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U ARHETFIAE 3 T3-L1AAlE, isobutyl-methylxanthine (IBMX), dexamethasone (DEX), insulin
IC K- TR E A b d 5. InsulinZAAIEF 0> ) VBEROZRAKD—DT, ZD
A FRE B D % < 1 & phosphatidylinositol 3-kinase (PI3-kinase) I & > T/ &N 3. Z C T EAPI3-
kinase [H & 3£ T & % wortmannin Z F ", Z DO EHiHIAE 73 (kI & 1E 9 52 7% HL 7z. Wortmannin (&
insulin T 3T3- L1l Z fil# U 7z B 0D PI3-kinase 1% 1 72 IR FEARAA RN HIHI L, 723 T3-LIM DS
RN D 73 b & RIS IR AN IS U 7z, RIS/ EiEFE Z Day 0-2 D #)HHFH & Day 2-4 D% HA
T, EB5h—H ORI ZTRMU 2550 RIE 9 528 % Fl7z. Wortmannin lX 7
{LOFIEAM, H2WIFEEHORICH W25 ES, 3T3LIHIED 72125150 % I Jifi] U7z, [ARED
254 % 3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) & 7t [#% 25 [0 % &l simvastatin TH7 > 7273,
wortmannin [FIERZIHHD HICHW T & LIFHIfIE NIz, NS OFEN S, 3T3-L1HHAID RSN
JENDMEIC U T PI3-kinase MWEERKE| ZH U TWA Z &, 7MLOBERIC I 2N G imE
FEERIE, T ORHINIRIEIE L DA TEL, VA, H2WVIFBEHZN TN HEMTEEETHS C
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EIEEEORCKICEY, ST, @ARIME, BEK
JEAFICARER T N 2 B TEE B O B B O Nk
EREE K-> TWVW3. FLCahbicihmd aR1 &
LT, WIEIEMOMMERME LIz A 2Ry s>
Ra—LEWI REENEEE N2, AL 7256
fld &7 ORI BN THENT 2 2 LidEVWDT,
HiE R AE AR 0D 38 KA 13w SRS B R VT 59 2wl REE:
HREENTWS Y, BEIHIIEIE hIRER 2 A e
ME LT TEED, [ UHhHERNBMIRTS S
3T3-L1fHfE DEX, IBMX, insulinic & % i Coh%
X IEMHIRC b d B T eI TEH LY, fEN
L DRFFRIC L -V BN TV S, BRI D
FEDED X S R FICHE 22T 2 IMRIE N
X, NERSFICER T 2 REORIKEIIC NS T &
WA CZ %, 22T, FHALE3TI-L1HIEZHWT,
Z DAEMHHIFEAN DML 3513 2 Hl GBS IERRER D
Bt 259735 TRITAESA 25 (M RERAS)

—fiz W2 R EBR 2T o 72, F L TR PI3-
kinase fH %% T & % wortmannin 1< & - T IE IR~
Db il E N5 Z & 7Z2/RL, PI3-kinase DiE AL
WIERGHI M EICBE 59 % T k2R Uiz, s
HINDMEIE, M IS SRR B D Fyi i 7= i D
AT, WM, H25WVIXEEHOIH ORTEZE
{b%%21> % C & 7%, wortmannin & simvastatin % L
Tl

REME E &

1. 3T3-L1#fikanigE & RN DL

MO B E N CRE Ml D 7 {kiE, Rubin 5 D
HiElic k-7, 3T3-L1#HfE (Japanese Cancer Re-
search Resources Bank) % 10% fetal calf serum (FCS)
(JRH Biosciences) % & €5 Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco) Th5# L7z, fRHAHIIEAD
MEFEELX, HlfaA confluent! 7z - 722 H% (Day 0)
IKRD K S ICHKfi LTz, 10% FCS, 1 mM IBMX (Wako
Pure Chemical Industry), 1uM DEX (Wako), 100
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nMd % WME 1.7 p MDinsulin (Wako) %% ¢ DMEM T
3T3-L1fia &2 58 LTz, 48W5RI#% (Day 2), 7tD10%
FCSD & 7% T L DMEMIC B 2 ik 2 B2 U 7z DA 481K
AR B O 21TV, Day 812/ L DR 72 3
fifi L7z, 7rbz2i7h AW, Day 045 Day 20[H],
10% FCS D& 7% & ¢s DMEM Thi# L 7z. Wortmannin
(Wako) & simvastatin (Banyu Pharmaceutical Co. Ltd.)
X, TNZENOEHTRENSREICIRO 5 NTZRET
iz,
2. Glycerol 3-phosphate dehydrogenase (GPDH)
EEDBRIE

