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ABSTRACT

Background: Compared with common well-differentiated thyroid carcinomas, the genetic alterations underl-
ying the development and progression of anaplastic thyroid carcinomas (ATC) are still uncharacterized.
Comparative genomic hybridization (CGH) is a cytogenetic technique that can identify gains and losses in the
DNA sequence copy number in tumors.

Methods: The authors studied the changes in the DNA copy number due to CGH in paraffin-embedded
tissue blocks of 17 ATC cases, and tried to ascertain whether the genomic changes correlate with the clinico-
pathological parameters including patients’ age, sex, primary tumor size, lymphovascular invasion, extrathyroid
extension, regional node metastasis and immunohistochemical expression of cyclin DI.

Results: Fourteen of the 17 samples (82.4%) showed chromosomal changes, with a mean number of gains
or losses per carcinoma of 3.6 (range 2~6; 30 gains and 21 losses). The most frequently detected imbalance
was the gain of chromosome 1q, which was seen in 35.7% of cases, particularly commonly in ATC associated
with a papillary thyroid carcinoma. Other commonly occurring gains were present in 11q13 and 19 (28.6%,
respectively). Genomic amplification was detected in all four cases showing the 11q13 gain. Genomic losses
were commonly noted in 3q, 6q, 18q andx(21.4%, respectively). When numerical CGH alterations were
compared to the clinicopathological parameters, there were no significant correlations (P > 0.05). Cyclin D1
expression was noted in sixteen of the 17 cases (94.1%), but the extent of cyclin D1 expression was not
correlated with the numerical CGH alterations (P > 0.05).

Conclusion: Taken together, the aberrations of 1q, 3q, 6q, 11q13 and 18q are relatively common in ATC,
and may play an important role it developement. These findings should lead to the characterization of tumor
suppressor genes and oncogenes that are potentially involved in the carcinogenesis of ATC. The amplification
of 11ql13 is characteristically found, but cyclin D1 in this region may be innocent of the aggressiveness of
these carcinomas (J Kor Soc Endocrinol 20:362~374, 2005).
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A oI ALE 71909 by Fope EAE we)
A -7 (papillary thyroid carcinoma, PTC), o13S} (foll-
icular thyroid carcinoma, FTC)s *3tsl= 23t} o]
Hol9) =2 o3 AJQ) (anaplastic thyroid carcinoma, ATC)2
2 b & Qe o F ATCE 44 9l 29 viRg
AABRe 3 FBlAR, SHET o} ok bl v
A olu] SR Aok G A9} rov], sl AL
o] oF 10%oll Hatkslehl]

et o mejs 4RSS wEes ¥ o) ATCE
Aol olu] ZAelaL S PTCSE FTCOIA Mhshs 7
37h BRROIARH2], WHeIAE A3 9 Glo] ofE A
Eolld A4 e 9% ek el el &
ATCS] WAl 98l 505 Boll vhSIAE ob) B3t
Asjek ¥ 4 ek B2 ps3 AL freatenin 75
o] Fedwo)7} Hofdt Zoleh= A7 HarE{4,5]1% JANL
A 22 AT W 2ol AR Aol o5
FAZY A4 wHERS PEskA] Fahe Zloll vlFol v
RS pEAAell tigh A7t desila Fshe

5= Qieh2]. ol#3t ZHHellA] B uf] ATColl thdk Al
AR A7he FFY] A 713 el lolA Fedk ThA
£ ASE T U ZleE Helrh

oxle] A ZFok(solid tumor)ollA] A EkA
(genomic instability)2 Z|4= 5 714 71-o] ZARK A o
7] QAek 3, QA FollA] Al AR B2 JE
7} BE (gain) = AL £4 (loss)=l= 45, 4, W (nue-
leotide) T=ollA] 1719] X3k, AL, 2 4H4do] W=
73-5olel. TG Tl oAt AR o JIHES &
QJskar, wedk 2 7P ol el iAol tikh A<5H
ATE gl AdolA A el AEE oJHeg 7
= ol giehe). 3HdAske] Z-folle Fokel Wk gl
Zel A3 Baslo] o|F ARt 54 (loss of heterozyg-
osity, LOH)o\} H==A] E-<QF4 (microsatellite instability,
MSD) & 3% BBl i3l A7} olu] A %=x|9lE=],
WA thESEe] A Ade el skt ATC
oflA] A= AH ERPEdL T2 A ]8Rl Zle
2 dHAI YUrH7~9].

QHlEe] FEA WY 3ol Yolrk Hpae] 2
Sol} FlAGAAL] £AS Al A Eda
(monosomies), %3444| (polysomies), 34| F5, F7A}
ZE3} 7+ od A o] (chromosomal aberration)ol] 2|3l
okl 4 QEH10]. BAAN] 2|53} 28 2] I
Wb o g SIREA (karyotyping), F3AIARIEIHY (flu-
orescence in situ hybridization, FISH), B]3-f-4RLEgHH

(comparative genomic hybridization, CGH) S°| <&+

th o] T WAL GAIe] WSk Idzlor o 5
¢ AlEellA vl Wske & 5 e
o] glou), A|EulekS 7xof s F7| 3 (metaphase
nucle)ihe 71 = 9l ©Hde] 9lrt. FISHSF CGHE
Z71 ¥ 2lol| Ao]7] ¥ (interphase nuclei)ol}A] AT <
AR o 7% 4 ke uhloleh. EA, FISHE)
735 QA ool MR Ao EiR AR 3 (re-
gions)oll &t X d& DNA 447} (probe) 7} HI=A] HQ
o % ofulek, ghtlell AA = 9 Aol] wle] ol
o2 Pl I3 o] Yk ool Rbsll CGH
QA A FE AIE FollA) 337 F%4 AIE DNAS
A2 slo] Aol7] Hle] alxl A odedoll AH Ads
SR PR BTHE Y F e oz Jeid
tH11,12]. 2151 CGH £4& #3F &41719] Alzell 2
23 $34 oko] DNAZ & % gl 749 mlke] DNA
£ degenerate oligonucleotide primed-polymerase chain re-
action (DOP-PCR)-S- o|-&3}o] =231 5] CGHol| o|-&3l+=
7I€% BaE|s 9el13). ol FWeld CGHE %
A2 AA| GUAIE thdoz FFe] Whlout X138t
Hel FAAL e AQlely] S1’F 87 WHelelal &

