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of Fluorescence In Situ Hybridization and
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Abstract

Purpose : It is important to exclude germ line
mutation in cases of unilateral retinoblastoma (RB)
to estimate hereditary or possible secondary cancer.
We investigated whether genetic diagnosis is fea-
sible in a health check screening program.

Methods : Five patients with RB had surgery for
enucleation in Keio University Hospital. Tumor cells
from enucleated eyes and lymphocytes representing
systemic cells were collected and analyzed geneti-
cally by fluorescence in situ hybridization (FISH)
and restriction fragment length polymorphism
(RFLP).

Results : One out of three unilateral RB cases
could be diagnosed as non-hereditary by the finding
of no copies of the RB gene in the tumor cells using
the FISH method and no signal in the RFLP

method. A decrease of signal in tumor cells to less
than 50% in the RFLP method was observed in
another case of unilateral RB that seemed to be
non-hereditary, but the case ultimately could not be
diagnosed as non-hereditary because polycopies
were found in the FISH method. No abnormality in
tumor cells could be found in another unilateral case
or in systemic cells of two bilateral cases.
Conclusion : A combination of FISH and RFLP
methods can be used to diagnose some cases of RB as
non-hereditary.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 108 : 482—488, 2004)
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PR f B 1 H AR 1R D 16,000~20,000 A2 1 A28
FETZ/NEEENKERO—DTH 22, MRED
TEH T 2D 25~30% % 5O, ZOPrEEME
(germ line mutation) TH 2V, —7F, FIREOEH]
3D D 70~75% =hHD, S5IHIRMED 15~20% 238
EBLME, 80~85% WIEMLMHELE SN TWwb, BEBHED
EFITITEROAREEEEERL, BERIZN% &&
RKThH5?,

MERG e | LR S R A O T b B ko
AH = AL INIERTHY, ZhEFno 135
Feti iR Rt ql4.2 \CFEFE S 5 MRS fa lE & E T (RB
BEF)ECHT VIV ESREENEL L I ETHRET V.
Knudson 592 & - THRB & L7z Z O#EE 1 Two-hit
FEEEN, RBERETFIZEEMESELICES Yox
A B T 2 EEEE T Ch 2 2 EAHIAL, Z 0%
EHRHI T 2979, BIRHEOERI T, #HillEo
RBELEFIZBWVT, 1O 7 V4 TIZEE (germ
line mutation T, §TCTIZ1Ety FN&NTW3)T, HE
BHEFAC BT 239 1 OO 7 VIVIEEERELCR
F(Esiley MEET 2. —7, FEEEORE
T, WEZEHIIC B 2 RBEEBTFOM T L VIZB WL
T, BESE»PHBERICENTNICEEZELCS2Q2 ey
N END)BEND Z0, BIEEOERITIE, TXTO
WHifEIC H 2 RBEIRTFOR T DT VIVICEE ST
37z, FEEDME DN A THEFR B ERANI
HY, ZRIEOFREFRLFRLEL DV,

MEZE P E R BB PRl 2175 2 &, &l
THNIX10~20% & 3N RIEOFKIES THI T 2 &4
PHHABEZF, HEFE2 DO T BOMETICITE
% &IN5 HEEFMIAEDO FER %2 FHl 5 L CHEE
THZI Fl, FERIICKABSFHEZ S 5 T 28
Y, BEEPTETCENERRICD > THBEPK

LT, RBEEFHZFY 27 % THELLET % 200 kbp
DRERBEFTHY, HERDD2LHBREET,

WhW LRy P ARy b EFRN I ENET SN
W0 2 2T, MAREZGDIRETEMNT21TS
DT HE, TNICERR LGN Z2ET 579, BIET
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bIA TN TiZW iR »W, T, HRRESTEAD

AWK X V& O OEBICB W GER TN TH
NdE5khoTslk, SH, HKBRESHIREL T
% fluorescence in situ hybridization (FISH) ' &
restriction fragment length polymorphism (RFLP) i
2R LT, ERERFEH 21T - 7o RS EE S 2> & B
WU 7z fEsaiia s, RiiE s U COREImE T Y »oREk e
BENENE LB L IGBE T 21T, FIREORR
EHREEGNC BT, BEEEOFRIHIE TE 2 il
HIzDTHET 5.