GPDH{E M 0 #ll & 3 Wise 5 D J7 L1 & - 727,
Day SICHiidZ[aly L, 100 mM triethanolamine-HCL
(pH 7.5), 2.5 mM EDTA, 0.1 mM 2-mercaptoethanol,
0.12 mM NADH 7 & L5 % itk H € e i 9 1l el 72
it L, ZMic0.2 mM dihydroxyacetone phosphate
(Sigma) ZhNZ sz BeE LTz, Z D% 25°C, 340 nm
ICBT B DAL 2 W't Rt (Shimadzu UV2000)
THIE L. #5583 mU/mg protein T L7z (1 mU &
1 nmol ®NADH % 157 [BlICE&{b 9 % HESIICHIY ST %).
3. PI3-kinase;EEDAIE

HHED confluent il 7x > 722 H1%, —BRFCSZ & % 7%
WDMEM CHllfd 7z 5% # U 7z. % D %%insulin T 1077 [t
Mz R L 72, ChZzBEILL 7z, RIC antiphos-
photyrosine antibody PY20 (Leinco) & anti-mouse IgG
agarose (American Qurlex) 7 i\ C 5 1k &Y 7% 15
Tz. & L TR LMY 2 T Okada b D75
212 & 0 PI3-kinase i 2 & U720, s M Fuji
BAS2000 Bioimaging analyzer % FJCHlllE L 7=.

R

1. Insulin T3T3-L1ARER B LD PI3-
kinase &< (X 9 wortmannin DRZE

1% U 81 wortmannin @ PI3-kinase 1 1% 1< f 1% 9 5
4 7 phosphatidylinositol (PI) Z K2 & L CTHWiHlE
% 47 > . Wortmannin!C X - T PI3-kinase i 1% 1
JEFEARAF T HNHI & N7z b, 1C, fE 1 100 nM L E o
BETHY, TOMRI I TREN-ED. HE
L T phospatidylinositol 4-kinase (PI4-kinase) @ B 5-
DHERIE 720, Pl4-kinase D B 5 % [R44 3 % 72 &,
phosphatidylinositol-4-phosphate (PI-4-P) ZH&E & L
TR DFEE: 21T > 7z. 9 % & wortmannin {3 insulin
FIRE D PI3 - Kinase 16 1t 2 R FEAAFHNICHIHI L, Z D
IG5 filZ 1 nMEL R TH - 7z (Fig. D).
2. Wortmannin® 37T 3-L1 {iaDFSEAMARE LI R
F3R-7

RIC PI3-kinase & M 2 il 95 Z & WRE N
wortmannin®, 3T3-LUIfEDO RG> EIC ED K
D I B N F S I it LTz, Z D7z wortmannin
T AL FE E B A5 3077 7 A B 50 (b 75 5 B 4R 96 IRF [ 1%

