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K ER#AF. pcDNA3-HA-Akt/PKB™(Akt™) i Dr. Jim
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(pNonsense)ld [ Ambion 2 A
1.2 k5

RPMI 1640 JJ [ GIBCO BRL A #). #5485
Lipofectamine ™ 2000 J1& [ Invitrogen A 7). /ML
A p27(F-8). p-p27(Thrl87) % Tl itk . p-GSK-
3B(Ser9) FLIT PR, Skp2 p45(H-435) £ 7oLk
H1 B -actin(C-2) 5 5o B LA 5 H Santa Cruz 2
m . /NELPT N p-PKB (Serd73) BT A& K i £k B
(cycloheximide, Chx)¥J H Sigma 2 #. —Hi 4
HRP Frid 1t 2250/ B 1gG Pk sk i E Hi e 1eG
ik, A BRI B A F] . PIBK
71 LY294002 % F Calbiochem A H].
1.3 MTT tb&ENEMAE Kz

0.25% IR AR AL B2 55 7 40 i, FH 7 10% 113
(1) RPMI 1640 % 4 e i B /> 41 i =, BLARE AL
10~ 10* AN I T 96 FLIE TR, REALIAR
200 wl. Zr51F 0. 12, 24, 36 h, &SLIIA MTT
WS g/L)20 pl, 37°C4R4LE 4 h, &KIERGFE.
AN IR T L B IR EE W, AL NN 150 pl
DMSO, 37°C#3% 10 min, &+ 490 nm WK,
PAEEEK S 28 AT WU S0 52 25 FLWR G JBE (A ), DA ) A A
Bl WRGRE(A) A 2 A A K 2k
1.4 %JZENTE(Western blot)

MG TR e R fE, SRR, LA
PBS Jiisk 2 W, WS A, 35 R P I AR B i
T 1xSDS 25 (1 24# W, UK LJCE 30 min. 2R )5
DATIRER] R, AR 1.5 ml B0 H. ks
10 min, #XJ5 4°C, 12 000 r/min 5.0 10 min. W&
i, SR Lowry VAT B AT E i, H3EHE
st B A O BEAT o, RN RE LR 0T B
Fe—3. H AL SDS-PAGE &, ¥#% PVDF
Ji . PVDF M LA S%/Bi g Wk &1 4 h J5, InA
—hud . fWESE, T HRP FRid i =9,
Fh R RN 3~4h. B RV 4RI PBST Paik
3, R 10 min. fi ] ECL L2 K0k, Zig
oy WR. A, AT RAE.
1.5 RNA #HiE % RT-PCR

B REGN MR SR e RS, S,
TRIzol WA EE ARG R4 b, S WA A1 40 i
2, BEMBBEAN 1.5 ml BT, SR EE
S5min, 4C, 12000 g .0 10 min, 4 BB A
A LE Y. SREHEI TRIzol - ik 501
LLB NG, T BE B O AR RS, i
B 10 min L5325, 4C, 12000 g &0 15 min.

AR 1.5 ml 08T, IMANEEB RN,
PR AT, EEKE 10 min. 4T, 12 000 g 5L
10 min, 5¢ B3, EEOETIMAN 5% L0, &G
FZl, Lh4C, 7500 g 25.0 5min, 7 B3, ZEif
##E 5~ 15 min fif RNA i T4, UG /KEE,
TRAET=70C UKFE . AN ORI T E &
W58 FE S AE 260 nm A1 280 nm R WG, B E
RNA Jii iz,

¥ 2 pg BB RNA, 0.5 g Olig(dT) & 10 mmol/L
dNTP 5 DEPC /KIRA (VAR 12 ul), BT 65T
K 5 min, SZRPECEIVK . SRS HKIK NN RNase
fHIF . DTT Kk xn, 37CHEH 50 min. I
J& 70C , 15 min, # 1N, 38 k5% =Y
cDNA. 7 HIEN PCR RNAKR, F AN 17
Y. 5l Nl B T A A F A )
p27(F), 5’ AAG TGG CAT GTT TTG TGC ATT T 3/,
p27 (R), 5° GCT CAG TAT GCA ACC TTT TAA
GCA 3, Skp2(F), 5’ TCA ACT ACC TCC AAC ACC
TAT CAC 3’, Skp2(R), 5’ GAC AAC TGG GCT TTT
GCA GT 3’, B-actin (F), 5' TGG GCA TGG GTC
AGA AGG AT 3’, B-actin (R), 5’ AAG CAT TTG
CGG TGG ACG AT 3'.
1.6 p27 RNAi T RAIRIHE

