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Since 1992, tissue specimens from 264 childhood
thyroid tumours from Belarus were received by the
Institute of Radiobiology at GSF. For control, tumour
samples from Belarussian adults, papillary carcino-
mas without radiation history and secondary thy-
roid tumours developed after radiotherapy were
also collected. Based on this tissue and cell culture
collection, several molecular cytogenetic studies
were carried out investigating aberrations in sub-
groups of these tumours at the chromosomal and
molecular level. These studies include the quantifi-
cation of chromosomal aberrations by FISH-paint-
ing (Lehmann L. et al., 1996), G-banding and break-
point analyses of chromosomal aberrations (Leh-
mann L. et al., 1997; Zitzelsberger H. et al., in press),
analyses of p53 mutations (Smida J. et al., 1997) and
RET rearrangements (Smida J. et al., in press) and
an expression profiling of activated tyrosine kinase
genes. This presentation focuses on cytogenetic
studies and the investigation of RET rearrange-
ments.

CYTOGENETIC STUDIES
Thyroid carcinoma incidence is increased signifi-
cantly following ionising irradiation, however the
possible mechanisms are not, as yet, identified. To
provide clues for an understanding of the radiation-
induced transformation of thyroid epithelium, we
karyotypically analysed 56 cases of Belarussian child-
hood thyroid tumours which appeared after the
Chernobyl nuclear accident in 1986. We also studied
8 secondary tumours that developed after radiothera-
py. Metaphase preparations obtained from primary
cultures were analysed by G-banding. Clonal struc-
tural aberrations were found in 13 of 56 Belarussian
cases and in 6 of 8 secondary tumours developed af-
ter radiotherapy. Furthermore, we detected multiple
chromosomal aberrations as well as complex rear-
rangements in some of these tumours and performed
detailed analysis of a single case using spectral kary-
otyping (SKY) and comparative genomic hybridisa-
tion (CGH). Using these advanced techniques, we

Ñ 1992 ã. â Èíñòèòóò ðàäèîáèîëîãèè GSF ïîñòóïàëè
îáðàçöû òêàíè îïóõîëåé ùèòîâèäíîé æåëåçû, âçÿòûå
ó 264 äåòåé èç Áåëàðóñè. Â êà÷åñòâå êîíòðîëÿ èñïîëü-
çîâàëè îáðàçöû îïóõîëåé, âçÿòûå ó âçðîñëûõ æèòåëåé
Áåëàðóñè, ïàïèëëÿðíîé êàðöèíîìû � ó íåîáëó÷åí-
íûõ ëèö è âòîðè÷íûõ îïóõîëåé ùèòîâèäíîé æåëåçû,
ðàçâèâøèõñÿ ïîñëå ðàäèîòåðàïèè. Íà îñíîâå ñîáðàí-
íûõ òêàíåé è êëåòî÷íûõ êóëüòóð ïðîâåäåíû ìîëåêó-
ëÿðíûå öèòîãåíåòè÷åñêèå èññëåäîâàíèÿ äëÿ èçó÷åíèÿ
àáåððàöèé â ïîäãðóïïàõ ýòèõ îïóõîëåé íà õðîìîñîì-
íîì è ìîëåêóëÿðíîì óðîâíÿõ. Èññëåäîâàíèÿ âêëþ÷à-
ëè êîëè÷åñòâåííóþ îöåíêó õðîìîñîìíûõ àáåððàöèé
ïðè èñïîëüçîâàíèè FISH-ìåòîäà (Lehmann L. et al.,
1996), àíàëèçà òî÷åê ðàçðûâîâ â õðîìîñîìíûõ àáåð-
ðàöèÿõ ïðè G-îêðàñêå (Lehmann L. et al., 1997; Zitzels-
berger H. et al., â ïå÷àòè), àíàëèçà ìóòàöèé p53 (Smida J.
et al., 1997) è RET-ïåðåñòðîåê (Smida J. et al., â ïå÷àòè)
è ïðîôèëÿ ýêñïðåññèè àêòèâèðîâàííûõ ãåíîâ òèðî-
çèíêèíàçû. Â äàííîì ñîîáùåíèè ïðåäñòàâëåíû ðå-
çóëüòàòû öèòîãåíåòè÷åñêèõ èññëåäîâàíèé è èçó÷åíèÿ
RET-ïåðåñòðîåê.

