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PI3K/ Akt/mTOR & &3] &l 5 34 5 I 5% 2 fa PR 15 78 & H PHLPP RiA )220
B, kmE, %, 55, 2%, L2 PEERKRE WES —ER oik#, 5 M 110001 )

(4 E]1 805 PIBK/Akt/mTOR 3# 841 437 wortmannin B, rapamycin X F 1155 28 Jifd &% 4% 58 & H: PHLPP( PH domain
leucine-rich repeat protein phosphatase )& ik B 52 7 ¢k LN [AMR BE I wortmannin 5§, rapamycin 73 VEH F AJSHEANAE
1 I35 48 M 3R K562 . HL-60 , SR FF WST-1 75 46 i 4 it (% 384 5 05 7 , Annexin V -FITC B % 3 2 4 A A A4S U 248 i 4 1, Western
blottingi= M 40 I p-Akt Akt \PHLPP % 19334, £ & : Wortmannin LA LA K 5 B4R 851 7 =001 ) K562 \HL-60 41 g fr)
H5E( P <0.05),48 h A 1C, [E5r 51 0( 187.6 £48.4 ) .( 185.5 £48. 1 )nmol/L. 100 nmol/L wortmannin /£ HF K562 41 .50
nmol/L wortmannin /T HL-60 4HHI 12 124 h J5 , ZEMIJA T3R5 B0 AN 0 F @l (12.4 £0.7)% (17.6 £2.3 )% vs
(5.0£0.6)% ,P<0.05;(11.0+0.2)% (17.9 1.6 )% vs (6.8 0.4 )% ,P <0.05 ], Wortmannin 43 H4E F] T K562 . HL-60
YA 12 .24 .36 h J& , p-Akt \PHLPP ()35 15 2235 7K - B B FAIK ; rapamycin [EJRE 7] {# K562 \HL-60 £l fifi &1 PHLPP 25 (H (1% 35 7K
WA . %8 4 : PI3K/ Akt/mTOR 15558 55410 #5390 400 0 1 L 40 M6 b 394 4 09 ) T AR H: PHILPP B P 63K

[ X#i7 ] wortmannin;rapamycin; [ IfiL 95 s PI3K ; Akt; mTOR; PHLPP; JHT1-

[ FESZES ] R733.7; R730.54 [ XHkFRERD ] A [ XEZEHE ] 1007-385X( 2012 )04-0369-05

Effect of PI3K/Akt/mTOR signaling pathway inhibitors on proliferation and
PHLPP protein expression of leukemia cell lines

YAN Chao-qi, ZHANG Li-jun, GAO Feng, PAN Deng, WANG Ping-ping, WANG Ya-zhu( Department of Hematology,
First Affiliated Hospital of China Medical University, Shenyang 110001, Liaoning, China )

