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D &bkl #dalkl & UTid, ARZHERE CERILE
N FESEHE CEMD 5 W IEHSEYIRM R B X T
R ) ORIV VEE—8T T o R
Hiz, SEERH Uik, SE8h S INRiTERE
NHEITLIZEEE 2%, BRXUSERE/REZEH SN
BHEIALOBENENTEDTH 5.

2) H A I K CVA R

a) Xrtafhkt > b A7l 7 'a— 7 | Boehringer
Mannheim ¢t DNA probe, human chromosome X
specific, digoxigenin-labeled (Hi1F C 8 I 7 &
NTWEWAD, FREO Y O0— 7 CHEBEROHERE Nz
& O Hifth - ; VYSIS, Quantum Biotechnologies Inc.
HEMSRTEENT NS, )

b) H17 FREOKELY R ATHTO—T7 B b 17
Ttk Z s mouse hybrid cel™ X b #iiH} L7z DNA
(JCRBCell Bank & b AF, 711—2%; JCRB 2217D)
b MRkt b a X7 HSERS RO TS A~ —
(TCAGAAACTTCTTTGT, GAATGCTTCTGTCTAG-
ik 25 ZHR) @ LZPCRKEIGICK D T a—T %
fERK L, digoxigeninfZ:#k L CHW 7z,

O NATVREAY =g VAR LTORSEET
ARz #H L7z, 1 ug/ml digoxigenin-labeled probe ,
60% deionized formamide , 10% dextran sulfate, 50
ug/ml sheared salmon sperm DNA, 2XSSC

d) YIR B » 0.5% Tween 20 / 2 X SSC

e) 70w F AW ; 0.5% Bovine Serum Albumin /
0.5% Blocking Reagent (Roche, Cat. No. 1096176)

) Hi1k 74 W 5 fluorescein £ 5% — Hidigoxigenin$1 1A
(Roche, anti-digoxigenin-fluorescein, Fab fragments
from sheep, Cat. No. 1207741) 20 ug/ml in 0.5% BSA /
0.5% Blocking reagent

g) Bt —EF AT 5 5 ug/ml PI (Propidium Iodide)
¥ & U 5% DABCO (1,4-di-azobicyclo-(2,2,2)-octane)
&L 50% glycerol / PBSYATR
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DNATVREAE = a VR NNA TV EAE—
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37 COF ¥ 2 IN—NT 4 B ERISEE Tz,

) PWHEBIOCEH  NA T VXA =23 VBTN —
YAV MEREL, YR 7% 60% formamaide - 2 X SSC
H1 T 42 °C-10 47 [, 0.1XSSCH? T 48 °C-15 77 [ % 2
M|, IRLTRDETa—T%RE LR YR
HHRTC 37 °C-10 7 fhmif - e L, 7awy F2 U0
WHIT 57 (i) EWietg, Ty F U UTET
20 ug/ml IR U 7z fluorescein #2251 digoxigenin
FURTATGR 50 p1 &2 Y] FIc#e, 37 ‘COIRMFNT
30 pRIGE BTz, RIS, YIR VRS T 5 77 X3
mPeE L, B O-B A A TIOR3 L B A Z [
RFCTT7% o T2,

5 BB L OEH ; BIZX & m{R O D AR, 1EIT
BRI L — W — B B (Carl Zeiss Axioscop +
BIO-RAD MRC-600) % V), XD X 51775 -5 F-.
FITC 3 X U PIOHE & 488 nm D L—— IR THI &
IKIE L, ZNZNXx63 DR L > X% VT 2l
M 0.6 wm PR CHLD T A2 10 KZERT 1K
DGR ZVER LTz, Z OBl a0 mGIc Ll < —
(FITC ; &, PIL; /%) ZDUTHKL, 1O RKHE
B Uz, RIHERR U Tzl z I U, il smn
AR Y D A28 AT 1 KO ERN TES 2 L, #l
fatg s 7 )V Uz, B 1 il 720
DY T FIVEBEB 2R L, AT T LZ1EK
U7z, —Eomi{id, HBHEHICCD A X< (Photometrics
%84 Sensys 0400) 7Z2%&% U 7o BOCRAM ST (Carl Zeiss
Axiophot) Trc#k L, L —W—BAMEIH G D LKRE
f17x->7z.