ÖÈÒÎÃÅÍÅÒÈ×ÅÑÊÈÅ ÈÑÑËÅÄÎÂÀÍÈß
Ïîñëå âîçäåéñòâèÿ èîíèçèðóþùèõ èçëó÷åíèé çíà÷è-
òåëüíî óâåëè÷èâàåòñÿ çàáîëåâàåìîñòü êàðöèíîìîé
ùèòîâèäíîé æåëåçû, îäíàêî ìåõàíèçìû ýòîãî íå óñ-
òàíîâëåíû. Äëÿ ðàñøèôðîâêè ïðîöåññîâ ðàäèàöèîí-
íî-èíäóöèðîâàííîé òðàíñôîðìàöèè òèðåîèäíîãî
ýïèòåëèÿ ïðîâåëè êàðèîòèïè÷åñêèé àíàëèç îïóõîëåé
ùèòîâèäíîé æåëåçû ïîñëå ×åðíîáûëüñêîé àâàðèè ó
56 äåòåé èç Áåëàðóñè. Èçó÷èëè òàêæå 8 âòîðè÷íûõ îïó-
õîëåé, âîçíèêøèõ ïîñëå ðàäèîòåðàïèè. Ïðåïàðàòû
ìåòàôàç, ïîëó÷åííûå èç ïåðâè÷íûõ êóëüòóð, àíàëèçè-
ðîâàëè ïðè G-îêðàñêå. Êëîíàëüíûå ñòðóêòóðíûå àáåð-
ðàöèè âûÿâëåíû â 13 ñëó÷àÿõ èç 56 è â 6 èç 8 âòîðè÷-
íûõ îïóõîëåé, âîçíèêøèõ ïîñëå ðàäèîòåðàïèè. Êðî-
ìå òîãî, îáíàðóæèëè ìíîæåñòâåííûå õðîìîñîìíûå
àáåððàöèè è ñëîæíûå ïåðåñòðîéêè â íåêîòîðûõ èç
ýòèõ îïóõîëåé. Ïðîâåäåí äåòàëüíûé àíàëèç îäíîãî
ñëó÷àÿ ïðè ïîìîùè ñïåêòðàëüíîãî êàðèîòèïèðîâà-
íèÿ (SKY) è ñðàâíèòåëüíîé ãåíîìíîé ãèáðèäèçàöèè
(CGH). Èñïîëüçóÿ ýòè ïåðåäîâûå òåõíîëîãèè, èçó÷è-
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FIGURE. BREAKPOINTS OF STRUCTURAL CHROMOSOME ABERRATIONS IN RADIATION-INDUCED THYROID TUMOURS
AND THYROID TUMOURS WITHOUT RADIATION HISTORY

ÐÈÑÓÍÎÊ. ÒÎ×ÊÈ ÐÀÇÐÛÂÎÂ ÑÒÐÓÊÒÓÐÍÛÕ ÕÐÎÌÎÑÎÌÍÛÕ ÀÁÅÐÐÀÖÈÉ Â ÎÏÓÕÎËßÕ ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ
ÐÀÄÈÀÖÈÎÍÍÎ-ÈÍÄÓÖÈÐÎÂÀÍÍÛÕ È Ó ÍÅÎÁËÓ×ÅÍÍÛÕ ÏÀÖÈÅÍÒÎÂ

Note. Childhood thyroid tumours from Belarus (black symbols on the left side of ideograms) and secondary
tumours developed after radiotherapy (white symbols on the left side of ideograms) were analysed by G-band-
ing and SKY and compared with literature data on thyroid tumours without radiation history (gray symbols on
the right side of ideograms). Symbols were assigned to different tumour entities: benign tumours (l), papillary
carcinomas (t), medullar carcinomas (s), follicular carcinomas (u).