30, X0
lo
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30,
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Al ERE T FrCe] 739 3 1A, PTC
745 1081 Ao WSy} FebidAl IPgol|A] o3k thAl
Q Aeg Huws gAMH14], ATCE] 739 AlEH44
WL Al deiA A ke CGH A7-¢] A= wil-¢-
tieksit) &, Hemmer 5{15]< 134|9] ATC =% ZAo]]
A 7P Bl g BEFH o Z Tp22-pter, 8q22-qter 2
9q34-qteroll A1) AMA| 255, Wilkens 5{16]2 99119
Z27] A9k 2619] Al FollA] A 8] w3} (8p =2
8q2] FSot £4)9) 5p 252, Wreesmann 5{17]< 15
dle] == ZAAlelA] 3p13-142} 11q132] 353} 5q11-312]
$£42, Rodrigues 5{18]< 7o119] ZZ|7AA|oN|4] 32} 20q
o] 253} 7pet Xpo £Alo] A wishel Fedk dg5
e Aolglar 438k

Cyclin D1 34| 11q130l] $IXI8l= bel-1 734} 4F
=2 AIE F719] GU/S ol Il Fe3t dd5 @)
+ gt} bel-1 F-44F 32 11q13 3494 A2l (locus)
o] ZZo} AS+= cyclin D19 IS 2HT F A=
dl, cyclin D12} FPH-L- {U%k, 7379 1l wi=gste]
23t o] ghrkar dedA deH19~21]. AL 7 &
3k 91 FFelAE cyclin D1 &3] FpisiE] =), o]
23t 2712 oA A kel 1A 1l Ay 3ol
cyclin D1¢] F-23F oJgo] 7|ehxlch22].

RS oFF] IuellA] 3H34ISE 53] ATCell thigk Al
ERAA A7t Ao Harw]ar QA ek Aol ARkl
ATC 3BAte] =2] ZAel|A] CGHE A== A2 o4

o X
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19874 195E] 20034 129714 17vd7F FA ko s
A} AgodellA A THE didste] A
Alg 52 A A7 ¥ el os ATCE A
% kAL 199ellA] dofR] =28 te g slQlt) ol&
AEL TRl 3849 sl E5o|grk 7 Felle
3E2Q] Slell S5l QST o F odojxl 279 sl
EA12]-0]| 271 (hematoxylin-eosin, H-E) G4 £elol=s
T 9] w2]e|Ar} ATColl tigk Armed Forces Institute of
Pathology (AFIP) fascicle®] 22814 7]5{23]ol v} =
HHo 2 =3t F Zglo] AR IxE 55 A9 Al
2 o] g3k

2 ok

g

R

2. dt
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1) & 7| HMN 52 HE

slztle] Heldl Agele] Hadel 2~3 mLE RPMI Hj
Al (10% fetal bovine serum, 0.2% penicillin-streptomycin
3 2% phytohemagglutinin-Mo] “47}) 10 mLell Hol 3
7C CO, uig7lolA] 72417 51t wiekslgict. vk E5
45340 F71E AAAE 227] $1sled colcemid (0.02 1
g/mL; GIBCO BRL, USA)Z Hzlalgic). wieksl AlES
1,000 pmo.& AEE3E 3 A5ole welal 37C g
71014 0.075 M KCl gHo & 1X7F X2lsl3dc). Camoy
AN (acetic acid:methanol = 1:3)2. & 33| HHE 1A%
F 55 el Selel= sl AE FRAE & be
woleez] 7] Q] i Felol=F nEalt Fejol=
£ ARelA F7] Z2=A7 $F CGHell o] &3 ui7bA] A2
oflA] H3jsioict

2) SYXE 1L MMCIo| EZF0|M DNAS| 22|

(1) F%=Z oA DNAS £

H-E % Rl Eelol=g Hag sl 7k Sele] o
thyl 2AERovNE TS A TEE Z (sca-
Ipel)& Agslo] 72 <F 200 mg AEE A
z29] A A ALY dFo] Agk BEL Alefslar
HAE7F A BEsl 23S Adsislek AlFE 22 xyl-
eneol] 387} 23], 100%, 95%, 70% % 50% ollgh-Soll 2zt
284 Ax PRl & S5l 287 WXAIFck
Z25 F47] (homogenizer) & A E4ligk 3 2,000 rpm
o7 5E7 dAEEse] ASde HEla de ARES

phosphated buffered saline (PBS)2.Z 23] AJ&si3icl Al
2E FkAE FAES Eppendorf tubeoll $7] ¥ Tris-
EDTA 281100 mM NaCl, 10 mM Tris/HCI (pH 8.0),
25 mM ethylene diamine tetraacetic acid (EDTA) (pH 8.0),
0.5% sodium dodecyl sulfate (SDS)] 20 pL2} proteinase K
(20 mg/mL) 30~50 ULE 7}sto] A 412 3 55CollA] 484]
ZF HRSAIFAEE REg- 3 100 CellA] 527+ X elslo] protein-
ase K9] A& 834314171 5 phenol/chloroform¥} eth-
anol F7Hell oJ3l DNAS F%3}9irh. 5% DNAL
TE $olol] &9l & B35t 7] (spectrophotometer)ol|A]
kst

