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ONCOGENE AMPLIFICATION AND INACTIVATION OF TUMOR SUPPRESSOR
GENES IN UROLOGICAL MALIGNANT TUMORS
—The Application of Restriction Fragment Length Polymorphism Analysis—

Kazuto Kunimi, Tadao Uchibayashi and Haruo Hisazumi
Department of Urology, School of Medicine, Kanazawa University

We applied restriction fragment length polymorphism (RFLP) analysis to 24 cases of renal cell
carcinomas (RCC), 18 cases of prostate adenocarcinomas (PC), and 11 cases of transitional cell
carcinomas (TCC) in the renal pelvis to study the oncogene amplification and inactivation of tumor
suppressor genes. All of the cases showed no amplification nor gross rearrangements of the Harvey
ras, c-myc, c-fos, c-myb, EGFR and PDGFR. In contrast, RFLP analyses demonstrated allelic losses
interpreted as inactivational events of TSGs among the tumor forms studied. RCC had allelic losses on
the short arm of chromosome 3 (3p) (68%), the long arm of chromosome 18 (18q) (33%), Y chromosome
(29%), and 17p (27%) at high frequencies. PC showed frequent allelic losses on 16q (67%), 8p (50%), 18q
(43%), 10p (40%), and 10q (38%). TCC had allelic losses on 17p (73%), 11p (64%), and 9p (40%). It was
likely that the cases with the more malignant grade tumor had the more allelic losses.

Key words: tumor suppressor gene, restriction fragment length polymorphism analysis, urolog-

ical malignancies

BE | FHIOCBE OB, FNIEE18S, BEBT LEEIGICHIRBER YN £ H (RFLP)
SHERTL, FEEEETOHE, 55V EAHEEFOREILOFEC D XHE L. Harvey
ras, c-myc, c-fos, c-myb, EGFR, PDGFR \#*h O EET b FEHEH 1T DNA = v — K 0:B%
BinE 2 &k otc, —F, RFLP 24 CENERET OREL L R TREEEA REFT A1 L ES
BTREShZ., BEeil, EI3IRa6E Gp) 68%, F18REERER (18q) 1233%, Y Lfatkic
29%, 17p I227% DRI EHEE ICEA REH R b hic, BRI TR, 16q(67%), 8p(50%), 18q(43%)
10p (40%), 10q (38%) &, BEBT LB T, 17p (73%), 1lp (64%), 9p (40%) = EHE DRE
friekENAD b, FEBEH SV URMROERENB\ESNIZ ESROBEMRE S BT Y
~LTe,

F—7—F AR ET, HRBERUNELSEEST, BDREMERELEE

w E
LB ST 5 BETFHIZOFARROHEEK X
D 2DORKBERT VD, —DRBREF(Fvao—
v ,oncogene) THh, EEMBRTIE S rm bt v =
< —v (proto-oncogene) & L CIEHMRESE -4
CORHREFHLEEAYELEL TS, 1 ORISR
Bk FORI—EMILHB DD T v bt vav—va
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v —D—HIZLERARER (point mutation) » L <X
BEIBE - 3B (amplification) % b4 b TEHER
b, BEEGTFEMT S, 1983F, #Fl2=—F
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BEF, DT + BEMEMIL (T24/E]) 7545
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% cmyc BIEFOBERBEIRIZ LD, in vivo BHE
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BIZERFED U v~ HTERR B 4 1, 35 X OMERRE 3 4 61
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II. DNA

FaRE, Bk X OEFEHEBA 0.5 &KL, —
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Z—80CIEME - RE L, BEEHEAKL V&S T
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AV —EHECER IR, FMrvERT Ry
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—HHT7 S AV MM e VEREE LW,