Ïðèìå÷àíèå. Îïóõîëè ùèòîâèäíîé æåëåçû ó äåòåé èç Áåëàðóñè (÷åðíûå ñèìâîëû íà ëåâîé ñòîðîíå
èäåîãðàìì) è âòîðè÷íûå îïóõîëè, âîçíèêøèå ïîñëå ðàäèîòåðàïèè (áåëûå ñèìâîëû íà ëåâîé ñòîðîíå
èäåîãðàìì), èññëåäîâàëè ñ ïîìîùüþ G-îêðàñêè è SKY, ïîëó÷åííûå ðåçóëüòàòû ñðàâíèâàëè ñ äàííûìè
ëèòåðàòóðû îòíîñèòåëüíî îïóõîëåé ùèòîâèäíîé æåëåçû ó íåîáëó÷åííûõ ïàöèåíòîâ (ñåðûå ñèìâîëû
íà ïðàâîé ñòîðîíå èäåîãàðìì). Ïðèíÿòûå îáîçíà÷åíèÿ: l � äîáðîêà÷åñòâåííûå îïóõîëè, t �
ïàïèëëÿðíàÿ, s � ìåäóëëÿðíàÿ è  u  � ôîëëèêóëÿðíàÿ êàðöèíîìà.
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studied the composition of several marker chromo-
somes in a childhood tumour from Belarus with a
near-triploid karyotype. While CGH analysis detect-
ed losses on lq and 13q and gains on lp, 2p and 9q,
SKY analysis revealed structural alterations also af-
fecting chromosomes 1, 2, 9, and 13 besides others.
A comprehensive breakpoint analysis in the pooled
data set (figure) furthermore revealed novel break-
points on chromosomes 4q, 5q, 6p, 12q, 13q, and 14q
found in addition to the known hotspots of altera-
tions in papillary thyroid carcinomas on chromo-
somes lq and 10q. Thus, chromosomal aberrations
observed in these tumours may provide starting
points for positional cloning of genes involved in ra-
diation-induced tumorogenesis.

MOLECULAR GENETIC
STUDIES
Rearrangements of the RET oncogene were investi-
gated in papillary thyroid carcinomas (PTC) from
51 Belarussian children with a mean age of 3 years
at the time of the Chernobyl radiation accident. For
comparison, 16 PTC from exposed Belarussian
adults and 16 PTC from German patients without
radiation history were included in the study. RET
rearrangements were detected and specified by RT-
PCR and direct sequencing using specific primers
for RET/PTC1, 2 and 3. Only RET/PTC1 and no
RET/PTC3 was found in the adult patients, with a
frequency of 69% for the Belarussian cases but of
only 19% in the German patients. In contrast, 13
RET/PTC3 (25.5%) and 12 RET/PTC1 (23.5%) rear-
rangements were present in PTC from Belarussian
children. Thus, our study reveals about a 1:1 ratio of
RET/PTC3 and RET/PTC1 which is in contrast to
earlier studies with lower numbers of cases and ex-
hibiting a high predominance of RET/PTC3 (ratio
about 3:1). A ratio (2.5:1) similar to that in earlier
investigations (diagnosed 1991�94) was obtained
for cases included in our study that were diagnosed
in 1993/94. The present data suggest that RET/PTC3
may be typical for radiation-associated childhood
PTC with short latency period, whereas RET/PTC1
may be a marker for later occurring PTC of radia-
tion-exposed adults and children.

ëè ñîñòàâ íåñêîëüêèõ ìàðêåðíûõ õðîìîñîì â îïóõî-
ëÿõ ó äåòåé èç Áåëàðóñè ñ îêîëîòðèïëîèäíûì êàðèî-
òèïîì. Ïðè ïîìîùè CGH-àíàëèçà îáíàðóæåíû ïîòå-
ðè â lq è 13q, âñòàâêè â lp, 2p è 9q. Ïî äàííûì SKY-
àíàëèçà âûÿâëåíû ñòðóêòóðíûå èçìåíåíèÿ â ýòèõ æå
(1, 2, 9 è 13) è äðóãèõ õðîìîñîìàõ. Ïðè àíàëèçå òî÷åê
ðàçðûâîâ â îáúåäèíåííîì íàáîðå äàííûõ (ñì. ðèñó-
íîê), êðîìå «ãîðÿ÷èõ òî÷åê» ïîâðåæäåíèé ïðè ïàïèë-
ëÿðíîé òèðåîèäíîé êàðöèíîìå â õðîìîñîìàõ lq è
10q, âûÿâëåíû íîâûå òî÷êè ðàçðûâîâ â õðîìîñîìàõ
4q, 5q, 6p, 12q, 13q è 14q. Òàêèì îáðàçîì, õðîìîñîì-
íûå àáåððàöèè â ýòèõ îïóõîëÿõ ìîãóò áûòü ïóñêîâû-
ìè òî÷êàìè ïîçèöèîííîãî êëîíèðîâàíèÿ ãåíîâ, âî-
âëå÷åííûõ â ðàäèàöèîííî-èíäóöèðîâàííûé êàíöå-
ðîãåíåç.