-

(Day 4) £ THREWRICHIMUIZAY, T OFEwortmannin
1& 6 RERERICIBINTIRIN LTz, AKBREF UK S ICE
Kl wortmannin 2 W 72 #15 C, SHIBIO NI E T
HBTEWREINTVWENSTHSY. Day 8127 LD
FEfE 7% Oil Red O1C & % g4t e O GPDH S D]
FEIC XK > TiT> 7. 9% & wortmannin (& 3T3-L1fg
OISR D M2 TEREAINC B, EEEcd
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Fig. 1. Wortmannin’s inhibitory effect on PI3-kinase activity
on PI-4-P. Cells were stimulated with 1.7 p M insulin for 10
minutes. Then cells were lysed and immunoprecipitated.
After washing the precipitates, wortmannin at indicated
concentrations was added into reaction mixture. PI3-
kinase activities were measured using PI-4-P as substrates
as described in Materials and Methods. A) Autoradiogram
of the thin layer chromatography (TLC) plate is shown
(representative of three independent experiments). lane
1: control. lane 2-5: wortmannin was added at 1, 10,
100, 1000 nM. ori:origin. PIP2 phosphatidylinositol-3,4-
bisphosphate. B) Dose dependent effect of wortmannin is
shown. PI3-kinase activity on PI-4-P was shown as percent
of the activity of control. Values are expressed as mean
+S.D. (n=3). Reprinted from Biochem Biophys Res
Commun,212,Tomiyama K, et al. Wortmannin, s specific
phosphatidylinositol 3-kinase inhibitor, inhibits adipocytic
differentiation of 3T3-L1 cells,263-9,1995,with permission from
Elsevier.
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BEEARAENICHIH] U 7z (Fig. 2). Wortmannin HMEGHT
o7z 4 U 72 BR D IC, Ei3#150 nM T b, Sl
7~ U 7z wortmannin /¥ PI3-kinase /& 1 & #l1 il 9~ % 5 &
DIC,HX O EETdH > 7z. Wortmannin (& PI3-kinase
D # T 7% <, myosin light chain kinase (MLCK) -®,
Pl4-kinase 5P & I % 2 & AMENTWVSY. L
MLUZNHITHT B IC, fEIE, ARAGHIR A HIH] X
NEROREXIOISICEMETH %, PCI2HIED
7R =Y RIS MR TERL LR CEEZD
wortmannin 7z W TW/i=Z %A 5, wortmannin (3
PI3-kinase Z #lIil| U 7 &5, 3T3-L1AH AL D A5 i Al i
eI LTz & HER S Nz
3. HMG-CoA 2B REEHID3T3- L1 HIFDAERA
HRMEICRIF T RHE

DIATic 34 I HMG-CoAR L R FH A D —DT
3 % lovastatin S wortmannin [6] £¢, 3T3-L1ffd D |5
RN D b 72 FEREZAINIC & AR LA & RIS TF
PNCHIHIS 5 C & &R L2, T DFflovastatin i35k
BRI K O B EE DR 217 - 7z Day 10 & TN
EN7z. Lovastatin O 5 LHIHIER- &, AN
OVBEORMMCE>TH BIHENTD, lovastatin
OENREAY T L/ A ROEEIED—KTH % 0]
BEPEM /R X N7z, % /zlovastatin & PI3-kinase i 1
EHHIT S ERENTVS P, F 4L i lovastatin
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Fig. 2. The effect of wortmannin on GPDH activity. 8 days
after the induction, GPDH activities were measured as
described in Materials and Methods. Wortmannin was added
from 30 minutes before the induction of differentiation until
96 hours after the induction. GPDH activity was expressed
as mU/mg protein, where 1 mU is the activity for oxidation
of InM NADH/min. no additions: differentiation was not
induced. cont.:control. wortmannin: Wortmannin was added
at indicated concentrations. Values are expressed as mean ==
S.D. (n=3). *, p<0.05; **, P<0.01. Reprinted from Biochem
Biophys Res Commun, 212, Tomiyama K, et al. Wortmannin,
s specific phosphatidylinositol 3-kinase inhibitor, inhibits
adipocytic differentiation of 3T3-L1 cells,263-9,1995,with
permission from Elsevier.

