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One of the most important features of urothelial cancers of the bladder and upper urinary tract is
metachronous and/or synchronous multifocal occurrence with high frequency. Since such multifocal
recurrent tumors are derived from a common transformed cell, the chronological tracing of genetic
alterations in such multifocal tumors may reveal the precise timing and role of genetic alterations in
urothelial carcinogenesis.

In this study, we tested the presence of microsatellite alterations in synchronous and/or
metachronous multifocal urothelial cancers to examine the chronological genetic alterations for the
presence of hierarchy of genetic alterations in urothelial cancer development. Genetic alterations at 20
microsatellite loci on 8 chromosomal arms (2q, 4p, 4q, 8p, 9p, 9q, 11p, and 17p) were tested. Judging
from the patterns of allelic deletion and microsatellite shifts, multifocal tumors in at least 21 (81%) of
the 26 evaluable patients were considered to be derived from a single progenitor cell. In patients with
multifocal tumors of an identical clonal origin, discordant microsatellite alterations were observed at
significantly lower frequencies on chromosome 9 compared with those on the other chromosomes
tested. The heterotopic spread and genetic divergence may occur long before the clinical
manifestation of multiplicity from a single transformed cell. The data strengthens the previous view
that heterotopic spread of transformed progenitor cells and genetic divergence occur after chromosome
9 alterations in most of urothelial cancers.

(Acta Urol. Jpn. 46: 749-755, 2000)
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3, phenol/chloroform i & ) DNA %137, J&
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3. microsatellite analysis

microsatellite marker % H \» 7= LOH (loss of
heterozygosity) & microsatellite shift (instability)
B OB IMRTICEREATH B 6008
Bk EDDT = —FHVN, ThHEBETT
DIRB FREBERNRE LS FRIEZBITICE Y L
FLIEBEORIE SN TEREhkTH B2, &
SAZ—ERDREBITIZEE 9 Rk L OREM 2 RAEE %
RETAH-OI, HEO—H—%BML7. 200
7= — ORI LLT 0 < TH B, D2S206 (2q),
D2S336 (2q), D4S404 (4p), D4SI546 (4p),
D4S426 (4q), D4S171 (4q), D8S261 (8p), D8S520
(8p), DI9S171 (9p), DIS126 (9p), DIS1749 (9p),
D9S736 (9p), DIS66 (9q), DISI848 (9q),
D9S1793 (9q), GSN (9q), D118907 (l1p),
D11S922 (11p), D17S8796 (17p), DI17S1176 (17p).
< — #— O F ML Genome Database (http://gdb
www.gdb.org/) 5%, T—h—T 54 —-DF
FEPP T RIRNL, RYTLZINTIFY
WikByk, BEOXBT 1V ATEREE.

4. 9q32-33 T? CpG methylation % DIFEHT
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NTRIET T &, BIF SN 5EMA D CpG site
2 FUALDIKEE% PCR WO direct sequence 1= &
DEFMCEB. ZOk & Ura it PCRFIEIZLD,
3> (Thy) &7%%. genomic DNA O bisulfite .
i3 Frommer 5 DKL VF7 570 PCRICT
DBCCRl-exon | P30 218bp N7 77 % ¥ % HE0E
th, THU-RL VCRBEICHBL, ALTTA
< — T Sequencer (ABI 377) # B\ T — Vs
RiFo7. AFL—3 arORER CpG site D Cyt
& Thy DU TF IV TCEMLS. AFL—TaryA
27 ELT, Y- Ty ADH—T D Cyt DMEDT
Thy @ 20% * i ® CpG site & “0" (= no
methylation), Cyt MBS Thy N20~50% % “1”
(=minor methylation), Cyt @& #% Thy N 50~
200% % “2” (=partial methylation), Cyt DT
Thy ®200% L\ k% “4” (= complete methylation)
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Concordant microsatellite alterations
on 9p (D9S1749), 9q (GSN), and 1lp
(D118907) in 8 multifocal tumors of
the bladder. A complete indetical
microsatellite shift pattern was de-
tected at D9S1749, which suggests that
the multifocal tumors were derived
from an identical progenitor cell. All
were grade 1-2, Ta-1 papillary bladder
tumors and they are treated by trans-
urethral resection. O: normal allele,
@ : microsatellite shift, Horizontal
arrow : common deleted allele.
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Discordant microsatellite alterations in
4 multifocal tumors with a presumable
identical progenitor cell in Patient #16.
The deletion of an identical allele at
D9S126 and GSN with retention of
heterozygosity at D9S1749 was found.
The deletion of one allele at D17S1176
was found in tumors #1, #3 and #4.
At D118907, the deletion of one allele
was found in tumors #2, #3 and #4.
Since the partial deletion on the iden-
tical 9p allele is considered to be a
rather rare event, the four tumors were
considered to have been derived from
a common progenitor cell and to have
acquired genetic divergence during
multifocal tumor development. O:
normal allele, Oblique arrowheads:
lost allele, Horizontal arrow: common
deleted allele.
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9q PEAILT7 L IVICE A RENRBO bz Getfk9
DFEMAERE< Y ELTDOF=5 L), THVo/z[F
CERAREDSE L7 L IVIHRIRAE U B HEERI3FEH 12K
WEEZHNRBY LizdioTIRG D 4 EFIXF
—ra—vHRLAZSNE, LIAPMD 1lp *
17p DRFEIISA—BEAFBDOOND. LI bEIRE
RICERE® &/ LollasshEs & U CRRIRAYICHRE &
NBH7% ) LA & b clonal expansion % & 7= L7z &
Ezohi: (Fig. 3). FRRZMEITIC L Y 21H 2 RESS
e, thoORBEREICHNTEIFBHROERTE IS
RIEE M CIE I —HENFH I EAbh o7 (Fig.
4). ToSHL13IIHERY (BRHELEER) Tb
D, BENREZ»H - CHORBOER»H D Z &
Bhhof, UEDERLD, BRHEAEIZL-TDH
5 O Yt R D REDIRE LR R OF R ICHHITHE
BIEDTRENT. EHIIEIRBEOEEZTI TR
FEERRICE S VA, T OHIFIIZ RIEE % T
Lh ) LAENS, IREENEIBET I EEPFER LT
WRTREENH B & Bbhi:.
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T 1: January 1997, T-2, 3, 4: August 1997

