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U B R B A i . R PTEN 3 35 fENE 5 5 A 293 41 M0 5 b B BE J% DNA, 293 4ilJitd &
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A g AR R A R S AR. WL, 0
JER PTEN [1)3% 1 5 b 988 00 T8 1 R e K &R %
P-4 PTEN 3[R 36 0k 7 W) &5 #1000 2% 1,
PTEN #H N ¥y 55K 0y 8 E s FE RV, i 9k ) &
FS5WENE A (actin) L 4E4S G5 5 B AR Y.
X PTEN Jk[R &5 kg f1 D) GE I 0F 98 275, PTEN &
FIN i 57— AN — PR R e 45 3k, A4 sk
G-I B L0 e K P ol R A 22/ D5 IR . T B ik Sk
FAT e, i B Z R 2 IR . 5
— MR MR Y W R BENLEE =W /R (PIP;) A2 PTEN
R AE D3 A7 BB RS, PTEN 8 iff 4y
PIP; /K°F, W) PIPs-AKT/PKB i 1215 5 i& 12
g ai it PTEN JEK €4 5] PTEN & A )%
BT % ME PR AR, Al an M is sh Ok R, Sk as
FWF5E ko, PTEN & (34 D) el 1l 5 15 5 4>
TFEEAIFR W E Z M52, RATLUE L
VER I, BF 40 s vh PTEN 5 B IT 0 i3 HE
910 frf At T/ G 5848, k%4 =¥ 304 {72 Kk
R Cys/ Gly U, i FHE4120h PTEN JERik
A AR, FRATTAL 2 B A AR 9E A7 (m910 T/ G)
PTEN £IA8 &, YL PTEN &k AR 293

M, HRE PTEN 55t 40 s 1 A4 (K 5% .
1 ##FnAx

1.1 ##

RPMI1640 ¥ 7 55 5% 2k 4 GIBCO 22 w1 ™ fif.
E. coli XL1-Blue /&2 25 4 1 ) F Stratagene 23 7.
HEK293 4t Jia i) [ 5 [ #5555 77 ¥ Rk r. - pBSK-
PTEN ¢DNA 5oL thi g s 1 L 52 fif, pEGFP C2 Jitki
4 Clontech 22 7], BRAIVERZ RN VI . T4 DNA
A% B Y 1 New England BioLabs 24 7. PCR i 7
& T 3AEN Promega /A 7 7™ i, PCR RN 71
& . PCR /= ¥ 24l f ik /) & 08 B Qiagen 28 7. T
PTEN . $L GFP $i{k & Santa Cruz 2 @ /= f, #i
AKT/PKB, 4 phospho AKT $T44 4 [ New England
BioLabs 74 7, L MAPK . phospho MAPK {4 . B
MO LR (HRP) #Rid P H Upstate 2 7,
Bsa ka2 ROt (ECL) X7 & A4 Bio Rad 22 7 7% .
TERZT 4 22 WA Schleicher Schuell 23 77 i,
1.2 7%
1.2.1 pEGFP-PTEN FikJFRIRIEE: 5191
S CG GAA TTC ATG ACA GCC ATC ATC AAA G

S AR AL B I T (39970338) .
IR A

Tel: 021-54237696. E-mail: xlzha@ shmu. edu. en
Wk 0. 2002-09-03. £252 H: 2002-11-01



