Tumor Suppressor Genes Involved in Human
Urological Malignant Tumors
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WA EEMR MRE 1 35 1T B IB IS8 {EF (tumor suppressor gene, TSG) O REES*EF L £ L
T, HIREERLIWRE F % BV (restriction fragment length polymorphism, RFLP) 247134 D & b
EMEECIGHENTE . RFLP 2473, EE DNA ORGEEAO REFR L 0 BN REEA
ED TSG W RESELCTWEEE2RT. AR T, FZBRELN, REBTLEEBLIANCE
13, 14, 15, 21, 22@efkigh 2 bk < £REAE LB T 2 DNA o— 7%\ RFLP $47%1T->
7o BISZRRRETIE, 16BIFR10MU (63%) iwh i & b—2lEOEM I ~T o AR O XK (loss of
heterozygosity) 2558 54, 7588, 108 L < IZ16AELTNLDEAKRE R >TV . AF T

BEMORKIZ16q (9 FIH 6 B, 67%),

8p (5 241, 40%), 10p (9 I 3%, 33%)

. 10q (1265

H 4 B, 33%) DIRIC R D sl BRFRENERL TV 2EMNR Y, &7 REETIRISHES
HEOBGERIE L SROBAICRESS BMHEAE R L. REBTERETIR, 11f2flcdiL
HE17, 11, IRBHELTALEEUEMICAT O EGEORENED S, 17p (11HIF 8 41, 73%),

11p (L1 7 B, 64%),

9p (0B 4 B, 40%) BB s, ARG & Ak, BiRREE

BEOBWEME PEHRENSSEBD O, UELD, ~AFoESHOREET L REKEN EiC
FET 2 TSG OFFE»EEFOEERECEES L T3 b RS L.

Key words tumor suppressor gene, restriction fragment length polymor-

phism analysis, prostate cancer, urothelial cancer

EMNEEEE OB L GEEKSH (karyotype
analysis) i&, Z DEAMAVES L > T, FEEHAE
FERIERO R BEENEL2HES LTEBE LS
BThd. BETEMEE, Ei, MY Ii-RrE
MEAT, REWEBEEEFRREO—DLLTE/ Y
SR EOLRERGEEMORENET ST,
2. MR E O R R aE ST IC B W T L3R
BEER Y P14 (13qld) OR K 5B D 2
EMRHR N, FBUORESEEBORECES
REBERFOVDLEEEIA TS,

Cavenee 59, Dryja »°1%, S FAEWENFES A
W, B3 AR FOEE(T X DL O DNA Wik % 5
L, 77 A2 Fic#lairad DNA FYu—7 ¢k LTER

fEL#. 2k DNA 7o —7 & RO H RE Y
W& T % B M 4347 (restriction fragment length
polymorphism, RFLP analysis) Z fivs, B G &
ST TIE 13140 R KR RO 88 40 5 61 T & B 4
MEAEEISqUEFICELHLC2 203 E-D5 5
CAREL T 2EERE L™, FRICZ O HEE
DIRKT BHEIC L 0 EHEFECEE T 5 & a5 E
#|@{EF (tumor suppressor gene, TSG) »SFEIEE {7 =
T?%EL —HD TSG D ar—mnREL, »OEED
Z RFLP s EMHH AR SRR ERE D i#
fx*?%m@aﬂ:i))kx_ 0, EEECOHEIEY - BEEr
EEPEULTW2LDEHRL TS, ZDHKk, 13q
Y7oy LT x—Fv7&KICELD retino-

Abreviations: EDTA, ethylenediaminetetraacetic acid 2 Na; p arm, short arm; q arm,

long arm; RB1 gene, retinoblastoma 1 gene;
polymorphism ; SDS, sodium dodecyl sulfate;

suppressor gene

RFLP, restriction fragment length
SSC, saline sodium citrate; TSG, tumor
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blastoma 1 (RB1) BT L en & & W8 TSG #87
o—=rZ &N B RBLES T 2 80 @EF
MIEMBEEC SR 727 v s 88D,
RBl BEFOEABABFER S iz & BRI EEM
RoOBHERESBELLFIRSRo®. ZOFR
i, IE¥ RBl BETSEBREL2IIG T 28EE2E
T2 TSCO#TTY— BT 5 REFTCHI2ERE
BRCEET 200 THS . HEE, HE, LEER
Uk LTz EEERE C RFLP 4726 A & h
FEBCRENZRAERREEMNORES T EN, £
OERBIETSEHLE TSG Hru—=v - RAES
noohBW o,

