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Cell Growth Regulation by the Interaction between Hsp 90 and Cdc 2 Kinase

Atsushi INOUE
Department of Orthopaedic Surgery, Sapporo Medical University School of Medicine
(Chief : Prof. S. ISHII)

Noriyuki SATO
Department of Pathology (Section 1), Sapporo Medical University School of Medicine
(Chief : Prof. K. KIKUCHI)

ABSTRACT Cell growth is regulated by various sets of intranuclear proteins. The oncosuppressor
proteins, pRb and p 53 are the most important of the nolecules that inhibit the cell cycle. It has been
reported that hsc 73, one of the members of the 70 kDa heat shock protein family, was associated with
PRb and p53. It was suggested that hsp may be important in the cell growth control mechanism.

In this paper, we reported that hsp 90 could interact with cde 2, which is the major eyclin dependent
kinase, in the G2/M phase, although hsp 90 could not interact with pRb. Moreover, a human osteosar-
coma cell line, HOS, that was transfected with hsp 90-cDNA showed growth inhibition, when obsereed
with *H-thymidine incorporation. These data indicated that hsp 90 might influence cell growth regula-
tion by interacting with cde2 kinase. (Received January 6, 1995 and accepted January 26, 1995)
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cdc 2™ B pRb* p 107 %V ¥k 7 3 Z &ic &k Dl
HIEOHFBANEEN TS, IV A7) v/edk B
EEOV CBGEEEMFET AEFE LT, p21/Cipl/
Wafl/Cap 20/8dil'¥-1D, p16/Ink 4'®, p 27/
Kipl!»-2b, p28/Ick® &b FRINTED, M
HED A T = X LABHHENDDDH 5,

He2iZhsp 90 B pRb ZFEF L L7z EDcdc2 DV
VEBLENEIIHEIT 2 L v S BE (REERT) » 5,
HIFIANIC 31T 5 hsp 90 & pRb W cdc 2 L DD FEE
SRR U7z, FORER, hsp90 ik cde2 & L1258,
PRb L DEERRO oz oiz, 8512, hsp 90—
cDNA % EREMK HOS N EBEETFEAT S EIC &
D, hsp 90 PSAIDIBGEINHIER %5 7§ 2 Al Re 1 mIE
Ehiz, PALOEEC L 2HTELE S iz, hsp OMfilaE
HBSER T I3 5 5 Tk & 2 OBBENER I DL
THET 5,
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2.1 jEfEEEER UNERR

v~ EREHEY HOS % 6 %FCS—RPMI 1640 T
37°C, CO,5.0%D&E T THEL, 5.0X107 D#l
fixo v —RY A28, 1ml® Lysisbuffer [0.05
M Tris—HCl (pH8.0), 0.5% CHAPS, 0.14M
NaCl, 1mM PMSF, 1ug/m/ pepstatin, 0.05%
sodium azide, 0.2 TIU/m! aprotinin, 5mM
EDTA]T4°C, 30 MME L 7-%, 12,000 rpm 12T
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Tris—HCI (pH 7.5), 100 mM NaCl, 3mM DTT]
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NaCl (pH 8.3) T 4 E¥k# L7, LEOHFETHERL
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& IgG, Mh—Rb—02 p (Pharmingen, San Diego,
CA), Pihsp90 € / 7 u—7 ) i Kk IgG, AC88
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cdc 2 &/ 7 0 —F Nk IgG, Bede 2.1(Boehringer
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EHEEMZ, £CT12—18 RHiFEemiBMLz, 3k
BEACHEE L ERE®KRET 5720, washing
buffer [0.1% CHAPS, 0.2M Tris—HCI, 0.5M
NaCl (pH 8.0)] T 5 m¥# Uiz, 75 uM O SDS—
sample buffer [final, 3% SDS, 5M DTT, 10%
gycerol, 62.5mM Tris—HCl (pH6.8)] % jn z,
100°CT 5 & E L 7z,
2-4 Western blot