& [ UCHMG-CoA 32 7t B 3 BH 75 1] T & % simvastatin
% T Z D PI3-kinase i M IS M 1T 9 5228 7% HL 727,
simvastatin & lovastatin [f]## PI3-kinase /& M4 2 Hiffi L 7=
(Fig. 3) . L7zH > THMG-CoAJE e B [ E A D
RERRAHIRE M EAHIZh 5%, wortmannin [A]F% PI3-kinase
THPEOIIHNC X B ATREME & R E Nz,
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Fig. 3. Effect of simvastatin on PI3-kinase activity. After cells
reached confluence, simvastatin at indicated concentrations
was added 24 hours before the kinase assay and we starved
the cells for serum. Then the cells were stimulated with
100 nM insulin. Ten minutes later, PI3-kinase activities
were measured as described in Materials and Methods. A)
Autoradiogram of the TLC plate is shown (representative
of five independent experiments). cont.) Cells were not
stimulated with insulin. S) Cells were not stimulated with
insulin but pretreated with 10 p M simvastatin. Ins.) Cells
were stimulated with insulin but cells were not pretreated
with simvastatin. 0.1- 10) After pretreatment of cells with
0.1-10 p M simvastatin, cells were stimulated with 100 nM
insulin. B) Dose dependent effect of wortmannin is shown.
PI3-kinase activity on PI-4-P was shown as percent of the
activity of control. Values are expressed as mean = S.D.
(n=75). Reprinted from Jpn J Pharmacol.,80,Tomiyama
K,et al. Both wortmannin and simvastatin inhibit the
adipogenesis in 3T3-L1 cells during the late phase of
differentiation. 375-8,1999,with permission from the Japanese
Pharmacological Society.



172

i

l

4. RESILBREOEARE BEAEZAZTNIC
wortmannin, simvastatin (¥ &£&

LL | o 5 B A 5 wortmannin, lovastatin (& 1 1,
3T3-L1AHR DREHAMAL AN D b2 M5 % T & AVR
INfz. TS OFEERTH@ET % M, SNt
FHEREBE VR D> TR mEnizc &
T&H%. Wortmannin 7 72525 Tl&, wortmannin
WERLEEWETH 578, mMEiFERHGI6HR % X
TORFEHICEEIC I U7z, LA L, 2 {bBafEw; 30
7 & LRAE R AR IC — £ 72 1 wortmannin 72 8l L
2B e, ZORIHRIE 5 Tldah > A~ D
MEFHIH E N7z GRESRAFEZR). £723T3-LIAHAD
HERGRAZIC b9 B FRIE, MEFERORRICIS U T
B B2 b s T &7, b BatATERE & 7538
LTSN h> TP, 22 TH4
o bidEmis 2, LB EREED, 5 48K X T
DR (Day 0-2), 7MLBiaR48IFRITEM 5 96 K%
F TO%IME (Day 2-4) I3 7= (Fig. 4). Z L CHll
HRI NG HUC R B O R A D H TR <, 2ed)
WD 2 WIFRIAMHO A 240 U 72854, 3T3-L1H
D AEIFRIIEAND MEIZ ED K 5 BB w2\ T 5 h
PR B T L L™, 13 UHIC wortmannin 7 FHU,
GPDH{EMEDORIEIC K 0 fERHIIEAND /3L O 72 7T
fiiL7z. 1 pM®wortmannin (I3 {LWIHAMHSD %35
WO HICH WSS, 3T3-L1AIO R
DM #I50% HtH U7z (Fig. 5). 2RI lovastatin & [
U < HMG-CoAiZ clEE [ #H 3 T db % simvastatin 2
WTCRIBED FER A 1T > T=. T T T simvastatin & % HiFH
ICHWVZEE, 7 EiRERbG 36 I 12 A 5 96 IF (i 1% %
THWED, THIZHMG-CoA T Bs M E K IE 7
OIERFBICHE 2 EHT 205 TH B, £310uM
@ simvastatin Z 73 LFFEWIHMHIC H W 255, 2k
AErh (Day 0-2) 12 3T3-L1#lifEld culture dishh» 53|

Day -2 Day 0 Day 2 Day 4 Day 8
f } } } } }
4 D ——_—
confluent induce differentiation evaluate the
(IBMX, DEX, insulin) extent of
— differentiation
early phase
(wortmannin or simvastatin)
—
late phase

(wortmannin or simvastatin)

Fig. 4. Time course of the experiment. Differentiation was
induced 2 days after cells reached confluence as described
in Materials and Methods. In order to induce differentiation,
cells were treated with isobutyl-methylxanthine, dexa-
methasone and insulin for 48 hours. In order to examine the
effects of wortmannin or simvastatin during the early phase or
late phase, we determined Day 0-2 as the early phase and Day
2-4 as the late phase.