Fig. 3. Schematic model of the accumulation
of genetic alterations .in Patient #16.
T #1=G2-T2 ureteral tumor. T #2,
#3, #4=G2-papillary Ta-1 superficial
bladder tumor.
9p,9q : 0/17
(0%)
2q . 2/4 P<0.005
4p,4q : 3/8
8p : 1/5 12/35
1p : 2/9 | (34%)
17p : 4/9
Fig. 4. The significantly low rate of discor-

dant genetic alterations on chromo-
some 9 compared with alterations on
the other chromosomes. Note the
pattern of chromosome 9 alterations
was consistent between multifocal
tumors in each patient. Therefore,
chromosome 9 alterations are consi-
dered to be a good key molecular mar-
ker for monitoring the recurrence of
urothelial cancer.
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Fig. 5. Schematic view of clinical course and
tumors tested in patient #22.

REN<—H—& LT, ZOMOGEHREE % ERIC
Db bREE LTHENZIT) 2 & T, (EROKES
WEZE CIEBHRICTE b o SRR LEBO#E
B, BBOYF ) AHDHEIITELHLHS.

1 6l %82~ 3 % (Fig. 5). fEBI (#22) 1B H%T,
S54RI EBERE (TCC, G2, pT2NOMO) 23t L
BRESWMRME 21372, 8 4 A R EMEEME 2%
Rah, BEREMHBRMET. BEx G2<3, pTib
Th 72285, BREHOE, EBESD S REEEIR
PRI EAMRENS ), EREIT-72L 25,
G3 D TCC THotz. ZOBEATIDHREBERED
BEEPBEWERRPEITATH 2. 20%, &5
{L2Bik, BURHRBRERIT - 722%, 1874 A %,
Rt &7 LCRELL. WRBOBEEE, 0
ROBEMIES, &5IZHRTESNMOEBRFE 2
8 (\ghd TCC, G3), FE#lES 18 (TCC,
G3), %R EL 118 (TCC, G3) %IRML,
DNA i %17-7: (Fig. 6, 7). ¥, BEI: LM
[ OMATCIE, MIEZE S 9p FXIEHE, 9q 12I3F
U7 VIVICEAHREEDDZ. Lrd I OEHSRE
® breakpoint (¥ D9S53 (9q22.1-31) & D9S1848
(9932-33) DEICH B Z L4 57 (Fig. 6). ZDHER
MTHATERBISHAREDSBDHND Z LITFFEIC
HTH 0>, WMEENEIRBEEOFLT L IVICH
7 breakpoint X BARICHOLIIEZ LhinwZ & X
D, MEHIIFEUER (Fuo—r) BHREHAEL..
MWOREFKIZEAR—BIROON, BERERHIIT 17p
DHRED DY, BERIEICIE 2, 4p, llp, 17p i
RENH 7z, 552 17p DRET LV IVIETEERE T
HELTB Y (Fig. 6), MESHROEIIZEZbDT
FRTHLIENH o7 RICHBRTEONEED
BHT %47 &, IR, FEBO3o0@EE Iz wTh
SEMEE Lo 7K UBEREN DY, ®EEGER
R 17p ORRT VIV OEEEBHETHH Z &
o7z (Fig. 7). SHICHEBEBEICITIET
BRONZGEPo722q & 4p DREDMb o T/
(Fig. 7).
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Fig. 6. Microsatellite analysis of the renal pel-
vic tumor (#1) and bladder tumor (#2)
obtained at two independent opera-
tions. An identical subchromosomal
partial deletion on the identical 9q
allele was found in both tumors, there-
fore indicating that the two tumors
shared a common progenitor cell
The deletion of 2q, 4p and llp were
found only in the bladder tumor. The
deletion of distinct alleles on 17p was
found, which could serve as a unique
genetic marker for distinguishing the
origin of the following recurrent
tumors. (O=Retention of both allele,
@=Allelic deletion (=LOH), H=
Allelic deletion of distinct allele, &=
Partial (Subchromosomal) deletion.
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Fig. 7. Microsatellite analysis of the metasta-