YR L7z V% 8 %550k 10% D SDS—PAGE
THKEN L /2%, #5 / — VAL L7z Immobilon mem-
brane (Millipore, Bedford, MA) ~EE L7, =&
12T 2B 10% A % A SV THERL 7248, TSR
WU T-—RFHE, Mh—Rb—02p, Bedc?2.1, 3a3 #i
hsp 70 €./ 7 u— > L fifk (Affinity BioReageants,
Nashanic Station, NJ), 3B6¥ihsp90 €./ 70—
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hHSP 90 U pSRa—hHSP 90 (Wi b B KR
FHEREEZRE, LHBRBABLIVHEE %
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3 & R
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EFL7PLRb £/ 7 0 —F APk (mAb) CTEPEEE
Fa HOS ORI T S tike L, 8%SDS—PAGE
TUEI L7218, Westernblot 12 X VB L7, #DfF
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B, Hihsp 70 mAb T 70 kDa itz y> RS &
725 (Fig.1 Lane 4), #ihsp 90 mAb TiZ 90 kDa ff
oy R E o (Lane 7)., 2D &
5, HIFEPNICBWT hsp 70 13 pRb £ FEEERTH,
hsp 90 1Z pRb L IZHFEEERI BV EHBREIN
7z. Lanel, 4, 7 TR® o558 55kDa D/ Flid
IRz Fiv 72351 Rb mAb @ heavy chain ThH 5.
3-2 in vitro (2#(3% hsp 90 £ pRb LB FEENK
5t

FED in vivo 2B 2 #EFR % in vitro ORISR
TRESEEE 2 AW TR L. complex buffer DfF
HEFEBWTCH—EVHTINZ 57z pRb & hsp 70 &
U pRb & hsp 90 2K S ¥, Affigell0 beads IZf1&
L7241 Rb mAb THEEkE L7z, ZDFEHE, Hihsp 70
mAb TIZ 70 kDa fHiTiz vy Rk & hvfz 28 (Fig.
2 Lane 3), #ihsp 90 mAb Ti3 90 kDa Lz v K
R & oz (Laned), IO I Lo MR
WHBWTH hsp 90 D pRb 1239 2 & FHAM:IZ hsp 70
WZHATEIDIZEF L, hsp 90 23 pRb IZ& & L2 WAEE
MR S e,
3-3 invivo IZH(T3 hsp 90 & cde 2 E DEEDREIT

Y A7) MNKEEFF—ED—DTH% cdc 2 & hsp 90
LD invivo TODTEADEEELRET 5728, HOS
WRavsfRYE & Affigel 10 beads 12fF% L 72 51 hsp 90
mAb & 2HEkEE L, 10%SDS—PAGE Tik#EjL /2
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Fig. 1 pRb interacts with hsp 70, not with hsp 90,
determined by immunoprecipitation using of
anti-pRb mAb Mh-Rb-02p and the HOS cell
lysate. The immunoprecipitates made with
(Lane 1, 4 and 7) or without (Lane 2, 5 and 8)
anti-pRb mAb Mh-Rb-02p and the HOS cell
lysate were run on 8% SDS-PAGE, Western
blotted and reacted with anti-pRb mAb
Mh-Rb-02p (Lanel, 2 and 3), anti-hsp 70
mAb 3a3 (Lane4, 5 and 6) and anti-hsp 90
mADb 3B6 (Lane7, 8 and 9). Lane3, 6 and 9
are the positive controls for each mAb ; name-
ly, the mixture of 10 m/ of the HOS cell lysate
and 5m/ of SDS sample buffer was run on
SDS-PAGE, Western blotted, and reacted
with each mAb.
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Fig. 2 pRb interacts with hsp 70, not with hsp 90,
determined by immunoprecipitation using of
anti-pRb mAb Mh-Rb-02p and purified pro-
teins, such as pRb, hsp 70 and hsp 90. The
immunoprecipitates made with pRb, hsp 70
and anti-pRb mAb (Lane 1 and 3) were run on
8% SDS-PAGE, Western-blotted and reacted
with anti-pRb mAb (Lane 1) and anti-hsp 70
mAb 3a3 (Lane3). The immunoprecipitates
made with pRb, hsp90 and anti-pRb mAb
(Lane 2 and 4) were reacted with anti-pRb
mADb (Lane 2) and anti-hsp 90 mAb 3B6
(Lane 4). Lane5 and 6 are the positive con-
trols for anti-hsp 70 mAb 3a3 and anti-hsp90
mAb 3B6, respectively ; namely, 0.05nM
hsp70 and hsp 90 were run on SDS-PAGE,
Western blotted and reacted each mAb.

#%, Western blot iz & D f##f L 7. Z DR, it
hsp 90 mAb T 90 kDa f3fiz/3> Rk &5 (Fig.
3 Lanel) & [FIEFICHT cdc 2 mAb T 34kDa iz/v> F
B &z (Fig. 3 Lane4). & 5126 U HOS #Hfg
VR % FI\V T cde 2 mAb THRZTEREL, T hsp 90
mAb EDRGHEZET LT, ZOfEE, $icdc 2 mAb
T 34kDa 2y R & L3 (Fig. 4 Lanel) L [F
BF 2 HT hsp 90 mAb T 90 kDa fHiTiz/ s> R &
7z, 2O EITHEAIIZ BT cde 2 & hsp 90 233F
SE/ETHZERRBELT,
3+4 hsp 90— cDNA MiBIEZFEAIC & 28R

