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Centrosome hyperamplification occurs frequently in human cancers, and is the major contributing

factor for chromosomal instability and aneuploidy.
Samples were incubated with antibodies to the centrosome protein y-
The cell line (RT-4), which has a wild-type p53 status, showed a well-regulated centrosome
On the other hand, centrosome hyperamplification was observed in HT-1197 and

bladder cancer cell lines.
tubulin.
replication cycle.

HT-13r cancer cells by discontinuous sucrose gradient fractionation.

We examined centrosome hyperamplification in

We used sucrose gradient

fractions enriched for centrosomes by the immunoblot analysis for the presence of y-tubulin, a major

component of centrosomes.

The fractions were then immunoblotted with anti-nucleophosmin/B23

(NPM) antibody. NPM is a primary target of CDK2-cyclin E in the initiation of centrosome

duplication.
NPM with the centrosome.

The profile of NPM closely paralleled that of y-tubulin, suggesting the association of

Identification of the mechanism underlying the replication of the centrosome should lead to the
understanding of the mechanism of chromosomal instability in bladder cancer, and enable us to
develop cancer therapeutics targeted to centrosome replication.

(Acta Urol. Jpn. 49: 69-74, 2003)
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b MEEBEMAE s (RT-4, HT-1197, HT-1376)
TRV WTROMEE S ATCC (American type
culture collection) 2*5HEA L7z, MBa#kiZ10% fetal
(FBS), penicillin (100 U/ml),
streptomycin (100 ug/ml) % & A 72 MEM ¥#C5
% COy TTHZEL.

RT-4 13847 L& G1, ALBEREF o8 Sh
7Bk CTH B HT-1197, HT-1376 3847 LK
#GS, WINbHBREDD LETE, LB SH
7R TH B 'Y Cooper & ™13 BB M k% D
p53 mutation (ZOWTEELTH Y, FhiZLhid,
RT-4 i% p53 wild type, HT-1197, HT-1376 i1 p53
mutant type OHIfatkTH 5.

IRt

ATA RIS AEORERMI T 200 PBS Tk
L, 10%&N=<") »T5EEE LA 1% NP-40
in PBS TS5 MAEL, 10%EEXMEL 1 HFHE
i, anti-y-tubulin rabbit polyclonal antibody (Uni-
versity of Cincinatti, Prof. Fukasawa & ¥ 11155)4'6)
* 1B 37°C TRID 8872, y-F o — 7)) Vi
BIFET B8 Y37 BT, BVERROBKE LTH
MEMINELBETT 'Y 2k¥#d FITC-conju-
gated goat anti-rabbit IgG antibody (Boehringer
Mannheim) VT 1 BEZR TS SE72. £h
FTNORIESHIZ TBS T3 E%kE L, HEEIE 4-di-
amidino 2-phenylindole (DAPI) % F\>7z,

ZNENOMBEOHLERZEHIL, F.O0EE%
BRIZOWTHE L n=1 ZH.EOER LTV
Wi, n=2 3HOEEROET 5 -, n=3
3T 3 OLLE O MEBRIER 2R Y HiRE &
HE LY

LA D& L 57 B

Moudjou M & Bornens M O 5 &Y ic# T, %
BB T DT/ s BEOREEWEERL, BELD
B X AR S PEE T REL 7. £, BERE
EHEkEY 1BEY S 520D, 728V =)L T
wEL, bY7Yr (EDTARE) LI LY AN
L7z kiZ, #lEK%/¥y 77— (1mM HEPES,
pH72, 0.5% NP-40, 0.5mM MgCl2, 0.1% j-
mercaptoethanol, protease inhibitors; leupeptin,
pepstatin, aprotinin, PMSF) CHRMLE L ##1t
L, 60% < a#Eif% 500 ul BREREFIC AN, MINEAE
ZEE L, 9,000 #3055 &L, 1,500 41 23X L,
LiE X T vortex L7z, THEDHI0%, 50%, 40%
DY aEDBEDOLY, PUMETEUCIEEERL,
18,0004z | BF R COHE L7z F 2 — 7R % B
THLDEEET 100~200 p] 370458 @R L 7.
Anti-y-tubulin rabit polyclonal antibody4'6) *Hw
7z western blot THLLVK % & 4438 2 HEFL L /2.