[ Abstract ] Objective:To observe the effect of PI3K/Akt/mTOR pathway inhibitors wortmannin or rapamycin on the
proliferation and PHLPP ( PH domain leucine-rich repeat protein phosphatase ) protein expression of leukemia cell lines.
Methods: Human leukemia cell lines K562 and HL-60 were treated with different concentrations of wortmannin or rapamy-
cin. The proliferation of K562 and HL-60 cells was examined by WST-1 assay and the apoptosis of K562 and HL-60 cells
was detected by Annexin V -FITC double staining flow cytometry. The expressions of PHLPP, phosphorate-Akt ( p-Akt )
and total Akt protein were detected by Western blotting. Results: Wortmannin inhibited the proliferation of K562 and HL-
60 cells in a dose- and time-dependent manner, with the IC, value of 48 h being ( 187.6 +48.4 ) nmol/L and ( 185.5 +
48.1) nmol/L( P<0.05). After treating K562 cells with 100 nmol/L. wortmannin and HL-60 with 50 nmol/L. wortman-
nin for 12 and 24 h, the apoptosis rates were significantly higher than those in the control group ([ 12.4 +0.7 1%,
[17.6 +2.3 1% vs[ 5.0+0.6 1%, P<0.05; [ 11.0+0.2 1% ,[17.9+1.6 1% vs[ 6.8 £0.4 1% , P <0.05 ). After
treating K562 and HL-60 cells with wortmannin for 12,24 and 36 h,the protein expressions of p-Akt and PHLPP were sig-
nificantly reduced. And rapamycin also down-regulated the protein expression of PHLPP in K562 and HL-60 cells. Con-
clusion: The inhibitor of PI3K/Akt/mTOR signaling pathway inhibit the proliferation as well as PHLPP protein expression
of leukemia cell lines.
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ZMEHE R H ML acute myeloid leukemia, AML )
S B 3 IR U R R S O e R P
LR R AR 20 M () G TR 2R AR . R AR
5 B S D RR G R ) B S R TR B R R L AR
I AELAH A 1] P M % Ak o 763 7 T S R TS AL AR 5
W %A PI3K/Akt.mTORCI . ERK/MAPK , STAT3/5
Wnt/B-catenin Fl NF-xB %2 H v PI3K/Aki/
mTOR {55538 [ 1) 558 1 T03 5 8 A 8 1 IS 1)
KA R AR K S IS AR L
-5 R 1230 % 1 T LR R I A 2 Y B T BB S
A OGP IZGE Y F 1 WER I 0 PTEN \ PP2A 75
FHG AT e £ ) (85 4h—Fh 5 2 M R A
W2 i PHLPP( PH domain leucine-rich repeat protein
phosphatase )ESC (AR 7 Hh i 55 52 £, 16 I
T I

PHLPP J&— P 22 24 iR/ 7 24 R £ 11 Wl 1R 1l ,
g Akt £ Thr308 H1 Serd73 17 1 Z= Wi R Ak M 2% 1F
HRUHE S5 . PHLPP %35 T 240 1% i 5 Fi 2
LR b, K AL 4% PHLPPla. PHLPP1B FiI
PHLPP2 , #H XJ i /9 5& PR 43 ) A T 18q21. 33 il
16q22. 3%, PHLPP HIXF I3 Y 5 R 76 18 22 S48 Y
gt o FUIRE T b 2R Bk . PHLPP Bk
SEANR Y Akt FEZZBEIR 1L , 2F 1M SR 1 &
A R IRE Sl A PHLPP B3R5 5 , Tl
225 978 A0 L A S S 0. PHILPP 7 1 I 40
MRk b B eIk s, LK. PHLPP 28 3K 5835 HL I 4
AR . AWEFE B AEAE A PIBK #1151 wortmannin
S mTOR #1ifi| 5] rapamycin /T 1 i 40 A% , W8
#% PHLPP 25 13635 AR 40, FRHRIT 1 1009 1 A& s AL
il 5697 Ik

1 #REFE

1.1 =&KX 7

PI3K ## %] wortmannin ( Cat. 6816750 ) LA &
mTOR Il #ll 5] rapamiycin ( Cat. 553210 ) ¥4 Ilg H
Merck 7\ &), RPMI 1640 g H 3% [ Gibco 2\ #)
( Cat. 31800-014 ). #Hi A PHLPP $LiA&( ab71927 )
W H Abcam 23 #], e dt A p-AKT1/2/3 ( Serd73 )
(533437 ) AKT1/2/3( H136 )( 8312 ) [ Santa
Cruz 2w, HRP FRidFEHi o [G bt B 2R Y
FeARA R 71 bse-0295G ), 30% TN s Bk Jiiz - XUTN
ke W M Super ECL Pus #EE8UA Y6 R b 5038 )
SEFEHH AR A RS F 72 o Annexin- V /P 8 172K
AT £ KGA106 )2 g 5t AL AE P 20 w77 it
1.2 2o e 3 B 40 i 3% 9