FF5 siRNA Target Finder. Dharmacon siDESIGN
Center /% Qiagen DesigneTool %5 M |15 11 T HAff &
— #8 7 % A7 F p27 mRNA (Pubmed/Nucleotide
No.NM-004064) 7 41| 1 (] 469~ 488 Z [f]. %% i%
FEPAN BT SERR T IR Be . 1F Uk, 57 gateeg
CCGACGATTCTTCTACTCA ttcaagaga TGAGTAG-
AAGAATCGTCGG ttttggaaa 3', [z X5k, 5'agctttt-
ccaaaa ACCGACGATTCTTCTACTCA tctcttgaa TG-
AGTAGAAGAAT CGTCGG cg 3'. 4 4%k 4%
5 HMW B R — BB SCOF 41, sk 5 H RNA
RETE R R E5 . P A0 bR WA AL BamH T F1
Hind WA A UAR T8 504 5o 8 75 B b
FPA AR BT 90°C K TR 18 R, A
AP IR K BORURE &5 K 2% F (O 1 R Zebaad 5 g
VIBL KT 51).
1.7 ERREEMNE(Chx LB

H 0.25%R AL 3G TR0 i, F % 10% M3 1)
RPMI 1640 3550 IC 5 AN 20 Mo B, DUIR) 56 40 i =
BERT 6 FLEF IR, AR 140 5, A
50 mg/L IR Wl , Z3fEH 2. 4. 6 h. AL
(t = 0 h)iIN A DMSO. HI 1xSDS & [ i 24 e il 42
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% Invitrogen /A ] Lipofectamine™ 2000 #% L4
PEU W] REAT, RARIR: K 5x10° 4 SMMC-
7721 AN TCIE 6 FLER TR, K59R 24 h =4
JL Rl 2 90% LA B HEAT L. B 2 AN G 1A EP
B o AT B G4 Lipofectamine ¥ G IfiL
i DMEM #i B (250 wl 7G .7 DMEM A1 10 pl
Lipofectamine) F1 55 41 JFokr (1) JC L5 #6 B v (4 g B
YR T 250 wl JCIiE DMEM), #3RY), =
WEE . Smin WIRG LB 2 Wik, BRI,
FE L ERE 20 min, JE B DNA-Lipofectamine & &
Y). % H DNA-Lipofectamine & 5 WI0, #2401
FEFRIHA, 4 LU L2 10%08T 28 4 135 1) RPMI
1640 1.5 ml. 5% & 45 W ff 38 BE & /K 500
DNA-Lipofectamine & 54 M AfLH, RG2S,
37°C, 5% CO, A MEMEAT I/ 8 h Jim, SEHHr it
T, ARERREIRE. B 48 h JE, WA AN Mk AT
Feri.

2 4 R
2.1 PI3K #P#IF LY294002 #] ] SMMC-7721 ¢f
R By A 4

¥ SMMC-7721 43k 2 41, —41IIA 25 pmol/L
ff) PI3K 4116 771 LY294002 (7721-LY), — A A
DMSO fE R X (7721). ¥ 2 240 B4l T 96 fL
B, 23507 00 120 24, 36 h WHAE4N i, LA
MTT 2300 5 A 40 £ i, JF DA 2 o 2 K iy
2. WK1 PR, N LY294002 o, AT 4 i

0.24

12 24 36
t/h
Fig. 1 PI3K inhibitor LY294002 inhibited
SMMC-7721 cell proliferation

Cell suspensions of SMMC-7721 and LY294002-treated SMMC1-7721
cells were seeded onto normal 96-well cultrue plates, and survive for 0,
12, 24 and 36 h, respectively. After growth for the indicated times,
cells were quantified with MTT assay. The results represent means of
triplicates. *Statistically different from 7721 at P<0.05. e—e : 7721,
A—A:7721-LY.