2003; 30 (2) M FESE B ER

3, 512 k5 C6 GGA TCC TCA GAC TTT
TGT AAT TTG TGT 3, 5% 3 4 5 CTC TAT
ACT GCC AAT GCT ATC GA 3% 514 k5
TCG ATA GCA TTG GCA GTA TAG AG 3. #}/
B PTEN ¢DNA (wtPTEN) [fJ PCR 41F: 200 vl
J WAk Z 2 it pBSK- PTEN ¢DNA Jitki, 514 1
5149 2 % 20 pmol, MgCl 1.5 mmol/L. 95T
3min A3, 94C 1 min, 63C | min, 72°C
1 min, #1430 765, 72 °CZEM 10 min. PTEN %
B (nt910 T/ G, muPTEN) [f] PCR & {7 58 4%
PCR Nk & [A] I, PTEN ¢DNAT (nt 1~ 921),
PTEN ¢DNA2 (nt 898~ 1 212) [ PCR 4" 144} 5|
KIS L. 519 3 F519) 2. 514 4. PCR 74
219 BRIk, VIEL 1.2 kb = B, AR
PO ) £ 4l k. % & PTEN ¢DNA1 F1 PTEN
cDNA2 1E NI, LA519 1. 514 2 #E4T PCR.
PCR 7= ¥ (1) R ¥ #% 8 W V) g D) wiPTEN,
muPTEN PCR F=#41 5 LL EcoR 1T #1 BamH 1 [
VIiG, %1% sillepidt e vk, YIEL 1.2 kb J EX,
05 Bl e wiPTEN ¢DNA Fl muPTEN c¢DNA.
wtPTEN ¢DNA, muPTEN ¢DNA 73515 EcoR 1
H BamH T XEEVILVE T pEGFP TR E#E, #
PRZAM R, W FRDER, TR . N, R
IR 2 EcoR 1 1 BamH 1 B V)% 5. iGN
pEGFP B KLY wtPTEN 1 muPTEN 3470 /¥ 43
HriEsE )G, pEGFP-wtPTEN, pEGFP-muPTEN Ji
iz Ky . alifh, LA anfs g

1.2.2 %4 FIME R 1 HEK293 41, %%
60 mm FEATM AR RN, £3F 14~ 18 h Jq,
MM R I% 2 50% ~ 60% i1y, HEAT W /R 45 3 G
10 ug Jiki 5 BER A4S 5 ik VR G, B 240
2 BRI, BRRIEFRI, IR LA
AT, MR TR R AR, 6 h 5, FRE:
. 24 h J5 ¥ Bk FE R BT R (1 G418
600 mg/ L), EFERFE 1 R

1.2.3  SEJELE: MRS, HIBORTE S il
RO (RIPA) 24NN FE& LREETT SDS
RNETE RSk (SDSPAGE). Hiykghid, H
HLAE RS 6 20K o L B F% AR AT HE R, 5% F
kA 2 h, N antr PTEN, antt GFP, antr PKB, antt
phosphoPKB, antr MAPK, 5¥ anti phosphoM APK $T £
WELR, Yok, B ACYEE (HRP) frid
PURFE 2 h, gl e AOGEA T % Q5.
1.2.4 AR5 KRS DNA JI05E: 4E 60 mm 1%
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K57 LA fg O A 440 i B V7 Al e, RS- EDT A i
R TN e, % 10° A4, 2 000 v/ min B
A5 min, FF L. AHBUTIEMA 0.6 ml ZRLEph
W, WKFTIRZ), UKHE 1 h. 14 000 v/ min {025 min,
LG LSRR Tris HCL (pH 8.0) HORI /Y . )
HU(nny s ABREAN, EiFN3 mol/ L
FANA 0.3 mol/ L, MPIREARUIC/K S/E, WA,
- 20 CHUCE . 14 000 r/ min 5 Lr 10 min, DNA
VT30 Bl TE 3 (Tris« HCl, EDTA 28 013K) .,
1. 5% 35 N B e e W k. R AMAT R W 8% B
DNA,

1.2.5 A4 Mo ASCm s 40 i R J0: Aol v Ak 40 Mg,
A BN R, VA AR R 1 x 10% ml.
NLEER 75% WP, =i E 10 min. A 1% 14
BUF w4 9 N % W (69 Bmol/ Lo W s B WL
(PI) -38 mmol/ L Fri@esh, pH 7.3), =i
JE 10 min. L Becton Dickinson ¥t =440 J {3 52
a1 i 4 31,

2 &5 R

2.1 pEGFP- PTEN RiEFHRMEE

K24 PTEN DNA J Boe 46 A iR, 34T
IR EcoRT Fl BamH 1 PR EIVERZ 8 N D) 1) 8 41
JFORL. BEV) = 25 B R B e e v vk, WL 1.2 kb
A5.0kb 2% %45 (K 1), £ 8 PTEN ¢DNA ¥
B Ok € 1) i N pEGFP iUk, AT X pEGFP-
wtPTEN pEGFP-muPTEN Jii ki (¥ 4 A 5 51 3t
A7 7 53 B, wiPTEN & W %84, muPTEN 1E