I NHRE6 LTk

W, BEERIAEHEEIRRIT 2001 #4525 2003 4
W IR BREE 2 17 > 7o 2 R I SE 1 5 Bl T & 5 (3R
D. 2058055, FIREOMBEIMeEL 361, W
R 2 flchb, WMRED 2 FlLIPIR2R I IRET
bV, RERFEHZICEIRICDFELER TH oz, W
BhoAr7r—AFarey 25T, FHHEER
S EEMEE L ORI IM» oV BB L, 2%
T FISH # & RFLP &% H\Ww CBRTENT 217 - 2.
FISH % & 13 BEOFME (5P ) >3k 8 L O
e AHE (R ot L, (RERAWE & v/ 7 [EE 21T
WIT FIAETATA FERLL I, B TERL
7z DNA probe Z2/N\4 7)) ¥4 X &%, RBELTFDORX
HEF~255ETH%, DNA probe i 440 kbp DE &
%3 D RB 1-DNA probe(LSI 13 SGDNA probe, Vysis
t, AV AN, KED) 2wz, sTEEAI No 13 ik
ok H probe (wep 13 @ ZR€0) B8 & OF 21 TGtk q 22.13-
q22.2 A EEEERT 2 2 > b v — ) probe (GR{0) % {5 F
U7z, RFLP &% & 3 EEMME & Al S5 2h 2 nHE
0 DNA ZHIRER T L, B L 3 258N A
T A4 XF BAEFH L 7: cDNA probe (45[E1d RB #{zs
F cDNA = & vV > 9-27 #H#% %2 & #) = Southern blot
LT 2 HETh 5, £9, BHUINE% proteinase
K T, 7=/ —N%Hw<TDNA ZHf#iHiL 7%,
DNAG ug) %, %1% ikl R EE# (EcoRI, BamHI,
Hind II) TYIWT L7z, Z 2 RBERFOZFY > 9-
21124 7D ¥4 X4 %3P THEF L 72 cDNA probe
(3.8 kbp) % Southern hybridization &¥7z. Z D fik
TIRELEFORESEE TN Y 7 F VIR DG

£ 1 EFIOAER
FE AR FEHE -tk FEEA TNM 4345  Reese-Ellsworth 538
1 FIR(ZE) 2435»H endophytum  T3bNOMO Va
2 FIR(E) 241»H  exophytum T3bNOMO Vb
3 Frig (%) 6 »»H exophytum T3bNOMO Va
4 iR 2 H endophytum  T3bNOMO0 Va
5 TR 1% 97 H endophytum  T3bNOMO Vb

TNM : tumor-node-metastasis
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X 1 13 ZLEAED fluorescence in situ hybridization (FISH) ;ZN#ER.

SEEBIL OV 2oNER, REIRC 3RS FE A T 2 MBRCEEHIIEE (RB) EE T 2 2 € —A 515 (HEHD).
B EED 1 O RSN, SR IZ RBEGFN a2 —TH B, CIEM2 DY > 88k, il RB
BEFN2aE—A5015% (HKH). D! ER 2 OEEME. £5E T3 RBERZTFY 6 2 €—(HEHD),
BT 3ae—(BERE AN, ZaE—%22 L TCWw/, EIER 3 TOY 8k Al RBERE
Fo2aEv—aons (AKH). FiEF 3 oMk, RBEZFH3IaE—(AXKE) A5 5,

B, %7z, HIRERORMBENICHERERS L % R
i, N R OHBL S Y — 22 bt & L TR B E 5 1 & 8 =

%, FISH#EIX = A7 — Nz hiz, RELP iz =21k
E—y—TIZEFNFIUEEL 12,

|11 ES

EFIONFRIR 1D L TH S, REFEHZIT- 7
FRHIZAERZR 2 A~2K 3 AT, BIR 44, LR 141
THY, HHIED Reese-Ellsworth 43481Z Va % 2 IR,
Vb B3R TH -7z, FATFICHE & ik & FIE A &
NI HEH X % {, tumor-node-metastasis (TNM) 43 48
146 T3bNOMO Th - 7.

