaion to
nodules counted in the sham-irradiated group changes m lymphocyte behaviour are gradually being
(p < 0.010.001). This supports the view that there elucidated A sequential role for phosphohpase C,
may be an mhibitory effect oflow-dose radiation on intracellular calcium ion and protein kmase C, folkraed by
the pulmonary dissemmation of t.cwis lung caremoma transcnpton of genes such as e-for, and interleukm 2
in mice. producuan in the acsivation of T alls bas been proposed

Similar sequences of evens appear e be asscx uted wnb

spoptosis and in low dose-radiation-induced interpbase1%. Miyamoto and Sakamoto (M28| demonstrated
death, whidi causes enhanced DNA replication and

the anti-tumour effects of low doses of radiation in proliferanon of T ceus. Whole-body irradiation of nnce
mice of the Wirl/Ht strain. Mice were exposed to

results in a dose related enhanament of the T-au250 kV x rays in the dose range 0.051 Gy at a dose
d response to antigeruc, allogenic and mitagenic stimuli at

rate of 1.23 Gy min . They were then injected with
doses below about al Gy.squamous carcinoma cells, and the effect of tbc

radistion on subsequent tumour growth was measured. 199. As an alternative explanation to radiation-irdwM
For example. wbole, body irradiation of 0.1 Gy to mice interphase death, experunental saadies using truce beve lbeanng primary leg tumours followed 12 24 hours shown selecuve depression of radiosensaive suppressor
later by localized tumour irradiation delayed the T mils within the dose range a025-a25 Gy, with an i

growth of the tumours more than did localized optimum response at 0.M5 Gy. This needs to be )irradiation alone. The results for various times and mvesugated further as a possible -+=n of the
amounts oflocal irradiation are given in Table 27. The adapuve response.
in wiro immune responses of splenocytes from
tumour-bearmg mice exposed to 0.1 Gy are compared 200. He evidence for changes in the T Rg reno ofS

to those from sham irradiated rumour-bearing mice in T cells in humans exposed to radiation remains equrvocal.

Figure XIX. The selecuve depression of Ts cells may Reponed changes in the rate of these cells in the blood of

have been responsible for this low-dose effect. atomic bomb survivors over 40 years after exposure are
difficult to interpret, the effects of the Icmg time interval
and of changes in the environment and cigarette smoking

197. Immune response and tumour growth have also
being confoundmg and inexplicable factors. A Chinese

been studied in humans. In a study of non Hodgkin's study of the chrosue exposure of a large population to
lymphoma patients, the effect of whole- or half body background levels of external radiation of about
x irradiation on the vanous T cell subsets was 4

5.4 mGy a indicated that levels ofiniericuidn-2 seactmg
measured (T16). Patients received 0.1-0.15 Gy per alls were significandy incaensed in persons from this area
frsction, delivered two or three times per week, until

compared with persons livmg in an arca oflower radiation
the cumulative dose was 1.5 Gy. The changes m the background where the annual effective dose from extemal
T cell subsets are shown in Table 28. A statistically

exposure was about 2.0 mSv; the authors acknowledged.
significant increase in helper T cells and helper- however, that differences in :-+=at and other
inducer T cells was found, with no change in the environmental factors provide an equeuy plausbie
suppressor cells or natural killer cells. The direct anti-

explanauon. A study of workers chronicauy exposed to
tumour effect was evaluated in 10 patients. Two low doses of radiation showed no statistical difference m
patients showed complete remission, seven parttal the percentage of helper or suppressar T ceus or of natural
remission and one, no change. In four patients given luuer ceus m groups with average doses of 0.36 and
half-body irradiation, the tumours showed complete or 1.06 mSv bowever significant differenas were found in
almost complete remission even though the primary relation to cigarette smoking.
tumours m the tonsils or neck lymph nodes were
outside the trradiation field. Anti-tumour activity in the 201. A role for the neuroendocnne system in induenemg
other panents was obscured by chemotherapy recened T-cell frohferation after low doses of radtauon bas
after the irradiation. The changes in T-cell subsets and recentry been proposed. The blood vessels in most
tumour responses could be consistent with an adaptne lympboid tissues are innervated with sympetbeue nerves.
feedback control signal that up-regulates stem cells, and the lympboid tissues are under the control of
wnh preferential proliferation of differentiating Tg bormonal factors via the hypochalamus. There a evidence
cells. These studies need to be substantiated to to support the view that radiation can actrvate the
eitmmate the possibility of spontaneous remission. neuroendoenne system and enhance the unmune response.
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202. A cytomme ellect of irradiated T cells on tumour
odis has been demonsented. It is pasadated that low doses tumours in anisnels, but the evidence for a similar

of ediedes act by modulating antigen-stunulated clonal effect on human tumours is sparse. There is a need to
investigate these effects, wWii could be of clinicalpowth. Thee is evidena of a down.regulatmg effect on significance.

i

IV.
EXPERIMENTAL STUDIES OF RESPONSE IN MAMMALS

203. The effecs of radiation in anunals have been studied
la numerous expersnens. Evidence of possible adapuve 207. Age at exposure was shown to be an important

:=r== have sometanes emerged in lifenme saadaes of factor iaGuencing survival. Female mice of the BDF /J

aasnais exposed to acine or duosuc low-IET radiation at (C57Bl/6! x DBA/2J) strain were exposed to 0.8. 2.4
i

doses well below those associated widt bone marrow
or 3.2 Gy frosa 250 kV x rays at 90 days of age, and -

faaure. Life spam and inculence of neoplastic disease have LDgfg values were determined at various ages

been assessed. Oiber expenmens have been done web thereafter {S55). The results, gives in Table 29,
showed that there was no statistically significant

animals exposed to non-lethal conditiosung doses prior to difference in LD
acute expossues to ponenustly lethal doses. It should be g values between controit and those

noted that a many of these studies the conditioning doses pretreated with 0.8 Gy in animals below the age of

were well above the range of doses producmg the adapuve
550 days. With higher conditioning doses, however,

response a allular systems. there was residual damage is the saistals resulting in
lower resistance to a lethal dose (expressed as reduced
LDg values).

A. SHORT TERM SURVIVAL FOll4 WING
ACUIT. HIGH. DOSE EXPOSURE

208. As a recent example of these short-term servival
studies, two month-old SPF mice of the C57BI sarsia

204. Experunents were carned out si the 1950s and were acutely exposed to a range of doses from x rays

1960s to investagste the hypothesis that stunulating
between 0.025 sad 0.1 Gy [Y9). Two months later,

!

they were acutely exposed to 7.75 Gy, and 30. day I
heematopoecoc stent cells to proliferate before exposeg

survival was measured. De ressim, gives in Table 30,ananals to a paamaally Hhat done of radiation could
showed a marginally signiocaat increase in the life-

unprove their chances of recovering from acute bone
marmw faaure. A hissancal review of these experunens

span of animals receiving the lowest conditioning dose
and a deflaise improvement in survival at conditioningwas given by Decquato and Major (D2) doses of 0.05 and 0.1 Gy compared with anstals not

205. In one of thane early experuness, adult female exposed to a conditicamg dose. He improvement in
survival rate coincided with an increase in er.dogenous

Swus while mics (Bethende Naval Medimi Research colony forsiiag unim, consistent with increased
Insatute saam) were acusely exposed to a dose of about

1.2 Gy from 250 kV x rays at weeldy intervals over a proliferstion of haematopoietic seem cells following
,

|

the conditioning doses.
pened of three weeks [C18). Thiny days after the third

exposure, the mice were aaneely exposed to a challenge 209. In a subsequent experiment, mice were irradiated
done of about 5.6 Gy, which was known to be the dose

with x rays to doses of 0.025-0.5 Gy at six weeks of
appr==neshy die LDs, Of the sasnais in this group,

age and exposed two months later to a dose of 7 Gy
26% died aAer 25 days, cosnpared with 41 % in abe control

from x rays (Y7]. A dose of 0.025 Gy was ir.sufncient
group, which racerved only the challenge dose.

to affect survival after exposure to the high dose, but

206. This observataos was confamed by another study in
pretreatment with 0.05-0.1 Gy produced a signircantly
increased survival rate. However, the response to

which adult female Swiss white mice (Walter Reed stram)pretreatment with 0.05 Gy after two months was
were acutely npand to a conditionang dose of about strain-specific. It occurred la C57BI but not . in
0.4 Gy froen x rays, enber 10 or L5 days before deter. SALB/c mice. Surpnsingly, as increase in survival
muung I.Dgg values [D2). De LDg,g values for the was not observed in saisnels pretreated w th 0.2 Gy if
two irradiated gmups were about 4.48 2 0.25 Gy and exposure to the challenge dose occurred up to 1.54.94 0.25 Gy, respecuvely, compared wnb 3.90

months after the conditioning dose; and pretreatment
0.21 Gy for ananals not exposed to abe conditionmg dose. withe.5 Gy resulted in an inaense in survival af the
here was no evidence of splene or thymac bypertrophy challenge dose was given two weeks later but not after
a arumals ibat received Ibc conditsorung doses, in contrast two' months. These findings persuaded the authors to
to an earlier observataan that localized splenic irradiation postulate different mechanisms involving time.related
to a dose of about 0.16 Gy caused transient b)pertropby stimulation of baematopoiests, although they were not
[P13). specified.
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i
i
| E. LONG'IERM SURVIVAL FOglDWING diferent dose rates. Non-irradisted ananals serves as

''

! SUB.IE11tAL EXPOSURE commois were piamd einer in a corndor adpaant to the
irradinhos facdity or in an a4omes room. It was

| 210. Sandles using mdents and beagle dogs have provuled subsequendy descovered ibat the comael group a the
j some msght isso te long-term crects of acuse exposure corndor were in faa exposed to stray radiation ime te

| 1o low doses and of chronic exposure at low done rates, irradiation facility at a rate of between 1.6 and
i ney date froun the early pioneerug work of Russ and 4.9 mGy s'l.nis compend to about 0.14 mGy s'l inthe
! Scott [R2, R3[ cosmol group in te adposuas roosa, ne mean survwai