AFFETIX, RIILARE & RBEREIT LB 2 RFLP
BFET, REESHLIZEATOERWL N S EEMH
oRaEREEMORE 2R AT . RFLP 4171k 2
NoBBORES L URERO EMENERICED 2
LEZONIRENTRREMEREL S 54D TH
5.

HEE L URE

I.# ¥t

S EMRE L7 IGEFIORISIIRED 5 b, FNRICE
5N FRELG, MEBES XURRY v 3 EiRk
BREIFTH o7z, FHEAL D BEMBAF L LTH
0.1—0.5g YL, %&EEOBBEEEEBIbL
< IFRABI A MERFI20ml & B8 T —80°CEHBERTFL ,
FhzniEs DNA, E¥ DNA ofticBwvic. &
EE A & D REBWAYA 2ER L, BEBF ORE
ERZBHEITNTHREBTHY, Pk H50%0
roEBEEEEE L T, BRI IR EREHEB
FriREEHEESSENTOLROLERENICHERL
Jz.

e L 7211810 REBIT LRI 2w T b ERICHE
B 2R - BERE L. SEREFOREFNZ
BRIRTBITLRETHD, P2 EH60%BLLLEDE
BHESEET 5 L 2R L. BE LA 2EAD
WK — 5 BT B 3 BEEMREE L & biC
FlLIZRLE.

II. DNA #iH

1. ERAEREA

FEREABHEBF * BRI THRERE D CIERE
(4mM guanidine thiocyanate, 5mM sodium citrate
(pH7.0), 0.1M pg-mercaptoethanol, X *0.5%
sarcosyl) 20.5ml iz 7%, WA EREE T
Retsch MMZ mill (f:a Kurt Retsch KG, Haan,
West Germany) B THEIRIC L7z, RWTHE

¥ 2ml L2 ¥ T A2 054 F0.96g MBI
5M 2y v iazu74 FEKE (0.1M ethylenedi-
aminetetraacetic acid, EDTA /1) 0.2ml 2&5» U0
wLTHs SW50.1K V7 o= —F o — 7 (Beck-
man, London, England) ZEE L 7-. 35,000rpm, 25
°CC20MFMIAEE L4l DNA 738 Td 2 Rt h iR
BZERELL, 5Sml 23 &5 REREEMNA, dsk
7.5M EEBR 7 & =7 AW %#0.35ml A7z, 2 BERE
37°CA v F ax— N DNA SHEZ2 LS / =V
iz 0% =y /— NV CEL gk, TEYWHE (10mM
Tris-HC1 (pH7.6) , 0.1mM EDTA) # 2ml 2 5%
¥z

2. kMM

EASIMAE % SR, MIE L SE OB 0.32M
sucrose, 10mM Tris-HCl (pH7.6), 5mM EDTA,
5% Triton X-100) 2@ L, 3,000rpm, FERT205
BEOLDLE. LE2BRCESECHIUBRCEE
Triton X-100 $EFRMNO FE MK £ N2 ¥ L, B0
AL, EEHER 10ml £7.5M FEER7 v E=7
LA¥EL.4ml B0z MM 2 BER, 37°CA U F ar—}
L, LIEEFARBE B2 DNA fH 085 L
BEEROLEE LT,

DNA B E 1, XX EE (Beckman, London,
England) % F\>T260nm TXE L DEHL 2.