FEBI 11 B 1 % FISH =51, AMllEofE T
TFWRBEMLEFH2AE—Tho7DIZHL(K1A),
[EEHETO RBEERTIX0 I E—TH-7 (X 1B).
RFLP ¥k ClZIME 2> & O 23 IEE S & 2= 257
Dotz DKL, BEEHEBTE NS bu\é’ebﬂxt

(K 2). EZMETIE RBERETFBREL, T 2 HYHr7 Oy bEICE B restriction fragment
REL TR WO TIEBEEOHBIFI EF 2 5 b, length polymorphism (RFLP) ZN#ER (FEf1 1).
FEW 2 O EEHE T, RELPZ®ETIE Ny R MIEFDY > Fk»51E RBEEBTF 777 A DY

IINBBENB S, EEARTE Y 7 pREL

R —VRBRICTHEN, YT FVNH0% LT TH- ]
Tw3, E:EcoRI, B:BamHI, H : Hind III

72(3). DNy FRIEESREFELCTHD, ¥



PR 16 £ 8 5 10 H

RN E AR T2 T + SPIBEAt 485

Mm% FEEHER

kb

23.1

9.4 —_

6.6 —

2.3

\

X 3 H¥>7now bkiZL 3 RFLP EOZER (EF 2).

EFENHE EMBEHOY Y XK T RBERBF 777 A

DY T FNEERAE SN VWY, BEEMETIR

S50%AT DY 7 FNVDBIINAHONSE, Ny FOEBINY — L IZEE AN,

ZFNVHRIETH -T2, Lo L, FISH B0 134
fa ik BEEN BB (X 1C), EEHINETIE RB#EEGT
DIAE—FKW3I~6ar—ZLat—5b D (XK1D), &
{BIC & 2385 F OALEMI Y RB # s FHEE A iR
LCTwi,

FEG 3 T, S, A, EEdRTES L
mote, EEMEER7 VL ELRETHLDT, Fh
Zho7v ey RELPHETIR E & 2 5 s LR
LEPNS BRI DY, SEIOHIRESRC L 208 T
B EREIMPRE TS o7z (K 4),

FEG 4 IZRREDERITH D, Hlifdo RB &EFIZ
BLT1IHOT7 VIVICEE DD % germ line mutation
LEz2oh%, ZOFITIEFISH ¥ RFLP 3¢ b &
HWERHETEY, RBEBFOREERETE RV
O, EEME TR VL& b HERER /NS Rk
DEET B EE 20N 50, FEEHBEORE b Ao
HELMHTE Rpol, JERIS TH RFLP #ETIE T
NCIEFN Y —>, IEHEY 7 FNVEETH-> 2. FISH
ETE3ae—naoh, bk 2B8EFORNLERE
WS IE—%2RLTWI(M1F), Efl4 LR UL
AHIEED RBEGETICB T 2 1ED 7 VT R R
BhHdEHEZONDED, FHRORE 2RETE R,
72(K1E).

S5iERlEE w5, FIRME3IFIOS bIEEEME LR
WMTE7-01PIGEN DDA TH-72(K2). 1HI(E
B12) 13 RELP 3Ty 7 F VEFER A S NI b b
53, FISH ik L HAGbE TE 2 5 LHERE L i
ST s, Bt HEE SN AWERED 2 FlTiE, &

X 4 YH¥o7ow MEICK S RFLP EOHER (EF 3).
MDY >S8Rk & EEME Tl RBEGEBT 7 7 7 X
VRNDY T FNITENL S,

Ml B IR TE w7z,
v % %
M 1 R 2/ NEIRPSEEESE TH D, <
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% 2 Fluorescence in situ hybridization (FISH)% & restriction frag-
ment length polymorphism (RFLP);ZTHERENF &

M JEE SRR
FEB HHR
FISH FISH RFLP

1 FIR(ZE) 2 copy(100%) IEHESZF)  0copy(95.3%) ¥ 7 FURE

2 FHR(E) 2 copy(100%) IEHSY 27+ 3~6 copy(85.9%) ¥ 7 FNEE

3 FHERE) 2 copy(100%) IEHESZFI  2copy(99.1%) IEHEY 7 F)L

4 AR 2 copy (100%) IEH Y 7 FN 2 copy(89.4%) IEHY 7 Fn

5 TR 2 copy(100%) IEHSZFn  3copy(77.0%) IEHY 7 FIL
DFFE %S RBEET IIRERN 2ENGHEET TH AR EEMROER
%, MlSZEEEERF E 2 F 2 mRNA O ERIGER
fICERT 5 Z LIk >TRIE S L 21019 RBEH -
ZZDE2F LfEEL, E2F 2EBERBEM» 5 ES
g, EEERGS ¢ THESRENIEL TS, RBE & & BPLILE b
H%32—FLTw5 RBEGTIIHEEAHZ1E®, #iE RAENE B