KRS, AF 36 h I % R4l LK) 55%. It
SR, BT PI3K {75 518 i ra] LA JH- 3 440 ffe
SMMC-7721 [958
2.2 PI3K #I#IF LY294002 &40 p27 EEBIFRIE
b T 40 B A 2 40 B R R %, T p27 A —
FhE T4 M A R . Bk, AR
LY294002 41 il JF 95 40 Jf 26 K i WL, o By
P3KIE #% 5 p27 RILM LR, H 25 pmol/L [¥)
LY294002 (4} I 20 in DMSO)AL B 41 g 20h J5, W
LM, 43I 5E p27 I mRNA K4 A iR ik K
L RN, ] LY294002 BH T PI3K i i 5
p27 ) mRNA 7K AT B2 (18] 22), {H p27 &
1204 = 10 25 19 N (& 2b).

(@) (b)
LY - + LY — +

Fig. 2 PI3K inhibitor LY294002 increased
p27 protein level
(a) Message RNA levels of p27 were assessed by RT-PCR, and
normalized by that of B-actin. There was no significantly different of
p27 mRNA levels in the SMMC-7721 cells treated with LY294002 or
DMSO. (b) Western blotting showed that p27 protein level was
obviously increased in LY294002-treated cells compared to

Actin - | s

DMSO-treated cells. The protein levels of B-actin were detected to
determine the loading amount in each well in the SDS-PAGE gel.

2.3 Tt p27 EBRFRIE R EN S Tk & 40 A A 185E
HE

NAESE p27 AWM RIS LML T
LY294002 51k 40 fa s i fnib]. A T p27
f) RNAi JFURL(Si-p27), Zid il U] % 5 il 1y TG %
Ji s FRATPRZ ORI I 4% 0 SMMC-7721 i, I
PL#E JL pSi-nonsense (Si-NS)AE g % #&,  [A] I A
25 wmol/L [1) LY294002 AbPE4N . #5436 h J5 (1
B LY294002 4b3E 36 h Ji7), WedE—#Bordi i, M
Western blot £ #ll p27 & HINKIE. J5—#B 40l
FI MTT J5305 00 52 0 ) a4t i (e A= e . 4521
WK 3a frs, £ LY294002 Ak 3 40 fo rp 5 4t
Si-p27 JEAL i, p27 ARSI Bk,
Kl 3b o, 7 LY294002 K03 40 i i 4t Si-NS
T BTTR)36 h e, 40 11 2 R R AT A 0T 4
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(SMMC-7721)If) 50% /4. {HAE LY294002 AbFH 1)
I B i e Si-p27 JFURLSE 4 IR BY B fE A
WAL, AN (SMMC-7721)(1) 75%. & R%

(@)
LY - +

SiRNA-p27 - -

P27 —

Actin S E—

W, I p27 1 AR P S A M ) 1 B
J1, WIESE T p27 HAMEKIE LRSS
T LY294002 5|3 (140 H 184 L 1.

® 04
0.3
g #
< 0.2 «
0.1
0
1 2 3

Fig. 3 Knock-down of p27 protein expression partly blocked the cell growth inhibition induced by L.Y294002

Confluent SMMC-7721 cells were transiently transfected with pSi-p27 and pSi-nonsense (pSi-NS) plasmids respectively. Meawhile, these cells were

treated with 25 pumol/L LY294002. (a)36 h after transfection, a part of cells were collected, and p27 protein levels were detected by Western blotting.

(b) 36 h after transfection,

another part of cells were used for MTT assay. All results shown are representative of at least three independent

experiments. The histogram shows the x + s (* P < 0.01, # P < 0.05, compared with SMMC-7721 cells). [: 7721; 2: 7721-LY/Si-NS;

3:7721-LY/Si-p27.