) B4e] FxEqY FZ o)A DNAS £

Sambrook 5{24]2] Bl F3lo] EDTA Azl A4+
Qle] k&l 10 mLollA] lympho-prep &Y (Sigma Inc.,
USA)S o]gzte] f=Z=+5 Felslsich Zel3th gzl
TE 2ol FYoka} proteinase K (20 mg/mL) 30~50 uL&
Fhsto] & 418 F 55CollA] 8AZF WRSAZE o] #9| 3}
e F 2A0lAe] DNA el B Aelsd

o}

3) Degenerate oligonucleotide primed-polymerase

chain reactin (DOP-PCR)

Foke] Tl =7 504 E2]% genomic DNA 1L
(2F 3~10ng)S ¥t 25 Pl HFSN 2 mM MgCl, 50
mM KCI, 10 mM Tris/HCI (pH 8.4), 200 M dNTP, 10 M
DOP primer (5’-CCG ACT CGA GVV NNN NAAT GTG
G-3’; N=A, C, G¢ T7} EUv]&E F4), 5 unit Taq
polymerase (Boehringer)]-& %713l PCR-& AJ3¥s}3irh
94 CollA 142, 25 CellA] 132, 34oll A 25TollA] 74 TE
255 7RI cycles 43] AJgRE F 94CeollA] 14,
56 CollA 14, 72CollA] 287 30 cycles& AJe¥s}ic) vt
<ol B ¥ 1% 3P Ao H7|dE< 53lo] DNA -4
o] 75 FRIEACL

4) H|wREX} H8HH (comparative genomic hybri-
dization, CGH)
(1) Nick translationol] 2]3F Z<F gl A4} DNAS] EA
CGH¢l| o]-£8 42)2+= CGH nick translation kit (Bec-
tonDekinson, USA)E Ah8slo] £k DNAE fluorescein
isothiocyanate (FITC)-14-dUTP®E, A4 DNAT rhoda-
min-11-dUTPE 24 A slolck 1 288 ek, o
Foll Zolg vl Algdatell 34 1ug DNA, 0.1 mM
dTTP, 0.1 mM dNTPs, 10X nick translation 2=l 0.2
mM FITC-14-dUTP 22 rhodamin-11-dUTP, nuclease
free water, nick translation 345 Yol & 50 L9 ¥k

Bl WHE 3, o] §UL 15Tl 1417 A 1417 30

- 364 -



— 2 9] 491 A JRAIIN HIERARRRI S o 88 oA 1A -

&, 70CollA 1027k BFAIZ $ Hakkg ZA7EA] -20Coll
A H3¥s}9Ac) Nick translation® A£A1Rke] =71= 1%
A Ael] A7]dF5 stod &It F, nick translation 49}
nick translation HFS-A|7Hg Z2Aslo] 42)2ke] =717} 600
bpollA] 2 kbl Sl £ e Wkl ol Gelgi

@) EAY 2479 Tt WA

FITC-14-dUTPE ¥A%¥ &<F DNA$%} rhodamin-11-
dUTPE 3A)¥ %4 DNAE 20 uge] human Cot-1 DNA
o =313F vk, DNAE ZAA717] f18ted 1710002 3 M
sodium acetate®} 28l9] olleh&-S 713t F 70 CollA] 30
7+ FARIZEE 12,000 rppmellA] 10587F AAEelso] 45
e AARY F TS 70% o= APX3E vk, DNA
£ 37CollA] AxAZ) HAs] 7A=5 DNA] master &
N (0.1% dextran sulfate, 2X SSC, 50% formamide) 10 uL
2 H7kslo] & HolFlek o] £ Fg 75T 5
2F HAAIA vkE Hahikgol o]gslgich

() BE T/ AL FAH £AAe] ks

FHE F7] A 22 SEle]l=E 65T, 70% SDSE
Nof|A] <F 387 WAL ¥, 70%, 85% 2 100% ollehE
o] o' gATIaL 37| FollAl & A=Ak F7] 4
AR} FhlEl 2ARE ERNS WA & AHEERE
92 3 rubber cementZ AWIFehA FHS A HE3lo]
F717F AR ebgAtel Yo 37 CollA] 7241781 2t
k35 Algslsick

@) A¥ 9 4,6-diamidino-2-phenylindole (DAPI)

a4

H3Ego] Eyt SEleloe AMIekaE Al 4
3CE A APEH1(50% formamide, 2X SSC)ollA]
Z47F 1024 33, APEE11 2X SSC)ollA 1087 13] Al
213} & 0.1 M sodium phosphate (Na;HPO4/NaH,POy) <}
Faloz vl 4 & 7= Ak 7129 Lol
Eofl= 0.2 ug/ mL DAPI € 10 pLE "gojre]x AxS
2aE 2 F, dollA] st B]F thzsde A o
= A7 AR 4Cell Bapsisick

(5) CGH 849 ®3 9 £4

Cooled charge-coupled device (CCD) 7hH[2lr} #-2kel
334 u]7] (Olympus, Tokyo, Japan)slollA] Eelo]= s}
o AAA gk 2 1070e) 5] BAIE TR, £
2yl o5 A E4-2 ISIS analysis software (Met-
aSystem GmbH, Altlussheim, Germany)& AR83}c}. £
2 71 dAAlEelA A () gl f=Z
DNA)ell thet 54 (ATC &% A|*£2] DNA)9| vl&< *
Tato] 73k thy F 5o} SAlo] E]R] ok 1A
B8-S 12 31902 ) ¥]-&X] (ratio value)7} 1.170]13<1 7
9= 25 200401 739+ == (amplification), 12|31