} tunes are shown in Table 32. For counpenson, the resuis

i L F, t-_ with redemas for ananais irradissed at the race of 40 mGy a'1 aregives.
! Dem was a assiPlitally sign 8|itSal immense a the mest
i 211. De essa of chronic windiscos of mice was suveval inass of males but not of funnies expneed to

{ described by I.msenz et al. [Ltd, L19] a an cady between 1.6 and 49 sagy s'l
exposed to done amens of 0.14 mGy s'' pared widi those

casa

experament in which both survwal and annour =M-w4 .

wen meassed. Male and feinale mice of the (C57I5 x.

| A)F seau, referred to as 1.AF , were exposed from the 215. One inserymation of these saubes is that any in.g t
I age of one most for the duracon oflife to gamma rays aresse in survival for male mice receiving the higher doses

! 6cm 22*Ra delivered at the rase of about 1 mGy for 8 of radiation mascas a deaussed aanber of deaths m cady

] hours each day. Contai nuce were housed in a room life. A pasatie npa===*== could be est stinimal injury

j adjacent to the exposwe room. Almat a year after the to abe beanatopoietic system causes a sebound in seen l

; start of the experuneet, the consol mim developed mil proliferation. This regenerative hyperplass could then <

j dermaatis and had to be replaced by num not direcdy create a larger mass of tasmes & voted to the defence |
j related to the irradiated mace but froen cmeses of the same agamst insercurrent and paa-ei.ny leest i=f= e== nis ,

inbred seeins. ==*==== however, does not psevent the occamence of

| menaues not appear is lose life, whidi are not necesserfy
,

i 212. The mean nuvsval times of the irradiated male mice the muse of dest. Why this response is canaaed to males -
'

] was angadimady higher then those of the consul mace, but cammot be explainesL

j there was no statistical diference between the two groups

! of females, altough them was a tendency for the females 216. Upena et al. [U12, U13) easdied the late efrects of

!-
to live longer than the males (Table 31). However, the low-LET redisson in RF/Ua mies.1.Afe<ipan and the
diferences in life-spea in the males cannot be scoepted saadence of neoplasac desesses were assessed. ne egecs

I wahaut meervation, sace the replacement consol group of mesa han=1 doses up em aboue 3 Gy at varyag
may have been subject to ddEenst cavronenental dose rates between 0.05 Gy (1 and 0.8 Gy min'! 'are '

i conditions and may have possessed gemenc chersaerstia shown in Table 33. Several interestag fenaues ennage

i slighdy different from those of the orignal group. from these seulses. In menes, diese was liale eflea on life.

j span (assan age at death) at dose estes of 0.8 Gy mm'l

| 213. Ahhough no single cause of death predominated, until the accumudsted done appraecised about 1 Gy; there
'

. pyela=*phrmas appeamd to be a mujer conirbutag factor. was liste effect of donc race in the range 0.05-0.77 Gy (I

les occurvesce is frequendy associated wnh dermabts, at an acceamissed dose of about 1.5 Gy, and, ovenil, ,

'

panaculady among anales. Dere was as inensse in the gasnma rays were less efecove at low dose rates than at

ancademoe of ;, , ---- and oter nanours of the high done roses at accumdated doses of about 3 Gy. In |
l

rescular alusses la bot male and feinale irradisted nuce, fesnaies, there was ao th diange in the mean age
I

and mammary ==a== incidena was also beber in the at dese at due roses of 0.067 Gy d until the

irredend heales (p < 0.1) ne irradiated females accusnuisted done reached about 2 Gy; aducmg the donc j

I
showed as immense is avansa tumous (p < 0.05), and the rose to 0.01 Gy d acnesed the mesa age at death at
irradissed samles showed an maesse in lung rumours accumnulated doses of about 3 Gy.

(p < 0.05) nese result wat essentally coni'rmed in a

seedy in which guines y of the Tunible Brook Farms
217. De mean age at dent of anamals with neoplasms

seam were exposed to Co gamma enys from the age of was also inoucamd by dose rate. Dus in males, irradiated

100 days for the duratica of life at a donc rate of about namnals died earlier than consois et done raies of
1 mGy (1 [R11). 0.8 Gy mm'1, even at the lowest accumulated dose of

0.25 Gy, but there was no significant difference compared

214 Sacher and Grahn [S52), in a study of the survival wng consuls et done esas of 0.15 0.77 Gy (3 at an
of mim exposed for the durauon of life, also reported an accuinulated dose of about 1.5 Gy, wnh a margmal

screase in the life-span of animals exposed to 'UCo diference at a done rate of 0.05 Gy (1. la fernales. emer

gamme rays at a done rate of up to about 30 tunes that of death from neoplasms occurred at donc rates of

.
the background radistaoe. Male and female mia of the 0.067 Gy (I after an accumulated dose of about 2 Gv.

LAF strain were exposed to a wwie range of doses at and there was no differena from controls at doses of

kN
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3 Gy, if te dase ram was reduced to 0.01 Gy d-1. In d about 2 Gn aim te * % = m=-ary, esse results support the view abat at low done

retas and acommuland doses of a few grey there is no tremely wule.There was a non sisadicant trend anggesang
as .niaeane is life-epsa m anansis exposed at 19 mmonths

appennt life shoneams or cady appearana of =P
of age 6t a does of 2 Gy. Life ahonemag was assacued

diseases causing death of the irradiated animals compared
wie an insensed incidence of retaoshan ceu sannouns (awah mirradiated car.eois. These is, as well, no support for
aca-eymic malismaat lymphoma sket infterates he spleen,

|

an appercat screase in life span or decrease in tumour
liver and menestene lymph nodes)s Prunary annous dh due to the redistion exposmus at the lowest

doses. the luss and liver, money benga adenomas, and
uh==a= thresarcomes wen also foemd. However, no

218. Ullridi sad Seont [U14, U15] also desated the
difenace could be deacted bi te poseras of total tenour

* for medised and aca-irectisted (.oanos)influence of radiation on life-span and annour inducaos in !aasnels.

mice of the RPM and BALE /c sosins. p7dicauy, s
I

)seudy was made of the effece produced by Cs 221. Sessid and Kasugs [S54] counpend the esecs of t

radiationdeirveredat0.4 Gy mia or0.083 Gy d ,wishin4 137
Cs gasuna reys as female mice of the B6C3F sensi

the done range 0.14 Gy for RFM mics and 0.5-4 Gy for exposed under 6peciScystbogen hee conditions und
3

BALE /c mice. At the lower dose rose, the life-shonening
natural death. Mia were inediated at 17 days in asero, or

effect in BALB/c mice could 'oe desated as a linear or at birth, or at 15 weeks of age wak doses of 1.9,3.8 or
imeer quedesac flecnon of done, although ibe lowet done
used was 0.5 Gy. De influence of dose at a dose tem at 5.7 Gy. These was a deaenes in life-span at 1.9 Gy in an

groups, but no assiisticauy signaficant scueese la toni4
0.083 Gy d on the incidence of acoplastic disease in i

female BALB/c ania is shown in Table 34. For RFM
amaour incadence bouween inediaand and costal giamps

mia, tysuc lymphomas were he predomunant stacular
was observed (Table 36) Mine is te fuent period were
found to be ==aysia* to pimiary manours and lever and

tissue neoplasm, the solid annous beise lung adenames
luss amaous. Due was as excess of malissant

or endocruse relaaed anneurs. He incidence of tumours lymphomas at a done of 5.7 Gy, and the med time undi
was at au doses higher than in the umanadissed coneois.

==a,=ar was less tan wie consels. De exposwe of !
young adults was assoasend wit te inha= of myeloid !219. Sato et al. [S42, $53) male and female leukaenues and Heniense gised tumours,

mia of the C57BIMI strain lo Cs gnauna rays at rates
of 0.029 038 Gy d'I. Exposwes at the me of 222. Maisin et at [M29] mensued life-span and disease4
0.029 Gy d started at four weeks of age. Th mean life- * in the C"7BCab sosia of amouse exposed to
span of female mice was 628 2 10 days, *vah a mean acuse and freceionesed doses of 1370s guruas rays.
accumulated dose of 16.4 Gy; for male mice, the mesa

Twelve-week-old mies were esposed to doses reagag
life-span was 723 210 days, with a mean accumulased from 0.25 to 6 Gy at a does mee of 0J Gy mia in a4
done of 18 Gy. The mean life-spons of murradiased

single sessaan or in 10 seassoas delivered 24 hauss apart,
,

i
females and males were 693 2 11 days and 725 2 15 or in 8 sensanas, dehvend 3 hours apart. De result of an
days, nspectrvely. In the irradiased females, this life acuse exposme am shown in Table 37. Dere was no
shoneams was staasticauy s igas6 cant; in the males, it was indication of as matase in life spam at these doses;
not la a fobow-g sedy & Aormang at the hgher dose decreases in life-span were not senesucaUy evident until
rams was h Mo 6e occunence of thymic the dose approached 1 Gy. A fracecasted exposwe was
lymphomas, whidi occu.7tc uncre frequendy in exposed less egectrve in reduceg survival tiene than an aanse
younger mies (05) At me highest done rate, and at exposwe, and life shortenug was not observed is the 8
accumulated doess of 39 Gy over a penod of 105 days, and 10 freason prneacals until she dose approached 2 3 Gy
life shoneams was also associssed wah baemorrhage and and 4 Gy,6 d .r i
infectaous diseases awag to depletaca of the stem cells of
bone manow.