Z Z % T hsp 90 23BN B> T cde 2 &EIRHIC
T ATEEME R AR L CE 2, 22 Tldhsp90 &
cdc2 DEEDOHIEMENEELBEN T 57120,
hsp 90—cDNA % FRWE#ifz HOS wBEFEHAT %
Zricky, FofaoigsEk *H—thymidine DELD
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Fig. 3 Detection of immunoprecipitates made with 0 | .
anti-hsp 90 mAb AC88 and the HOS cell lysate
by anti-cdc2 mAb Bcdc2.1. The immuno- HOS HOS-EFa(-)  HOS-SRa(-)
precipitates made with (Lane 1 and 4) or with-
out (Lane 2 and 5) anti-hsp90 mAb AC88 and &
the HOS cell lysate were run on 10% 140000 - ( B)
SDS-PAGE, Western blotted and reacted with
anti-hsp 90 mAb 3B6 (Lanel, 2 and 3) and o 120000 F
anti-cdc 2 mAb Bedc 2.1 (Lane4, 5 and 6). }%100000
Lane 3 and 6 are the positive controls for mAbs §
against the HOS cell lysate as illustrated in £ 80000
Fig. 1. £
E 60000
£
T 40000 |
20000
6 F i
EFa(-) SRa(-) EF a-hsp90 SR a-hsp90

1
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Fig. 4 Detection of immunoprecipitates made with
anti-cdc 2 mAb Bcdc 2.1 and the HOS cell
lysate by anti-hsp 90 mAb 3B6. The immuno-
precipitates made with (Lane 1and 4) or with-
out (Lane2 and 5) anti-cdc2 mAb Bedc 2.1
and the HOS cell lysate were run on 109
SDS-PAGE, Western blotted and reacted with
anti-cdc 2 mAb Bcede 2.1 (Lanel, 2 and 3)
and anti-hsp 90 mAb 3B6 (Lane4, 5 and 6).
Lane3 and 6 are the positive controls for
mAbs.

AL VFHE LT, "mFEHANRZ Y —EFa KU SRa i<
hsp 90—cDNA 2fARAAE ST X 2 F & EFa RV
SRa D7 OE—F —DADT T X I FEZNZH Lipofec-
tion EZHWTEAL, *H—thymidine DRV :AA %

Fig. 5 Analysis of *H-thymidine incorporation of the
transient over-expression system of hsp 90 in a
human osteosarcoma cell line, HOS. (A)
HOS is a sample which was not treated by
Lipofection method. HOS-EFa«(-) and
HOS-SRa (-) are samples treated by Lipofec-
tion mothod with the expression vecter of EFa
and SRa, respectively. (B) EFa(-) and
SRa (-) were used with the expression vector
of EFa and SRe promoter without hsp 90-cD-
NA, respectively. EFa-hsp 90 and
SRa-hsp 90 were used with the expression
vector of EFae and SRa promoter including
hsp 90-cDNA, respectively.

A b Uiz, %7 Lipofection 312 X 2 i85
52 5 ERHER L., TOBRE, BETEARZIT-
7= R & 1T 7 WHIBIZ 38> T *H —thymidine DED
AT BEZR2FRD o1z (Fig. 5-A). XKIiZ hsp 90—
cDNA Ofifgic 52 2 ERBRER LI 25, hsp 90—
cDNA ZH D AA 728X EFe, SRa WTh DR
& —%FwTd *H—thymidine DB AABHERR 1%
UTFTOBEEZTETLTWw (Fig.5-B).
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hsp FEE TR VWA FHEEERL, ELOBRBTX
EEINEBEOEDO—D2THS, 20T EIiTHEA
2B 5 hep DEREO BB R2RB L TWE LE X3,
ZHE Thsp REMEREO®RE, S, BEREESD
BoREERERREL CHRBENETFRESET 29T
YeRurE LTEESINTER, Lnrl—AT
hsp 282 oy v Ru VEEREE LTIEL D TR L, &
B 2EBEHEOBRNFER BLUZOBEORE
b, H2VREEOHRCEST 2 LI MENL S
nWoobb, Tihbb, HIEREIZERETS 70kDa
hsp 77 8V —D—2>T&H 5 hsc 73 »’ mutant p53 &
SFEE LU0 2ME T 2 HED ®, hsc 73 28
pRb DR v MEB X O NKRD7 & /8 301—372 DE
BB T 50O EE (BREY) &, hsc 73 2338841
W EE RS T 22 TRE L C»5, 51 hse
73 L RRRICHIBE RT3 hep 90 IZ AT A K
RNVEVETY -V FuyrFF—XD—D2TH3
PP 60V-STC L £ LF 2 7 1O BEIBENT WD, SERA
iZ hsp 90 28 pRb 2EE & L7z cdc 2 DV U E{LEE %
WE U7 Ric B o & (RREHEF), hsp 90 & pRb K
Cede2 LR TFEEDEEEZRELN, IhET
hsp 90 2SR HRSEINT L &E& T2 L I mE R L
{, BTFEEOEEPEREININIE, hsc T3 W2H S
hsp 90 & #RBLfE I B 5.3 2RTREMEDSE L F 2 oD,