m. ¥¥>7RyF ook

7 ug DNA w3 UHIRE®LE (Taq I, Msp I,
Hind I, Pst I, Bam HI, New England Biolabs,
London, England, K GE 1 X T128HE T, RIGE
Bl Taq I 1365°C, NN DEBERTIZ T NTIT
°C) #fTo7. BRLEBESTH20ELOHEL
L T REEHC KGO —5 (10x1) £500ng A DNA ¥
Wiz, REZA Y Far— L. 4 Far—
g, TAT—RASVBRKENC XD ADNA O#IR
BEBEUIWT S > R0y — U SR A g, BERLEN
FEHTH2 ELL. EERRB OO L 0 KEHE
EH20u CETRLE, 7uEe 7o/ — LT —H 4
pl BINZ, 0.6—0.8%7 # u—R 5 VEZKE (1V/
cm, 728ER) R1Fo7:. BREKEE, ¥V E0.AMK
Bk N A, 0.6MIEE{LTF b U7 AEEIC T204,
2 [E¥et « B3, 741 0V (Gene Screen-Plus,
New England Nuclear, London, England) iz R
FCbhbIvR77—L7. UBEN A7 7 -8
4o vERERICREL 2 BRESCC, ~fF¥/
L, DNA 2+ A ovBicEEL:.

V. " TyEAE—-ar

+ 4w % 6xsaline sodium citrate (SSC), 1%
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sodium dodecyl sulfate (SDS), 100z g/ml Z{E+
BF, 02%7 420, 02% 7Y TLTIvBEY
0.2% RV E=—LEBY R re2ateiBRT T2 KR,
65°CD TV NA TN I A4 -2 avifTol. 20%
EEER/A Y TX 7 v 4 F FEERE (random oligonucl-
eotide priming method) 2T *P ##3% L 7- DNA 7
o= bNATIVI4 €~y a3 VEBEE 6X

SSC, 1%SDS, 1004 g/ml ZH:4 7 #F DNA, 50%
VLTWVIFBLIUVSBTFRAPMNS VAL T 2— )
TR, 42°CTNA TN S A~y 3 v R o
Tz, RiG#, 1 o vEs 2xSSC, 1%SDS & T15
3, ER, R T0.1XS8SC, 0.1%SDS IS8 7204
f, 65°C2[E, B#%i20.1xSSC I T 5 AR, =&
WTHHELL. S oy ErRRICTREL, —80°C

Table 1. Clinical summary in cases of prostate cancer (PC) and urothelial cancer (UC)

Case Age gt Malig. grade Stage® % tgmor ce}ls in

operation (Gleason*/WHOQPY) studied specimen?
PC1 62 5/P-U TxNxM1f 50
PC2 69 3-4/W-M pT3NOMO 80
PC3 68 5/P TxNxM1! 90
PC4 72 3-4/M-P T3N1MOe 80
PC5 65 3/W-M pT3NOMO 50
PC6 61 3/W-M pT2NOMO 50
PC7 64 4-5/U pT3NOMO 80
PC8 64 4-5/M pT2NIMO 50
PC9 67 3/W-M pT2N1IMO 50
PC10 69 3-4/M pT2NOMO 70
PCl11 72 3-4/M T3N1IMO« 85
PC12 58 4-5/M-P pT3N1IMO 60
PC13 67 4/M pT3NOMO 50
PCl4 54 3/M TxNxM1f 50
PC15 60 4-5/M-P TIN1M1e 90
PC16 59 3-4/W-M pT3NOMO 50

. % tumor cells in

Case Oggzt?;n Sex Malig. grade* sfudied 0specimen"
UC1 47 M 1I 90
uc2 63 F I 60
UucCs3 78 M I 90
UC4 66 M m 90
UcCs 59 F 11 65
Uce 71 F il 60
ucr 69 M 1 90
ucCs 59 F 11 90
ucy 89 M it 90
UC10 63 M 11 85
UC11 77 M 11 90

* According to Gleason et al2®.

b According to WHO classification. Differentiation grade, W=well differentiated, M=
moderately differentiated, P=poorly differentiated and U=undifferentiated3®.

¢ According to TNM classification®".

¢ Percentage of number of tumor cells in specimens analyzed.
¢ Samples obtained from lymph node metastatic lesion.
f Samples obtained from brain metastatic lesion.

¢ According to WHO classification3?,
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WTA— S TATTIT7 4 =% T

SEIORNTIZ, FEEWE VLS, 14, 15, 21, B
L U225 kA Ik o T B R - RIBEENL &
nSEEs i DNA Fu—7%2Bwik (R2).