0.85 ols}el 79+ A Ak

5 H=Z 33t g4

7+ Zelle] sheprl B5ollA folRl =3 AL xylene
ol gslellsla 100%, 95%, 70% LF-2ollA] A=
FrIbdE AR F T2s FollA] 1027 AR |
HzA|3let A S AT f1E AALEA
(Samsung RE-400B, 700W)ollA 5E7F 2l 10 mM/L
citrate buffer (pH 6.0)7} &1 87|ol] 2ZAHE Y T,
AAAA S o] gzlo] no]azst 2AE 587 7+ Xl H
AFek AellA WA F 2 Eelld] 1087 T8
8 SAAPI T, A Ase] olalE Ystel 03%
IAskEASol 2087 *2lgt ¥ Tris buffered saline
(TBS) (pH 7.6)2.F AE3loict. Ux} A=A Ev] &
FA4) kA (SP4, 1:100 3]4; Lab Vision, Fremont, CA,
USAYE AHgeleleh. 9 glsl =4 AR 4Tl o
b E]F WRAIZ o] ¥o] md=A3le}l o abAL-
Histostain Plus kit, horseradish peroxidase (Zymed Labo-
ratories Inc., South San Francisco, CA, USA)E A-83}33
3, 7 e kel el zaste o nbgat Bolelgl
o} MgedA & BkAL 3_amino-9-ethyl-carbazoles, THZ
FAL Mayer dEAES A3l Universal Mount
(Dako, Carpinteria, CA, USA)Z 1X} 213}, xylene 2.2
3]4 4171 (50:50) malinol 2 22+ ¥-913F = 3ksdu| 7 (OI-
ympus BX, Tokyo, Japan)o.& 2513t

[e] [e]

et 7S Alefspd, A FgolA Ad dlET} FLsHA
slgiek o tlzFo 2% cyclin D1 F4gel 244 PTC
Zz2)5 o] g3k

FAaATLe] T=A] AlFEe] oA FEigt 2] A7t
A 4y mkgo] Bl ulf ok ko shgsiick =24
W Fek AlESelA A wheel =3 HsI7t 25% wiuk
QA ASE 1+, 25~50%20 7355 2+ 223 51% o]3%]
55 3+E Fsaick22

6) A =4

CGH ¥ &Rl XA ol 473t qlds=les] <1zt
9l cyclin D1 Hde] Az} ko] fode HEs] 9
3 ¥ 73= Fisherd A2 7= 18]3 Mann-Whit-
ney 7%= AL P 3k 0.05 mIRkRIL 739l At
Hog folio] e AR P

o]

c

1. ZHAM s Mot 1909 alAtHig|st™ A A

Table 12> ATCE Ak=] 194]]2] )it wi=z|e} wWe] B
349 AR F odojzl qldHeleH] 44E a9kt Zlolck
ATC 19 (case no. 12)& A7 ZZol|A, YHA] 184dl= 7+
AAAE 22X RgkE Aoldek AR o2t 15
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Table 1. Clinicopathologic Findings in 19 Anaplastic Thyroid Carcinomas

Case no. Age(yr) Sex  Size (cm) Association ETE  LVI LNM
with WTC

1 54 F 8.0 PTC Yes Yes Unk
2 65 F 6.0 No Yes Yes Unk
3 78 M 6.0 No Yes Yes No
4 45 M 4.0 No Yes Yes Yes
5 73 M 4.0 PTC Yes Yes Yes
6 61 F 4.0 PTC Yes No No
7 73 F 35 No Yes Yes No
8 71 F 55 No Yes Yes Unk
9 81 F 4.5 PTC Yes Yes Yes
10 58 F 55 No Yes Yes Unk
11 77 F 54 No Yes No Unk
12 73 F 6.5 No Yes No Yes
13 79 M 7.5 No Yes Yes No
14 48 F 5.5 No Yes Yes Yes
15 74 F 4.0 No Yes Yes Yes
16 68 F 4.0 PTC Yes Yes Yes
17 67 F 35 No Yes Yes Yes
18 54 F 33 No No No No
19 24 F 4.5 No Yes No No

F, female; M, male; WTC, well differentiated thyroid carcinoma; PTC, papillary
thyroid carcinoma; ETE, extrathyroid extension; LVI, lymphovascular invasion;
LNM, regional lymph node metastasis; Unk, unknown.

Fig. 1. Light microscopic findings of anaplastic thyroid carcinoma. (A) Infiltrative sheets composed of spindle and

epidermoid anaplastic tumor cells are noted. A few residual thyroid follicles are present on the left lower (x
200). (B) Anaplastic carcinoma, being reminiscent of squamous cell carcinoma, is associated with papillary

thyroid carcinoma on the left lower (x100)

o, YAF 4R, FIhA] HiF AT 64.44] (U 24~
81N}y Zeke]l HF =Z71E 5.0cm (8] 3.3~8.0 cm)
A3, 14 (case no. 18)5 AlL|ZF 18] (94.7%)NA] 714
il zA oz AUS Holrk AZHD AHS 194] F 14
oAl (73.7%)°A, @ H=A Hol= 2le] ki 50|

f

ASIE 140l Z 8ol] (57.1%)0lA4 =) Fepehs

1%
RE ol AU 2, I AT, T
aje]

=

ﬁ

P47} ) Fepers 2 et
A% A4 B3] 271% Hol AR R oI E A
E2o] APH 3} g HolA) ik (Fig. 1A). 4ol

2

.
3k
=

|

“
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(case no. 4, 6, 8, 13)ollX= FF A9 o] A=A SRI=]A] gkok

Zof AIEZ o]Fol#] HFAELE A slodAul, v 9. ZIARM OfEIMO} 17012] HImSMAMIEH A7
A 159019 75 F-loll wheh FHAES, W 32 A CEeE Tees SRR e
AlEEo] ekt vleE 4o E3sl= &5 Bk 19 B odol] o]8l ATC 199]] F slell 22 E59] HE
o] ZF 541 (26.3%)= ATCS} A33slo] PTC F9)7} #ds] AHel7b B2 2] (case no. 18, 19)2 AlL2E 174014
PA (Fig. 1B), VA ZdEolie E3Iqte] shto] CGH A& A& F UAUE=H), ol& F 149 (82.4%)=