6) FEROFM » ERAMAT—2 XD, Mok 1Y
1720 D> T IVEESEE (Mode) 38 X UHIFERZ 1 {24

, WL %

1720 DY T F VB Kgna) 2 BIHRIFICETR U T2,
X/, YU FI)z3MEM EFTMEORE (HrHR)
% Chromosome Index - 3C (CLyo), ¥ 7 )V7% 4 fiLL
EETHIROLE (F5#%) % Chromosome Index - 4C
(CLo &L, AU WEGMmIEIRELE.
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1. OEOCBEMEE = WD TR Uzl & HE s
L—Y — BB O T U T2 5 o Hig

Fig. 1 I3 FE SRR R D IEE ER I DV T XS
BRI a—T 2N TITA > = FISHOEBR TH 5. a
VEE OHOCTEMEE THIZE L 7252 CCD A A5 T
s L6 D, bR L —Y — B T Zi 5 m
1 0.6 wm EFETHLD A A TZHI R 10 K2 ERTIER L
TEHBETH S, aDEIREDDOE{RE NS &, bDJF
DEDEGENMEIATH 2 & & E1C 1 DDRKIC 2 D
TFIVHEERTZ MO Z . Mk 1R 7
DO T OVENE, aDBEiEMSEH LG 1.1
TH-DICHL, bOWGENSHIN LG 14
THolz. £lz, aDWBETIZS 7 FIVHPITHREX
NEENPSIEAHTVEEIICHZAZEDEH 5. a,
beIHH LWL Y AT 7Rr7a~v—hk
(x63, oi) THbO, LRHEEIF 02 umfEETH 5.
W->T, 5umDYJFWICH B > T F )Lz 4 TIRIFIC
BT 5 L3 TERVDT, bOJTIETIER L 7z
1§72 T i T — 2 DD .

2. FHUBIB X OT—%

Fig. 2%, SEERERK & W& M- 7= SR A
WA EL (Case 1) 1IDWT, X¥EkTa—7 %N
11755 I FISHfEMT DFITH %. aEH I, chi
ERIREDEBRTH O, b, dIFZTNZTNOEKRELD
E LIz AR TS LTHD. TNHEDTTTXOM
Hafz 182472 b OXGEks 7 )VEERSAEMIE, EH
T2, BIRHIRAETATHST bbb, TD
R & © #HE L 72 Chromosome Index - 3Cl&, 1F
W7 T39, RIEPMRALTR26 TH->7. Tk,
Chromosome Index - 4Cl&, 1EHE7) T 1.3, BIEAUH
2T 403 Tho 7z, Fig3ldFig2 LR 7aw 7h
S E NIZRIOYIFICDWT, #17 HRAAk T 00—
7% W T117% - I FISHI#T OF (a5 1EH, c; 5
B TH%. b, dDEA NI LEDEENDH 17
TR T FIVEORSEIE, IEHED T2, HE
RJFZEC 3 T 5. Chromosome Index - 3ClE, IEH
T4l BREMKELETRITH> . £k,
Chromosome Index - 4CI&, 1EHE7) T 1.0, BIEAUA
ZT81Thol.