223. The causes of death in usaradiend mice could be
segregated into late degenerative changes in lung and

220. Covelli et al. [C20) studied ibe effects of x rays on kidney (glomerulanderass) (-60%1 leuksemias (-21%)
hfe-span and tumour induction as a function of age at and carcinomas (manly liver a*=ar=ecmoma) and
exposwe. Male and female mice of the BC3F: seam were sarcomas (-16%). De ecsdence of thymaenas was low
acutely exposed to 250 kV x rays, enher a mero at 17 (-19Q, sad no redisuom.mduced excess aflymphoma w as
days after costus, at 3 months, or at 19 months of age. The observed unal the doses apprendied 2-4 Gy, but the
doses vaned from 0.3 to 2.1 Gy for in mero irradation tumsars did result in death at an earlier age than m
and from 0.5 to 7 Gy at 3 months or 19 months of age. unirradiated animals. The incidence of au mahgnancies
Prenatal sindiation or sradiation at 19 months of age did was less than in the usurradiated mice after acvie doses
not result m clearly messwsbic life shonenang (Table 35). between 0.25 Gy and 1 Gy, wah no significant change m
There was, however, a trend suggesuve oflife shonenmg the alpha pararueser of the Cox linear propomonal hazard

m ansnais exposed at 3 months of age at doses m exceg gpls within this dose tsage. Fraasonation inacased the
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,.

'arvie=~ of a5 malignancies. thus their inextence was 227. In another study, dogs were exposed bilaterally
45% and 52% at 1 Gy and 2 Gy, respecovely, for tbc to 250 kV x rays, delivered in different numbers of
8 fraccon promool and 40%,32% and 36% st 0.25 Gy, fractions and different fractionation intervals, to total
0.5 Gy and 1 Gy, sespectrvely, for the 10 fracuon doses of 13 Gy. The doga were exposed between 8
protocol Tbc authors concluded that these differencrs and 15 months of age. Some dogs were bred after
between fracionated and acue exposures were small and exposure, distinguished as parous or nultiparous. The
not well enough established from a stansocal viewpoint. dogs listed in each group shown in Table 40 are those

surviving at least 90 days aner the irradiation. Two
224. He effects of gamma rays and fusion neutrons on general summanes of the data have been published,
the life span of mace has been studied for many yean at one before all the animals were dead (A13], the other
the Argonne National Laboratory in the United Stats. emphasizing me effects on life span and rumour
Earlier studies of low-1El radiation pnncipally involved induction [R12].
"Co gamma rays delivered cather as acune exposures or
conunuously (C19 T15). For the most part, the acune 228. Here was no acrease in survival time, expressed as

exposi.ts were delivered over a 20.msnute penod at dose median survival aner exposure, of any of the arradiated

raus rangmg from 0.0083 to 0.(Y44 Gy min Tbc dogs compared w 2 ee unarradisted controls. Altbough4

exposure regune began when the animals were 110 days life shortenang was only margmal in animals grven acute

og ge, or frecuonsted doses up to 1 Gy, it occxirred in some
groups of ananals grven 2 or 4 frammated doses of

225. The resula obtained on the mean survrval aber between 0.75 and 1.5 Gy notal done and fWanted doses

inadiation of male mice of the B6CF stram exposed for of 3 Gy. The snais causes of dent were similar ini
22 hours each day, Dve days each week have been inadisied and umMud dogs. The development of non-

reported [T15) The exposures were contmued for either """'"@ diseases (essentially $bross) at an endier age in

23 or 59 weeks, the accumulated doses ranging frorn 2.1 inadised animals at the higher dose ==8=-L in large

to 24.6 Gy. De effects of these exposure conditions are part, the observed life shoneassg. Framver at 1 Gy, abe

shown in Table 38. There was no indication of an increase acidence of reneopisstac disem snesnanary nanours ;

in life span at any done in this range. Life shonening from and non-meansnary amurs m bsondly sanahr e est I
deaths due to all causes did not become sigmficant until observed in abe unuradisied group. I

the total dose apprendied 4 Gy for a 2.1 week exposure or gg A5 Gy for a 59 week exposure. Deze values were not g g,
sigmScandy altred when the analysis was restncted to g g g, g
ma dying from tumours. Above -4 Gy, the dcse- m h a003 m
response relationship was Iment and invenely dependent 40.054 Gy d , and the sa:umulated doses at termstation ofon se prennetaan penod. De mew Mciens

exposures ranged frosu 4.5 to 30 Gy. At dose rates greater |
for the 23.wcek contmuous and 59. week contmuous 4than 0.019 Gy d ,the responses were dose-rate-dependent
protocols were 0.16 and 0.08 days lost per 0.01 Gy, pgy, ,g g, ,

: compared wuh 0.39 days for an acute single exposure,
system (Table 40) At dose rates between 0.003 and

thus showmg a marked dose-rate effect. 40.008 Gy d , myckgroliferative dise== ultimately
expressed as myelogenous leuksemie were the linutmg

fact r e survival [K25)1. We with W %

22fL ne effecss os life-span of external whole body C. SUMMARY'

exposwe of beagle dogs to x or gamma rays bas been
studied. In one saady, dogs were exposal to 0.16 Gy or 230. Observations of adoptive responses in si veo
0.83 Gy from "Co gamma rays at 8,28 or 55 days m cellular saxiies cannot be readily extrapolated to postulate

usero or 2 davs after beth. In additice, ,ome dogs were adaptrve response in the irradised animal. He different

exposed to 0.83 Gy at 70 days or 365 eys aber birth ne exposure ponerns in animal studies (acute versus chroeuc

stans of these studies in 1982 is show? M "Le n. hfetane exposure) could avolve =~+ mms different
Arough 10 years of age, no differences in ser tal wra from Lbose involved in the cellular adoptive response to a

evident m any of the exposure groups [B23). Inaceon low conditioning dose followed by a high challenge dose.

durrg the fetal penod was, however, associated mth He qomplexity of multicellular organsms, indudmg tbc
abnormahties of skeletal, dental and central nervous cructal role of immunosurves!!ance and endoanne factors

system development Perinstal irradiauon resulted in m rhamtaining the besichy state, mtst be taken mto

kidney dysplasia and, in arumals receivmg bigber doses. in acxount. The careful management of the ansnal colonics

chroruc renal decase. De thymus gland, particularly the to avoid infectaons and stress and the need to recogmze

thynue epithelium, was foimd to be highly radiosensiuve stram-spec Scity of tumours should not be overlooked m

durmg fetal development. future experunens.
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231. Stimulattag the haematopoietic system to accumulated doses up to a few
proliferate by exposing the bone marrow un vivo to between 0.005 and 0.3 Gy d'3, gray, at dose ritesor on the time ofbetween aboet 0.025 and 0.1 Gy has been shown to

appearance of tumours or on rumour incidence among
,

improve the alsort term survival (expressed as LDmo) irradiated animals. Why some experiments resulted in
of mice subsequently exposed to a potentially lethal an increase in life span is not easily explained. While
dose of radiation. Whether a similar mechanism is the observed increase in life span could be due to
responsible for improving the longer term survival of random vanability, it is possible that the effect is real.
animals chronically exposed at low dose rates is If so, it is important to understand the precise con-
unclear. It is plausible to suggest that improvement in ditions under which life-span is increased.
long term survrval could be a result of chronic
minimalinjury to the bone marrow, causing a rebound 234. More recent experiments using mice have con-'

in stem cell proliferation and protection against firmed that there is no statistically significant change
infections, but occurring along with this effect is an in tumour incidence in iraJiated mice compared to
inacased risk of malignancy due to the proliferation unirradiated controls below about 2 Gy, depending on
of pc t ally malignant cells. the strain of mouse used. At higher doses there is a

dose-related increase in several tumour types causing
232. Experiments in the 1950s indicated that the mean

death and a corresponding decrease in mean life span.
life-span of male, but rot femsle, mice could be
increased if the animals were expcsed daily to low- 235. The results of experiments using beagle dogs are
LET radiation from a few milligray to several bundred in general agreement with those obtained using mice.
milligny per year above the level of background In addition, they conGrmed the increased sensitivity of
radiation. A feature of these observations was that the the fetus and young animals. Observed life shortening
mean increase in life span reoccted a decreased at accumulated doses greater than a few gray could be
number of deaths in younger irradiated animals. Why related to the develc.pment of non-neoplastic diseases
the response was confined to males is not apparent. as an earlier age than in unirradiated animals.

Irradiated animals were susceptible to the development
233. Other experiments related life-span to the of myeloproliferative disorders, which were frequently
incidence of neoplastic diseases. Taken together, the expressed as myelogenous leukaemia at dose rates
results of these experiments could be interpreted as above about0.003 Gy d-1 and after accumulated doses
demonstrating tha t. compared with the patiern of a several gray. Error-prone DNA repair mechanisnu
observed in unirradiated controls, there was no signi- were proposed to explain the onset of myelopro-
(We effect on mean life span following exposure to liferative disorders.

.

V. EPIDEMIOLOGICAL STUDIES OF RESPONSE IN HUMANS

236. De effectiveness of a cellular adaptive response response, although this effect would perhaps not be
in humass, czpressed in terms of a reduced rate of statstically L.A.uc. he dose-response selatxxstup has
spontaneously occurring cancers or of a reduction in been judged to be linear weibout inreshold for all cancers
the expected numbers of radiation induced cancers, exduding leukaemia. For leukaemia, the reistianship that
would be most convincingly demonstrated if it were best Gs the data is linear quadratac and linear at low doses.
the outcome of epidemiological studies involving An increase in total cancer mortality has been sausucz!!y
exposure to low doses. The general results of these demonstrated at doses above -0.2 Gy oflow-LET radianon
studies are discussed in Annex A, ' Epidemiological but not at lowr doses, exapt in special czemmstances sudi
studies of radiauon carcinogenesis", most of which as cancer in drildhood foGowsig in saco irradisoon and
indicate steadily increasing cancer incidence with thyroid cancer aAer acuse exposure of the thyroid to Iw.
increasing dose. Only those cases in which exposures IET radiation during childhood.
were only marginally above the natural background
level are re. examined in this Chapter. For mberent 2385 Among tbc limitations on the maha~ ofla-dmc
reasons, the evidence of an increase in the spontaneous epademiological studies, by far the most cxranscrit protdem
mcidence of cancer is in these cases equivocal. has been the lack of statsucal power. This bas been ese io

a combmauon of facsors, induding insuf5cient numtm in
237. There are theoretxal reasons based solely on the the tradiated population, inadequare fonow-up and dmes
nature of DNA damage and repar to expect that cancer can that are couectvely too small t) bave any chana ot
ocxtr at the lowest dcscs wsbout a threshold m the providmg a dase-resporne relationslup.