Table 2. Results of Comparative Genomic Hybridization Study in 17 Anaplastic
Thyroid Carcinomas

No. of chromosomal Chromosomal regions
Case no. .
abnormalities Gains Losses
1 4 1q, 17 X, 15
2 2 8q, 16
3 3 3p, 20 5q
4 3 8, 17p 15q
5 6 1q, 7p, 11q13 *, 21 X, 6q
6 0
7 4 7p, 19 5, 15q
8 0
9 3 1q, 19 3q
10 4 8q24-qter, 19 2q, 3q
11 4 3p, 7p 4, 6q
12 3 1q, 11q13 *, 12qter
13 4 11q13 *, 17 15, 18q
14 2 6q, 18q
15 4 3p 2q, 3q, 18q
16 0
17 4 lq, 11q13 %, 19 X

* in bold-regions : high amplifications were observed.

=
- _ - =
M B = 2 =
- = = =
-
i & i s =
] - - [ [
- . - = -
= ]
] = = a 5
1 2 3
1R e :
- = - = ] = -
] = = = -
- a = L] L ] H
. |
- = b= . - |
E -
6 ’ 8 9 16 11 12

I | W
i niin
—
| .
—
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y 3 -
= = ] I =
-
19

20

“ml

* jiimiii

Fig. 2. Summary of genetic imbalances detected by CGH in 14 cases of anaplastic thyroid
carcinoma. The gains in green bricks are shown on the right side of chromosomes, and
the losses in red bricks shown on the left. The length of each brick represents a gained
or lost region in a single tumor
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Table 3. Relationship between cyclin D1 expression and clinicopathologic

Parameters Cyclin D1 expressionjg; P value
2~3+

Age < 65 1 3 0.118
> 65 9 3

Sex Female 8 4 0.604
Male 2 2

Tumor size < 5cm 6 2 0.302
> 5cm 4 4

LVI Negative 2 1 1.000
Positive 8 5

LNM Negative 5 1 0.307
Positive 5 5

% @ 14, cyclin D1 positivity in less than 25 % of tumor area; 2~3+,

cyclin D1 positivity in more than 25% of tumor area.

LVI, lymphovascular invasion; LNM, regional lymph node metastasis.

Fig. 3. Representative CGH image of anaplastic thyroid car-
cinoma case 12. Fluorescence ratio image shows
tumor DNA and normal DNA hybridized onto nor-
mal metaphase chromosome. Green regions represent
gains and red regions display losses. Uninvolved

regions appear yellow

ksl FL9lof|A] 3] oS HAF 3¢l (17.6%)= A4
A&70]9t} (Fig. 2, Table 2). A4 F39 CGH £74& 1
9l 3¢l Bz A o7 APAEF S AlET}t F9UF
o] YIRS XAskaL e SEECIN

AAA] o] dE Kl 140flellA] A F5L2 307M, <&
A 21024 H5o] t] Wokow, T4 o HF 3.6719]
QA wskE Bk Al 252 197} 5901 (35.7%)
2 7P Wk, 11q133 190] 7247} 49 (28.6%)F2A] E3t
Z=7o|9le} (Fig. 3). =L vholl 3p2} 7p7} 22t 34 (21.4%),
170] 24]] 18|31 8q24-qter, 8q, 8, 12qter, 16, 17p, 20, 21
o] 77t 16l (7.1%)°] =oldrk 11q13 =55 HQl 44
(case no. 5, 12, 13, 17) B5= 3l A Jdol|lA =

474 WSk Fig. 4% 1q% 11q13ell4) 25 3158 Bgl

o = 129] G| F2]FA (ideogram)2F CGH &% 1]
X5 HQl EAEolrh

AAe] £ 3q, 6q, 18q, X7+ A7 3¢l (21.4%), 24,
15q, 157} 22+ 26l (14.3%) B 4, 5q, 57} 22 19|
(7.1%)Z JeRgrt

t

gHAke] adwdo] 6541 olgel 12¢fl= 10| (83.3%)°NA,
6541 H|EERI 50il= 4] (80%) A SAAUA o4& Hdr (P
>0.05). S3AA] o] 1l 654 ]3] 10eflellA] EE5-&
1q, 11q13°ll4 ZHz} 4qll, 3p, 7p, 19904 ZHz} 3¢l 8q,
12qter, 16, 17, 20, 21014 ZHzt 149)ow, $=412 3¢, 6q,
18q, XollAl 22+ 24), 2q, 4, 5q, 5, 15q, 15914 22 14
ek 654 HEkQl sellollA] #5-2 1q, 8q24-qter, 8, 17p,
17, 1991141 ZH2 161913, 5412 2q, 3q, 6q, 15q, 15, 18q,
XollA] 7+t 14191

olzlel 130l 104)] (76.9%)0l4, AR 4odl= A o
(100%)°114 3] o]d-& Erh (P > 0.05). A o4
= HQl o7} 10404 #52 1q, 19914 22t 4qd], 3p,
7p, 11q130lA4 22k 24], 8q24-qter, 8q, 12qter, 16, 17¢114
ZE7k 141931, 542 3qellA] 3¢, 2q, 6q, 18q, XollA 22t
21|, 4, 5, 15q, 159014 27 1edi9ick dRlellA] 52
11q139l14] 24, 1q, 3p, 7p, 8, 17p, 17, 20, 21414 22+ 1
oAIRaL, £ 5q, 6q, 15q, 15, 18q, XollA 2+ 1419}

Fde] Z717F 5em o]l 94l 841 (88.9%)°lA], 5
cm "R 84ll= 691l (75%)0l14] A o] Hdrk (P
>0.05). A o) E HRl 5cm o] AR1 8allollA] 252
1q, 3p, 11q13, 1794 22} 24|, 7p, 8q24-qter, 12qter, 16,
19, 200114 742t 1419231, 5412 6q, 15, 18qollA 22t 2

ol

3.