tic lung tumors (#3 and #4), a metasta-
tic liver tumor (#5) and an infiltrating
tumor (#6) in the retroperitoneum.
Based on the pattern of the deleted
alleles on 17p, the metastatic lung
tumors and metastatic liver tumor
were considered to have been derived
from the bladder tumor. The retro-
peritoneal infiltrating tumor was
Jjudged to have been from the renal
pelvic tumor. Note that the retroperi-
toneal tumor had additional genetic al-
terations on 2q and 4p. O=Reten-
tion of both allele, @=Allelic deletion
(=LOH), M=Allelic deletion of dis-
tinct allele, 4=Partial (Subchromo-
somal) deletion.
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Fig. 8. Schematic model of the accumulation

of genetic alterations renal pelvic
tumor, bladder tumor and the follow-
ing metastatic tumors in patient #22,
As shown in Fig. 6 & 7, the distinct
allele was deleted in renal pelvic tumor
and bladder tumor. Therefore, the
pattern of deleting on 17p could serve
as a clear genetic fingerprint in deter-
mining the origin of each metastatic
lesion.

ZOREFHIBETRIEIZEATHS., OFRERE
e OSERRAGICHH S I R B DETL ) (i
b8 A), 9q ICRELREOMIAN A LI OEFT
BELERICGERL, 0%, HNOBGETREELZFEY
AOEE YR LA LIRS (Fig. 8). @QAHIT
ERIRE STIRM O EM SR b G EE L LT
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KB D o 72 BEME IR Tib 12 b
5%, EREBEVIRT VU v VIEFEEILEC,
FBEEIEIRPNCREEAY S - - 2E RS Z
Lo el dEy. @S HICERROEEREER
25T 2q % 4p DRENFMboTWBI L LY,
NG DGERITIRE EREEOEMEREICRES T 5B
HBEFPEETDL I EFRE IR OFKIC,

9q LEEDDHHMIaE %A LHPOFETRHITHRE
TENE, % E BRI L CHERIGHROR

B CRBC BB BT E - TRREYD 5.
4. Pefufk 9932-33 12BI1T B X FIVLEE
UED#ER LY, RELEEORE, SHIZI34HK
SFRIZE, EWFHFELFIR L2, BELE
ATV ECEIRBRORENEETHLI LN
H o7z, BUETI TOEIESS 9p, 9q L HIZEER
BB EEFIEET AL ELLNESY 9piC
i¥ CDKN inhibitor ® 1 2 T#% % pl6 #EZF 2 FE
EhTBY, REEEBOMGIEET L LTFERR
WIZID) g oq (2B L TSR 221 HEEHY 22 B
BFREAEENTVWEWL, EEOVLED (TH) Hid,
9q32-33 12 % D& H IS, DBCI (Deleted in Blad-
der Cancer 1) 255 - L #RAELYY, X5 ICHE
WXk ) B/ EIEF DBCCRl 27 u—=>v 7L
7:9 =@ DBCCRI »R¥ ERE#EOIGIRIZT CTH

3 RELERE 5o REBHAT
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Abnormal hypermethylation at a 9q32-
33 candidate tumor suppressor locus in
urothelial cancer. Methylation analy-
sis at 20 CpG sites of 5-region of the
DBCCRI gene at 9q32-33 using
bisulfite genomic DNA modification
technique showed that the hyper-
methylation at this locus is not associ-
ated with tumor progression. No
association was found between the
hypermethylation and tumor grade
(data not shown). The hypermethyla-
tion at this locus may be one of the

earliest events in wurothelial carci-
nogenesis.
Methylation
Score

20 o
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R=0.722, Y=-1.35+0.187 X, p=0.0121

Fig. 10.