__ .
't S **
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h
A, INEABITANI3 OF IDGH. BACKGROUND in the higbbedsground. radiation area and in the conool

AREAS area were 9.5% and 9.3%, respecovely. For sagle
nodules, the prevalenas were 7.5% in the high-

239. Examples of background radiation studies m France, background area and 6.6% in the consol eres (prevalence

Japan, Sweden, the Unned Kingdom and the Uruted States rauo = 1.13; 95% Ch OL821.55). No diferences were

are reviewed in Annex A, *EP61 -si studies of found in scrum levels of thyroid harmones. Women a the

radisuon carunogenesis'. The conclusaan from these higb.bsckgmund region. however, had signtScandy kmr

studies a that there is no demoestrable assocssten concentratons of urmary iodine. The prevalenac of mild
between leukaemis and other cancers and background disuse goiue was higher in the high.beckgramd.radisten

radiation. region, perhaps related to a low dietary make of iodine.
De authors suggesand that conunuous exposure throughout

24 Updaad estanates of the cancer risk for a population life to a total dose of about 0.1 Oy in excess of ibe now

of about 80,000 persons contmuously exposed to natural background level did not mouence the ruk of thyrmd

background radiation at a dose rate about three times redular disease; however, this study did not provute

higher than the world average have recendy been reponed statstically sigmficant resula.

[W29, W30) This population lives m two areas in
Yiangl ang County of Guangdong Provmce, China. A ii
compsnson is being made with a population of similar B. OCCUPAT10NALLY EXPOSED
size and age struaure in a nearby control area of low ININVIDUALS
background radiation in Enpag County. Details of the
doses are ghen in paragraph 188.These populations are 243. Studies of the cEcca of radianos followng
sable in ibat Ibere is tinte movement sto and out of the occupataonal exposures are useful in clanfying the possbie

areas. heir age sancture is biased towards younger age relationship between rdatively low doses of emmme-

groups counpared with the rest of China. Ascertatnment of radiation and the risk of mam. One relevant study was of

cause of death is of a high sandard, and the dcse nudear shipyard workers in the Uniecd Sales [M13}.
measuremens, based on several diferent techniques, are From a database of alamost 700,000 stupyard workers,

in good agreement. The rates of site-specauc canar induding about 108,000 nudear workers, duce study

mortality and estanates of excesa risk a the high- groups were selected. coasstag of 28,542 nudear workers

background-radiation area, reistive to the control area, are with work 2ng !Wenme doses a5 mSv (many of them

given in Table 41 [W29}. The high ia~ team of pnrnary reaived doses well in excess of 5 mSv),10,462 nudcar

liver canar and nasopharyngeal cancer are peculiar to the workers with doses <5 mSv and 33.152 non-nudear
whole of Guangdon5 Provmce and are probably related to worken. Tbc type of work carried out by the three groups

local environmenal factors, which indude infecten with was identical, except that the nudear workers were

bepsutis B virus and smokmg, respearvely. These two exposed additionally to "Co gamma-radiation. The

canar types compnse the largest number of cancers in the median age of entry into employment for the three groups

two areas and are highest in the low background area. The was sunilar, that is, about 34 years. The study induded

totals of all cancers other than leukaemia are not stncdy exposures receked from tbc herW of nudear ship

comwrtble with these mams indaded. overhaula in the 1960s until the end of 1981. All groups
wczked in areas where intakes of asbestos were possble.

241. Whae there are slight discrences in tbc site-spectGe

cancer mesteiley raecs between the two populations, tbc 244. Deaths in each of the groups were classi6ed as due

overna Musences in leukaemis and other cancers to all causes, leukaemia, lymphatic and haematopoietic

comhnad ase act statistically sigmScant, and the results so cancers, menothelioma and lung cancer. The results,

far do not provide clear evidence of the presence or summarized in Table 42, demonstrate a statsocally

absence of delesenous efects due to low doses of signi5 cant decease in the standarthzed mortality raoo for

radiatmo in the envronment. His may not be surpasing, the two groups of nudcar workers for ' death fmm all

considerug the discrence in cumulatNe ckme between tbc causes* compared wit the non.nudeas workers. His was

two areas, based on a 50 year exposure, of about 60 mSv. due in part to a higher incidence in the non-nudear

De problem, then, is the lack of statasucal power to detect workers of deaths from diseases other than cancer, wbch

an effect on nsk at such low dcmes.
mduded cardiovascular disease and respiratory, geruto.

urmary and digestive tract disorders. Both groups of

242. Thyroid nodulanty following contmuous low dcsc nu(car workers had lower death rates from leukaemia and
exposure m China was determmed m about 1.000 women from lymphatic and haematopoietic cancers than the note

aged 50 65 years !Ning m the high background.radiaton
nudear workers, but this was not statstically sagru6 cant

area and in a sunilar number of controls INing m the low- All three groups of workers had lower death rates tram

backgmund control area [W28). Cumulatrve doses to the lymphatic and haematopoietic cancers than the general

thyrmd were esumated to be about 0.14 Gy and 0.05 Gy, populataon m tbc United States. This has been referred to

respectrvely. For muluple nodular disease, the prevalences as the healthy worker effect. Mesothelioma was the orJy

_3 22 - -
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ascer that abowed a signi6 candy higher incidence for
; all groups. De slighdy higher, but aca significant, that lead to the healthy worker effecs. positive trends

incidence afleas cancer for all three groups compared with does were found for all malignent neoplasms;

to the gemaal populatica of the United States could taken together and for lemksemias, excluding chronic,

;
have beca associated with asbestos exposure, lymphatic leukaemia (Figure XX). The former weed

| did not reach satistical signifiance (p = 0.10, one.
sided test), while the latter was statisticaUy significant| 245. Two features of this study need to be

emphasized. First, the collective lifetime doses from (p = 0.03). Because k was considered possible that

occupanomal exposure in the two nuclear worker cigarette smoking may have in0uenced the results,i

Figure XX also shows the relative risk for the! groups were estimated to be 1,450 man Sv and
j 26 man Sv, respectively. The estimated collective malignant acoplasma, excluding both lung cancer and
; doses from natarel background radiation in the same leukaemie. De scatter of the points showing m

average relative risk and the wide confidence intervata
~

periods were 1,067 man Sv and 409 man S'r,
on these points provide no reliable inforniation on therespectively. He collective doec to the non-nuclear

| workers from background radiation was estunated to
risks at doses below about 0.2 Gy.

j be 1,275 man Sv. It is difficult to draw conclusions
248. Updated internal analyses of mortality in 33,000j about the incidence of diseases that might be

associated with low level occupational radiation workers monitored for six months or longer at the j'
-

Hanford site in the United States provide no evidencej exposures when the doses are comparable to, or less
thea, the doses from natural background radiation. of a correlation between cumulative occupational l.

external dose and mortality frous leuksemiis sad frost
'

Also, the statistically significant decrease in
| standardized mortality ratio for deaths from all causes other cancers [G12). He relative riska and their I

cannot be due to the healthy worker efrect alone, since confidence intervals are summarized in Table 43. Ofi

the non-auclear workers and the nuclear workers were
24 tissue specific cancer categones evaluated, only:
ascer of the peacreas and Hodgkin's disease showed

similarly selected for employment and were afforded
positive correlations with dose that approached |

i

the same health care thereafter,
! statistical sigasacance (one-tailed p values of 0.03 and

{
} 246. A study of about 95,000 radiation workers in the 0.04, respecuvely). These correlations were laterpreted ;

by the authors as probably aparious. A sign:Gcsatj
United Kingdom has recently been reported. The correlation (p < 0.05) was obtained at doses above

|

'

;

cohort received a collective lifetime dose of 50 mSv but act at 10 mSv. Earlier analysis of!

|
3,200 man Sv, with an average individual dose of mortalky fross maltiple myeloma had shown a

;

34 mSv [K15]. Up to 1988,6,600 workers had died.
significant excess risk [G14), but the extended analysis.!

|
The standardited mortality ratio for all causes of death

of these data sow show that the excess relative risk
!

after excluding the first 10 years following the start of for this form of cancer is no longer statistically
radiation work was 0.85 (p < 0.001). The standardized significant [P1, R101

{ mortality ration for all malignant acoplasms in 23
4 ' organs or tissues and for all known, non violent causes 249. A stady has been under way since 1980 on the{ other than malignant neoplaams were 0.86 (p < 0.001) mortality of past and present employees of Atosaic! and 0.84 (p < 0.001), respectively. For most other Energy of Canada Ltd. [G8). The study populationi tissue.specinc cancers, the senadardized mortality consists of 13,491 perseas, 9,997 males and 3,494

ratios were heiow unity, but they were not statistically females, for a total of 262,403 persos-years at risk
significant. The only cancer for which an elevated

until 1985. The number of feasic deaths (121) was! standardized amortality ratio reached statistical too small for detailed analysis, but the 1,178 deaths in
i significance was thyroid cancer (SMR = 3.03). It is the male population gave a limitad basis for study.i not unexpected that one orgse or tissue showed an Mortality patterns is the cohort between 1950 and|