I8N 4740} HRREXIE
2N
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o, 2q, 3q, 4, 5q, XX 22 1d199e). 5 cm v]RlellA] 2 XollA 2+t 19193c)

190114 ZF2k 3¢d), 7p, 11q139ll4 2+ 24, 3p, 8, =gy o] WE] 1490 F 124] (85.7%)0lA,
17p, 219014 242+ 169351, 4L 3q, 15q, XollA 242t 2 2w 2] ¢b2 39l 5 24]] (66.7%)04 S3A4A] o) g Kt
oll, 2q, 5, 6q, 18qollA 22t 1409t (P >0.05). 3AA| o) dg HQl "z W 120]l0f|4] 2]

PTC7} 41 ATC 59l 5 391] (60%)lA], sRk=]A] ¢k S 1q, 199114 22 44, 11q130114] 34, 3p, 7p, 179114
< ATC 129] Z 119 91.7%)°llA dHA] o]4S EYc} ZV2+ 24|, 8q24-qter, 8q, 8, 17q, 16, 20, 21014 ZFZ} 14|
(P >0.05). 34| o4z}t A PTC7} BREE 3eflollA] 2] AL, AL 3q, 18q0llA] 22 34, 2q, 6q, 15q, 159114

|4 3], 7p, 11q13, 17, 19, 2114 22} 1609937, ZFz} 24|, 5q, 594 22 164|990 g4 o8- HolwA
t"f——lﬁ XollA 24|, 3q, 6qg, 159114 22t 16|90} A8 HIZER S HolR] ¢k 2ol E52 1q, 3p, Tp,
ol Holu} PTC7} -g4k=]A] ¢b2 114lollA] 52 3p, 11q13, 12qterolld] 22 14190, =418 4, 6qollA 242 1
11q13, 199014 22+ 39|, 1q, TpollAl 22 24|, 8q24-qter, o|det
8q, 8, 16, 17p, 17, 12qter, 20014 Z+zb 141993, =41 2z Ho| f57) Eel=l 124 F HolE Hel 8dl=
18qellAl 34|, 2q, 3q, 6q, 15qoll#] 22+ 24, 4, 5q, 5, 15, 79 (87.5%)NA], Ho]& Ho|A| 92 4dl= 34| (75.0%)0l

1(12) 11(12)

Fig. 4. Partial fluorescence ratio profile of chromosomes (CHRs) 1 and 11 from anaplastic
thyroid carcinoma case 12. CGH profiles display the gains of DNA copy number at
1q and 11q13 regions. The 11q13 region shows amplification

Fig. 5. Immunohistochemical staining for cyclin DI1.
(A) The nuclei of anaplastic thyroid carcinoma focally show cyclin D1 positivity in about less than 25% of tumor
area (x200). (B) The nuclei of anaplastic carcinoma show diffuse cyclin D1 positive reaction in about more than
50% of tumor area (%x200)
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A A o HRIrh (P> 0.05). AA] o2 Holw
A Rz Holg el 7oflollA] 5L 1qollA] 40, 11913
ollA] 34|, 199114 24, 3p, 7p, 8, 12qter, 17p, 21114 Z+z}
16193, 42 3q, 6q, 18q, XollA] 22t 24, 2q, 15qellAl
717k 16190k A ol HolwA FZA Hol|E Hol
A 952 3eflollA] #52 3p, Tp, 11q13, 17, 19, 20114 7
7} 11903, AL 5q, 5, 15q, 15, 18qellA] 22 1419e

4. Cyclin D19| HAZXXS|sIA sl H|WF
HXtEE A4 2 A Ha|stE QIKtSZt

of mein

CGH 737} ¢dojZl ATC 17¢flollA] A wodz2ls
8} o3 Alol|A] cyclin D1 16¢1] (94.1%)0l14] FA& B
(Fig. 5). ATC 1 A4 7P o] z=F]ou} dFA)
< cyclin D1¢]] ©4Jo]dr}k Cyclin D1 9K 59 &
347} 390 (18.8%), 2+7} 39| (18.8%) Tl 1+7} 10|
(62.5%) k. 24042l 64| Z= 5¢0] (83.3%)lA, 1+¢] 10
ol F 84 (80.0%)olA FAA oS HJrl (P >0.05).
Cyclin D1o] 2+4o]o|mA] A o] & HRl 50 F &
52 11q139l14] 24|, 1q, 8q24-qter, 8, 12qter, 17p, 17, 19
oA ZFzk 161913, 412 18qollA] 24|, 2q, 3q, 6q, 15,
15qellA] Z-2F 14183ck Cyclin D1o] 1+o]HA] 34 o]
e Bl 8l F =52 1q, 3p, Tp, 1994 T+ 34,
11q130ll4 24, 8q, 16, 20, 21014 2+ 169, £2L&
3q, 6q, XA 42+ 24|, 2q, 4, 5q, 5, 15q, 18qollA 22+
19133}

‘.,

M3,
e w5t

¢

2ol F3k 1+4Q) F7holl GAfe] e, A, Fope]
27), A=E e, AT Aol fol HolZ B

o|A] ¢kgke} (P > 0.05; Table 3).

d|
ph

2] LeA JA 1T

) A WS EAH o B 4 gl ol
4 Wlske A4 TAoln] Fokow slotd A4 Tl
o

71 Fad WA A olhe ZAel 352 ol
S8 AEGAH Ho 9RA, FISH, CGH

=
=
ol ik AMHTAL e wIlE EHHow o 5

Ue AEHR WHoRA 4] FoRAEellARE VR
= HskE & = = o] glont, ZhhE- AlE wiks
Axdof s wijek Al Al o] wieF Z=7lol] ule} whAyet
T U HRE A wskE Qe dolst Axprl 2

© o] gleh2e6). olell wisll FISH 4TS 7122 3
CGHE 7hta-g Al wioks AXA gkae 22 4
AlFES] F7] Wzt Aol7] g oz AAH]l A
ol e Al A 7 9lom, 53] sl =24 B5
oAl %% DNAE 7HAae 44 788 = = 24
o= 3l T AERATH AT W oE 3] o]
I deH27].