Aging and hypermethylation at a
9q32-33 candidate tumor suppressor
locus in normal urothelium. Al-
though much weaker than observed
in tumor cells, hypermethylation of
the 5-region of the DBCCRI was
found in correlation with aging.
Therefore, predominant occurrence of
urothelial cancers in aged men and
women may be related to hyper-
methylation at this locus associated
with aging.
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RN, BRI 2L 72 2% hyperme-
thylation & OBIE X2 A 72 (Fig. 9). 72 hyper-
methylation DF2fE & LOH % microsatellite shift 7
EMDBIETRELOBBRLAL LT ok, Eb
CEABEBERELEBME N - OEFERE EEIEIO
CpG methylation % f##7 L7z, ®IKH 5 Z L IZER
CHATEEICOTITH DA, N & HICIEHIRE
E T % hypermethylation 25EA T { BT RAEDH
b7 (Fig. 10). R%IC2161, MOSRERKE EEE
TN % 1T o 72, % 5HEH B T methylation pattern
V—H LTV e0x216F13 (62%) HITH- 7.
methylation pattern @ —3, 7N — B3 ME I A% B B
% - FEEEZ R ICBR R VA, BRI REDORE
% C methylation 25ETEM DS - 7z

% =

AW TR EEBORBE, BEEOSELV
SRR B LT, o METIXEEE 2 RERaEE
T 7.

FOWRESR, HERORBEBYVRELERE ERIC
BWTIit 9, 99 PEF (LOH % microsatellite
shift) XX bDOTWHITR > TWnE I e o7 F
72 9p ° 9q D EEHIRE EEFEIFED rate limiting
factor Th 1), ZOREEEOUHBEFF VLY S
FHED gate keeper'? TH HWEEMATRB S 7z, &
SIZEREHFEOBNTEITI) ZETUTDOI LATRES
nz. Tabb, OB ICEERDERERE LEIEE
glicit, BPidsd) H80%IERM—ra—r (H—
M) HkEEZOND. QRMEMRE EEENE <
FERERYELTCHEENICITETH LD, —&b
OFITIHBIETFRE DL RO ONE. DR
FREDSHEIEIFBAOREIE L LRITE
5. OB IRBEORENEL TS, BRIIZESRE
BB 710 dormant ZIKREXRMICHFET 5. @OF
9 gfufk GEfEZF) CEE% &/ LAREKLEMIzI
FNETREFERICES2CTY, REALE
B, &3 % potential iz TV 5.

7u— v OHREFHEEICLLET, BRENREBSEY
I TBOBODRIZTEEDERIIIAVTHET
HhH. BRLEA#2ZZORWEITHL. T4
RDOFREFRETIIHES 2R V542 - EBEOH
£, BEOELLFHEBHEICTEZ. 362, &
BITRMROBEEEEREROBE S CREMRICH 5 9§
FICRE LS o TCHIRAFELZZTTHLE. bLE
IREFEF YD - MBRERBCELLL, ZOK
HCHEYHBTE, BEOEMICESTE/WHENE
MH5b.

# 9 et {k LOH * microsatellite shift, & 512
RENMHIEZFOLRELR COBIGTFEE L) BHICE
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BG5S, G PV ER RS LT b b YA
LEFLTWL S -7 BFE methylation 2
L), ARRBETNERETFORBRBT HERP
genomic instability 252 h 9 B TEEHEN DS & DA
ERTWBESI® ok k) REERBRENE
B LT, INESICHES 9q @ methylation 285 LT
WATREASRESNE'S REETLEOLND
T RE LD methylation DIZE L IREE ERRE
L OBIRIE SR RS HRIETH . & HICEEFH
DRE methylation 75 9q ZFIZEL TV % b DB,
ZOMDAERIZ G T B REEKCIETES I I VT
TRLDOPISHOEELRARELEDNL.

& a8

SRR bR AR OB 2 BIZTFTICE D, DT
DTN, OB b ICKEMDOSFERE LR
BIEFTIX, BHED) $H80%XF—2 0— i
prEZONL. QFREURE EEENE (IFRE
BOELTHRIZHICIEETHS. OFRRBER
FEONEER T OBEFEILOLSHMEILE I FBEDR
WO U7 BIES. @F I RERORESEL/ R
b BB RRAY 12 I % A8 1712 dormant 2 RENHFIE
T5. O I RBEICREFEFFOMBIIZNEERTIE
JEERBRICEL 2 L, REBENYEES IEEEN
ERTLRENE L T3,
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