24 PI3K #I#I% LY294002 150 p27 ERRTTR T

43 5 LY294002 F1 DMSO 4 # SMMC-7721
A 14 h, ARG IMATRE N, 535 T 0. 2. 4.
6 h A d s 1, WlE p27 ME A UK. MK
4 T LLE W, 24 1LY294002 ALFR K400, p27 A
() T 2R el , PR T 6 h,  TD0) AL 40 i
H p27 AR 4 h 2247, kel WL, BH
Wr PI3K {5 538 i T LAIE 1k #ih p27 85 (10 B
H4hn p27 A AR M.

7721-LY

LY - - - - + + + +
Chx(th) 0 2 4 6 0 2 4 6

D27 —— —

Actin

0.8 r

04

2 4 6
t/h

Relative amount of p27 protein

Fig. 4 PI3K inhibitor LY294002 increased
the stability of p27 protein
SMMC-7721 cells were treated with 25 wmol/L LY294002 or DMSO
for 20 h. 14 h after treatment with LY294002, Chx (50 mg/L) was
added into cells for the indicated time. Then the p27 protein amounts
were analyzed with Western blotting. e—e : 7721-LY; A—A: 7721.

2.5 PI3K # & 5 LY294002 #I % Skp2 & B #Y
Fik

ZE - BAMA RN T p27 B AR TN
Hil, Skp2 A& %M R G B3 RN A A A 1)
By, BeE SR Thrl87 BEMAL K p27 B H,
SHZ RS, (il p27 EAMIBEM. ek
R, LY294002 4bHE () SMMC-7721 40 fu
Skp2 M8 H UK R, 1 p27 1 Thrl187 Mtk
AT EAT AR (K 5). IX SR B, PI3K {55 H i
T Skp2 (FIESEIUGT p27 FEAR I IH 5.

LY - +
skp2 T n

P-p27-T187 s

ACtin  we————————

Fig. 5 PI3K inhibitor LY294002 decreased
the expression of Skp2
The cell lysates were detected by immunoblotting for p27, p-p27-T187
and Skp2, with B-actin as a control loading.

2.6 LY294002 F% 1 Skp2 mRNA 3% & K F K&
Skp2 ERTZEMS

H & 6a 7] W, LY294002 4 P40 )5, Skp2
1) mRNA KA 7K VB 2 N B, 5 %0 4 g A1
tb, mRNA EKiA& FFT 30%. B4, bk
LY294002 ] Al Skp2 [~ ZE I R I 3 h ik &
1.5h Zidi, AT Skp2 & A MEEYE(E 6b). iX
B2k BER W, PIBK A5 5l Bk T/ kK, ik
A LIRS K TR 45 Skp2 R,
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Fig. 6 PI3K inhibitor LY294002 regulated the expression
of Skp2 at both transcription and post-translation levels
(a) Message RNA levels of Skp2 were assessed by semi-quantitative
RT-PCR, and normalized by that of B-actin. (b) The cells were treated
with 25 pmol/L LY294002 or DMSO for 20 h. 14 h after treatment
with LY294002, Chx (50 mg/L) was added into cells for the indicated
time. Then the Skp2 protein amounts were analyzed with

immunoblotting. e—e:7721; A—A: 7721-LY.

2.7 Akt FEHETARN p27 EEHHIFRIE

Akt J& PIBK T — B E LN 5> 1, PIBK
AR Z Thiem il Akt (/&b R #%. AW
PI3K {55 1B 4% & il i Akt 5%} p27 BRI
W, {E SMMC-7721 40l fd 1 43 5l ¥ 4% dn-Akt F
Akt™ Jikr, SRJGMEE p27 R ARIEAZL.
RS N FURL I A 8, FRATTH p-PKB-Serd73 Al
p-GSK-3B-Ser9 1E A M & hr. GSK-3B 72 Akt [
RS> T, Akt AT LLBEIR AL GSK-3B [R5 9 122
SRR R LTS, Rk p-GSK-3B-Ser9 5 H T %
e Akt FVEPE. FRATRIL, G dn-Akt RS,
Akt [¥] Serd73 [ BEIRAGAKCE N B, [RIBS 406 T
GSK-3B MRk, AHIFARFEN p27 8 H KR
15 (K 7a). B9 AKt™ JF KL f5, Akt Serd73

GSK-3@ Ser9 (R AL AT WX n, 15 p27 1)
WA FRIB N FIFEBAT ALK Tb).

