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Since 1992, tissue specimens from 264 childhood
thyroid tumours from Belarus were received by the
Institute of Radiobiology at GSE. 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 (LehmannL. etal, 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.etal, 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
8secondary 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

C 1992 1. B Uucturyr paguoduonorun GSF nocrynanu
06Pa3Lbl TKAHW OITYXOJICH U TOBHU/IHOM JKEJIE3bL, B3 ThIC
y 264 pereit u3 benapycu. B kadecTBe KOHTPOJISE UCIIOIb-
30BAJIX OOPA3LIBI OITyXOJIEH, B3ATBIE Y B3POCIIBIX )KUTEIEN
benapycu, mManuuIsipHOU KaPIUHOMBI — y HEOOIy4EH-
HBIX JIUI] 1 BTOPHYHBIX OITyXOJIEN HTUTOBU/THOI JKEJIESBI,
Pa3BUBIIMXCA ITOCJIE paguoTepanuu. Ha ocHOBe cCO6pan-
HBIX TKAHEN 1 KIETOYHbBIX KYJIBTYP IIPOBEJICHbI MOJIEKY-
JISIPHBIE IUTOI'€HETUYECKHE UCCIICJOBAHMS JUIsI U3YYEHMS
a6epparyii B IOAIPYIIIAX HTHX OITyXOJIEH HA XPOMOCOM-
HOM M MOJIEKYJIIPHOM YPOBHSIX. FICCe[0BaHNS BKIIIOYA-
JIV KOJTMYECTBEHHYIO OIIEHKY XPOMOCOMHBIX A0eppaIiii
npu ucnonabzosanuu FISH-meroma (Lehmann L. et al,
1996), aHaIM3a TOYEK PA3PHIBOB B XPOMOCOMHBIX 26€P-
panusix npu G-okpacke (Lehmann L. et al,, 1997; Zitzels-
berger H. et al, BrieuaTn), aHaan3a MyTauuii p53 (Smida J.
etal, 1997) u RET-tiepectpoek (Smida J. et al,, B meyatn)
U IPOMUIIA SKCIIPECCUU AKTUBUPOBAHHBIX '€EHOB THPO-
3UHKHMHA3bL B TaHHOM COOOIIEHNM MPEICTABIEHBI PE-
3YJIBIAThI [UTOICHETHYECKHUX UCCIICIOBAHUI 1 U3yYEHHS
RET-iepecTpoeK.

IIUTOTEHETUYECKHE UCCIEJOBAHUA

TTocne BO3AeHCTBUS MOHU3UPYIOIINX U3JIyYECHUI 3HAUNU-
TEJIBHO YBEJIMYUBAECTCS 3200J1€BAEMOCTb KAPITUHOMOM
IINUTOBUIHOM JKEJIE3bL, OAHAKO MEXAHU3MBIL 3TOI'O HE YC-
TAHOBJIEHEL [IJ11 paCIIn(PPOBKU IIPOLIECCOB PAAUAITHUOH-
HO-UHAYLIMPOBAHHON TPAHC(HOPMALUN TUPEOUTHOTIO
SIUTE/IAA IIPOBEJIU KAPUOTUITMYECKUI AHAJIN3 OITYXOJICH
IUTOBUIHOU JKEJIE3BI TTOCIE YEPHOOBUILCKON ABAPUH Y
56 perert u3 bermapycu. M3ydmiu Takoke 8 BTOPUYHDIX OITy-
XOJIEN, BOZHUKIINX I10CJIE paauoTepanuu. Ilpenaparel
MeTadas, TOJy4EHHbBIE U3 TIEPBUYHDIX KYJIBTYD, AaHAIU3H-
poBau 1pu G-OKpacke. KiioHaIbHbIE CTPYKTYPHbBICA0€p-
paITi BbISIBJICHBI B 13 cydasx u3 56 u B 6 U3 8 BTOPUY-
HBIX OITyXOJIEH, BOZHUKIINX I10C/IE paguorepanuu. Kpo-
M€ TOT'0, OOHAPYKHUIN MHOXXECTBEHHBIE XPOMOCOMHBIE
abeppaly 1 CJIOKHBIE IEPECTPONKH B HEKOTOPBIX U3
ITUX OIIyXOJIeH. IIpOBEAEH ACTAIbHBIN AHAIU3 OAHOI'O
CJIydas IIPU IIOMOILIU CIIEKTPAJIbHOI'O KAPHOTUIIMPOBA-
HUA (SKY) U CpaBHUTEIBHOU FTEHOMHOU r'HOPHUU3AITN
(CGH). Mcnionb3ys 3Th EPENOBLIE TEXHOJIOIMH, U3YINU-
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FIGURE. BREAKPOINTS OF STRUCTURAL CHROMOSOME ABERRATIONS IN RADIATION-INDUCED THYROID TUMOURS
AND THYROID TUMOURS WITHOUT RADIATION HISTORY

PUCYHOK. TOYKI PA3PLIBOB CTPYKTYPHbIX XPOMOCOMHbIX ABEPPALIMIA B OMYXONSAX LATOBWAHON XKEME3bI
PAOVALUNOHHO-MHAYUMPOBAHHDBIX 1Y HEOBJTYHEHHBIX MALIMEHTOB
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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 (@), papillary
carcinomas (W), medullar carcinomas (&), follicular carcinomas ().