DNA Fa—7LrDNA 7V F{E—YariiBn
TIE# DNA T, 44 ADE% 2% 2 DOEEL (allele)
DRI NEBESE2A~TUEEMES D (heterozygous
or informative case) £ L, 2 DDEMO Y1 XH3E
—TRBTARELBES 2 REESMEDH D (homozy-
gous or not informative case) £ E#EL, ~7 uiEd
HEETLEMDI B, —HOEMIHRKRTZA— T
SYUXTTI7 4 — LDy S FVHEE DNA THED
L BEHLBH R LSEE~T uEaEOoRE
(loss of heterozygosity), ZHh & 2EHEVEEE~
7 oSO REE (retention of heterozygosity) & &
#EL.

154 i

SEEWT DNA 7u—7 N TV 54—V 3
vIBLINEEOY A4 XX 2 THEIE L MBEF
< w By 7 %% (Human Gene Mapping 10) O #
&Y LFE—-THo7z.

1. BISCARSE

1. ~TuEaEorE

Ml oBEgHOoREERTA—IV4TF
L%F LT, PCL5 @ CEL0REM R (10q), H18%
EEER (18q) #hFhicfiET % DNA Yu-—7,
D10S25,D18S5 2/ A 7N F A ¥ —¥ a YICRAWkE
&, TWE L bEE DNA TEA Al OREKERL
2. 161041 (63%) ic iz < & b—D Ll EDORAER
SR E BB, EED 05, TH(44%) i
2 DB E DAL~ T o EEORENTED SN,

Table 2. A panel of DNA probes examined in the present study

Chromosome p arm

q arm

—

NFGB(N8C6), D1S2(L1.22)

D2S6(pXG-18), D2S44(pYNH24)

RAF1(p627), D3F15S2E(H3H2)

D4S10(pTV20), RAF1P1(c-raf-2P52)

D5S4(L1. 4), D5521(pJ0110H-C)

D6S10(pCHS6), D6S8(p2C5)

EGFR(pE7)

D8S7(pSW50)

INFA(alphalFM), INFB1(betalFM)

D10S17(pMHZ15),

HRAS(pTBB-2), D11S12(pADJ762),

D11S16(p32-1)

12 D12S16(pTHH14)

13

14

15

16 HBZP1(pBRZ)

17 D17S28(pYNH37. 3), MYH2(p10-5)
D17S34(p146D6)

18 D18S3(B74)

19 D19S11(p13-1-82)

20 D20S5(pR12. 21), D20S6(pD3H12)

21

22

XY DXYS20(pDP230)

O 0 N Oy U B W N

—
= o

REN(pHRnESI. 9)

D2S3(p5-2-96)

D3S31(pMCT32. 1)

FGA(pAF1)

D5S36(J0157E-A), D5S22(J0205H-C)
MYB(@PHM2. 6), D6S44(pYNZ132)
MET (pmetH)

TG(pCHT16/8.0)

ASSP3(pAS1), DIS7(pEFD126. 3)
D10S25(pEFD75), D10S5(p9-12A)
PYGM(pMCMP1), D11S29(L7)
D11S34(phi2-11-2.2)
D12S7(pDL32B)

D13S3(p9A7), D13S5(pHUBS)
D14S1(pAW101)

D15S1(pMS1-14), D15S29(pEFD49. 3)
HP(hp2alpha)

GH1(C-H800), D17S24(pRMU3)

D18S5(0S-4)

D19S8(pl7. 1)

D20S4(pMS1-27), D20S8(p1-34)
D21S8(pPW245D), D21S17(pGSHS)
PDGFB(pSM-1)

DXYS1X(pDP34)

The nomenclature of loci of DNA probes are listed with DNA probe names in paren-
theses. The DNA probes are located throughout whole chromosomal arms without the
short arms of acrocentric chromosomes 13, 14, 15, 21 and 22.