Table 1 &5 [EIEEF L7z SHNC DN T OFERZ F &
DL DTHB. —HDOMIKICEE U TIEXHREKICD
WTOAREIELTZAERTH 5. 361& & BIERIRE T
R EAR DL 1 EX 720 D> 7 F )VECEEED
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HhnL Tz, Table 1IS/REN TV B IEFMIART
BT BRI LAY 720 D ZF )VECEYEE D2
W, XHEORICBE L TE 1.5, 17 FREOARICEEL T
14 THo7=h, BIEKRDZWVIECISIHEICE T %4
S, XEORICE L TIR 2.2, 17 BHEOAICEL
TF20TH - . [, EFMRAESTICEBITS
Chromosome Index - 3C D ¥l 1%, XERE{RICBEIL
Tk 19, 17BROAKICEHLTIE 12 TN, &
e % WIE CISIRZ T, XPEOAICE LTl 39.3,
17 BROAKICEH L TIE 321 TH-o 2. Fh, EEHM
k4 TIT 1T % Chromosome Index - 4C DIEf#E I, X
R fKIcBI LTI 04, 17 BREMAKICBELTIZ 01T
Hoteh, BIEKD % NZCISHHZE T, XFA(AIC
BIL T 18.1, 17 HFREUKICBHIL TIE 48 THH Tz

z =
1. BPLEHEICDWNT

FIVSV VIEE - 8T T o el R D SAER L
12Ul 2 W CFISH 2 52 i 9 2 B%, T D& 2 it
T 2DENA TV ZA Y= 9 VRISHEINCAT D AijiLEE
HBThH5. —fRITKIV<D VEE - 8T T ¢ At
Tk, EMDNADEHICHI I A7 ENT VST
b, MENOFETTOEAZRELETINIZES R
V. @R OHMIZIE Table 2 IR L7z K 91T, 0.025%
proteinase K (Wolf et al.), 1M sodium thiocyanate +
0.4% pepsin in 0.2 M HC1, ZMILEE (W 7 T > W ke s
W) mENHAVENTVS., EONENREB0LD
X, HEROEERM R EICE > TERRERZDT, Shik
THEIT 2R0ENDH D EEZ BN, BTN AFD
Thd e TFIVHELNIZND, WD 5T
ELEHBPMENTLES T HSDT, HkZ
HELENED T DOEMFZ AT R NIE RS R0,
SRIOMETTEN L DN DFEZA L THID,
H (2XSSCHIT 100 °C-10 73f) + 0.4% pepsin in 0.2
M HCI (37 °C, 20 ~ 40 77[) Wb RWHiR%Z 5 2
7z. Southern 5 7 I \» T W % 1IM-NaSCN I X % L
HL B2 217755 LY DR NTLES T ehEh -5
7=2DT, ZEfrabiah o7z, Fzpepsinif{bic B
LTI, FEERICK > T 20 pBTRERARDEGED
Ho, FOLAEIIZHEE 20 2EOMLK IO E TR >
oo i, TORICHENS KIS, TOFTEICE>T
AL, BOEZD DRI ER 2D T DRZH
B3 2700/ NAENE LNEWV. W, BRI
XD IRF T ¢ Y 7% Fv 72 FISH H O mif L A 5
Zw b ; Paraffin Pretreatment Reagent Kit (Vysis #f
VYS-32-801200) MR7eENTHH, LLFDR—LR—
VICTZDOTH FaA—VEFNENTNEDTHSEIC
L CTWz7Z2 & 720, http://www.fujisawa.co.jp/reagent/
VYS/index1.html