HINZRODICEBE S HE 2R 72 L Tw» 51920, JEZEH
fafE i3, RBEEFOW 7 VIV E bIIRE, i3
TSR ERZE LS ik > TER % RBE
HPELEI N KD, Z0, MHIEOSZFIADOH]
HRTE 22D, MIaEGESHHIIR 4 U CERt s
L2EEZONTWEY, Lrl, RBEGRTOMWY LIV
w77 Llz=w X3RN L AREk b
HERZEL, BMCLVREIHETIEHTT S &0
S#ESL, t M RBEGETFEBRFICHKFEI LI NT VR
VIZy 7Y ATI/NNESAONDS &ET LHEDH
Y, RBERTFIIFEDRERE CIMESE®T K b —v
ACBEGELTWE EHEZH5NTWE,

A, HACEEMBEE OREFNC T LTS & £ & 5T
W OERADT I NTE T3, Polymerase chain re-
action-single strand conformation polymorphism (PC-
R-SSCP) # % PCR-heteroduplex analysis(PCR-HA)
B £ O PCR &2 WA RREMA T, TORFE
Fiidd 2BEREMGETH 520, LrL, Aohoi
JEESHIIE T D 2R ) RB EE T O b2 2§
12D+ Th % 2 TEEFESIOMEHD & TlEA+47
T, WIAHEEET L OHBPBLETH S, SHES
NIRRT IIE & Bl U CHEE 2z 5.

FEG 1 38R PR CIEEIETH 5 LHEE S IiE
BlTh s, ZDEFTO FISH i & RFLP &0 #EHE 13
[EEHE T RBERFLH 7 LV E DB REL TS L
ZRL(E5), HBHRICB VT, £bohDBEFICS
ST ERZERER LR L TW 5 2 L BFHERINCRED TRE
Wiz, HHIEOBMGT CIRIERY RBEMLGT 285,
B T2 ey bE&NBEZ ETEEL EHEES N,
FEEEEFEZ TIwEEbhs, ZOEFITIX FISH
& RFLP ®ORERS—FL Tz,

RBEMETFIIARE LRI HRALRORTE 2K L
FIRfz, EELT 252 L CEBRFORLEIELELL,

X 5 RBEEGEFEEOEAREES1).
FISH # & RFLP #% DR S —3 L, FEHEMO RB
BREFIIREL Tz, HRAEREEHLTHE L
WBRERINZE 212 wiz®, Z OREFNEIEEEE &% 2
55,

RBELZFHEHEBOZ a (xR T I e onNT»
2%, Lal, MEFMEETSE I E—bE2RT DI
RBEETHIBICHES F, 6 HLRMOMAEL LI —(hEK
FTIEPHSNTEY, 6 FLROKDEL I —ALiZEE
OEMEICHERH 2 L bbb TWwaY®, FER2 0 &
512, BB X 2BETFORNLE4E U T RB #HE
DEE I E—NEUC AL, Hiilic RFLP & CHE
HRRTOY 7 FUHRWIT L T3 2 ENIREEETH S
IR RS R, EEHEBKCE VT,
cDNA probe i RBELEFICKERREND D LA
TVFARTET, HEREEDHA bp O/NS R
W5 RBEMLEFIZEINATVIA XTS5, KERRE
2O RB#EfETF &, RFLPHETIE S 2 oz g
GEREFDINS e R B 5 RBEIET £ 48, HHEEG
TEBa Y —IcHiEs N3 L, 2D DNAELZZ 2 2
7z RFLP B CIIHRIC Y 7 F VOB 2 2 3 2 &
DFzZ 65N (K6)., ZOBHRIEMETOEERDOE
K, $hbb, BEEIIFEREIICIPDLTEID
/o570, BEERMEITZW AL % 5. RB#EEEH2
E—ICHEIE L T 35 E 9 g FISH 2 fifT L T 4
B EHBITE WIS, RELPEDO & &2 ifTL > 7
FIVIREGS % A % 120 TREREER OB DR 5 7
Wb 5. FISH &% A - Eo&EE T2
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