A L7 20 LR KS62 4 441 Y 11 1t s 200 it
Pk HL-60 Az 2tk Sk 240 A (1 s 248 B bk U937 fh 3%
Bl i = 5 MLORAE, B 3G 5% T 10% 87 A= 4 1l i 1Y
RPMI 1640 5535 ,37 °C 5% CO, 1135 5 240 Jfd
REFAAN L ~2 dAB10 1 IR,
1.3 WST-1 %4 M wortmannin *F K562 % HL-60
4m JOL 38 78 69 % vh

BOWS B K W40 0, DL 1% 8 A= 48 1L RPMI
1640 B3 323470 T 96 FLAR , BEFLZART 100 wl, 40
MBREE R 5 x 10*/ml, il A A6 H JE wortmannin , {i
Lk BE 43 91 10,50, 100 nmol/ Ly &5 4 UV Ji2 1Y
DMSO J78 X A, R 3 8 fl. 37 C.
5% CO, HHIE B A A NG 5% 24 48 .72 h )5
FFLINA WST-1 10 pl, 4kLERT 5% 2 h e R 1
min, BEEEGZERS AL [ 450 nm P KA 4& L D
{8, 155 4 Jf A 3 78 400 T 3L A ARG BE 04 0 3
(% )=(1-5Z54 D {E/ X R4 D {E ) x 100%
1.4  Western blotting 3 #& M & A ¥R | e Ak P
PHLPP .p-Akt #= Akt %& & #9 & ik

K562 4HJLL 1% /NA- 1% RPMI 1640 #:50T 6
FLIFFEM, I AW EE 2R 100 nmol/L # wortmannin
¥, 100 nmol/L AY rapamycin; HL-60 ZHAE LA 1% /N
I3 RPMI 1640 #£70 T 6 fLIGFRMR, i ALk B2 Ky
50 nmol/L ] wortmannin ¥ 100 nmol/L [ rapamy-
cin, DMSO<0. 1% , 3 5% — B i a5 e AL At il . 25
DR 5 x 107 ~ 10 x 107 40l e PBS ¥ 3
KNI 100 wl RIPA 424 .100 mmol/L 1 pl
PMSF F1 1l 2 Wi 410 61 R0 5 90, oKk E 240 30
min,4 °C 10 000 x g &0 J5 WA L3, BCA 32590 2
FIWREE . A S x R EFEZZvhif, 100 °C 25 E 10
min, FL_EAEE 50 weg #EATHLIK, SR 5 5% 2 PVDF
JB%,5% BSA 1] 2 h St 7%, 43 AN A B-actin —47t
(1:500 ).p-Akt 8¢ Akt —#Hi( 1:200 ), PHLPP —4i
(1:3 000 )5 2 h 54 Cid#, % 0.05% Tween
20 A9 TBST ¥EBE 3 W, fin A HRP #rid = 4t
(1:1 000 )ZEIEIFE 2 h, PEHE 3 K, ECL &ICHARE .
1.5 Annexin-V /Pl 3 # 7% X, 28 e K420 wortman-
nin X7 & it J5 28 FLAR A T 69 % v

PR Sl B 34, 6 FLARE AN K562 , HL-60
M J5 , I wortmannin , 8 2% ¥ & 43 51 & 100 .50
nmol/L. T 0.12.24 h J5URAEAI, H PBS PEE 4
2 K,369 x g B0 5 min, YW 5 x 10° 4. A
500 wl BIE5 522 thIRCETEAML. A5 ul AnnexinV-
FITC {215, INA 5 wl PLIRA) G & i EEE N 10
min, FAHUI, ] Win MDI 2.9 234 i .
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1.6 %itzam

THEAELL v + s EoRx, R SPSS10. 0 FE it 4K
1, 2R R E i LA ¢ R 56, 22 20 B0 LA v
One-way ANOVA ZEit70#r, L P <0.05 8 P <0.01
KR ERAGIFE L