!
increased standardized mortality ratio by chance. The 1985 were examined by comparing the observed
excess relative risks for all cancers and for leukaemia, mortality with that expected la the general population
excluding chronic lymphocytic leukaemia, were 0.47 for three groups of workers: those with no
(90% CI: -0.121.20) sad 4.3 (0.413.6), respectively, occupational exposure, those with up to about 50 mSv
A confounding factor in this study was that cancers and those with more than 50 mSv. The nuaiber of
could have been associated with exposure to chemical deaths was fewer than would have beca expected on
carcinogens, the ba' sis of general population statistics for males in

the three groups. He findings were sunilar for the
247. Since the healthy worker effect complicates the groups 'all cancer deaths * and "all other causes of
interpretation of standardized mortality ratios, greater death". la the owupationally exposed males, elevated
importance was attached by the authors to internal standardized mortality ratios were seen for non-
analysis or to testing for the trend in nsk with dose, in Hodgkin's lymphoma and for buccal cavity, recrum.
which steps are taken to compensate for the factors rectosigmoid and prostate cancers. But in the

_ -
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}

! unexposed mais group, there were elevated bombings <40 years). However, the relative riska for
i

| standardised martelity ratios for lymphatic and the various low dose groups (<0 5 Sv) did not differ 1
j myeloid laukasantes and for large intestine, prostate, and were close to unity with the exception of one

.

brain sad binary system cancers. The number of cases significant point at the dose interval 0.20-0.49 Sv (RR3

i identified of all these cancers was small and the = 0.83). It is interesting to note that the decnase in
1 confidence limits were wide, such that none of the relative risk at this point corresponds to a significant
| elevated standardized mortality ratios were statistically increase in relative nsk for mortality from all caneers
i significant. except leukaemia.
1
1

C. SURVIVORS OF THE D. PATIEN11 EXAMINED OR 'IllEATED
j ATOMIC DOM 8fNGS WITH RADIATION
i

250. De epidemiological study of the survivors of the 255. Den are seveaal examples si cinical practice where |
'

! atomic bombings in Japan has up to now been the low doses have beca used for diagnostac pwpoem. Dese
pnmary source of data from which to estimate the are x.rsy exaauantions to detect fetal absonnalitaes, x ray,

{ effects of radiation on humans. A dose response duososcopy to chedt the efficacy of arti6cial pneumo- |
! analysis of these data for doses less than 0.5 Sv was thorax in the utsenest of puhnoasty tubensiosas, (e.g. |
j recently presented [S30]. The end-points measured [B2]), x ray examinations to assess the propens of skeletal j

133i were cancer mortality, cancer incidence and non. development durmg taannent for acohose and !
'

' cancer mortality. De relative risks wiib 95 % diagnostic isses to desact thysont abeannalilies. ;

j confidence intervals and the dose-response

| relationships fined by the authors are illustrated in 256. De avc2able senhas [G3, H19, Mg, M22, M26,
Figure XXI. S2dj ofis masro exposum ase d=-d in desse in Amnest

A. "; ' ' 7'samhes of sedistion cammogenesis". -,

| 251. For mortality froen leukaemia, the relative risks ne main ==d=== is that te low does exposwe of the
vened among the five dose groups (0.010-0.019, fees in diagnosec cassunseems is ===aaaa=8 wit a

; 0.020 0.049,0.050 0.099,0.100 0.199,0.20-0.49 Sv), ponnive risk of cancer eductaan, but genaufimtion of the |
'

but they did not differ statistically from the control nsk is subject to mudt incerahney. Dese is acehag to j

) group, which received less than 0.010 Sv (p > 0.10). support the assusnpoon that adspeve processes could be |
| The relative risks for the three dose groups less than operating after irradiation that could reduce the madaa~ l

: 0.1 Sv were less than unity but still within the range of radiation induced cances. I

] of what the authors considered to be random variation

! about a value equal to unity. For leukaemia mortality, 257. De evidence for radiation-induced breast cancer is
a linear quadratic model fitted marginally better than disctaaed in Annes A,'O ' .- ' studies of radis-3

) a linear model (p = 0.07 compared with 0.06). Lion caranogeanais". Although exposwa to radiation at

j bigh doses and high dose reens is assocuand wie exans

j 252. For all cancers other than leukaemia, the relative breast canar, te potential hazasd froen low-dose,
'

risks generally increased with dou, as shown by tbc fractionated exposures disring early bnest development has

i dose response curve, although the lowest four dose not been thosoughly evalussed. De failure to detect

! groups had salatrve risks not significantly different macased breast cancer in several large studies is

| from unity. He highest dose interval (0.20-0.49 Sv) surpnsing, and no satisfactory explanation is forthcoming.

j showed a assaistacally significant increase in mortality. However, many of the women were over 35 years of age

i at exposure.
'

253. Mortality from lung cancer and incidence of
j thyroid cancer by dose group, based on data from the 258. A retrospecuve sedy of 35,074 Swedish patients

133
; Hiroshima and Nagasaki' tumour registries during remiving 1 for suspected thyroid doorders between

i 1958-1987, were also analysed. A pattern similar to 1951 and 1969 has been reponed [H17, H18. H21) It s

that observed for mortality from all cancers except not possible to be precue about the doses deirvered to,
133

j leukaemia was seen, that is, tbc relative risk vaned individual thyroids because of differences in ! uptake

1 among compenson groups with wide confidence limits and vanations in mass of the thyroids. However, the
333

5 but did not differ statistically from unity within the average amount of 1 activity administered was

lowest dose intervals. 1.92 MBq, deirvenng an estunated average done of'

appioxunately 0.5 Gy to the thyroid.De data are given in !

83
,

]
254. For mortality from all diseases other than cancer. Table 44. Patients given I for reasons other than a |

~ a significantly elevated risk was observed at higher suspected tumour were not at increased risk (standardcred

j doses (estunated threshold dose: 1.5 Sv) for younger meidence ratio = 0.62: n = 16p33Overall, the data proude
; survivors of the atomic bombings (age at the time of no indicauan that exposure to 1 for diagnosue purpmes

. . . _. $ \
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inczcanal the i==M=* of thyreid cancer in the follow-up o(smarna*My occwnng human esamu This is not sur-
penod star 10 yeam. It was conduded by the authors that pruing in view of the low satstical power of these
the observed inestase in the 5-9 year penod was most

studies. De results have been interpread variously as
likely to be due to a high level of medical surveillana, being conssters with the upper bound on ibe co=M=,
leading to an inacased detection of indolent tumours.

limia of total rune tsk at low doses obtamed by
extrapolating from high.dese and high-dose-rate dam; or

as indicating no additional risk at low doses compared'E, SUMMARY
with the spontaneously occwnng rate. Statstical limis-
uans do not permit a decaske choice at the present tune.

259. The human epidemiological studies following Cauuan is mry when using isolated exampics in the
exposwes at low doses and low dose ra'es to low LET cpw nW~ical literanut to justify either an inacased or
radiation do not at present provide evidence of an adapt- a deceased risk at doses of a few hundred milligray,
Ne response expressed as a decrease in the prevalence bearing in mind the amtstical limitations of the dam.

CONCLUSIONS

2fA Adapdve response is the collectNe term used to
induced by radiation and other toxic agens. The adapdve

descibe the results of expenmens in whida a small dose response may therefore be a coenmon featwe of cetular
of radiation can condition cells so as to induce repair response to damage.
processes and/or to stimulate proliferation. One
consequence of DNA repair might be to reduce the natural 263. A multbstep process has beca psoposed as explain
uni-v of cancer in is vanous forms or the likelihood the cellular adapdve r spaa- After acue doses o(several
of exasa cancers being caused by further radiation hundreds of milligray .*11 cycling in proliferaung cells
exposure. A great deal of effort is being directed into may be delayed. The period of delay allows enzymes
characterizag these processes, and in recent years results educed by the radiation to repair damage before the cells
of research especially at the cellular level have become

promed through cell cyde and undergo mitosis [YS, Y6)
available.

The adapdve response at these higher doses may therefore

depend on whether or not the cells in cycle are
261. Deze is convincmg evxlence that the number of temporarily blodted. Dere is no direcs evidence, however,
radiation-induced chromosome aberrations and mutations to suggest that cell cyde delay occwa after acuse doses
that occur in proliferaung manunalian cells after an acute ranging from a few milligray to a few was of milligray,
dose of low-lEr radiation in the range 13 Gy can be even though the adaptNe response has been observed in
seduced by exposag the cells to an acute done of between this range of doses. The f:le of cells exposed to a
a few mill % ray and a few tens of milligray several hours radiation dose in the restang pbsse remairs to be
before the high dose. These sp .cas involving a low established.
condiconag dose and a high ch611enge dose were
designed to *=r= mat the adoptrve response as a 264. In evaluating the effectiveness of the adapuve
laboratory phenawana They were carned out under response in ce!!s exposed to a conditxxung dose of up to
dearly deemed conditions usiry mitogen-sumulated a few tens of milligray or to concentrations of exic agens
lymphocytes, proliferating bone marrow cells, spermato. below that concentration known to produce a tanc
cytes and fRuoblasts. De response has not been reaction,it is imponant to recogazze the unsable nature of
demonstrated so far m other cell systems or convincin& y DNA in living cells dwing normal metabolism [H2, L11,l

in cells under conditions of chrerac exposure. L21, V3, V4) It has been estimand that the DNA
molecule withia cach nucleus undergoes several thousand

262. Tbc evidence that is becommg available indicates detectable changes every how as a result of metaboism
that following radiation.mduced damage to cells. a number [B10, L12, S27, W12, W13, W14, W15[ Despne tbs
of changes oxur. Among these changes are the activation high rate of spontaneous molecular change, few stable
of several rinum of genes, induding those coding for the mutations acrumulate in tbc genome. Hus, cells have
synthess of enzymes mvolved m the control of cell evoNe!! efficient pomm for the correcuan of rnen-
cyding, proliferauon and repair. It is not entirely clear bolically induced changes,
bow these changes may specifically improve repair
capacity. There is some evidence to mdicate that radiauon. 265. This inherent ability to repeer DNA needs to be
mduced enzymes, which remam to be isolated and taken into acxount in assessing the ability of alls to repair
charactertzed, are related to stress-respome protems. There the damage csised by doses of radiaticus in the wide range

seems to be some sanslanry in the types of damage f a few milligra
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delivered hs minues. Just how capshie the existing background radistaoaL However, sosne anomalies in esse
machensam ass of copug wah the additional radiation. experunents need to be expisined. Why was the nsponse
mduced damage is not readiy obvious. But it would be confmed to male mice, and why was it not observed
reasonable to assume inan te evidence that damage cossksently in pathogen-free mice?

caused by netwal bediground radiation, in which the
energy deposition event in a panacular nucleus are 270. More recent expenmens wie rodens and bengle
sepersind by weeks or months [B21], should be readily dogs exposed at vanous ages to low done reens of low-

reparable by the available metsboikally dnven IIT redistion have generally been unable to desnonsonee

mechamsms. any sistnomuy significant di5erence in life apan of
irradisted and control groups a8er accumulated doesa of

266. However, enors in repair do occur, even duriss up to about a ssay. However, anneur i' culence did not
metabolism, such as small bene-sequence changes (point mcrease unta the dose was in excess of about a gray,

mutations), gene delecoms or marrangemens, although the depending on the miouse srisin and the st gebGity of the

overau DNA inangray may be retained [F3. F4, F5). It animals to developeg tpontaneous anc sus. In sosne
needs to be :-M therciore, that the esecuveness of saadees there was a non.setatial trend tu anis a lower.