IV, JE&{EF o DNA #ig

Harvey ras, c-myc, c-fos, c-myb, EGFR & X Of
PDGF &R T D EE I H#HHI 72 DNA 7 = —
TWE S UREATSA IV IEDY H TP ER
L, ¥ v A7)V A -2 a VICHW, F4m
v B % 6 X saline sodium citrate (SSC), 1 %sodium
dodecyl sulfate (SDS), 100ug/ml % ¥ + » ¥ F
DNA, 0.2%7 4 2=, 0.2% 9> 7A7 I vREBIV
0.2% KV E=—at e ) ¥y EUBKF T 2 EBE
5CTT VATV A4 E—>a vy mITok, K
TRPEHDNA 7r— T L LRI~ 7)A€ —
v a VK (6XSSC, 1%SDS, 100ug/ml Bt 4
BF DNA, 50%+ 127403 FEIUS5%BF+ A+
SVANLT =— ) FT2URM, 42CT1 7Y 41
Y—vavuE{Tot, 714 v vEX2XSSC, 1%SDS
B I X U°0.1XSSC, 0.1%SDS A ¥ T ¥ & 4, —
CTH—+FTH27F 74 —"IfTolk,

V. RFLP &#7

acrocentric chromosome & FEiEh 55813, 14, 15,
21, 22%eaES YR 2Re4AHE - R~y 7
ERTWABDNA 7 r— 7R ERICHPE#R L, R
WLy g TV F - a ViIcHWRk, #FHL
72DNA 7 e — 7% TFiwrd (# vy 2HIZDNA 7
v—JORBE~y TR RT, pEK, g &
B8). NFGB, D1S2(1p), REN(1q), D2S6, D2S44(2
p), D2S3 (2q), DNF15S2, RAF-1 (3p), D3S31 (3
@), D4S23, D4S125(4p), FGA(4q), D5S4, D5S21(5
p), D5S22, D5S36(5q), D6S8, D6S10(6p), MYB,
D6S44 (6q), EGF-R (7p), MET, MDRI1 (7q), D7
S11 (7p-q@), NEFL, D8S7 (8p), TG, MYC, (8q),

INFA, INFB1(9p), ASSP3, D9S7(9g), D10S17,

D10S24(10p), PLAU, D10S25(10q), HRASI, CAT,
D11S12 (11p), PYGM, D11S34 (11q), D12S16 (12
p), D12S7 (12q), D13S3, D13S5 (13q), FOS, D14
S1(14q), D15S1, D15S10(15q), HBZP, D16S35(16
p), D16S7, D16S20(16q), MYH2, D17528, D17S34(17
p), GH1, D17S24 (17¢), D18S3 (18p), D18S5 (18
@, D19S11(19p), D19S8(19q), D20S6 (20p), D20
S4, D20S8 (20q), D21S8, D21S17 (21q), PDGFB
(22q), DXS7(Xp), DXYS1X(Xq), DXYS20(XYp).
#w R
1. &G T DNA = v —D &
W OBEERIC I\ T H#E L Harvey ras,
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Fig. 1 An example of Southern autoradiogram
hybridized with c-myc gene probe. Lane N and T
denote normal and tumor DNA from an individ-
ual, respectively. Genomic DNA was digested
with Taql. No c-myc gene amplification is detect-
ed. Nor is shown the gross rearrangement of the
gene structure.
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T~F rESHERT2260H1561 (68%) &b M
B~ rESHOHEA IED LRI, KRWT, 18
ppkER (18 w1564 5 41 (33%), Y Rfafkic
14400 4 1 (29%), 17p 1164 341 (27%) WHEfL
K& HEH X nic (Fig. 2), Fig. 3&3p L ET 5
DNA 7 r — 7, DNFI5S2Z L ICBo 4+ — + 5 o+
77 AT,

£ REFIC 3313 5 Skinner 12 X A EEME0 E M E

% of heterozygous cases

Fig. 2 Losses of alleles from p arms (a) and q
arms (b) of chromosomes in renal cell carcinoma
as a % of heterozygous cases. (n=24)
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DEENLR K 7R LICFERNL1060T, a2 ~9
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HE %R L7, UICC Iz X 5EEKBH5ETIL, stage
11 3% 6 Blh Py R S BE(7 121,83 (&EFH 0 ~ 6 ), stage
I 21361 02.00 (EEHH 0 ~ 9), stage IV B 4 ik
2.00(&EB 0 ~ 7), stage VIFEGIL 1 D & TREEE
MEZLIERTH Y, BRKRE & REEMEE DB
B R b is s - 7o,