WRBRIEEER 81 2 BISEET 169

£IWWRTWL, ~ToEAEORKEET 2 Rk
BRI HEIC D> TnE5 D0 16q Kb EEE
i (~TFaEEEERLZIBIR 6Bl (67%)) B s
ni. ROTHESLEEER Bp) Lic 584 2 6
(40%) , 184 ki 5 Bl 2 41 (40%), 10P iz 9 @i 3
%1 (33%), 104 121261 4 5 (33%) DIE FSEE I~
FoEatoREER LY. PC3TIREK « BERGH
wAToEAMOREMRED, Bl0REEDE Y
PR RBTIFANE SN, g, AT OESY
OREEELEREITIRIETO R L b6, 8, 10
pEEVTRLLIEAT OESEOMINAD ST,
2. BRFRH - EERREEE - oM
F 4 CHEEREB L CEEERELE LT o &S
BORE L OMHEBEERLUL. BREREFLFICBWT
i PCT 2B EANT o EGHOREEEL HREHK
B —ERUA T TH 7. ¥4, PCT Tik 4 HATIC~

NT NT

W Ay

O Ag
D10825 D18S5
Taq! Tag |

Fig.1. Losses of heterozygosity on the long
arm of chromosome 10 (10q) and the long arm
of chromosome 18 (18q) in PC15. The desig-
nations of the DNA probes, D10S25 (10q) and
D18S5 (18q) and the restriction enzyme used
to digest the genomic DNA (Lane N, normal
tissue; Lane T, tumor tissue) are indicated
below each autoradiogram. The alleles
observed are indicated to the right of each
autoradiogram. Loss of A,alleles of both
DNA probes is shown.

FOBEAREORENRED SNih, REBENTSY
BRSNS VERTH - 7. EEHEER R W E
FIRER % 6 FlOBMEE L A B0 RMEBE L 12 H¥E
L CLE 3 2 &, SR ik R SR BEAT 037 LR
Ti20.29TH - e DIZRt L, FKMEBHTIXL.67LF
BExRLA. 3PIOREY >/ EiEBmEs i &5
BRROREEEMIZAT nEEEO RSB s R
7o BNERBREG 3 FIc BV Tk, 4 — 6 EfORE
BIEAL (T 5 ) WwREkEROL. ULky, BK
FHAMNERL TWLENIZY, ¥7-BERETRERSH
JAEAESEEMIEE AT oESHOREFZ B L
PRI 3% { B IER R L.

1. REBTLEE

1. A7 aESEORK

B 2 12 REEFEAT LI RER 2 41 (UC3, UCT) e8>
% RFLP ##ioA4— b+ 59477 0% R L1z, UC3
OIS DNA ¢, IFNAL (9p), D11S12 (11p) DEEf:
Al, MYH2 (17p) DEE(I A2 ORE 2T, %7
D9S7 (9q) PYGM (11q) 3 & tf D1754 (17q) D~F 1
BEMIMER IR T . UCT OES DNA Tit,
HRAS (11p), D10S5 (10q) @ EEfir Al, DIS7 (9q),
D17S34 (17p) O EEfL A2 O R%EH»H bH , DI1S34
(11q), D14524 (17q) O~7 o EEEBERF I AL TH
7o B LRI b n < b D EnHE ik
Bz~ T o BEEORESED SN, RS IWCRT
W<, RIMZRREER & RRRR K L o QRN I3 B
CRATWI, 2OHT 17p W2 1145 8 1 (73%) & &
YEEEICAT o EATOREEFED . WTLLH]
78 (64%) 12 1lp, 1064 (1 HlizSER v
DNA 7o — 7L ETREESELT L. ) 4
Bl (40%) = 9p e ~TOBEAMEOREERLL. 2D
3% 14 (UCL0) i 17p B £ U8 a WEBIZ R E 2D,
FEEEDE /Y I -2 RETIHASNEON. 11
BleBvind £ 817, 11, LIk IREEnny
nhlz~FuEESHOREEE L T,

B BRI C AR E e 160 B L <
8 POATOEAMO KK, REBIT ERIBED
TH I D S, 72, H10RAEEFE
fif L TIRBTIBERER] & R L 2 OFEE R BV DD
76k 2 ) (29%) oA T OBEAMORIBED SN
fo. MCRBBITLEECCEAECRD bR
17p, 11p, 35 & UF 9p BB E D~ F oS MO K KA
IRBESTIR LPIC Ronkh o