Fig. 1. FISH analysis of a tissue section of normal cervical
epithelium using a centromere probe for chromosome X. a. An
image acquired with an conventional fluorescent microscope
equipped with a cooled CCD camera. b. An image acquired
with a confocal laser scanning microscope. This image was
constructed by projection of 10 optical section images acquired
in 0.6 um steps along Z axis.
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Fig. 2. Representative examples of interphase cytogenetic
analysis using a centromere probe for chromosome X. a. FISH
image of a normal epithelium of case 1. . Histogram derived
from an image a (Mode; 2, X g 1.5, Clig; 3.9, Clyc; 1.3) ¢. FISH
image of a dysplasia lesion of case 1. d. Histogram derived from
an image ¢ (Mode; 4, X g 3.0, Clyg; 72.6, Clyc; 40.3).
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Fig. 3. Representative examples of interphase cytogenetic analysis
using a centromere probe for chromosome 17. a. FISH image
of a normal epithelium of case 1. b. Histogram derived from an
image a (Mode; 2, X gu; 1.6, Clag; 4.2, Clg; 1.0). ¢. FISH image of
a dysplasia lesion of case 1. d. Histogram derived from an image ¢
(Mode; 3, Xggna; 2.6, Clyc; 62.9, Clyg; 8.1).
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Table 1. Specimen data and results of interphase cytogenetics
Case : Date of  Pathological L iromoeome [ Mean Chromosomse 11 [ Mean I
No. Material operation Diagnosis Analysed area SD Analysed area SD
# of images used) Mode Xgena Clgc  Clye (# of images used) Mode Xggna Clgc  Clye
Normal® 2.0 1.6 3.6 1.1 Normal® 2.0 1.5 2.1 0.5
Cervical 94/7/12 Severe 3) 0.0 0.1 22 1.0 2 0.0 0.2 3.0 0.7
biopsy dysplasia Dysplasia® 27 26 490 214 Dysplasia® 27 23 455 15
3) 1.2 0.4 208 17.4 3) 0.6 0.3 18.9 1.3
Normal 1.0 1.3 0.0 0.0 Normal 2.0 1.6 2.0 0.0
1 C}awical 94/11/14 Severe ) 1) 2) 0.0 0.1 11 0.0
biopsy dysplasia Dysplasia 23 22 415 182 Dysplasia 23 21 309 11
3) 0.6 0.2 7.3 7.7 4) 0.5 0.5 7.5 1.5
Normal 2.0 1.6 3.1 0.0
ical Microi i . . J )
g;lr'vzation w3 carcci?l:;?we CIS = gg g.sla ez.g 3(1).2
3) 0.6 0.4 17.8 8.1
Normal 2.0 1.3 0.5 0.0 Normal 1.0 1.3 0.0 0.0
Qervical 94/9/22 Atypical cell ()] 2 0.0 0.1 0.0 0.0
biopsy present Dysplasia 20 16 193 96 Dysplasia 20 16 172 19
2 (1) 3) 0.0 0.1 2.6 0.9
Normal 2.0 14 0.0 0.0
Hysterectomy 94/11/16 Microinvasion @
suspected CIS 26 21 474 253
(5) 1.3 0.3 25.2 22.4
Normal 1.0 1.3 0.0 0.0 Normal 1.0 1.3 0.0 0.0
3  Hysterectomy 96/9/18 Severs s @ @
dysplasia Dysplasia 1.6 1.8 195 5.3 Dysplasia 2.6 21 3832 8.2
(5) 0.5 0.5 17.3 7.2 (5) 0.5 0.6 276 8.3

CIS; Carcinoma In Situ, Mode; Modal signal number / cell, X1, Mean signal number / cell
Cl;c; Chromosome Index - 3C (Percentage of cells with 3 signals or more), CI,c; Chromosome Index - 4C (Percentage of cells with 4 signals or more)

a Representative data is shown in Fig. 2-a,b
b Representative data is shown in Fig. 2-c,d
¢ Representative data is shown in Fig. 3-a,b
d Representative data is shown in Fig. 3-c,d

Table 2. Representative publications and employed methods for interphase cytogenetics with formalin-fixed paraffin embedded