-

PNTLEY, DMLl REFTHEERSZLIETE
7o 7z (Fig. 6). LA Ul U O simvastatin 7 47
BB IAFIC WS &, fIFED culture dish \D %5 &
fHEI NS C &<, & 5liclovastatin[AAR, E K
1ZANC 3T 3- LM D SRR~ D 73k I & 7z
(Fig. 7). TN HOFERMN S, 3T3-LIAIROGIAHIAE
NDMEDRE, MR ERER DR 221G MR D
HTHEL, MEVIAH, 5 VWIERIEHZNZhICc X
DA RICHERET 2R BEDMFIES 5 T EAVRIBE N,

z

3T3-L1faZ IBMX, DEX N Uinsulin O{#(E R ClE
FfifIC b d 5 2 EMHIB N TV S, IBMX I AR
WcAMP®D L5738 LT, DEXIZNZ )V a)LFa
A4 REERICHEGT ST Ilck>T, C/EBPB, C/
EBP § % MAL UASHAIRE N O/ E 2 e d % 1719,
Z LTINS IZPPAR-y G 22T 5. LA UNE
fHRIREAND MBI BV T, insulin DEHA D AET
HBHTENWRENTVSY., InsulinZAIKIETF v
YU VB OBEZHIKTH D, nsulinFES L2
SIEANTEMNE E % &, insulin receptor substrate 1
(IRS-1D) 75 E DZRIKKES 2 80BN VIEEE
BlERFEFN5 D NHICH % Ras, mitogen activated
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Fig. 5. Wortmannin during both the early and late phases
inhibited differentiation. Differentiation was induced and
the extent of differentiation was evaluated by measuring
the GPDH activity on Day 8 as described. Differentiation
was A) not induced, B) induced without wortmannin, C)
induced in the presence of 1 y M wortmannin form 30 min
before the onset of differentiation to 48 hr after the onset
of differentiation (early phase), D) induced in the presence
of 1 ¢ M wortmannin from Day 2 to Day 4 (late phase), and
E) induced with wortmannin from 30 minutes before the
onset of differentiation to Day 6. Data are means =S.D (n=
3). Reprinted from Jpn J Pharmacol., 80, Tomiyama K, et al.
Both wortmannin and simvastatin inhibit the adipogenesis
in 3T3-L1 cells during the late phase of differentiation.375-8,
1999, with permission from the Japanese Pharmacological
Society.
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protein kinase (MAPK), PI3-kinase, Akt7x & DSiE1%E
ftEanz*® zLcZ)a—r Ak, 7 RUEED
HIIANANOH D AR, FEEAGE, MIEEZE & v
Tk 2 I EYER 2”9 . Z N Sinsulin D 2%
I BV T, PI3-kinaseh F & Z#E| %2 Ri-dC &
DRER SR EIC &K > THRESNLEDP, 2T TH4L
13 4 K PI3-kinase /i ' 2 R S ICHIHI 9 5 C L AVUR
TN 7zwortmanninic & H L, Z O3T3-L1HI D5
i bic RiE e Ras2 b e Lz, 94
®ICinsulin T3T3-LIMIfd 2 fIH L 72121 L5972
PI3-kinase 7% 1 %, wortmanninic & - T EK{ZN
Il E N5 T & &R Uiz, RIS 3T3-LIAIIE & i A
RIS 31 #AE 9 % B, wortmannin 7 Day 4 % C H
W3k, ZoOREIFMIEND5 b % wortmannin iC X -
TR X Nz, 2 Y PI3-kinase 1 il
#IC & % wortmannin A g A fla~\ D 53k 72 Ji L 7=
cEliF, I&bb, 3T3-LIfEOIENME~ND3L
ICBWT, PI3-kinase WEELZEZHRI-L TS5
& &M Uz, PI3-kinaseM €D X 51 L CHENGH
fasr bz 44 2 MR LT, 44]iE p42 MAPK A
ZOFRICNIET B AlHeME 72 & 2 Jz. 3T3-LIf™