DNA repair in inediated mammalian cells is not absoluse, then expected incedence of tissue specific annours, but in
sorne fracnon of the cells retamag stable mussuons. Thus, other sandies there was a non-satistical tend towards a
the same low conditiones doses that result in an adaptive higher-than-expected siculence at doses of m2 Gy. A
response are likely also to result m malignant cellular reductaan in life-span or an incnase in annour =mie-
transfonnations by the mechanusms docussed in Annex E. aner fracnosseed exposuns was not of sostissimi
'Mechsaiuns of redistion onco.geness' in the UNSCEAR signifkance until occuenulated doses exceeded a few gray.

1993 Report [U1). It would seem importat to judge the
belance between the tidelay of repair, resmiumi damage and 271. The low smesecal power of most husean spalanuo.

malignant transformations and whether indeed these effecs logical canar surveys wah exposuns at low doses makes
interact with endi oter. The Comunimee hopes that more it difficult to reach a decurve condusson on the maa==
dem wig become avadsbie in the near fbane to address or absence of an adaptive resposue. Sandnes of exposure to

this point. bisher-than-avesage levels of asemal background radiation
have made lisle canetunen so ist to esehnstag the nsk

267. Alternative cellular mechanisms have been proposed of cancer froen low dose rese, low I.2T radiation. Saadies

to explain the adspave rear == These include the of occupational exposes have recendy shown nume
detoxification of reactsve radicals, thereby reducing the prosnee of yiehhag positive result, especisDy s era

potentaal for damage, and the activation of membrane- moderate doses, but in the low-dose region the a= rwa-,

bound receptors stimulating cell proliferation. Effers limies are so tuosd est he resuls are still equivocal The

should be made to characterne the possible role of 'bese Life Span Sandy of suvivors of he r,anense bosnbegs

pr== shows no siguuticent excess of total cancer amortality below

about 0.2 Gy. AI cances other than leuksemis are in
'26|L 11 remains doubtful whether the immune system excess,but not statsecauy significaat down to a donc

plays a sigmficant role in any of the adaptive processes at range of 0.01-0.05 Gy. leuksemis shows a deficit at doses i

low desen. In the UNSCEAR 1993 Report [Ul], the less than 0.1 Gy, which assin is not sisamecauy ;

Comausse condaded that the inunune system may not signiocant. At pescat no concision can be drawn about |
'

play a sugar seis bi neederstutg bunan radiation onm. the dose response below 0.2 Gy because of statistical

genesis, amsugh inumane funcuan in certain organs may limiestions.

ensure est asme early ruariaate cells are eliminated
*

before they become established. The data in this Annex 272. In conclimian, there is hM evulencz of an
are not in condict wit this generalized conclusion. Some adaptive resposee in selected ceDular systems followmg

transient egees on the ratao of subsets of T cells and in acute exposwe to conditioning doses oflow-l.Er rade-

aczelerating programmed cell death in damaged ,1ympho- uon. The precise molecular processes involved in ibe

cytes have been i.ientified. It is interesting in this respect adaptive response are not weu understood at present, but

to note that a done of a few hundreds of mGligray can cellular reper is likely to play a ro|e by mechansms

influence tumour growth kinetics, expressed as a transient similar to those involved in the generalized stress resporue.

reducuan in tumour size in experunental ammals. Tbc The presence of an adapuve response is not readily

evulence for changes in the human immune system long evulent froen the nsults of expenment in maminalun

aher exposure is not convmemg. orgarnms in terms of reduced namour induction. Inter-
~

I prention of these expenmens is complicated by varutsons

269. Anunal expenmens in ibe 1950s and 1960s sbowed in the susceptbGity of different animal strams to

that chrosue exposure of rodents at doses of up to a few spontaneous anneur induction. The low stetstical pcmer

mdligray per day from low.LET radiation could result m of the epidemiology studies also prevents a clear sutement

mcreased life-span compared to controls exposed to only on the presence of an adoptive response m bumans

-
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exposed to leur doses. It is to be hoped that better
vey possible beneficial effects to the organism that

understsading of mechanisms of radiation effects
obtained is molecular studies might provide a basis

would outweigh the detrimental effects of exposures
to low doses of low LET radiation. The Comunittee

upon which to judge the role of adaptive response in
recommends that this research be continued in order to

'

the organism. In the meantime,it would be premature clarify the nature and importance of the effects of
to conclude that ce!!ular adaptive responses could con- radiation-induced adaptrve response.
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Setting Standards for Radiation Proicetiom A Time for chmage
by H. Wade Paan= rana and Dav)d P. Hackman

A38HACT

In 190Q, the Internatkal Commhmaou un Radiatkm Protectkm (K2F) ncommended that "cartam,

radiaison s5scas an innvendble and camm1stive." T=0-m, the ICRP 'strongly reenannended
i

that every esort be saade to aduce erpoeons to n!! types ofionning rahaan to the krwest
;

poendblelevel"2Then in 1954, the ICRP published As assumption that humana neponse to sonising
j rediauom was hear wmb dose, togscher wah the Wma=AaMan (beg ggggggggg gg ggpg gg joy

as practicable.' These concepts an sti!! the foundation of r-,hwan penendinn paary indey, own
'

8
, though, as Evans has stated, "The linear non.thmshold (LNT) nodel was adopted sped 8cally on
| a besde of matbamaHeal adsspildty, not imm r-hiqdcal data. . . .' Groups neponsible for
i

; settens standards Jbr redsatson gm should be abnest of new devenopenents and new data as
'

they en published. kwever, than dom not amn in he the case. For e-==p1=, there how b a

'. many reports ta =*nH6 peeraviewed, and other p=ue=Ha u danng the Inst thew decades
| that how shown the IRr model and the pokey of As low As Reasonably Achievable (ALARA) to

be avahd. However, none of these nports has been refuted or nun discussed by standard setting
groups. We bekw thse owmdates a change in the :" 'T n 7-g puooses.

i |

Histarical review |
'

1

For over 30 years after the dLv-y of x rays and radioactivity, it was thought
that the somatic e5ects of radiation exposure in humaan couM be apaired, ad for
this pedod, the w.cep; of a " tolerance * dose was used to set pivic'ss standards.
' Ibis view was revised when, in 1927, Hermann Muner published his results on

i

theinduction of mutations by radiation.' St Gy tharunfter, and unt0 the early
1930s, pavn.Gon standards were set to limit the number of recessive genes
introduced into the gene " pool' by radiation exposure.

i

By the mid-1950s when it was recognized that" genetic damage . . . is not a

limiting factor,"rediation protection standardsp to look at alternative,

e5ects such as hepan sheetsnin6 and cancer. The concept thatc=aa-
'

induction has no threshold and that all exposure carries some risk was than
*= - t f into the st=adards, even though standard 14 Ervups; r
recognised that there was some evidence of repair and rm.v.-y from radiation
effects. Thus, the offidai rediation p#-ction policy was based on the3

assumption of linear non-threshold e5ects. From this innocuous but enormoun;
'

assumption ofIfnear non-threshold e#ects has grown the p- ..% but now
cencial policy of standard-oceting groups. Ba ed on thmee .ady concepts, the
linear model must be used to fit exposure-response data over the entire done
range, even though there is no bests for doing so ottier than " mathematical

Dis work was pedened sancr the sospices d the U.S. c.,w ofEastgy by Lawnece lhenmore
National Labontery under Compacr No. W4405 Ema-48.
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convenuence." An example of this poucy (see Figwe 1) was recendy reiterated in
the Federal Register, despite a statement that human response to ionizing,

! radiation is "non-linear" (U.S. Federal Register 56 (136) 33050 127,1991).
i

Natural phenomena

; Thereis abumianeevidence that many natural processes a non linear. As early
; as the 1800s, both the principles of an optimum quantity (neither too litde nor too

much) and a necessary minimum quantity of
exPnesed in the context of plant growth mode @lmg. An extensitalagents were
principles to mutagenic e5ects was given by Bowen and Tolley.p of these

,

' "

C E. K. Mees,in
Die Theory ofWie Pk4sgr.r|A Process, detailed the non-linearity of the relation

'

"between
emulsiert,the exposure given . . . and the density obaM" in a photographic,

Here, a minimum amount of energy must be supplied to munder a
sGrer grain developable. This requirement of a minimum energy needed to cause
an e5ect is common to other processes as well.