1 2 3 4

Fig. 1 Electrophoresis analysis of PTEN
expression plasmids
I: DNA marker: 2: pEGFP: 3: pEGFP-wtPTEN
digested by EcoR1 and BamH1 : 4: EGFP-muPTEN
digested by EcoR1 and BamH 1 .
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TURAE nt910 K4 T/1G 548,

2.2 pEGFP PTEN % Z4Mff /5 PTEN FiZiEn
R0 41 i b YR PTEN 263K 7T T 40 U5

PTEN Ihfie 53 #1. HEK293 4 Jfi ) PTEN 7K (1 )5 %

ik, HBGE S T nt910 T/ G S48 FI4E . T

FRESUTIE T4 p[*(;l*P-utPHz . pEGFP-muPTEN
JFRELS3 53l 4 HEK293 4 i Ak & pEGFP %%
HEK293 4l fiaf 4y % . fE9E6 B F, Rk

AR A AN %, HEK293 éHi I A 9% 16 i S
i, Ul R CRR . A L LA RIPA 2 2 b i
2%, F A BTEN R J5 2 58 A0 i PTEN 8t A i
LK K. W 2 B s, HEK293 41 il %2 pEGFP-
wtPTEN 8% pEGFP-muPTEN JiHi 85 %% 5 PTEN 2K
FIACE 1849 0, pEGFP 25 iUk 5 44 1) HEK293 4
A A E] PTEN HH.

(a) 1 2 3
s S Blot : PTEN
(b) 1 2 3
o s
’ Blot : GFP
-

Fig. 2 Western blot analysis of PTEN expression in HEK293
cells transfected with wtPTEN or muPTEN
The filter was detected with antir PTEN (a) and antr GFP (h)
antibodies sequentially. [: pEGFPRHEK293; 2: wtPTEN-HEK293; 3:
muPTEN-HEK293.

2.3 PTEN 3 Fi%iFS HEK293 HREE T

W RUERE DNA ;HJrlklia&wW}-fﬁ}l_ut DNA
FIHE 35 15, A AR AS g W 5% 3 S B A7 7k 10 B R
DNA. 4 SR DNA 4387 07 4B T A DNA
T4, A5 00 40 B 0 T 1 — A 5300 i AU v
5. HEK293 41 M ¥ Y& PTEN J5, N 40 2 5t
DNA #hi# 7715, nILUM %3] HEK293 4 Ml U -k
"L DNA FEfi# B (#6% DNA). pEGFP 75 kL
Y HEK 411 15{ Sl 3 W 155 1 86 DNA,
pEGFRwtPTEN #: 3¢ w] W 0 & (4 B £ DNA,
pEGFP-muPTEN 3 5EE (1 BE  DNA 58 FEF 59
(K 3).
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Fig. 3 PTEN induced HEK293 apoptosis
HEK293 cells were transfected with pEGFP, pEGFP-wtPTEN and
pEGFP-muPTEN,
from these cells and analyzed by agarose gel electrophoresis. DNA
from equal amount of cells was loaded in each lane. M: 1 kb DNA
marker from Life Technologies, Ine. [: HEK293; 2: pEGFP-
HEK293; 3: muPTEN-HEK293: 4: wtPTEN-HEK293.

respectively.  Cytoplasmic DNAs were isolated

2.4 PTEN id %% p&{% PDGF i# S8 PKB/ Akt,
MAPK %8 1k 7k F

HEK293 4l e #5 % wtPTEN, muPTEN %
JkiJE, 0.2% FBS kiRt i, LL 10 ug/L 745(
JE1 PDGF #1310 min. wtPTEN Fl muPTEN ff]
R IE B e fE PDCF 5 T 1 Ake 22 2 M2 0% IR 1k
KV BEAR, H P 2 8] TG I 72 S ([ 4) . AR
KiFe g E . 10 v/ L W) PDGF AEH] 10 min,
PTEN J:N 1 8 0A 52 %% Pk p42, pd4-MAPK i i
tIKF. wiPTEN % 34[¥) HEK293 4f i MAPK
IR ALK T4 muPTEN #4040 ff (& 5).

