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MEJUIIAHCKUE ACHEKTHI YEPHOBBLIBCKOM KATACTPO®bI

CHERNOBYL BEYOND 20 YEARS:
WHAT IS RADIATION-INDUCED THYROID CANCER?

Shunichi Yamashita

Radiation and Environmental Health, WHO Geneva
Atomic Bomb Disease Institute, Nagasaki University

Along with a summary of clinical data on Chernobyl thyroid cancer, presented will be the
scope of current understanding of the molecular mechanisms of radiation-induced thyroid cancer
in children and adolescents with a focus on the discussion of how to further assist the long-term
follow-up of the operated patients with thyroid cancer and to outline the approaches to the identi-
fication of the groups at high risk of the disease. Special attention should be paid to a high risk
group of individuals who had been exposed to radioactive iodines after the Chernobyl accident
and whose age is from 20 to 30 year-old in 2006.
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YEPHOBbLJIb 20 JIET CITYCTSI:
K BOITPOCY O PAKE IUTOBU/IHOU KEJIE3bI,
OBYCJIOBJIEHHOM PAIJMAIIMOHHBIM ®AKTOPOM

Cynununm SImacura

Cay:x0a paguanuoHHOi 0e30macHOCTH U 3Kojgoruu, BO3, /Kenesa
HNHCcTUTYT O BONpocaM M3y4eHHs MOCJIeACTBUI aTOMHOI 60MOApAUPOBKH,
yHuBepcurer r. Haracaku

Hapsiny ¢ naHHBIMM KIMHMYECKHUX HCCIIEIOBAaHUI B 00JIaCTM paka LIUTOBHUIHOM >Kele3bl
Bciaencteue aBapuu Ha YADC, B craThe paccMaTpUBAETCs KOHIEMIMS MOJIEKYJISPHOIO MeXa-
Hu3Ma Bo3HukHOBeHUs PIIDK y B3pocnbix u mereid, 00yCIoBICHHOTO paaualiliOHHBIM (PaKTOPOM.
AKIIGHT CTaBUTCSI HA METOAAX JOJITOCPOYHOTO BEIEHUS OONBHBIX, MEPEHECIINX OMEepPaIrio IO
noBoxay PIIDK, u BeissBneHuu rpynmsl pucka. Oco6oe BHUMaHUE CIeIyeT YIAENSITh JHIaM, TOIBEpr-
HYTBIM BO3JEUCTBHIO PaJMOaKTUBHOIO ioaa 1 yelt BozpacT B 2006 roxy cocrasisier 20-30 mer.

KiroueBkle cioBa: pak HII/ITOBI/II[HOI\/'I JKCJIE3bI, MOJICKYJIIAPHO-TCHCTUYCCKNEC MCXaHU3MBI.

Within and beyond the 21* Century Center
of Excellence (COE) program in Nagasaki Uni-
versity, we have been deeply involved in vari-
ous international joint projects from Japan on
«Radiation Effects on Human Health» and are
mainly trying to clarify the cause-and-effect re-
lationship between Chernobyl radiation fallout
problems and the existing health conditions in-
cluding human cancers. Based on our medical
aid projects and joint academic achievements
around these areas, we have summrized the
late health effects of radiation and learnt spe-
cific lessons from Atomic Bombing to Cher-
nobyl through various on-going programs at
the WHO Headquarter in Geneva [1].