,

'

Continuing this line of reasoning, we know that all living organisms, DNA, and
even moleculae are highly ordered systems; and it is clear that this order must be |
maintained if a systeen is to perpetuate itself. Scientific logic dictates that it is
natural for such systems to develop a mechanism to routinely perform needed
mala 4= nance And inded self-maintenance and repair are evidenteverywhere
in living organ!*=* It is also natural that this repair whanum can be
sumulated by external forms, which are also evident everywhere. Hair regrows,

-

skin is replaced, and neural pathways regenerate- all of which are evidence of
'

| both normal and stimulated repefr, the expected response to a normal
ienvirnement

i It has been speculated that these highly ordered systems are =mwinted to induce
'

; adaptation and evolution. If this were so, then exposure to environ =antat agents
; below the threshold fue harm may be vital to assure that needed adaptation in a
; constantly changing environment continues to occ..

A multitude of physical evidence demonstrates that a threshold exists, below
which highly cedered systems wf11 show no dekimenta1 response. Por example,
oxidation induced by the Browadan movement would turn our bodies into 002,1

: H20, and a Sne widte inorganic powder if a threshold did not exist. Stated
diserenay, human beenss have developed and adapted to function best and to

j be fittest over a range of enviromnental agents. Ultreviolet IJght, tenaperature,
p.-, and our response to trace elements are a few examples. Is it then
'

ogical to assume that our response to radiation, another environmental agent,
should be different?

.

.

_
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!

Review of esperimental radiobiological observations
8Twenty years ago, Evans showed the LNT model in be radiobiologically

{ urdenable. By extensiost this would invalidate the wn-yMal bemis for the
: ATARA principle. Nonethel.se, the %_mittee on Biological E5ects ofIonizing
! Radiation (BBIR) for the National Academy of Science and the United Nations
| SuVe-mittee on the E8ects of Atomic Radiation (UNSCEAR) have chosen to
! use selected data and mardpulated and forced this data to at the linear non-

threshold model
i
i Both the ICRF and the National Counmittee on Radiation Protection and
| Measumment (NCRP) based their wnmawndations an the BEIR and UNSCEAR
i sport (s), and on Japanese data that were also forced to At the linser non-
| thmshold enodel (see Figum 2). In tum, regulatory bodies such as the United
i Status Department of Energy (DOE) and Envirornnantat Protection Agency
| (EPA) ja=818ad their use of the LNT model and ALARA y.b ,,le by referencing
j the ICRP, NCRF, BEIR and UNSCEAR mports.
!

s
Over the years manypublished papers (see Attachments I-1H) front the United

| States, China, f=l% r==ada, Japers and England also invalidated the linear non-
| threshold model. Maat, if not all of these papers have been published after peer
1 avview. Some showed a downward-trending response to radiation exposure,
| while others showed a thmebold. (See the mismaces in Attachment I for
j neponse versus exposure e5ects). These studies demonstrate that there is no

,

i relation between the @ sky: or Wap=1 data and the linear non- |
ttuenhold model PuhBabed results from these studies, which demonstrate die.

faBacy of the LNT theory, included data on cancer incidence fman both external4

j and internal exposures for both whole populations and -:-:-:7"-ny exposed
| p (see Figures 3-5). 'Ihese data are typical of relenness in Attachmaan6 I-
i m. Equalty hapartant are the references in Attachment II that paavide evidence
j for both normal and seismulated repair of radiation damage.
!

| Sunnmary
I
{ in % the embshMat list of published data as well as the authos's
! oceclusions an b attached references and comparing the data widi die linser
i nosHhnehold, we can caty conclude that the LNT anodel (and by infenace the,

! AIARA paladple) is wnns. Modeling or 8tting (or my other foam of
| interpretuAse) of Gds data need not be sfonned, because dhoct observation of
| the data aBows ese to conclude eneGy tnat the INT 9edelemenotbe used as a
j predictor of dose vessus e5ect. As Richard Feyrunan said,"In ganaralwelock
; for a new law by nie sonowing preesse riret w seem a. non we compute en
; consequences of to guess to see what would be implied if tids law we guessed
; is right. Then m costpare the result of the cosaputation with nature, weh
: experknent or expertenem, caempem it dimetty with obeauvation, to see if it
j works. M it disegnes with experiment it is wrong. In that shople statement is tw

her s eiene n does not mahe any dm== how benaufulyo= se.ne;
,

:
|

| A ys
. _ _ _ _ . .- .-
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| |
' |

!
! does not usake any diNorence hr w omart you am, who made the guess, or what !

his name is-if it disagnerwith experiment it is wrong. That is all there is to it. . I

b

| Feynmaan' continues by stating, "Another thing I must point out is that you |
I CABhot Prove a vague theory wrong. If the guess you make is poorly expressed |

and rather vague, and the method you use for figuring out the consequences is a l
! Ettle vageo-you are not suse, and you say, 'I think everything's aR right j
j because it's all due to so and so, and such and such do this and that more or less, |

! and I can meet of explain how this works. . ., then you see that this theory is good,
; because it cannot be proved wrong! Also if the praeses of cosapating the
'

consequenoss is ladonnae, then with a little skiR any experimenal moults can be
made to look like the expected consequerces."

j Feynman's www of science is directly applicable both to the use and application
i of tie LNT model and ALARA princip e. Moreover, on the basis of a review of

i
the data pneanted in the saferences (Attschments I-m), them in unequivecal:

f evidence that L"._es=-:-E.s groups of humans have tolerated cleonic radiation
! expoemes of at least 0.t rad a year without ill esect and can also tolerate acute

expoemes of at least 10 rad also without any effect.:

I

I 1

; n - u ..e _ i

1
j it may have been prudent once to assume that the liveer model should
! be we now bellsvs that in the spirit of true science itis obligatory to reject

this policy. The ul mtion of standards for radiation .r:5maastbe-6 r
based on acism observation rather than on unsupported assumptions and
subsequently begged assertions.

,

I Obviously a re exannimation should be cammissaanad under the a of
scene entity other than those groups responalde for the present k
seems apparent that these groups haw failed to consider new developments and
now dann, and that they would face a sevene cocaict of inessest were they to be4

tavolvedin a newreview.

After tids re enseinstion, it is to be hoped that the current application of the
t.wr mees esa the ALARA pedaciple-together wiGi Hs agularly igneund
mandate to balance beneat against cost-would both be akadaa=1 We make
no menemenmadassen about saethods and procedures a newly constituted group
should use in so emeentning tw linear model,, because we believe it is pseenature
to propose solutions. Also for tids reason, we have have W any
disemasien a which model, W any, should spiace the LNT. Instead, we
beheve that good scientific J d ,les should be employedin arriving atlogicallyr ii
and unequivocany stated conospas.

.

.

__ __ __ _. - - ..
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l

Feisty mahdirs know that the LNT model is g
INCORRECT! ,,3

:

I |

| " EPA policy, supponed by en-windoes of SAMtAC, l
'

is to assess cancer risks Rom ionizig radiation as a linear I

respames. % mee et the dial paineer does regadres )
shbar derMas a Enear risk coeficleat hem signIncandy I

mea 4near espesure response data, or abandoning EFA l

policy and SAMLAC advice is this cess."
l

Becerpt fona: Federal Register 56 (138) 33050 127,1991

|

|

Ateatherbossb daea can met demonstrate an eneet
baiser a threshold

"ne lowest specific absorbed does at wiud unequivocal
effects een be descaserated among A bomb arvivors is
0.20. o.4p oya

|
'

.

Fresa: Schall, WJ., Shimizu, Y., Kano, H., Enddaund.
M

apasar,se,1, pp. op.751990.

.

.

1
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I andham dose response data that does not agree with
the LNT anedal
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LE-

i

la general we look for a new law by the following process. First we !
suess it. non we compues &c muunous utthe guess w see what
would be impiled if this law we guessed is right. Thea'we oospere the
reemk of die conquesica with nature, with experiment or experience,
canapese it dady whh -2 r.d-w to ese itie weeks. Mit deepees
whb esyndseest it is wreeg. In that simple statessent is Ibe ksy a science.
R does est asks any difthnnes how besudfht your pues is. R does not
melus any dShrence hour smart yce are, who made the guess, or wbst his
name is -ifit dangrees with experiment it is wang.
not is all there is to it. ..."

Riched Feynman

.

.

att |,

TOTAL P.09
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Setting Standards for Radiation Protection: A Tline for % ..c
by H. Wade Psalessoa mmd Dav)d F.14.d=m

ABSTRACT

in 190A, ttw hammational G- *n on Radinttun protection (3CRF) r====uled that "arteta

adiation e5scas ese irseveraMe and cumudattw." Furthennose, the ICRP *strongly moamenended

that every esort be usade to aduos exposures to at types diendelag mediaticas to the lowest

possede neveL"' Then in 1954, the ICRP puhkshed as eseumption that huanam assyonse to scudslag
= anum = wes ihimer web esse, topscher wah the m==da*= that euromuus be kept as low

as precekabin.8 Thane osmosyns ase selR the foundation of radiation preendinn policy trdey, ewn
*

though, as Evans' has stated, "The linser non thnabold (UTO model was adopted spectacany en
a basis of maahamanical eimpudty, not fresa F M =' data. .. .' Groups sosponside for

setning sesadards Amr radiation protection should be abnest of msw OC -- _ and new data as

they ese pubbsbed; hcmwver, this dans nnt aasan in he tlw case. Por example, these have beam

many roposesin sdemenac, pearenswed, and other," ' = dunas the lnst three decades

that how shown the Dir anodal and the pohcy of As law As Manamahly Adievabb (AI. ARA) to

be mvind. terw ver, noms of these aposts has been nfused er even discussed by standerdetens
aro*Pn. We helsew thin sendates a dnange da A'W ; puooses.

IUstaticalreTiew

Por over 30 years aner the disco very of x rays and radioactivity, it was enought
that the somatic edisets of radiction exposter in humans cooki be repaired; and for
this pedod,the of a " tolerance * does was used to set protectica standards.
This vsew was when, in 1927, Hannann MuBer published his ruoults on
the induction of mutations by radiation.' Shortly theresAar, and undG the early
1980s, protectica standards were est to limit the number of recessive genes
introduced into the gene "poot" by radiation exposure.