(@ (b)
dn-Akt - + Akt™® B +

o S

P-GSK-3B% i —

P27 P27

p-Akt¥

P-GSK-3B%Y s

Actin  w— — Actin e —

Fig. 7 The activity of Akt did not influence
the expression of p27 in SMMC-7721 cells
SMMC-7721 cells were transfected with dominant negative Akt mutant
(dn-Akt) (a) or Akt constitutively active mutant (Akt™) (b). The empty
vector pcDNA3.0 as a control. The Akt activities were confirmed by
blotting for phosphorylation of p-PKB-Ser473 and p-GSK-3B-Ser9.
The expression of p27 protein were detected by Western blotting.

3 it it

AR SRV, 40 ) 3855 52 38 200 e R B ) 4
), T 40 ) A A W) R BV 22 B B IR TR
AR, S B Y A A R A A
1. IEMEWT B 2L H cyclin DI-CDK4/6 il
cyclin E/A-CDK2 %520 fi. 1y #90 i) o2 i 4 A 5 = 22
6 40 B R 30 B ORIk B SO R, LS
%%, INK4(inhibitor of CDK4)#E [ % % #l CIP/KIP
HEF . p279! (p27) J& T Cip/Kip & H 5% ik
R 2 MM PUI TS 5 T 5 S p27 AR
15, BHAEZ0MOt G BIEN S H, A0 il 4 g 45
JA. p27 HEHIMRIAE S MIE IR A KL
WYUK, WEEL M mEEa®. Ktk
TEAR 2 IR BB AR OCHIT U, p27 BRI AT
ZRVE. ARRETURIL, {ERZHMR T, p27 1R
RABER G R BRI AR, e AP ARAR A R AR
AR, % p27 W EER AR R KT, i
SRR . p27 R E AT 2 Mhakie Y, 1
TR R - A AEI. CDK2 A1 HAd
B nT Al p27-Thr187 BEIR1L, AR5 RAEZ R, N
T p27 R E3 E M2 SCF H /4K,
Skpl. Cullin(Cull). F-box proteins(Fbps). Rocl £
1 (Rbx1) 4 4~ V¥ 3 4] Ji% . Skp2 ( S-phase kinase
associated protein2) ;&= Fbps M) 5% 01, BE4F 55 iR 7
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Thr187 BRI p27, Kk Skp2 & NF p27 &
T2 ZE AR B A (1) T 2 7y 719,

16 Z B, PI3K 5 5 i I 75 P = 3
fr. I BELT PI3KCIE i, )T LA o e 1 2B K
CUA SCHRFRIE , 3P i - BHLIWT PI3K % 1fif 5 |2 11
i M AN S p27 BRI BIRAAOE, EX T
PI3K 15 5 18 I 70 50 Wi 15 p27 MaRaA A
TR, AT S S LY294002 4 5 1
BH T PI3K A5 5 18 % )5, i 40 P %) 384 9 52 21040
. RATBERIL, LY294002 FLEM N T p27 A
)ik, HIIFEA W p27 mRNA (KK, HER
T PI3K 15 "5 18 e 1 4% 5% B s Ja KPR p27 11
. T p27 SR AKA M B S LY294002 S
0 B sEE A  ROC &R, BT RNA 4
FORINH] p27 HAMRIE, AR JE ST AN A 5 11
oW, S5RORBL, B Yk p27 SIRNA JFURLAJ i 25 1)
il p27 2k, M p27 & AFIAM T AT A4 i
WUyaRe iR A, IR AR T p27 TR EKIL
B & /5y 25 T LY294002 Fir 5 1Y 40 i A4
KAWL, 18R, S5 41 o s S0 10 B iR 1R
%, fWip2l. p57. PTEN 4%, & FRIAE 0t —
A543 At PI3K A % -5 LA 67 U 45 41 B S BB 1 1 2
EESES