Thyroid cancer is the most common type
of human solid tumors associated with exter-
nal ionizing radiation exposure, especially if
irradiation occurs in neonates, infants and
children [2]. Since the Chernobyl accident,
specific attention has been paid to an internal
exposure of the thyroid gland and its close re-
lationship with childhood thyroid cancer [3].
The appropriate prophylaxis of iodine admini-
stration just after the accident like in Poland
[4] could contribute to mitigate the increase of
childhood thyroid cancer and also decrease
the risk of thyroid cancer occurrence. lodine
deficiency is another risk factor of radiation-
induced thyroid cancer around Chernobyl [5].
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Childhood thyroid cancers are originally quite
uncommon and have a fairly good prognosis
despite of the aggressive manifestations. Inci-
dence of thyroid cancer in children dramati-
cally increased around Chernobyl from 1990
until 2000, probably attributed to short-lived
radioactive iodines. About 4000 childhood
and adolescent cases of thyroid cancers have
been diagnosed from 1990 to 2001 around
Chernobyl with few than 10 deaths reported
[6]. Papillary carcinoma is the most common
malignant tumor of the thyroid in both adults
and in those 18 years of age and younger.
There have been several reports of an associa-
tion between radioactive iodine exposure and
childhood thyroid cancer prevalence but the
interpretation of data still needs some straight-
forward refining [7—11]. Adult thyroid can-
cers include disease types that range from an
indolent small-size solitary malignant nodule
to the fulminant and lethal anaplastic carci-
noma. Definitely, the differences do exist be-
tween adult and childhood papillary thyroid
cancers. For example, childhood thyroid can-
cers display a higher incidence of regional
lymph node metastasis, extension outside the
thyroid capsule and lung metastasis. The ini-
tial comparative study of post-Chernobyl thy-
roid cancer in Belarus and naturally occurring
thyroid cancer in the Europe clearly demon-
strated that individuals 5 year-old or less at
the time of accident accounted for the major-
ity of thyroid cancer patients substantiating a
necessity of careful monitoring of the subjects
of younger age at radiation exposure [12]. The
prognosis of operated childhood thyroid can-
cer in Belarus is quite favorable so far [13].
There is no clear evidence at a moment that the
incidence of thyroid cancer has increased
among those exposed as adults [14, 15], how-
ever the role of adult radiation exposure, either
by radioactive iodines or externally, remains to
be clarified. Integrative to other conclusions, the
Chernobyl Sasakawa Medical Aid Project per-
formed from 1991 to 2001 has pointed out the
necessity of a cooperative multidisciplinary thy-
roid cancer research system of the long-term
health care of exposed individuals [16, 17].
Along with a summary of clinical data on
Chernobyl thyroid cancer, presented will be
the scope of current understanding of the mo-
lecular mechanisms of radiation-induced thy-
roid cancer in children and adolescents with a
focus on the discussion of how to further as-

sist the long-term follow-up of the operated
patients with thyroid cancer and to outline the
approaches to the identification of the groups
at high risk of the disease.

1. Age distribution of thyroid cancer
morbidity after the Chernobyl accident

The peak incidence of childhood thyroid
cancer after the Chernobyl accident is now
over, shifting from adolescents to young adult
aged more than 20 year-old. The current la-
tency between the Chernobyl accident and
clinical diagnosis of thyroid cancer is also
about 20 years. Time trends of thyroid cancer
incidence are similar among the three affected
countries, supporting the concept that subjects
of younger age at the time of radiation expo-
sure had, and continue to have, an elevated
risk of developing thyroid cancers. The differ-
ence between early- and late-onset thyroid pap-
illary thyroid cancers after the Chernobyl acci-
dent is under investigation but so far no clinical
differences besides of age-related particulari-
ties have been registered between them.