By the mid4950s when it was WM that " genetic damage . . . is not a
limiting Amster,"rediation protection standards]mann to look at alternative
err.ets sh aus pan -r - sut enneer.% eonespe s=*====r
laduction has no tuushold and that a!! exposure carries some risk was than ,

!'

^ l into the standants, even though standardentting groups

w'ts. Thus, the ofsciat radiation yrotection policy was based on the--a that there wm some evidence of repair and w.m froen radiationesec
assumption oflinear non-threshold efects. Froma this innocuous but erroneous

,

assem ption of linear non-threshold e5ects has grown ens p===i+m, but now
edheid poincy of standard ootting groups. Based on these endy concepts, the
linear anodd most be und to fit exposure response data over the enthe does
=nge,evenma *h there is no basis for doing so ottfor than " mathematical

TMs week was para ==ad under the ansplass of the U.S. Dgertunut ofBastgy by Lawtemos Iberman
Naismal Laboatory ender Cassect No. W.7405 Ema.48.

4YY
.
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1

| convenianos? An example of this policy (see Figure 1) was meantly reiterated in
j the Federal Register, despite a statement that human response to ionizing
: radiation is "non Itnear" (U.S. Federal Register 56 (136) 33050127,1991).
1
1

i Natural phenommena

These is abundant evidence that many natural processes are non linear. As early
j as the 1800s, both the peinciples of an optimum quantity (neither too little nor too
j much) and a necessary minimum quantity of e'-- talagents were
! expressed in the context of plant growth modehag. An q. of these

to motagenic e5ects was given by Bowen and ToDay. C E. K Mees,in;

1

of thr M:pf '-Prooses, doenned the non-linearity of the relation
"hetweenp exposure given . . . and the density obtained"in a AM"
emiulsion. Hase, a minhaam amount of energy must be supplied to nender a

; sGver grain developable This requirement of a minimum energy mandad to cause
i an e5ect is common to other processes as weII.

i Continuing this line of r==W we know that au living organisma, DNA, and
even molecules ase highly ordered systems; and it is clear that tids order must be:

maintained if a systaan is to perpetuate itself. Scientiac logic dictates that it is-

i materal for such systems to develop a mechaniam to routinely perform needed
==%=e. And indeed, self-mair.tenance and supeer are evident everywhom.

inliving It is also natmut that this repair mechanism can be
sumulated extenal fosses, which an also evident everywhose. Metr tegnrws,
skin is replaced,, and neural pathways regenerate- all of whkh are evidence of
both normal and ethnelated repair, the expected moponse to a normal
envisesunent.,

It has been speculated that these highly ordered systuns are inandated to induce
adaptation and evolution. If this were aos then exposum to servh=====t=1 agents

: below the timeshold for hares many be vital to assume that nooded adaptation in a
consbetly changing environment continues to oce..

A multitude of physical evidence demonstrates that a threshold exists, below
widsk highly esdered systems wGi show no detrimentai response. Por le,,

oxidatism indmend by 8te Brownian movannant would turn our bodies into
H20, and a Sus when inorganicp if a tbsenhald dk1 mot exist. Stated
esen,er, nom.n sahi, he,e _. m and adapted t. f.ncison nest and in
be 8tteet over a range or envirommental agents. Uttaviolotlight, temperatum,
puessen, and our sosponse to trace elannents ass a few examples. Is it then
logical to assume Gnat our moponse to radiatica, another errvironnesdal agent,
should be danerent?

1

9
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Review of yi- "M radiobiological observations
8

Twenty yeen ago, Evans showed the LNT model in be radiobiologica!!y
untenable. By extension, this would invalidate the w yM basis for the
ALARA prindyle. Nr'F'-- the hittee on Biological FEscts ofIonizing
Radiation (BEIR) for the National Academy of Science and the United Nations

. Sut>Comunittee on the BSects of Alcanic Madiation (UNSCEAR) have chosen to
use selected data and maa6&ted and fasced this data to At thelinear non-
thnehold model

Both the ICRP and the National Counmittee on Radiation Protsetion and
Menevrement (NCRP) based their wnmawndations on the BEGt and UNSCIAR
mport(s), and on Japanese data that were also forced to St the linser non-
thnehold model (see Figure 2). In turn, agulatory bodies such as the United
States Department of Energy (COE) and Environmental Protection Agency

| (EFA) Just18ed their use of the LNT model and ALARA yJ-yple by mienncing
the X2P, NCRP, BEIR and UNSCEAR ieports.i

s
Overthe years many lished papers (see Attachments I .III) froen the United
States, China, India, da, Japan, and England also invalidated the linear non-
thmenhold model. Most if not att of these papers have been published aner peer
review. Some showed a downward-trunding response to radiation exposure,
while others showed a thneshold. (See the nierenses in Attachement Ifor
suspense versus exposure e5ects). These studies demaanstrate that there is no

;

relation between the eNQ or biological data and the linear non- I

thmahoid model. PanA=i rwalts frem these studies, whkh demonstrate the
faBacy of the LNT theory, included data on cancer inchw= froun both external
and internal exposures for both whole populations and =-4" --87 exposed

,

groups (see Pigens S 5). 'Ihmee data are typical of soferences in Attachmanis I- i

HL Equally impostant one the mienness in Aenarw H that provide evidence
for both normal and othmulated sepair of radiation damage.

s= = mary

In reviewing the embetentiallist of published data as well as the authos's
coactandons in to attached referereas and cosapadng the data wi8t de linser
non-stneshold, we can cody conclude that the LNT model (and by inference the
ALARA pedadple) is wrens. Modeling or atting (or amr other foon of'

interpestesse) of this data need not be Md because dhoct observation of
the data eBews one to eenchede easGy t ut the LNT9odeleennotbe used as apredictor of dose versus e5ect. As tirhard Feynnen said,"In Generalwe look
for a new law by the foDowing pmcess: Mrst we geen it.1 hen m aosapete tw
comesquences of the guess to see what would beimpiledif thislaw we guessed
is right. Then we compare the result of the cosaputation with natore, wiSt
experknent or experienem, canapam it directly with observation, to see if it
werbs. M it disagrees with experiment it is wrong. In that eienple statement is aw
her to - n does not make any ame=== hm b=unfulroer sue = is. *

,

.a w
,
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does not make any difference how omart you are, who made the guaes, or what
his name is-if it disagrese with expenment it is wrong. That is all there is to it. .

Feyruman' continues by stating, "Another thlag I must point out is that you;

cannot pree a vague theory wrong. If the guess you make is poorly esysessed
and rather vague, and the meethod you use for figuring out the consequences is a

. httle vague-you am not eme, and you say, 'I think everything's aR right
because it's all due to so and so, and such and such do this and that more or less,

'

and I can eart d emplain how this works. . ., then you see that this theory is good,
because it cannot be proved wrong! Also if the process of computing the
consequences is fadanmas,. then with a little skin any e= tai results can be
made to look like the expected consequerces."

Feynman's view of science is My aglicable both to the use and application
of the LNr model and ALARA ya.@ e. Morweer, on the bands of a swiew d
the data presented in the references (Attechments I-5), there in unequivocal
evidence that heterogeneous groups of humans han tolerated chronic radietion
expoeures d at leset 0.t red e year without ill esect and can also tolerate acute
exposums of at least 10 rad also without any effect.

'
1u--a.u-

Alb gh it may haw been prudent once to assume that the kneer model should
be used, we zww believe that in the spirit of true h itis obligatory to reject
this policy. The utgation d standerwis for radiation .-Mn must be-r
based on e h observation rather than on unsupported assumptions and
subsequently begged assertions.

Otpriously a sea m=ination should be cammianianad under the a of
some entity other than those groups responsible for the present k
seems apparent that these groups han failed to consider new 4.. l:-p r-4 and
new date, and that they would fece a sevene condict of laternet were they to be
involved in a arw review.

Aner this seemseinstisen, itis to be hoped that die current application of the
LNT seedel and to ALARA principle-together wth its regulady ignored
=madmaa to talence bene 8t against cost-would both be sh==da==A We make
no maramammadnesan about seethods and procedures a negriy constituted group
should use in zeessenining die linaar model, because we believe n is pressatme
to propose echstions. Also for this reason, we han haw ondtted any
disenssian a widsk model, if any, should replace the LNr. 3astead, we
believe that good scientific principles should be employed in arriving at logically
and unapsv cany stated concepia.

,

O

.
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| Policy mahdrs know that the LNT model is g
| INCORRECT! A
;

I

i
; " EPA policy, supported by rs=nmarviations of SAB/RAC,
i is to asecas concer risks flmm ionizing radiation as a linser

! response. % ase et the dial painter does requires
{ ahbar deridag a linear risk coefGelent hous sigaMcandy
) N 8EPesure response data, or aheadosing EFA
| pelley and SAMtAC advice in this caos."
,

:

i

| Excerpt fann: Federal Register 56 (138) 33054127,1991

!
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Atemde bessb data cau met demonstrate se effcet
balswa thnsheid

"ne lowest specific absorbed dose at windi unequivocal
eSects een be demonstrated among A4 cab survivors is

o.20-o.49or

.

Frcan: Seball, WJ., Enig Y., Kano, R. Esashimund.
M

Pa sics,$9,1, pp. 69-751990.r
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Cameer risk has enviromanental radiation (e2ternal
- E

and Ameermal)la age-standardized Indian populations A
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In peeral we look for a new law by the following process. First we
anses it. Den we compuse ibe conseguanuus urthe pues to see what
would be implied if this law we guessed is right. Then we compere the
resak of te compuession with nature, with asperiment or asperience,
comagese it deedy with -i nee . to see ifit works. Mit descrees
wish agedment itis wroes. In that simple stessesent is 6e key to esience.
A does met aseks any dishmoos how besudfht your pass is. a does not
make say etBuence hour smart you ers, who made 1be geess, or what his
name is -ifit Asagrees with experiment it is wmag.
That is all there is to it. ..."

Richent Feynman
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