R PC12 fiff " D43 L> NIH3T3f> D k5 > &
T4 —A—3 3 VICp42 MAPKIC B 5.9 % & DORFZEK
BEhREKEIN TV LZ. —fRIcFay Y Viglk
RIDZREMERILE NS &, RasEADEMLDE,
pA2MAPK WMEMAL E N5 ?. PI3-kinase & % 7z Ras &
FIC K> TIEMIEE N3, LHhLZFDH%IT3-L1M
HaDRERGHIE MBI BBV TIE, pd2MAPK DiEHARI,
LA, TOMEBRICE X 2 HENHITE b2 1]
T AHMEIMCH B EENTNASY, BI{EPI3-kinase D |
WICHiET 2 EEIE, Akt & T 3EZALL ZIF AN
BENBEIICHE>TETNBED.
BAaWEBLIEE S —DDEIE, 3T3-L1fIEA
RS I REIC 3 Me 9 % & TITH 8 H it D i 7%
I BETH - . 3T3-LIfIDIERED 21,
IBMX, DEX, insulinZBE=R NSO RV 72%E
MiEd 5. X2 LiREnE, A RER T
HI2h, KHEICK > THRET 28 EFITEWVWD D
BT lELRENTOEYY, 22 TMbERO—ED
HDZLT, BRI EPEEI NS D TIEE,
MmeEZT. Tz D STzt % Day 0-2
DRI & Day 2-4 D% HHFHIC 53 1F, wortmannin &

Fig. 6. Simvastatin during the early phase caused rounding-up of cell morphology. Differentiation was induced as described
and mirophotographs (X 400) of culture dishes were obtained 48 hr after the onset of differentiation. Differentiation was A)
not induced, B) induced without simvastatin, and C) induced in the presence of 10 p M simvastatin from Day 0 to 48 hr after the
onset of differentiation. Data represent four separate experiments. Reprinted from Jpn J Pharmacol., 80, Tomiyama K, et al. Both
wortmannin and simvastatin inhibit the adipogenesis in 3T3-L1 cells during the late phase of differentiation.375-8,1999, with

permission from the Japanese Pharmacological Society.

s

Fig. 7. Simvastatin during the late phase inhibited differentiation. Differentiation was induced as described. Cells were treated
with A) 0.1, B) 1 and C) 10 uM of simvastatin form 36 hr to 96 hr after the onset of differentiation. On Day 8, mirophotographs
(X 400) of culture dishes were obtained. Data represent four separate experiments. Reprinted from Jpn J Pharmacol., 80,
Tomiyama K, et al. Both wortmannin and simvastatin inhibit the adipogenesis in 3T3-L1 cells during the late phase of differentia
tion.375-8,1999, with permission from the Japanese Pharmacological Society.
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simvastatin &z Z NZ N DI W T Z D8 7% BTz,
9% & wortmannin (3R, BIMHZNZNHEILT
W izia6 & iRIEHIa b Z 6] U7z, Simvastatin <
AL T, FHEMHICIBO TN Z OfEEZ Jn
culture dish» SHHBNT U E > 7272 DFHEN T E 7%
o tzh, BEAFICEE L T, FHIMICHWz0 LH
UIB RS D simvastatin i< K - Cwortmannin [F£E, TgHI
FAND LD INHIE Nz, Whic LT/ bz 4E L 7z
ML TE > EEZ5N% T &IXPI3-kinase DR
5.Cd%%. PI3-kinase | IMHAcsESE, 3, HIAEHED
ERs R RAERNICBIS9% Enbh T 2%,
FUHAR, BHIHHZ N ZF NI T PI3-kinase HYi&E - 7=
YEH CRERFMIRAAND b Z I L 7z D TldZmnh &
EBATe. ZTOBRN OO S, NEIHATEHIE D
5 AERGHIREA DI 331) % P13-kinase D fflj & 1 B9
LIRS RMFER SN, cn b i@ % A,
3T3-L1HHN D A5 i HE I /7 {Li f2 I F5 0 T PI3-kinase
DOIEME, Day 4lchF TCE—=JICETEH L0 T
ETH S, TN (Day 2-4) ORI HKA| % TR0
T 5 &I Ko TR LD Il E N7z Bl &
LT, PI3-kinase D5 Z2E A e A DEREFEL
. BBRZEONDLE, Sakaue™ 5 AVPI3-kinasel, 5
fhffa - Eic > THBId 5 PPAR-y ZRFE L T %
ORI T, Bl rEE, BIES
I > THEINY 2 EBEHO AR Z I L7z & DR RZ2 7R~
L7zDicnf L, Miki*® 5%, B FOREHLIHE N
freMELED, KT AHERMIREINTNS. KA
OEEFERETD, L LEoFEH, S, 3T3-LIMIAEA
i 739 5 B, PI3-kinase hVER Bi/x 15| 7% Bz
LTWBHINRBEIN, ZORMIRBERICEL T,
SHBEEHEMBDRETH A 5.