2. How can we distinguish between radia-
tion-induced and sporadic thyroid cancers?

High doses of ionizing radiation produce
bulk damages in biological objects evoking
one or another form of cell death. In contrast,
low doses do not lead to apoptosis but induce
numerous DNA double strand breaks, deletions,
point mutations and/or chromosomal instability.
There are three major approaches to the molecu-
lar discrimination between radiation-induced
and sporadic thyroid cancers: 1) mutational
studies in radiation-induced and sporadic thy-
roid tumors, 2) comparative gene expression
studies, and 3) genomic studies including mo-
lecular epidemiology in patients who devel-
oped radiation-associated thyroid cancers. Re-
sulting from cancer-related gene analysis, fu-
sions between RET located on chromosome
10g11.2 and other genes are specifically
found in papillary thyroid cancer tissues.
These are collectively called RET/PTC rear-
rangements. Among 16 different types of
RET/PTCs, RET/PTC1 and RET/PTC3 are the
most common variants accounting for about
90% of all chimeric genes. The prevalence of
RET/PTC rearrangements ranges from 11% to
43% in sporadic papillary thyroid cancers and
50-80% in patients with a history of radiation
exposure. In children affected by the Chernobyl
accident, RET/PTC3 was the most common
type in tumors developed less than 10 years af-
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ter the accident, whereas papillary thyroid
cancers developed after the longer latency had
predominantly RET/PTC1 (18). Another type
of gene rearrangement, AKAP9-BRAF fusion,
has been found in 11% of early onset papil-
lary thyroid cancers but in 0% of tumors with
the longer latency after the accident [19]. In
contrast, point mutation analysis of RAS-RAF-
MAPK cascade genes, such as BRAF and RAS,
showed no significant difference of the muta-
tional frequency between radiation-induced and
sporadic thyroid cancers when similar age
groups of patients were compared [20, 21].

As a whole, analysis of the mutational
spectrum of the Chernobyl thyroid malignan-
cies demonstrates that gene rearrangements
leading to the activation of MAPK signaling
appear to play a perceptible role in radiation-
induced papillary thyroid cancer. However,
none of the cancer genes or impaired tumor
suppressor genes has proved a marker of ra-
diation etiology. Moreover, gene expression
patterns in radiation-related papillary thyroid
cancers are similar to those in sporadic ones
[22]. Therefore at a moment there is no es-
tablished «radiation signature» or any spe-
cific target gene has been identified. Radia-
tion-related gene abnormalities may actually
be age-related.

3. Necessity of molecular epidemiology
investigations

In view of the absence of genetic markers
to distinguish between radiation-induced and
sporadic papillary thyroid cancers, further ge-
nomic studies may give us critical hints of ra-
diation sensitivity and tumor-prone suscepti-
bility in man. Since our understanding is very
limited as for why thyroid tumorigenesis oc-
curs in a relatively small number of exposed
individuals, large scale molecular epidemiol-
ogy investigations in thoroughly designed co-
horts around Chernobyl can potentially iden-
tify at the biochemical or molecular level spe-
cific exogenous and/or host factors which play
a role in human cancer causation. Pilot studies
suggest that molecular epidemiological methods
targeting single nucleotide polymorphisms of
DNA damage response and cell cycle control
genes may be a promising tool in the area of ra-
diation-induced carcinogenesis [23].

4. Hypothesis of radiation-induced thy-
roid carcinogenesis

Fundamental knowledge and hypothesis
about radiation-induced leukemia mechanisms

in children [24] may lead us to similar ideas in
radiation-induced thyroid cancer. One can
surmise that the risk of radiation-induce thy-
roid cancer in a population may be largely at-
tributable to a small number of predisposed
individuals in whom clonally expanded trans-
location-carrying pre-cancer cells have accu-
mulated. The high frequency of RET/PTC re-
arrangement has been predominantly seen in the
early onset cancers in young children after the
Chernobyl accident; it seems to be declining
gradually with patients’ aging. The immature or
precursor stem-cell like thyrocyte may be con-
sidered a preexisting initiated cell if it harbors
RET/PTC rearrangement. Indeed, RET/PTC re-
arrangement alone is unlikely to be sufficient
to transform human thyrocyte.

Thus, it is essentially needed to elucidate
genetic particularities of patients with radia-
tion-induced thyroid cancers. To test several
possibilities of distinction between radiation-
induced and sporadic thyroid papillary thyroid
cancers, the ideal research bank of biological
samples and data has been established as an
international cooperative project, so called
«Chernobyl Tissue Bank» [25].