2. BINZRRAE

18FIDRINIRIED 5 b, 1201 (67%) whis &b
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Fig. 3 Loss of heterozygosity on 3p in tumor (T)
DNA as compared with normal (N) DNA in
renal cell carcinoma cases. Genomic DNA was
digested with Hind III and the DNF15S2 probe
was used. The alleles (Al and A2) observed are
indicated to the left side of autoradiogram ; C,
constant band. The third and forth lane from the
left side are size marker signals.
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Table 1 Relationship between malignancy grade
of tumor cells, clinical stage and number of loci
lost in renal cell carcinoma

Number of loci lost
Malignancy grade Efuggg

Average Range

Grade II 7 0.86 0-1

m 16 2.25 0-9

Stage

11 6 1.83 0-6

il 13 2.00 0-9

v 4 2.00 0-7

\% 1 1.00 1

(67%), 8pic 6 i 3l (50%), 18q iz 7 il 3 f
(43%), 10p 121041 4 61 (40%), 10q 1361 5 i
(38%) DIECBEHETH-7 (K4), E1, 12610
~F rESHOMEERDIIESE, £61516, 8

105D T BRI R KT 5 T fe, 8p ITfiL
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Fig. 4 Losses of alleles from p arms (a) and g
arms (b) of chromosomes in prostate adenocar-
cinoma as a % of heterozygous cases. (n=18)
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PERE RO 1 Flo R T, flld 9 BFlik 2 BFETELT D ERL
WWRK TR LT, BRRREA & o BT, 10610 R F
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SR H120.33 (R0~ 1) ThHot, 4HIDOTE
) v S EERBEER T e 2 EATICEM RK TR
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oSt (Table 2),
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Fig. 5 Representative Southern autoradiogram
demonstrating loss of heterozygosity on 8p in
prostate adenocarcinoma cases. The restriction
enzyme used is Taql and the NEFL probe was
hybridized, indicating two alleles, A1 and A2.
The left two lanes are the size marker signals.
All cases except for case 1 show allelic losses.
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Table 2 Relationship between malignancy grade
of tumor cells, clinical stage and number of loci
lost in prostate adenocarcinoma

Number of loci lost

Malignancy grade (I;Ifu:;r;ks):;
Average | Range

Highly differentiated 10 1.00 0-4

One case 4 4

(Brain meta.)

Nine cases 0.33 0-1
Poorly differentiated 8 2.63 0-6
Stage
Primary 10 0.70 0-4

One case 4

(Poorly diff.)

Nine cases 0.33 0-1
Lymph node meta. 4 2.00 2
Brain meta. 4 4.00 1-6

Figr 8 ) (73%), 11p 2116 7 4 (64%), 9p 1210
Fide 4 1) (40%) DIBICER RAFT A28 5 hi: (Fig.
6). 11f&FT s &b Zh bR BEEM T h
MIERERE ST, Fig. T 1EGOA —+ 5

Fig. 6 Losses of alleles from p arms (a) and g
arms (b) of chromosomes in urothelial car-
cinoma as a % of heterozygous cases. (n=11)

(a)

80

70 A

6o+ ° =P arm not examined.
Acrocentric chromosome.

50

40

30

% of heterozygous cases

1 23 456 7 8 9 1011121314151617 1819202122 XY
Chromosome

(b)

80

70 -

80 -

40 |

30

20

% of heterozygous cases

1 2 3 45 6 7 8 91011121314151617 1819202122 XY
Chromosome

* 75 AHIRT,
FHREGIOEMRESE ST, 7 #Hlo grade 11
FEGI TR REBEAL 232,57 (BB 1 ~5) Tho
FeDIX L, 4 #Blo grade I FEGID % #Lix5. 00 (EH
2~9) LEfE%RL (Table 3). EEKFEIAE DL
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Fig. 7 Loss and retention of heterozygosity in an individual urothelial car-
cinoma case. The restriction enzyme used to digest genomic DNA and the DNA
probes are indicated below each autoradiogram. Note loss of the INFB1 allele
A2, the CAT allele Al, the D17S34 allele A2 and the D17S28 allele Al. Both the
A1l and A2 alleles of the D9S7 and the GHI loci are retained.