i B 7 A b #2 JTAH I P13-Kkinase O 1 1% b Y B 2
ThadT EWEHLMNTES A, BEHMHICEL TE
EITH A9 M. AR DEBTIE, wortmanninZz F
HMHOACHWZHEEE o bEIH S Nz, Hial
Day 05 Day 2 X T2 HHE E&E L7z, LA Laid
O Sakaue 5 DHHICH B K S, T DRICEICIE
WIS ERZEIEIfENTAE T TE D, FIHMHICHWY
7z wortmannin DM I U 72828 1%, SIS IIAHIC AT
W b9 BB BEIR R Z > -l fEE e 5. T C
T simvastatin 2 W\ 72 328 25 2 TH T2, 10 mM
O simvastatin 7 BHIFHIC WS &, Mz oEsEt
TRoTLE -, THEESIOMBEELEOMRERIE
LNz, U UIE U D simvastatin 72 77 {LEFE L
Thvo TiiIcEimL T, MifddEsEtzLS C
Ll o7z, F7210 mM O simvastatin & 1 HHIC
WEBRE, MifEENEZLS T EhEholz. T
HIFRWMICK T 5 72Z1b D, simvastatin O Hil i3 5
MK BEDTIEEWT EZRETEZ0E LNARL.
3T3-L1MHR SIS b3 28, 2RI EE

-

k7% 7~d. PI3-kinase [ZHIRLEHS DIE I I B 1% H]
L9 %%. E7small GEID—DTH%RhoE D
B 20T % &, flEERRbERC Uz oRs!t
Y5> TLES™. PI3-kinase & RhoE DG &R~
ENTHED®, BYHHFEREPI3-kinase DE 5, H 5\
d 4 < PO T3T3-LIMIE O REZ LI ] 5 D
WERENREL, TNOhHIlROEEEEZEDbES L L
o l-nlpEEE E Z 5%, Pl3-kinase (3 insulin 7
K> THEMEIEE NS D, FibD XS, ZDIEED
Y — 7 3RO MEFEERBHIHE TH D,
Mz O Z T 5. FRRIHMREADOSEICE
W, PI3-kinase WE B ENZH U5 C & ITIZIETH
BV, ZO EAICE T BN G R mERR RS
DOFEINE F 720 5 D 7m > TW R, #IHAFHIC Wz
wortmannin & simvastatin i, RHIOFEEIC/ER L7z
OhE Lz (Fig. 8).

& EE

T8 &2 R PI3-kinase [ #5358 % wortmannin &,
HMG-CoA &yt ¥ £ [ 3K T & % simvastatin % H L
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Fig. 8. Hypothesis of intracellular signal transduction during
differentiation of 3T3-L1 cells to fat cells. A) Wortmannin or
simvastatin added on Day 2-4 (late phase) inhibits PI3-kinase
activity which reaches to the peak on Day 4. B) Wortmannin
added on Day 0-2 (early phase) inhibits the same signal
transduction from IRS-1 to PI3-kinase. C) Simvastatin or
wortmannin added during the early phase may inhibit new
pathway (s). T indicates the increase in the activity.
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