1 2 3 B

(a) " W o = Blot: phosphoPKB/Akt

(b) P‘% Blot: PKB/Akt

Fig. 4 PTEN reduced PDGF induced PKB/ Akt phosphorylation

HEK293 cells were transfected with pEGFP-witPTEN or pEGFP-
muPTEN ., then were switched to culture in DMEM containing 0. 2%
FBS overnight.

medium in the presence of PDGF for 10 min. Cell lysates were prepared

The serunrrestricted cells were then incubated in

and equal amount of proteins were loaded in each lane and resolved hy

SDS PAGE,

Akt {a) and antrAkt (b). I: HEK293; 2: pEGFP-HEK293; 3:
wtPTEN-HEK293; 4: muPTEN-HEK293.

followed by immunoblot analysis using anti phospho
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Fig. 5 PTEN reduced PDGF induced MAPK phosphorylation
HEK293 cells were transfected with pEGFP-wiPTEN or muPTEN,
then were switched to culture in DMEM containing 0.2% FBS
overnight. The serum-restricted cells were then incubated with PDGF
for 10 min. Cell lysates were prepared and equal amount of proteins
were loaded in each lane and resolved by SDSPAGE. followed by
analysis using antiphospho MAPK ( a) and anti
MAPK (b)./:HEK293; 2: pEGFP-HEK293: 3: wtPTEN-HEK293:
4: muPTEN-HEK293.

immunoblot

2.5 WPTEN 0 mwPTEN 33 FRiE %40 /& £ A0 $20

HEK293 4135 wtPTEN % muPTEN Jiiki%%
P, S WML > 15%, 1 GO/ G1 Y 4i i 1 hn
13% (4 1). muPTEN % 34f) HEK293 4il Jf2 GO/

Gl W4 it wiPTEN b 3%.

Table 1 The effect of the PTEN gene on cell cycle in HEK293

Gl (%) S (%) G2IM (%)
pEGFP-HEK293 42.4 31.7 25.9
wtPTEN-HEK293 55.1 15. 4 29.5
muPTEN-HEK293 52.2 17.1 30.7

3 W g

A A KA T T A AR A SR SR,
IoT A0 I A AT e S BECRD B R AR TR L
HIRFEIOEE . 9 TWESE PTEN JEDRUGH40 it 3 5e 0
P 5w, BAN I S 56 2k £ 6 PTEN KA 1Y
HEK293 1E 0 B 4 fify, LLikEGe PTEN WURETERIA
PR PTEN 58 VI DIResr . g B, BY/E
B PTEN 258485 PTEN (nt910 T/ G, Cys304Gly)
Big ke HEK293 40/ 1=, JF5emign i 8 0190 4, S
SN PR AR 15%, G1 WAl s n. 2% PTEN
X HEK293 (5 At ¥ 4% PTEN .

LA PI3K- PKB/ Akt 1 Ras RaF MAPK & 4 Jfu fli
SRS AR 7 B AN I A0 3 T 45 65 JG A 3 4l L AR A
BIP 4 15 5 G Bk A0 M BR g R R S R
(constitutively active forms) PI3K 2% PKB/ Akt ] B 11
AT, RG] PIBK WG RE T, s R
BT (IGF) - REAEKE T (EGF) o IiL/MRAT
KT (PDGF) SR AR 1 5 40 u st L 52 A &%
)G, A FE b — 4 5 00 Al K B PIBK,
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SRR B VLR BERR (PIPy) AR . PIP;
PKB &1y, {ff PKB/ Akt #5002, #3070 s, [9)
I PIPs 446 1) 5% (19 AG (PDK) ¥#W%51k, fiE1k PKB/
Akt BERRALTTRGE . PTEN JEP 23k 74 B AT L
BE 3 WERREGGS PR, AL =RERRNSELULEE (PIP;) D3
PR, AE PIP; KPR B 1 PIPs D BEER L
BED-3 W (PI3K) [OIMEAL =4, ASEEh 4 L WoR,
HEK293 4ififih PTEN ik ' 35 [#{% PKB/ Akt /2
b, $&R8 PTEN @i 0% PKB/ Akt BEER 1L KV R
Wil 5 WK 15 R HEK 40 1.