IIpumenarnue. OTyXOJIU IUTOBHUIHOM JKEJIE3bl y IeTer U3 benapycu (4epHble CHMBOJIBI HA JIEBOM CTOPOHE
WJICOTPAMM) U BTOPUYHBIE OITyXOJIH, BOHUKIIHE IIOCJIE PAJUOTEPANINU (GEIbIE CUMBOJIBI HA JIEBOM CTOPOHE
HUJIEOTPAMM), UCCJIENOBAIN C TOMOLIBIO G-OKPacKU U SKY, OIy4YEeHHbIE PE3YJIBIATh CDABHUBAIM C JAHHBIMHU
JINTEPATYPLI OTHOCUTEJIBHO OITyXOJIEH MUTOBUIHOIM XKEJIE3bl Y HEOOTYYEHHBIX MTAITUEHTOB (CEPbIE CUMBOJIBI
Ha IIPaBOI CTOPOHE HacorapMm). [IpuHATEIC OO003HAUYCHUS: @ — JOOPOKAYECTBCHHBIE OIyXOau, VW —
MANWUBIPHAS, A — METYJUIIPHAS 1 4 — (DOJUTUKYIIIPHAS KAPITMHOMA.

18



Zitzelsberger et al. / International Journal of Radiation Medicine 1999, 3-4 (3-4): 17-19

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 Iq and 13q and gains on Ip, 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-
pointson 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 Iq 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.
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JIM COCTAB HECKOJIBKUX MAPKEPHBIX XPOMOCOM B OITyXO-
JIX y JeTen u3 bemapycu ¢ OKONMOTPUTUIOUHBIM KapHUO-
Tunom. I[Ipy nomoiu CGH-aHanm3a O6HAPYKEHBI IOTE-
pu B 1q n 13q, Bcrasku B Ip, 2p 1 9q. ITo ganHbpiM SKY-
AHAJIM3A BbIABJICHBI CTPYKTYPHBIC U3MEHEHMS B 9TUX XK€
(1,2,9u1 13) 1 gpyrux xpomocomax. [Ipy aHaamse ToYeK
Pa3pbIBOB B OOBEIUHEHHOM HA00PE IAHHBIX (CM. PHCY-
HOK), KDOME «I'OPAYUX TOUECK> IIOBPEXKIACHUI IIPU ITAITHII-
JIIPHOU TUPEOUIHON KAPIIMHOME B XPOMOCOMAX 1q u
10q, BbIABIIEHBI HOBBIE TOUKH PA3PBIBOB B XPOMOCOMAX
4q, 5q, 6p, 12q, 13q 1 14q. TakuM 06PA30M, XPOMOCOM-
HbIE 26€PPALIUH B 3TUX OITYXOJIAX MOI'YT OBITh ITyCKOBBI-
MM TOYKAMH ITO3UIITMOHHOT'O KJIOHUPOBAHMSA I'€HOB, BO-
BJIEYEHHBIX B PAAHUAIMOHHO-UHYLIMPOBAHHbBIA KaHIIE-
poreHes.

MOJIEKY/IIPHO-TEHETTYECKHE
HCCJIEJJOBAHHUA

ITepecTporiku RET-OHKOI€HA U3y4a/IM HAa OOPa311ax Ia-
NWUIIPHBIX TUPEOUAHBIX KapuHOM (ITTK), B3ATBIX Y
51 pebenka u3 benapycy, KOTOpblEe HA MOMEHT YepHO-
OBUIbCKOM aBAPUHU ObUIH B BO3PACTE B CpEAHEM 3 rojia. B
KA4ECTBE CPABHEHHA MCIOJb30BAIU MaTepuainl ITTK,
B3sTHIC y 16 B3POCIIBIX TOCTPAAABIINX 13 Bemapycu u'y
16 — HEOOTYIABIIMXCS TAIMCHTOB 13 [epmanvn, RET-1ie-
PECTPOMKHU BBISABIBUIM U YTOUHSUIN € TOMOIbIO RT-PCR,
4 YIIOPSAJOYUBAIA — CHENU(PUUECKUX IPANMEPOB I
RET/PTC1, 2 u 3. Hacrora obHapyxeHus RET/PTC1 y
B3pOCIbIX U3 Bemapycu coctasuma 69%, y MaliueHTOB U3
Iepmanuu — 19%. RET/PTC3 y HUX HE OOHApYKEHA. B
ommyne oT aroro, B ITTK y nereit u3 Benapycu BhIsABIIC-
bl 13 RET/PTC3 (25,5%) u 12 RET/PTC1 (23,5%) nepe-
CTpPOEK. TakuM 06pPa30M, YCTAHOBICHO COOTHOIIEHUE
RET/PTC3 u RET/PTC1 npumepHo 1:1, 4TO IpOTUBOPE-
YUT JAHHBIM 60JIEE PAHHUX UCCIEAOBAHNUNI C MEHBITUM
YMCJIOM CJIY94€B, CBU/IETENBCTBYIONTUM O 3HAYUTEIBHOM
npeobnaganun RET/PTC3 (cooTHOMEHHE OKOJIO 3:1).
CooTHONIEHHE 2,5:1,CXO/THOE C TAKOBBIM B 60J1€€ PAHHUX
ucciaenoBanuax (1991-1994 rr.), 6bUI0 MOJYICHO /I
BKJIIOUEHHBIX B HACTOSIIEE UCCIIEJOBAHUE ITAIIMEHTOB,
BBIABJICHHBIX B 1993-1994 r1. [IpEANIOIOXKEHO, YTO
RET/PTC3 MOXET ObITh TUITUYHBIM /I PATUAITMOHHO-
06ycnoBneHHON ITTK ¢ KOPOTKHM JIATEHTHBIM IIEPHOAOM
yaeren, Torna Kak RET /PTC1 — mapkepoM 601ee To3/iHe-
ro passutus [TTK y O6JIyd€HHBIX B3POCIBIX U JETEM.
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