bovine serum

Immunoblot analysis

# ¥ 7 )V id sample buffer [2% SDS, 10% glyc-
erol, 60mM Tris (pH6.8), 5% [-mercapto-
ethanol, 0.01% bromphenol blue] Mz 95°C T5
S RMLEE L SDS-page T¥ V87 EESBELC. 7
B X7 %7 Bix Immobilon (Millipore) ¥ —
NIk v RT7y— L7 Y= bMiE, £95% (W/
V) dry milk in Tris-buffered saline+0.05% Tween
20 (TBS-T) C 1 BFEZIR, £hp 5 1 RELE ; anti-

4.6)
b

y-tubulin rabit polyclonal antibody anti-

nucleophosmin/B23 (NPM)
antibody’"'? % 4°C TL12B B G &€ 7z, TBS-T
TH# L 72 #, horseradish peroxidase-conjugated
goat anti-rabbit IgG ¥ 7z anti-mouse IgG % 1 B¥
BZERTRG S/ BE TBS-T T##L, ECL
chemiluminescence (Amersham) ¥ X7 A % AW T
EREZHRE L.

RIEL R

PUME % & & E S, IP lysis buffer (50 mM Tris
HCIl, 150 mM NaCl, 0.5% NP-40, 50 mM NaF)
MR 7z 4°C T vortex & 55T L1230 WaEL,
BLEEFER L (7 /87 BEDHIE). Protein
A %7213 protein G beads ZWRM LIFFEWRE ST
BRELA 2EIZ1IXRPMEZRML 4°C T4RHR
¥, # Ot protein A (polyclonal f§) ¥ 7z pro-
tein G beads (monoclonal ) %0z, 4°C TI1H
BB Lz, E-X0@ELkEE 8mEYEL, +
TNy 77— %A 55 HER L SDS-PAGE,
IRE 70y bEFTST
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1 BEREEMRERR IS 812 POEBRIERICOWT
A B RaRO L AEERICOWTHRET L /.
Fig. L 1Tl y Fa—7) Uik BV - hEgtaf
TR, RO E 3ELE S OMlao I, RT-4
Tz 1%, HT-1197 i225%, HT-1376 Ti%43% T
Hot:. TbL, RT-4 EH.IMEOBERE AR
NTWH ik TH Y, HT-1197, HT-1376 350
POBRIER %320 2K TH - 72,

2. BEREIEMRIAR A S O v iAo 58
BERMEAEL D FIMEESET A2 EASTE .
Fig. 2 ICBEAM 211723 a ARIC L D FE XN
72 RT-4 oHuLEo0E RE®m) 2RT ROEIR
VaDRENC0~50% DY a EEEFICHETX
2. MO 20ODRKEMMB (HT-1197, HT-1376) 125
WTHRRICHBTE . COSEICHIMEE S LY
2, By F2—7) YHifk%E FHV 72 western blot 2
X FEEL.

RIZ, GRS HIZHIMEERSA FF 5 RIEY 1

mouse monoclonal
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Cells were immunostained with anti-y-tubulin anti-

Fig. 1. Staining of y-tubulin in bladder cancer cell lines during interphase
and mitosis.
body. Antibody-antigen complexes were detected with FITC-
conjugated antibody to rabbit IgG. Cells were also stained with
DAPI for visualization of DNA. Original magnification, X600.
A, RT-4: interphase; B, RT-4: metaphase; C, RT-4: anaphase;
D, HT-1197: interphase, centrosome hyperamplification; E, HT-
1197 : metaphase, centrosome hyperamplification; F, HT-1376: a
lot of centrosomes in the prometaphase cell.
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Fig. 2. Centrosome isolation from cultured bladder cancer.

B

centration of sucrose fraction.

G, By Fa—7) PR TREY B 2 570 (Fig.
3). HLMKIRAFO K b & LTEBESN, &058
BIEELELIWINEEL LTHBETE. RT4
FUMEDBEENSEFITbh T Ak T h il
HZ1IBEEIA B3 2BORy bELTEHESN. HT-
1197, HT-1376 & F.LABRRE L RSHaK TS
D 3SEUELEDOHLEBBRETE .
3. PUVESEICHFLET S v 37 DR
POMAEREIRZ O Y ha— LT B L ENBE Y VIS

A, The con-
B, SDS-page, Silver staining (RT-4).