5. Conclusion

Although radiation-induced thyroid can-
cer is a well-recognized medical phenomenon
based on wide-ranged epidemiological stud-
ies, molecular signature(s) and other details of
papillary thyroid cancer remain to be further
clarified to pinpoint differential diagnostic cri-
teria not only in childhood and adult thyroid
cancers but also in radiation-induced and spo-
radic cancers. The latest study in Hiroshima
and Nagasaki Atomic Bomb survivors in Ja-
pan has indicated that a biological effect from
a single brief external exposure to ionizing ra-
diation nearly 60 years in the past still occurs
and can be detected [26]. Once during their
childhood people are exposed even to low
doses of ionizing radiation, either externally
or internally, the cancer-prone cell damage
within the thyroid gland can be preserved for
a long time. Elucidation of the molecular
mechanisms of radiation-induced thyroid can-
cer is, therefore, expected to contribute to the
disease prevention and treatment in the com-
ing future. Special attention should be paid to
a high risk group of individuals who had
been exposed to radioactive iodines after the
Chernobyl accident and whose age is from 20
to 30 year-old in 2006.
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AHAJIN3 PE3YJIBTATOB PAJIMATMOHHBIX HCCHEI[OBAVHHﬁ,
IMPOBEJAEHHBIX ITOCJIE ABAPUN HA YEPHOBBIJIBCKOU A3C

10.U. I'appuiun

I'ocynapcrBennblii HayuHblil neHTp UHCcTHTYT OMOdU3NKH, . MocKkBa

PaccmatpuBaroTcst pe3ybTaThl Pa3IMuHOIO poja paJlualliOHHBIX UCCIIEN0BAHNM, IPOBEICHHBIX
pa3HBIMU aBTOpaMH Mocie aBapuu Ha YepHoObuibckoit ADC. IIpoBeneH aHanu3 MOMyYeHHBIX pe-
3yJITaTOB Ha MPEIMET UX COOTBETCTBUS OIMCAHHBIM B JIUTEPAType MPOLIECCaM BBIHOCA PaJHOaK-
TuBHOTO BemecTBa (PB) u3 4-ro Giioka u ero pacnpocTtpaneHus B armocgepe. PaccmoTpens! peanu-
30BaHHBIE PAJAUOHYKINIHBIE COOTHOLIEHHUS B 00bEKTaxX OKpYyKaroiiei cpeapl. CiaecTBUEM sIepHON
MIPUPOTBI Pa3BUTHS aBapuu Ha UepHOObUTbCKOM ADC siBiIsieTCSl HEOOXOAMMOCTh ITEPECMOTpa BKIIaa
KOPOTKOKMBYIIIMX M30TOIMOB HO/a B I03y BHYTPEHHETO OOTY4YEHUs IIUTOBHIHOM JKeNe3bl, 00yCIOB-
JICHHOW TOCTYIUIEHWEM B OpraHusMm Hopna-131, i sxurteneil TeppuTopuil, pacioaoKeHHbIX B Iep-
BUYHBIX HaPaBJICHUAX PACIIPOCTPAHEHHS PaAMOAKTUBHOIO BELIECTBA.

KitoueBble cioBa: aBapusi, BBIHOC PaJHOHYKJIMIOB, U30TONHBIE COOTHOLIEHUS, Hoa-131,
LIUTOBUIHAS JKENe3a.

DATA ANALYSIS OF RADIATION RESEARCH
CONDUCTED AFTER CHERNOBYL DISASTER

Yu.l. Gavrilin

State Research Center of Biophysics Institute, Moscow

This article represents the results of various radiation research conducted by different authors
after the Chernobyl disaster. The analysis of the results for their correspondence to the process of
the radioactive substance release in the 4™ block and its distribution in the air has been made.
The article describes the realized radionuclide correlations between the environmental objects.
The nuclear nature of the Chernobyl disaster resulted in the necessity to re-consider the contribu-