tissue section

First author Year Tissue Pretreatment Thickness Detection l\g;c;ros Chromosomes studied Abnormalities detected Ref;;: nee
Vande Kaa CA 1991 Hydatidiform mole 1M NaSCN + 0.4% pepsin 6 um PO BF  3,X Trisomy in hydropic abortion tissues 9
Kim SY 1993 Lung 0.4% pepsin 4-6um PO BF 7,17 Gain of signals in tumor cells 10
Miranda RN 1994 Bone marrow 0.025% PK 5 um FITC FL g Trisomy or tetrasomy in AML cells 11
Thompson CT 1994 Melanoma 0.4% pepsin 20 pm FITC CF 1 Trisomy in tumor cells 12
Wolf NG 1996 Ovary 30% NaSO; +0.025% PK 6 um FITC CF 812,17 Aneusomy in tumor cells 13
Southern SA 1996 Cervix 1M NaSCN + 0.4% pepsin 6 pm PO BF 17,X Trisomy or tetrasomy in tumor cells 14
Aubele M 1997 Prostate Pronase E 5,15um  FITC,Cy3 CF 7,12 Trisomy or tetrasomy in tumor cells 15
Hopman AHN 1997 Bladder 1M NaSCN + 0.4% pepsin 4 - 6 um PO + AP BF 1,7,15,18 Not spesified 17
Southern SA 1997 Cervix 1M NaSCN + 0.4% pepsin 6 um PO BF 11,17,X Trisomy or tetrasomy in tumor cells 18
Southern SA 1997 Cervix 1M NaSCN + 0.4% pepsin 6 um PO BF 1,3,11,17,18,X Tetrasomy in basal cells 19
Graham DA 1998 Cervix 1M NaSCN + 0.4% pepsin 6 um PO BF 1,3,11,17,18,X Aneusomy or tetrasomy in tumor cells 20
Bulten J 1998 Cervix 1M NaSCN + 0.4% pepsin 3 pm PO BF 1,3,6,7,8,11,17, X Gain of signals in tumor cells 21
Giannoudis A 2000 Cervix 1M NaSCN + 0.4% pepsin 6 pm PO BF 1,3,4,6,10,11,17,18, X Tetrasomy in basal cells 22

PK; Proteinase K, PO; Peroxidase, AP; Alkaline Phosphatase, BF; Bright field, FL; Fluorescence, CF; Confocal
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FHHE Y] Fr 1T Interphase cytogenetics # IS 9 % 5 A
KERBEEBELAINE RS EVDORYFDEXTH
%. YRERGRRRICBWT, RO by FE
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MR L4 72 0 IS 5N % & 7 F VB EEIZ IR

DI %. —75, YRS NI ik
MIRE ZEEDE LAY, Ml 1Sz D> T
IVBOFEIEEOMEISED L. L LEDNS LR
YN THEZZ D &S MlZOBIaNm <KD, M
JENE O CRIERER S 7T IVEBD AT Y FINTE
%< 7% %. BlZIEFig 22aDFHEICALNS K HICK
O EF, BIBRTFRO RS Tl RIfaE A b
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RN T2 DI D E R D IZFR EHOD, KDOKE T
77, ETBRERIGLWE D TS EN L, D
5 DA > THIBIRZIEFR D RIHIG 2 72 D1 T D5 D
VITNEEAT NS BHEIERETHS. KLY
V VEE—I3T T ¢ A i b7z K 5 I
Hybridization i O FEZE DN REARA[ R TH BN, T
DOEEZUIRC K > TEDIE LT 2 D Tl i ORHRITA
KODEROERZONZL A%, SHOMTIEL—
Y—BAMEE THLD T A ZEh T O W i RS
HET1HOEBZIER L TWBDT, #4 DOWiE
G FERNCRRET T NSO ER D OFH R B 2 FEEH
5T ENTES. LHLETOEBIOWNTHIEGZ
729 % DIXIEFIC RO BEXER DT, ZHR
KIZDWTHHE T B5/1CIEH F O HEW TR,
X, YIFNEL mp e 7u—TiRElicd { k%L
WOMELELS. YIFDOEINT—RICH X %%
EDOWTHE LIEHEDRNL OhH 2P0, BifE,
ZL DXL TIEA4~6umDEEXZRHALTWVS.,
I 3 um DY ZHWT NS E DR, 15 um*® 20
umDEYIO YRR L, L—Y—BEMEHc LD 3
RIS L TWVEED2PEH 5. EOFEDE
T T B DIIHRR SRR OMIuEE S fildo K& X
R, HRAE2E R L THROETINRE RSBV, £z,
HIREEE FEOMRE DK Z & DR R O FEEK AN T —
IR DA X o TRAZGAICIE, Mias
JED @ TORBEDOE/R D HiENEICE 2 K1
YR DEE Z3HRT 5 h, H5WIEMaDOER - 72
DRI TRERT 208N E T 5. SRIOMG Tl
Southern & D ¥ % £# 12 LT 5 um (Southern
513 6 um) QY ZMEH LA, TOES TRESH
HH U R EMIEIC OV TRBOER Y HNLTET
BRESTFIVEDHT VNI TE Aoz, Tl
R EDOENEE L TWAEhE LW, 1%
5OEEREDBEWVICOVTEELWERIEAHTSH 5.
3. MRS L — P —UAMBI i H O B