Shy ] B PI3K M B 15 p27 AR 1 Kk (1 AR AL
i, FRATTAESZIG I T LY294002 Xt p27 B 15
SETER M, a5 HRI, PRI PI3K A i ] fff p27
BRI, FaE s n. Skp2 &3 p27 B
MRS 1, BEIRALIN p27 S AEME Skp2 PRI
T, SRR, PI3K 55 38 I i BELIKT AT 5%
Wi p27 Thr187 MIMERE I, (H 4| Skp2 & K
ik, R T PIBK {55 1M K I8 L 1 5 Skp2 521 p27
EEARREM. A PRI, PBK 518
BT LAZE mRNA 7K i 7P [R] IR 5 Skp2
[fJFik. Pagano S5 I, 41 Mu4ME FI(ECM) A
SRS B AT Y Skp2 mRNA [&IE, 14K T
W75 2 BT KST Skp2 k. BT PIBK {5
5 K AT 52 B 2 MR ZR IS, RIT6) Skp2 1R
IR I R A .

Akt 52 PI3K R — AN EH B ZER RN 51
Akt 7] LLZ RHLEIR Y p27 &k, Akt AT Al ¢
KF AFX B4, BHIEG# A%, i AFX
I p27 R IR, Akt ] DLAE SR A K P
W p27. FEHT SN 40 M b B, e 4 i ) 3
B Akt R R K p27 (ERIE R IRAH M,

Ab, Akt 0] LR Y p27 7E 40 MO . A% 1 43
A= PRk, A TR PIBK X p27 8t AR
WA e Akt, FRATE SMMC-7721 41 g 4
AL GY dn-Akt(Akt 2 V) ORI RN AKPP(Akt FE4E
BOS) TR, RJF M EE p27 R AR IL AL, 45 R
RIN Akt [FITEHE AR IEAS ) p27 2 R IA.
WIS A AT LA B, 7ERH T PI3K {5 5 il 2% 1fi
SR A GRS R, Akt IR 2SS
p27 BRI . PIBK AT BEE i A (0 T i
=548 1, W PKC. p70S6K. SGK i 45 Skp2
S0 p27 BEAR, SRR T 40 e i

2 % x M
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Mechanism of PI3K Signaling-mediated Hepatoma Cell Growth
Involves p27 and Skp2, but Akt Independent

FU Yi"?, FANG Zheng-Yu", WANG Li-Ying", LI Zeng-Xia", YANG Yong", ZHA Xi-Liang"™
("Department of Biochemistry and Molecular Biology, Shanghai Medical College, Fudan University, Shanghai 200032, China;
2Department of Biochemistry, Medical College, Yangzhou University, Y angzhou 225001, China)

Abstract To investigate the mechanism of PI3K signaling-mediated hepatoma cell growth, specific PI3K
inhibitor LY294002 were used to treat hepatocellular carcinoma cell line (SMMC-7721). LY294002 could inhibit
cell proliferation of SMMC-7721. RT-PCR and Western blotting results showed that inhibition of PI3K signaling
increased the protein expression of p27, but not mRNA expression. The protein expression of p27 could be
inhibited by transfecting p27 SiRNA plasmid in LY294002-treated cells. And the knock-down of p27 protein
expression could partly block the cell growth-inhibition induced by LY294002. Chx treatment experiment revealed
that L'Y294002 prolonged the half-life of p27 protein, which increased its stability. In LY294002-treated cells, not
only the mRNA expression of Skp2 (which is a critical molecule mediating the degradation of p27 protein) were
reduced, but also the half-life of Skp2 protein were shorten. However, the activity alteration of Akt (an important
downstream effector of PI3K signaling) by transfecting Akt constitutively active mutant and Akt dominant negative
plasmid, did not influence the expression of p27. Taken together, these findings indicated that PI3K signaling
regulated cell growth through modulating the degradation of p27 protein via Skp2 in SMMC-7721, however which
was Akt independent.

Key words PI3K, signaling, p27, Skp2, Akt, protein degradation
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