ÌÎËÅÊÓËßÐÍÎ-ÃÅÍÅÒÈ×ÅÑÊÈÅ
ÈÑÑËÅÄÎÂÀÍÈß
Ïåðåñòðîéêè RET-îíêîãåíà èçó÷àëè íà îáðàçöàõ ïà-
ïèëëÿðíûõ òèðåîèäíûõ êàðöèíîì (ÏÒÊ), âçÿòûõ ó
51 ðåáåíêà èç Áåëàðóñè, êîòîðûå íà ìîìåíò ×åðíî-
áûëüñêîé àâàðèè áûëè â âîçðàñòå â ñðåäíåì 3 ãîäà. Â
êà÷åñòâå ñðàâíåíèÿ èñïîëüçîâàëè ìàòåðèàëû ÏÒÊ,
âçÿòûå ó 16 âçðîñëûõ ïîñòðàäàâøèõ èç Áåëàðóñè è ó
16 � íåîáëó÷àâøèõñÿ ïàöèåíòîâ èç Ãåðìàíèè. RET-ïå-
ðåñòðîéêè âûÿâëÿëè è óòî÷íÿëè ñ ïîìîùüþ RT-PCR,
à óïîðÿäî÷èâàëè � ñïåöèôè÷åñêèõ ïðàéìåðîâ äëÿ
RET/PTC1, 2 è 3. ×àñòîòà îáíàðóæåíèÿ RET/PTC1 ó
âçðîñëûõ èç Áåëàðóñè ñîñòàâèëà 69%, ó ïàöèåíòîâ èç
Ãåðìàíèè � 19%. RET/PTC3 ó íèõ íå îáíàðóæåíà. Â
îòëè÷èå îò ýòîãî, â ÏÒÊ ó äåòåé èç Áåëàðóñè âûÿâëå-
íû 13 RET/PTC3 (25,5%) è 12 RET/PTC1 (23,5%) ïåðå-
ñòðîåê. Òàêèì îáðàçîì, óñòàíîâëåíî ñîîòíîøåíèå
RET/PTC3 è RET/PTC1 ïðèìåðíî 1:1, ÷òî ïðîòèâîðå-
÷èò äàííûì áîëåå ðàííèõ èññëåäîâàíèé ñ ìåíüøèì
÷èñëîì ñëó÷àåâ, ñâèäåòåëüñòâóþùèì î çíà÷èòåëüíîì
ïðåîáëàäàíèè RET/PTC3 (ñîîòíîøåíèå îêîëî 3:1).
Ñîîòíîøåíèå 2,5:1, ñõîäíîå ñ òàêîâûì â áîëåå ðàííèõ
èññëåäîâàíèÿõ (1991�1994 ãã.), áûëî ïîëó÷åíî äëÿ
âêëþ÷åííûõ â íàñòîÿùåå èññëåäîâàíèå ïàöèåíòîâ,
âûÿâëåííûõ â 1993�1994 ãã. Ïðåäïîëîæåíî, ÷òî
RET/PTC3 ìîæåò áûòü òèïè÷íûì äëÿ ðàäèàöèîííî-
îáóñëîâëåííîé ÏÒÊ ñ êîðîòêèì ëàòåíòíûì ïåðèîäîì
ó äåòåé, òîãäà êàê RET/PTC1 � ìàðêåðîì áîëåå ïîçäíå-
ãî ðàçâèòèÿ ÏÒÊ ó îáëó÷åííûõ âçðîñëûõ è äåòåé.
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