Table 2ICR5ND X 9Hic, £ DOWEE T ET D
JE X ORFRYIF IS U TRk DY EMS 72 VT
B0, 3L HESL—Y—EMEEHO TV
V. U USSR 1 TRz & 50, @ OJE S OFHHR
YR 2 W 256 T 6 HERBEME 2 iV iz 7 hE
HDOBNT—REBZENTZEDIHSNTHS.
P12 UMM 2 VT T — 2 B L 12 DId 7
Nz OFHEBINBDT, 2 < ORIKZIEET 51
BARMETHS. HE> THINIC X > THOWDT B 05
o5 EEbNS.
4. FEOARBEHTO =

SO T, REOKREERN T O0—7 7% T3
OARBOEE 2T 2 5ROV TR Lz, 5
HINEIC 1T 2 ROABERFERHOERICOVTE, &
WNTHER =X 510, B OREMTICE T 5 HHRES

VS EKE, ZNZZEITCHT S LS 2D0
HIEAH 5. hE OREEHIE TIX RO OB E N R
ENBMNY, T OROEEOZL NS OB/ T
FOEKICOWVTE, SHIZBWTEMZDFHMIEAR
HTH 5. £ OIEE T, ZOYHAREET 4 %M
JEDEMDH SN, REDMEST & I B D%E
MADHNS T EPMETNTNB D250 g 213
Southern 5 &, FESEEDlow-grade cervical squamous
intraepithelial lesion DL ECHIfEfE TILXFH7z 6 FEDOH
k4T hittetrasomy 7= L7290 B, 2 sRIE Tl
N FEBLU 17 FREEROHEDX R AARDEIC LT
FXICID LT3 T e B RELTWSY . 5RO
2 OMEITE, dysplasiad % W d CISTRZIC BN T
17 HEYa 4D Chromosome Index - 4C (CF1 4.8) HX
Yefh{A D Chromosome Index - 4C (44 18.1) I kX
THRWHEIA RSN, T 17 FBROEOENX
REERICHEANTHBIC DR N EZE®RLTED,
Southern 5 DBIZHER L —EH L TV 5. X, FHEERIIC
& A S ERIIIS BN AZE T, BRI T
TBHTED? R, MGHR TAR S NIOBIGINC AL E
SRR, 2D < HDROREKEZRT T &
EINTVBEY, Hit->T, POEBOZEH BB
‘ZZ7E 7% phenotype & HHZICEIHE L TV 5 Z LIS M
THdN, TORFEYPNERIANHTHS. L
Ul CTLE MBI B RN E & 2356 T 2877~
WY, Hla R B B G Ok E L K O R
HIET % 0 YA BT 2 MRS ERI N
DOHBHDT, FEHOFAEMIEIC T S R BZ b
MEOEREIBICHEMIENEED LGN
5. Tz, SR LHEBY A E T oOlnterphase
cytogenetics 7 £k 4 72 HEER D EHIC DWW TIT R 21,
5 HEIEs ORARE A Z LIS U Te R B A E D 2 kic D
WTHNTT 5 2 &N TE, S OFRAEEFFHIHIC Sk
TE3b0LEbNn%.
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