AnbH o Z ATCE] A4 2212 7|7} wils- 31ET) o]
= ATC7} ti7ll 1885 AdeflollA] whzds]o] AAPt et
73597t whom, wt 2ol difite] 53]l tA B
WA X85 wrleke Agk 3 e Wl Aske 7S
7} ®7] wiiEelck wEhA A= ATCE Zeks 17419] 3}
2l =22 855 Agsle] CGH AR F3sislaL, 144
(82.4%)°NA AAA| o) BRIzIAck 3 AAA| o]
A5 T 23 H3lZ2 = #50] 197} 59, 11q13 & 157} 2+
ZF 4193, 42 3q, 6q, 18q H X7} 247} 3od13ick o]F]
3 A= ATCO| £33t A= st = A
0] ol AAA ol EANF 7S AL

g o2 dabEe] ATCE dlde & 3 CGH A=
chekel 278 Holi 9Jolrk Miura 512812 10¢1]9] ATC
73 ZZol|A 24709] FAA| o] WA, olE F
2277 E5, 27W7F E-olElar sl o, AAA| o)
1q21-gter (n=3, 30%)2] 25o| 74 Egv 2o & 10p
3 X9 25 (A n=2, 20%)°] <olzka &3iv) Rodrig-
ues G{18]< 7¢ll9] ATC 57 ZZollA] A o2 &
o] o] &3, ol F 20q9] F53 Xpo A4 @A
n=6, 86%)°l 7F& &3, 3¢t 5pel HS (A n=5,
71%)9] 28 Huslgrl. Komoike 5292 84|9] ATC
AIE F2 dideg 3 CGH d7ollA] 16p9t 18q9] 4,
20q2] 2 5o] vlisAl W=, o5 % 16p <4 (n=5,
62.5%)< ILEIREES] AE FET} HE] ATC A|E ol
At & 4= 9lgdka 19k Wreesmann £{17] =8k 15
dle] ATC shpH =2 E30ll4 3pll-14, 1lp, 11q132]
253 5q11-319] 42 ATColl AL73F XA o] o2}
I sigiet gk AFAES ATCOlA JA|e] ) 5o] &
Arct o] Eslrkar Haslar ol oA Az
AT IXJslz Aolek 1Ak, ARl whE I
ool Fub K97t vhekd& Hel A 3A, difte] A
gkl o] ATC S#IE v sl A, &4, 9394
o7 A Fk7F 5473 o]ZA (interneoplastic genetic
heterogeneity) 9] %A, A, ko] kAt ZeiS G414 W

sl9] geAeh SR S04 welel st T B 2
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7} ke 4A[30] 5= 2T T d& A Frk

B dFolA 3ell= B4 389 CGH 4745 Heirk o]
23t 4742 CGH AP} 7151 AA gHAPdell 7118 A
Y = 9tk & CGHE "ol ofg-g 34 Wil 3
Al odA0A) o]A (balanced chromosomal aberration)o |t} Ht
>34 (paracentric inversion)2] ¥HY, CGHE] |45
AR 55 Ao & w33l & T & Aotk 1 flo=
sl £E502 58] CGH AAE S8t 5% =3 23

[o3

E3wlo] s 7hsAdE sl viAlE = gick o]
53] o}F 2k DNA 54| = HstE 71 olg B
85 HAIE DNAE Alolol] A4 4| DNA

7} AodRlo & sl x| wWisk} AE=A ¢k = Q)

H Aol 7 =8 MRS 29l 1q 35S Miura 5
289] Hare} fARslch dubgo R 1q F52 WA =5
7} f2% PTCAA E3H[31], £ A7) Z-FolXx 1q
2155 X3l ATC 59 5 3¢lli= PTCO} 5HEE 7395019
Auk, 7k ollol|A] ZpA WA )] B3 W 1%
Mk 1q delli= PTCO] oF 15%014 EAI3l=]= 417
A2 8715 T PRl NTRK1 5421 X8l
Ak v TR E 1q A5 FIE S B AIE H
ZZ a3 il &3k Zlo g dwiA] Qlrk32-34
11q13 3AA] ddollA] 255 Kl 4ol T3 555
2ok 11q13 ddell X tNFEAQ] FdRAAEE
Wnt ASHL 2] 7R Wat 113} A|ZE57] v
Q1 cyclin DI & < glow, o]59] #piad e M4 ¢
o] Bast of| e} o] Qlrkar ghel5,22]. el H ol
TollA cyclin D12] BFo]] uhZ J ] o] o] 774 32
el Aol 1elal cyclin D12] W3z} ghake] A, o
¥, T =7], A=FER AE 9 J9HzA Ho| Zlell=
frolgt Al 18 9 §igdck elefst A7
ATCO] ¥y Bl Z13] Ipgof|A] Lojul= Jax) wWslel &
Z% wolrt sl 3} vheksly] wiiell cyclin D1 T+
chile] spitd oFo 2= Adsly|7) e Fid 74
o] riar A7kt gk B ol Ad Felle] )
Aol lHEles 2JoE HESPlle Fel7t 9
AE wiAlsE7] & Zlelck Mark 5{35]2 ATCS] ¥4}
o]Z u]4= 93AA| (double minute chromosome)®} 7+
AL SEFE Kol 533 i3S M 4 vk si8ie
d], & odFolA] gelEl 11q13 22| 7% o3t &7
= Hhdsle &Y AT FIE = ledek