ZEDH)H, NPM IZDWTHE L7, NPM i%, =
IR E RS - EB Y ICRBSE, 50
ke DNA HEA*RAFASEEF 2 v 7 EL ¥ MIB
WCEELRBRERE) & s ETHAY0

Western blot % VT y F . — 7)) VIR CHEE
L2 MESE &R L L — 212 NPM 25 ET 5 b
) ERE L7 (Fig. 4). FUOFBRIER RO R
W RT-4A TRy F2—7Y) HRAETHEELHL
OB ERL L= 12 NPM 2307, FOR8H
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Fig. 3.
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B

An example of immunofluoresence
staining of centrosomes. Cells were
immunostained with anti-y-tubulin
antibody. Antibody-antigen complexes
were detected with the FITC-cojugated
antibody to rabbit IgG. Original
magnification, X600. A, RT-4; B,
HT-1376.
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Fig. 4. Western blot:

3

¥EL% B bk HT-1376 T, FOEEROL
SEEIZIZEL L — i NPM 238072 BIZIOR
KA HT-1197 TL A TH > 7. RT-4 & HT-
1376 CTHIMADSSE SNz — Y BREL 5> TV B,
IR FNPNOSE LBEEESER B &) B
WARMETHY, WThoBEREMRKICBTDH
S g PEIBEE Y60 ~50% O fraction (2 HMEIZHFIE

L7.

D X|Z RT-4 & HT-1197 THRIEEEEIZLY ¥
F2—71 vk NPM DRBE* A L7 (Fig. 5).
Poy Fa—7V Y HAETREZELRLIZREE west-
ern blot TH, NPM Hifkz H W CHERR L 7=, £ 72,
H NPM ik CHRIEILME L 72K % western blot T
Wy Fa—7) itk AVTHRALL RT4 L
HT-1197 &£ b2 y F2—71) v & NPM DRBEH—
L7
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AR L AT OO IO ES b3 21T
i SRS, e DOMRRS OEEEE TIIZE IR
bhWER LSRR T RSN TE. Mgy
HNALRFETETI LN TE L), BRLEYER
ELATAE, &, I ravy Y7, IIK VY
V=L O/NBERIILACEGDT IRES.
5LT, MarslEIcHTh, K&, B, BEOD
B b THYREETHRERA-T (FEY 2 F—
b Az onB. BREREEY T ABROBELERES
ELENIERFOEMFHIMEITEIZLEALRL
KEIZRTS. BRLOEICI ZMBOSEIZB VT
i, MIBOKREY L x— FOEEE LIFRTH8Y R
L LT, BB BT 5. —RICHRES 2

4 5 6 7 8

We examined centrosomes enriched sucrose gra-

dient fractions by immunoblot analysis to detect the presence of y-
tubulin, a major component of centrosomes. The fractions were
then immunoblotted with nucleophosmin/B23 (NPM) antibody.
NPM and y-tubulin were found in many of the same gradient

fractions.
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IP anti- 7 -tubulin

RT4 HT-1197

Western anti- NPM

IP anti- NPM

RT4 HT-1197

7 -tubulin
< 48 kD

Western anti- r -tubulin

Fig. 5. Co-immunoprecipitation of NPM and y-tubulin proteins. Immu-
noblot analysis of the immunoprecipitates showed that NPM was
present in protein complex immunoprecipitated by anti-y-tubulin
antibody. Similarly, we detected y-tubulin in the protein com-
plex immunoprecipitated by anti-NPM antibody.