AR, PTEN i RIEW 2 F & PDGF
530 MAPK R AL /K-F. 4 J 52 /4 5 PDGF
454 )5, RTK-Ras RaFMEK-MAPK 3 #6005, X

fkiRaE P a0 BT 40 DTBRG-05SMG %% EGF
¥, MAPK W, JF A %2 PI3K 44l 71

Wortmannin fl #ill; b. PTEN ¥ 3% & 2% 5% Ras
GTP/GDP L, Ras 8% E W% PE RS o WOHH
H-RasHl PTEN JLE: QL 40, PTEN A2 W) Ras
GTP/GDP Lbfl, xeegh Bk x, MAPK il pgAar
T PI3K &2, PTEN RiEXF=Piliid W Ras i6 Pk
M A MAPK i B2 46 K P, FRATT Y 5 56 & B
wtPTEN, muPTEN 2JF% K PKB/ Akt #f 1% 16 /K
S, PIEN L 2SN muPTEN Fiff MAPK 21k
IKFEHIAE A B wiPTEN ; muPTEN 55 40 i i
TS FE AR T wePTEN . X #L W wiPTEN Hl
muPTEN ¥ W] i il PI3K-PKB/Akt, Ras Raf
MAPK 31X P 2% ] fE 7 (915 5 38 % 15 5 HEK 293
A T2, muPTEN % Ras Ra-MAPK 14 ] {f:
HHE T wtPTEN, Wfgxt muPTEN 5340 g 12
T B A I B A,

PTEN 3 K6} 40 J () 5 we) 55t 50 41 2 40 it o S
PE. Qe e TR A kR PTEN JE Rt &3k, aT LA
S G159 (G1 arrest) 7!, 7 FUIE 41 o i 2614
W SHEGETUY RATIE R s, PTEN 3R %
A5 S HEK293 4 M T2 F G155, WF9Ek M
PTEN DAk 2 15 A% 4R80T 40 it o 300 2 1 1) Sk Al
(cyclin- dependent kinase, CDK) Jifil#H (CDKI)
p MR I AR 1 E (eyelin B) AWK
FHT I, M A eyelin E E A5 AKH eyelin E .
CDK2 . CDKI fyEb i KMy, 51# CDK2 il i v
TR, AN R T G

AN YL By 4= PTEN 8R5EAE R PTEN ()
HEK?293 41 s if) 43 T & W), PTEN 53 HEK293
AT, IR T G, AL S A
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FMFRAR PTEN fEH S TR A PTEN, {H5E
AR PTEN 358 FEEIEA o0 W . JeATT BART 1)
TAERBE, o A SUR i 4l u bk b PTEN JE X
PR IRV B S R AG, U0 B Al g b PTEN JE X
FIR AT PR AT fE AL LTG0 TSR, A A sk
¥orp PTEN J& R ik 2R 05 300760 40 ffa 399 5, (2 0 4n e
BTSSR, PTEN JE MK RIA 5 B K g
HHEVIMKAR.
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The Expression of PTEN in HEK293 Cells Induces Apoptosis and Cell Cycle Arrest’
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Abstract

It was to study whether overexpression of the tumor suppressor PTEN in HEK293 cells could lead to

apoptosis and cell cycle arrest. The wildtype and mutant T910G of PTEN expression plasmids were constructed

and transfected into PTEN-null HEK293 cells respectively. Apoptosis was evaluated by the appearance of

cytosolic low molecular DNA ladder on the gel. Cell cycle was determined by flow-cytometric analysis. The

Western blot analysis was performed to determine the phosphorylation levels of PKB/ Akt and MAPK. The

present data showed that the overexpression of PTEN in HEK293 cells could induce apoptosis and resulted in an

increase in G1 cell population through inhibiting PKB/ Akt and MAPK phosphrylation stimulated by PDGF.

Mutant PTEN cause less apoptosis and G1 arrest than wild-type PTEN. MAPK dephosphorylation caused by

mutant PTEN was not so significant as by wild-type PTEN. These data suggested that PTEN may exert its

tumorsuppressive effects through both the inhibition of cell cycle progression and the induction of apoptosis.
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suppressor gene, PTEN, apoptosis, G1 arrest, PKB, MAPK
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