3q Aol XA Al SE3) 5l FAS g
Q= NEAQ) FAAEEE SST, PIBK, 32 bel-6 &
AUrH18]. o F A= DNA 54| = F71e} fadslod]
Attoll Zlofsts oz g4 giedl, £ 7] 4
$ 23]7] 3q £4S Ho o]F Tkt A 7

2

T
5

317] ol#i ek olulx o] AA| ofdel|A] o}F] UdTA|A
%2 o ZFAARHALY] o] HA=EIA|RE E oo
Al o] & ERIsE ol ik A X o] Aol thsliAl=
Rodrigues S{18]0] Xp A3 ATCZ el SAIEH AZHA]
< 7HIcke X 3 vl AL o] Alelslals ATColl
2t o]Ae] CGH Aol x| X9 4L vl =4
&4dolc}. Rodrigues S{18]> ATCollA Xp EAZ 9l
3G 499 FAEe] AE ok fARES] U
of] e FolA PG RS AT F s Zlem
FABIITL o2 ATCollA XGAA] £A412] LA o disl
A Fr] AFE ol & IAIE AZEICh

FAAA| o) Fo] HE=A] FAAES] Wole}l dX|sle A
ohddl], o]AL CGHE FR1E + J& A= 83| &
DNA <1sljol]A] wlo]7} WhAlslA] ok = Q7] wiFolch o
FAQ FkdAFAAR] p53 AR A YuEez
ATColA &3] Tpds]= AoE deiA dAvH4], 2 o
TollA ps3 FAAE SIXIskE 17pe] EAol #5e]
A=A 2 AL olH3t AT} P=Ho| 9 Ao HIl
t}.

A A7t ARluisks A FeA e s sl
oA AEHR FAF wls 549 Zleg 4
t}. o|2f3k 3= DNA A olde] g7 4|7} Q1]
o] Z1zhel] vlelsle] Frlshe W SdEolA FHE ¢l
th36,37]. 2 2 o] 735 Fke] =], A=ZdEn
g, ddEzA Holol T Foke] A=) HHH <
AT QAA| o Fe] = At IAlE HolFEA] gigick
ol £ qdllA EIY FE flANE A ] wihE
A, Aol el A¥A wizlel FHIK = FTHAIE
DNA A 2¢] o= 574 fAxEe] 534 wle]
7t ¥ & e AR EEvn AZEYek A A
< o238 CGH 7oA vhge] §AE4 250] &
A A Tl E Vel = vk Ha138]= ol%t
47 Fit=le AY & Ak

I o 2 CGHE dAA ol dell il A f34&
Ao 3 e ARe] JA, 4 5~10Mb o]
AAA| £ S0} AAo] HEAREE 7 follnt o] 7153t 1l
Z=e] AL del11]. olol] "isl] MSI 7= Solst F
A 572 A2 (oci)oll AHoZ Ao WA= A
o] glou® CGHS} MSIE &Y 4] ZAlelA W83
of ek = Qlch ATCO] WA Bl X8z} A=l ks
o=

N o

o

ol AR ERMEE FHl AR olelid o A&

7=t
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ma, ATC) Aol Asl= 7 X|%=IQ1 ¢F T sht
o|A|uk, ATC®] ¥4y |l X1e8x} el 7% ool tial]
A= obF EAsL olo] A= ATC ¥4ke] =4 A
A4 CGHE Whs]= dA| olde] okds ZHARE &
A ol gt Fokel eIt Al 9l cyclin D1 ®F
o] S golk izt sk

CHAF QU HHH: ATC 17619] slel] 22855 o]83}0]
B]32-52AE 3 (comparative genomic hybridization, CGH)
= AAsedel AL W e 7S oldk &7
el QAE (3AF A7, AW, Fke] =7), =y
A&, 98 ZA Aol) 9l cyclin D12] wojz==]shz] ut
FAlE w3k 243190k
2D} ATC 179 5 14| (82.4%)0A] FAA| 7S
¥ o 25 32 EAL T 3.671 (U9 2-6 F
, 41 21)Sck 3oll= A4 CGH 332 Holch 7
5 BT 590 (35.7%) A WAl 3484 199
ol& F 3oll= skt Bk ZEelddel 1
3t A #152 119133 19 (A 28.6%)04 7=
ek 11q13 55 B9l 4ofls BF $E5& B3k 4
AR 42 3q, 6q, 18q 2 X (A 21.4%)0M14] &3] 3
ek AEH dMA| wlolo] = ldElsh A=
AHAALE HolA] ¢kl (P > 0.05). Cyclin D12 174 &
1601 (94.1%)0114 FA 4735 HAA, ok 3ol M4
£ 9 wole] Freb o] (ilrh(P > 0.05). Cyclin
D19 W32 eldtd QxlETE AaiAlE HolA|
okokc} (P > 0.05).

AE: o &S TP <A 1q, 3q, 6q, 11q13
gl 18q9] BE 3-8 £A1L ATCOlA] Ha2Z] B3k 2740
2 Bl wElA] o]F AxEel SXlse FdARA
A} FkARlell ot gke] gl ATCO] Bl S
ofslisli=tl] B2 Ef2 £ T Us AoE =k B
QAT 11q139] FFo] SAH0]UATE, o] Fglol] 91%]
3= cyclin D19] #h& 2RA7F ATCE] QM40 LR of]
Fo} WA ks THIAE gk Ao & AsEch
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