N T N T N T

N T

Table 3 Relationship between malignancy of
tumor cells and number of loci lost in urothelial
carcinoma

Number of loci lost
Malignancy grade ONfugggg
Average Range
Grade II 7 2.57 1-5
il 4 5.00 2-9
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NHE I NBILE - 19718,
SFEWFNFEDOREIRAME L SV TORERN
Rthcmz TRIET Vv Offi 2 iz Lo2d
5, BBEBRFRITEKL FVA7x —2EFETHV b
RYANAL Y SBEIWIGBREFHTHD, TOBE
BETE2H5EEMRCBATS L EERRCELT
LESENBEI N, BT TIH0EERE I NT
Bh, ThZihe r EEMRORE - 2LAHRE A
AEAYESETAS e b AV as—vORERTHS

N T

CAT
Taql

D17S28
Taql Bgl i

D17S34
Msp |

ZEHBAL T B,

—77, IR EFOFEM L, 19694 Harris 5
X b EE I aERRRE ORI RS
ZENTEBY, in vitro TIEFEMETF MG & S
WIEMAG & 2 iR 225 EEBREREYHA L it~
179y FRIBERRAE LI EHRE LTV, LR~
DIEF MR L EEMREMOBMEERI BRI, EE
FEHERFR A7) » Vil I DIRERET S &
BELEAOMEA L &L EERENBES ShH
RyBZEIhT5, ThAHLORIE, EFEMRRE
i EEREE~OFE L IIH T 2L OBE T ¥
RBRETFMERSEEL, BEMRTRIhLE
BFFHERTFORE - HEAPEL TV D0 LBRX
20,

RENEIEEFORERBRK Eo v + BEEREC ST
LRENSSEBE IR TR Y, NEBEFHRE M
fBIRZER « 7 FAEMFHRIRRCERR IR TS,
Z ORBIGEEGITIZ T, REBRBEFATIZOER
Mz, BEMEREScRroBEEMIRT, —iE
BICHEIBREED 1 OHERREMED 5 b —Tic13
qlADREDRD b 202 19844, Cavenee 5%,
Dryja b, RFEAEERIC~ » 73 TV5 DNA
7 r— 7% AWTRFLP &1\, Rl
THRELBLZVEMATHI3qUOREDRE DI S &
EaWE LA, —7, 19714F Knudson (%, /NEHEEZF
HPaE o BB R A T\, RIS K 1T 5 two-hit the-
ory, TisbbIEFMBEMEOEICIZEEOER
BEVLETHB L THRIELREL A, Lok



1936

AR LY, 13quacBEFMRED FRCES T 5
FENHECTIEEL, ARCRBEFOBREONR
EABRRO—FrFEEEMDORKE L TEbR,
RFLP AT TR RAEEL D 5 —FOBEVBRERE =
E—RAELTWA LD EHEEIh, 198651211,
Friend 524, Lee 5%, Fung 52 X 9 13qld» b
retinoblastoma 1 gene (RB1) &GEFH27 v —=v
3 h, 19884F, Huang ©?7, Bookstein 291, in vitro
WEFMREMRCEEE RBIEEFE2 5 v A
7=z vavd®h LABETEELEAORE LR
CEERERESRIE L2 &b, RBLEEFISEM4E
BEFOINTIY LB TAHI LY EENCIERL
Te. #Eo T, fiuo e EXEE I RFLP &AL
LM R RRIET S 2 £, AECHEETLE
MHEEFONEEARIEE - T 5 & L ORER
BRI D b D LR R,

BT, RFLP o¥icX &4 D + BREEC
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