2 . ESERARIA « IEEMAEEE & o EEM

SERE L 72 1160 0 R AT LRI PR FERBIE
BlTH D, B L~ DEEEDKRE L OHEEYE
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Table 3. Summary of loss of heterozygosity in prostate cancers

Chromosomes with loci
Case retaining heterozygosity

Chromosomes with
allelic loss

PCl 1p, 3q, 4, 5, 6, 8q 11q, 12, 13q, 14q, 17q, 18p

2p, 3p, 7p, 10q, 16q, XYp

PC2 1q, 2p, 3, 5, 6p, 7p, 9q, 10p, 11q, 12, 14q, 15q, 16q, 17p, 20q, 21q

PC3 2p, 3, 4p, 5, 6p, 7, 9q, 11, 18p, 19q, 21q 10, 12, XYp
PC4 1p, 2 ,3q, 4p, 5, 6p, 7, 8q, 9q, 10q, 11q, 12q, 14q, 15q, 18q, 19q, 20p, 21q, 22q 10p, 16q
PC5 1p, 3p, 4q, 5,6p, 7, 10, 11, 12p, 14q, 15q, 16p, 18p, 19q, 20, 21q, 22q 16q

PC6 1p, 2p, 3q, 4p, 5, 6, 8p, 9q, 10q, 11p, 12, 13q, 15q, 16p, 17, 18p, 21q, 22q

PC7 1,2, 3q,4,5,7 10p, 11, 12q, 15q, 16p, 17p, 18p, 19q, 20q, XYp

10q, 13q, 16q, 18q

PC8 1q, 2p, 3, 4p, 5, 6q, 7, 8, 9q, 10q, 11, 12, 13q, 16p, 17, 18p, 20p, 21q, 22q, XYp
PCY9 1q, 2, 3p, 5, 6p, 7, 8q, 9q, 10p, 11, 14q, 16, 17q, 18, 19q, 20p, XYq
PC10 1, 2q, 3q, 4, 5q, 7p, 9, 10, 11p, 12, 13q, 14q, 16q, 17q, 18, 19p, 21q, XYq

PCl11 1p, 3q, 4, 5, 6p, 7, 8q, 9q, 11, 12q, 13q, 16p, 17, 18p, 19q, XY

8p, 16p

PC12 2, 3p, 4,5, 6, Tp, 8p, 9, 10q, 11, 12, 19q, 20q, 21q, XYq 10p
PC13 1, 2p, 3p, 5, 6, 7q, 9q, 11p, 12q, 15q, 16p, 18p, 19, 22q, XYq

PCl4 1,2, 4,5, 6p, 9p, 10q, 11p, 12, 13q, 15q, 16p, 17p, 18p, 19q, 21q, XY
PC15 1q, 2p, 3, 4p, 5, 6q, 7, 9, 11p, 12, 13q, 18p, 19q, 20q, XYq

3p, 16q, 17q, 22q
10q, 18q

PC16 3, 4q, 5, 6q, 7q, 8q, 10, 11, 12q, 13q, 15q, 18, 19, 20, XYq 8p

Chromosomes not delineated indicate that the individual was homozygous for all probes used. Chromosome
number alone indicates that the tumor was heterozygous for the probes on both arms. If the chromosome
number is followed by p or q, the individual was heterozygous only for that arm.

Table 4. The relationship between tumor grade
among primary tumors or stage and frequencies
of allelic losses in prostate cancers

Frequency of

Prostate cancer allelic loss

Average Range
Primary tumors
well differentiated (n=6) 0.012 0—0.043
low differentiated (n=4) 0.066 0—0.154
Metastatic tumors
pelvic lymph node (n=3) 0.086 0.083—0.091
brain (n=3) 0.223 0.148—0.273

Frequency of allelic loss is the calculated value of
the numbers of alleles lost devided by the numbers
of heterozygous alleles in individual cases.