INEWR, RS EBDIIKELELNEET S
HULMAD S BEICRS L Tik, Moudjou M and Bornens
M OFEY BV ONTY B, 4H, ZodLks
BEETHAVTEREOF LKL TS A EATE
72, Fig. 9b IR L RR B0 ZSEI BT ¥ /3
78 D% D band % 78 5 %5, Moudjou M and
Bornens M DEFEICB VT H FEIFKIZE { D band %
ROTVAE., P/MROBEBR ) BNTEHD S v
NOBVHEELTBYY, Zh2hosy v s ED
LR BB 51 B R E OB B

BEFOEROEHEEIZOWT, W OHIhDEEL
BENDH LD, ZOHTYL ps3 pathway (p53-
Wafl-CDK2/Cyclin E-nucleophosmin) %%V H % £ &
v p46.9.10

P33 DEEHEOBLL YTy FD1DTHS
Wafl (& CDK inhibitor ® 77 I J—D O & DT
CDK2/¥ 4 27) YEDFEHZa> bu—)LLTW5
TEHMLNTVAE FLEEREARICENT
CDK2/% 42V Y ED) YBALD S — 7 v M2 nu-
cleophosmin (NPM)/B23 Téh 5 Z & 2SR & » I
% 57:%19  NPM 3EEFOFMEICBET 575
CDK2/% 4 7)) Y Ei2& 5 YERILIZ & ) H.0MED
AR ERFUMEN S EHET 5. NPM OREEN T
EDk LTyyru=y s (¥ 537 RREIHEE)
DBEHIS N TV 555, NPM OEsid P .OMEDOREER(L
Bb7oo LERMEERT EE2 R T0AYY E
BT, 42 YEORBIX Gl HMICB
D, CDK2/¥ 4 2 ") » EO{EMHIE S BT (DNA
BRI CLETHD. Zhwz, CDK2/H A7
)Y E® Gl BB A BRRERNBRIPOEER L
DNA #8: DRBEMLT 5L SNTVD, p53 %
Lt &35 CDK2/Y A7) YED Gl #HICBITA
BREEEIE, FOBEREEZAF Y - EBDIZHE

mEY, FAhlké DNAHEZFEHFS LS
Fro s RAVMNERDERTHALEY SEOE
BT, fly Fa—7) YHHREZRHVW VLY >
TaT 4 Y S THRMEPEIN TV ASEFEEL,
LHEEELHEICNPM 5T NT05E T L 2R
L7z, NPM (ZIEFME CIXERAOFERICHFEL
TLBHT0 A EIBERRE S AR O hIMEIC b 7
ETHIEVHS NI 572, EFMRLA CHOAE
~NDONPM OB E*FHEHL-HHEEIHELEE T
Zetasepina 5 'V @ HeLa 2 ® M# o .0 1K 12
NPM BFET B EVIREDATHS. NPM »8;
BEBEBOFLEIIBELAZZ & ps3 # Eite L
NPM % it & § 5 AR E R AT IEE ah Mile 72
TR, e FOBOFUEEBICLERETH LS
ERRBETHIDEEZ B, F72, pd3 A wild type
DEMEARARICB W THOMEERMRE-LTB Y,
p53 %% mutant DEEBEFEHIRLAK T 0B HIE B4
ULCWeZ & biEBICET A, Carroll 52213 p53
BRRICRT 2RO AEEHEICB W THIMABR ER
BELTOREHEL TS, 72, Weber 5%
p53 DRE L PUABRIFE & ORIEIZD W THER
KBV TImELTWwA. bhubhld P53 pathway
(p53-Wafl-CDK2/Cyclin E-nucleophosmin) 7% & Bt
FEORLEEEICES LTBY, ps3 DEROEEER
EOHRMREBEESICE D > TV ATEENDH B L #
ZTWA, 413, p53 pathway & H0 48 B4 5L
WKOWTHREFT LTV BENH L EEZ B,

& B

LR, MEEOBKF L (dynamic centre) &\
9 ERICEDWTHI004EH] % Boveri 2L - T&T
FoNZ Z0LRECERYBORMETS
B, FUMEREDOFTF LNV TOBTIZE L T 572



74

WRICE 49% 25  20034E

D THY, REZEME . p53, Wafl % &4°
ED LI IMEERES & DNA BREEH % R
LTCWwaB D7, &0 X IZBEME O f.O B RIHEE )
ELH00FHOMIITE T EIL, BWEOREARR
ZE M (chromosomal instability) OFBL##E % 8
THLTHEETHALLEZD.
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