SEIDHEBR D 5B 21T, MEEMNIZB VT hsp 90 2
cdc2 D TFEETE LW HAR 2Bz, cdc2 G
2/MHEITpRb®p107 2V YE¥ET B2 Xick Y, #
R T ARIECETFE L TALS R TWn 32,
hsp 90 28 cdc 2 £ =& T HEEIL, hsp 90 AL EH
FHRETANRTO—DOTHIAREHE RS ¥ 3,
hsp 90 23T A HMRIEME I T % L WO & 13 Z
OB E BT 5, MADPEIT o EBRL VB
hsp 90 #¥ cdc 2 DV VBB LIEE 2HEIT 2 L »wWI R
(FFEEfE ) 1, hsp 90 BEL 3 40Fyy»Rur kL
Tcde2 ¢ 26T 50OTIEEL, BENEEPEL(S
ETBIERERLTWS, LL, ZITEIER
TREMESE S, SEISMEER AW ER]RT
PoTzlz, hsp 90 & cde 2 LDEEVHEHENTHSD,
HEVERMORT 2N L-HENSETH 20 25E
WETAHERD S, B\ a vy 72k DEADRES
E%2hep 90 LHEWRIET 2 cde 2 L DEHESEOW
BEME, AoEwEHEAlanS, 851, hsp HE
WZcde2 OV EAGEM G 2BEENDH L2000, b

fORTF 2/ U THEEEL T\ 2 O, SHBICE
HREBHFETH 3.

hsp 90 23 E R O S Bb 2 WEEMERE, Fa D
BETEA L ZEEER,S RBaN, hep 90 Ik
EHRCBOYTEENCRBA L CW2ERETHS, &
[5] 13 B AEAIRE HOS i hsp 90—cDNA ##EmEFEA
THZEED, HEAO hsp 90 BEET S Z L5
Bz i 2 HER RIZTHEAI-RERTHS. hsp 90
DOERBRITFAEMI HOS 281 % *H —thymidine
OHDAHLEERBICET Y2, ZOZ Lithsp 903
MREREE IH T 5 HANE - Z L 2 ER T 5, D
%Y, hsp90 Mcdec2 ¢ SETHIHRESIMETLIZLD,
cdc 2 OBEEMBIHE £ o 658, FY EBEEO pRb
® p 107 ZOBIMHEETFEY LS 2D, HEEE
BHEIE e LIS LS, hsp 90—cDNA DOERET
B A%OD 3H —thymidine OV AAIE, Jurkat #fE%
ETHIELY >3 E% Wb BAEE HOS & [HEff
{ETL Tz, 4513 stable transformant % & U f##T
BEDDLERD D,

B, B3 2REAEROEMESTE D6 DD
b5, BrHSERLT hsp OHIERNIZ BT 28I
SFFERBL, BEFREOZROBERIIRALL 25 T
ZHEEEMOHEZ 55, S I h b hsp OREBERITE:
BUTEEO A =X L%, hsp ZFIF LS
Fa TR ST BE D E D OB BRLE L Bbh 3,

5 #% B

hsp90 & pRb B2 cdc2 L DB FEEDEMES in
vivo & U in vitro TEEFT L7z, & &1 hsp 90 OHEFLH
B L ERBEOBEREEN LI, TOKE,

1) hsp 90 i in vivo X in vitro DWW FhZBW
TH pRb L DEHEHER IR G Tz,

2) hsp90 i invivo KBW T cdc 2 LHFEET2
Z RSN,

3) hsp 90—cDNA OEETFHAIZ LD hsp 90 HF
L 7B EME HOS 12X 3H —thymidine O D A
AU Tz, 2O ki hsp 90 SRS H2 I
s 2 AR E R RIB L 72,

RERZ 2 H i) HEE L AR 2R 1 F¥R

- HEEIRE FHEEERL o CEERTIROE

REGZ TRV FEEARIFBE AHE 8%
CEEABL X7, &z, APFRCEBHIIE G CELLHS
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