BB ISR ot B6WRL LS IT, 11F0E
EMEMEERT (7TH) » LRI (460 THH,
Bl Tl PR AEER ETIEL2.57CH o 2 DIt
LT, BETRENRENN5.00L %k 2ERA%ERL
7z

% =

EEMEORMBaEITICI L ), B ERGE
M RaERERRNHES R, 2OPTHRAKE
LORKE, FHES L EHRET - BEcEET
Z—ODEBRLREFREMR SN TS, HEF

WK BT % 13ql4™, BRBIcBI 2 3p OXK
G0y 2 DREGMTH S, L Likdsts, EMES
DORBREESIFORE XSO L, FFER
EEBEELBETALORIBELZILDELTD
2EOEKESR BT, EHEEROREIRS
NbOORE—BLLBRAREFESB LA T
BOOBSERTHS . MR OB TR
MOREBRENELT S0, ZREEELG AR
b B RS RBEI AT VL RY, S5 RER2
BELS2MRKCBEESD LD, 7 o—H D
RERLEOTHH T 2L DS .

B0 RFLP o#1iz, LlosBigadksir Lo
REEH, FIGBRETFER VRN THREEEMRE
ERELI2Mike LTHEBETH 2. RFLP 44
3, & MNEBHEMB L iEE DNA 2HH LE—BEEO
EEEBLIDBONIIER DNA L - MBI 57
o, EEREELELET, IERBMRMECHEL
EREERELIBZLOTHS . PEFMKEEC
13q LwfrE$ 3 DNA Yu—7%FwT RFLP &
FFTa b, 13ql4 ORELERPEESH R
AHRESERNCINA T, REABRKLELZASED SN
ZDERIC BT S FEM O REHBHEH S 72
DT kX, FABEFMMEC BT 13ql4 D R&IRE
HHLRBETHEHOLBEREIN: LAKZORA
BRESEBRYCES T2 b0 L ERa N, BE
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ek LD BREDEMIZRENEL T 2 BER DTH5. D&D, BNHRETORELEFED—->
Bix, Harris 512 & DIRIER N BHIGRET, + DEREFIEET 2 ROEBLORE L LTREN

bbb 2 OBENRESEERECTEST2L803 55D LRENTVS.
BEFH L RBEFREROFEEMS 2RITT 2 b MBI 2 35 1 2 —EOBRRAELT - £F
a
N T N T N T N T N T
ISE ¥
AR iy
‘ D8S7 D11812 PYGM MYH2 D1784
Taq | Msp | Msp | Hind it Pst |

b
N T N T N T N T
Al sl
At A2 u & ‘
A2 Al o w = M-
« A2 B G
A2 ‘
: g
DOS7 " HRAS D11S§34  D17S34  D17S24  D10S5
BamH | BamH 1 Msp | Taq | Taqg | Tag !

Fig. 2. Losses and retentions of heterozygosity in UC3 (2a) and UC7 (2b). The
designations of the DNA probes and the restriction enzyme used to digest
genomic DNA (Lane N, normal tissue; Lane T, tumor tissue) are indicated
below each autoradiogram. The alleles observed are indicated to the right of
each autoradiogram (C, constant band). In UCS3, losses of heterozygosity are
shown for the Al allele of INFA1 (9p) and D11S12 (11p) and for the A2 allele
of MYH2 (17p). Retentions of alleles of D9S7 (9q), PYGM (l11q) and D17S4
(17q) are shown. In UCT7, losses of heterozygosity are shown for the Al allele
of HRAS (11p) and D10S5 (10q) and for the A2 allele of D957 (9q) and D17S534
(17p). Retentions of alleles of D11S34 (11q) and D17524 (17q) are shown.
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Table 5. Summary of loss of heterozygosity in urothelial cancers

Chromosomes with loci

Chromosomes with

Case retaining heterozygosity allelic loss
UC1 1p, 2p, 3p, 5, 6, 7, 8q, 9, 10p, 14q, 15q, 16p, 17q, 18, 20, 21q, XY 11q, 13q, 17p
UC2 1q, 2, 4q, 5, 6p, 7, 8p, 10p, 11, 12q, 13q, 14q, 16, 17, 18, 20, 21q, 22q, XY 1p, 9p

UC3 1p, 2p, 4q, 6, 8, 9q, 10q, 11q, 12q, 13q, 14q, 16, 17q, 18q, 20p, 21q, 22q
UC4 1p, 2,3, 5p, 6,7 8p, 9, 10, 11q, 12, 13q, 14q, 16p, 17, 18, 19, 20, 21q, XY

5q, 9p, 11p, 17p, XY
11p, 22q

UC5 1p, 2p, 4p, 5q, 6p, 7p, 8, 9p, 11, 12q, 13q, 14q, 15p, 16, 17q, 18p, 21q, 22q, XY 17p

UC6 3, 5q, 6, 7, 8p, 12q, 13q, 14q, 16, 17q, 18p, 19q, 20, XY
UC7 1p, 3p, 4q, 6q, 7p, 8, 11q, 12q, 14q, 15q, 16, 17q, 18, 19, 20q, 21q, 22q, XY

2p, 9p, 10q, 11p, 12p, 17p, 21q
2p, 5q, 8q, 9q, 10q, 11p, 13q, 17p, 22p

UC8 1,2, 3p, 4q, 5p, 7, 8, 9, 11p, 12q, 13q, 16p, 17q, 18, 19¢, 20, 21q, XY 14q, 17p
UCS 1, 2p, 3p, 4q, 5, 6, 7p, 8p, 9, 10q, 11q, 12p, 13q, 14q, 15q, 16q, 17, 19, 20p, 21q, 22q, XY 11p, 18q
UC10 1, 2p, 4p, 5p, 9p, 10,11q, 12, 13q, 14q, 16p, 18, 19q, 20p, 21q, 22q, XY 11p, 17
UC11 1,2, 3p, 5, 6, 7p, 8q, 10q, 11, 12q, 13q, 14q, 15q, 16p, 17q, 18, 19, 20, 21q 22q, XY 9p, 17p

Chromosomes not delineated indicate that the individual was homozygous for all probes used. Chromosome
number alon_e indicates that the tumor was heterozygous for the probes on both arms. If the chromosome
number ber is followed by p or q, the individual was heterozygous only for that arm.

Table 6. The relationship between tumor grade
among primary tumors and frequencies of alle-
lic losses in urothelial cancers

Frequency of

Urothelial cancer allelic loss

Average Range
Primary tumors
Grade I (n=7) 0.100 0.043-0.200
Grade I (n=4) 0.172 0.061—0.290

Frequency of allelic loss is the calculated value of
the numbers of alleles lost devided by the numbers
of heterozygous alleles in individual cases.
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Abstract

A series of studies on retinoblastomas have been a paradigm for research of the tumor suppressor
gene (TSG). Restriction fragment length polymorphism (RFLP) analyses have been applied to
diverse human malignant tumors, and show allelic deletions in tumor DNA, indirectly indicating that
inactivation of TSGs at the loci deleted has occurred. In the present study, RFLP analysis was per-
formed in 16 cases of prostate cancer and 11 cases of urothelial cancer. Plasmid DNA probes,
mapped on whole chromosomal regions except for the short arms of acrocentric chromosomes, 13,
14, 15, 21, and 22, were used. Among the prostate cancers, losses of heterozygosity were detected in
at least one chromosomal region in 10 of the 16 cases (63%). In no case were allelic losses found,
unless one of chromosomes 8, 10 or 16 had deletions. Frequent allelic losses were detected on the
long arm of chromosome 16 (16q) (6 out of 9 heterozygous cases, 67%), the short arm of chromo-
some 8 (8p) (2 out of 5 cases, 40%), 10p (3 out of 9 cases, 33%), and 10q (4 out of 12 cases, 33%).
There was a tendency that more allelic deletions would be detected in the more advanced cases and in
the primary tumors with a higher grade malignancy. Among the urothelial tumors, all cases had
allelic losses in at least one chromosomal regions including either chromosomes 17, 11 or 9. Allelic
deletions were detected on 17p (8 out of 11 cases, 73%), 11p (7 out of 11 cases, 64%), and 9p (4 out
of 10 cases, 40%) at high frequencies. As in the prostate cancers, higher grade malignant tumors
showed a tendency to have more allecic deletions. In summary, the chromosomal regions with allelic
loss indicate that inactivation of TSGs at those loci has occurred in the tumor DNA which is related
to the oncogenesis of these tumor forms.