2 & R

2.1 PI3K #74) 5 wortmannin #74] K562 % HL-60
2m fiel 0 18 58

e 1 A] 0 AR BE Y PIBK #4155 wortman-
nin 1EFH T K562 B HL-60 20 i J , B ik [7] %) ZE
L2 8 5 A1 T 3, B 2 2 vy, 2 W S A B (] 5 )
KR . Wortmannin % K562 & HL-60 4i g
FH 48 h 1Y IC, fH A5 M ( 187.6 +48.4 ) .(185.5
48.1 Jnmol/ L [a]— s [A]AS [ ¥ i 245 49 20 1% 248 it 3
BN R 2 3 B Geit2E 2 (P <0.01 )

%1 Wortmannin 7270 A B4R Z D
K562 % HL-60 ZHAEMIIESE( n =3, x +5,% )
Tab. 1 Wortmannin inhibited proliferation of K562
and HL-60 cells in a dose- and time-dependent

manner{ n =3, x+5,% )

. Treatment time ( ¢/h )
Wortmannin

(ey/nmol - L7")

24 48 72

K562

0 1.0+£0.3 2.8+0.2 6.0+0.4

10 14.5+0.7°7 19.6+1.2"7 34.5£3.27°

50 16.6+3.7"" 28.7+1.0°" 47.0+2.47"

100 27.5+2.1"°  42.3£2.17° 47.8+3.07"
HL-60

0 1.7+0.4 3.5+0.6 9.4+0.5

10 18.2+2.9"" 25.4+4.1"" 28.9+1.47"°

50 24.7+2.1°7 27.4£1.7"° 41.2+4.8""

100 29.7+2.4"7  44.2+4.5"7 52.8+1.97"

“* P<0.01 vs 0 group

2.2 PIBK #7 4]/ wortmannin # § K562 % HL-60
et A =

PA 100 nmol/L A9 PI3K #1ii5 wortmannin 4% FH
F K562 41 0.12 .24 h J5 , Annexin-V FITC/PI $
G J5 AR A M 45 2R C 18 1) S, B (8] 174 SiE
KOKS62 40 i B 9 T A& R i, 12 h /Y
(12.420.7)%Hm% 24 h (9( 17.6 £2.3)% , 5%t
MAH(5.0£0.6 )% ML ERBAS ¥ E X
(P<0.05), Lk 50 nmol/L Y wortmannin YE [ T

HL-60 41/ 0.12 .24 h &, Annexin-V FITC/PI {4
S U A LA I 25 SR C L 1) s, B A ) 9 2 4
HL-60 AU T2 W 234 m, AL 12 h i9( 11,0 +
0.2)% ¥ ma] 24 h 19(17.9 1.6 )% , 5XF R4
(6.8 £0.4)% ML ERBASITEXL(P <
0.05 ).

0h 12h 24h

S & ]

E @ = “104%| 2 4
Kse2 & 50%| & = A7.6%

o s - [l

— # D —_

2 E E

T10° 10" 10> 10° 10* 10° 10" 10> 10° 10* 10° 10" 10* 10° 10*

E E . S

I £6.8% = L 11.0% = 17 0,
HL60 2 e ; E

e e of

RE . o -

= = =]

10° 10" 10> 10° 10* 0° 10" 10* 10° 10* 0° 10" 10* 10° 10*

1 RN wortmannin %S
K562 % HL-60 #ARafET
Fig. 1 Wortmannin induced apoptosis of K562 and
HL-60 cells detected by flow cytometry

2.3 PI3K #p#]5) wortmannin % mTOR #74] 5] rapam-
iycin %+ K562 % HL-60 Zafie.F PHLPP ik 6937

FREIBOG A K4 K562, U937 B2 HL-60 4 g 2
F, Western blotting #;{ll PHLPP f*) &1k, 45 %( &
2)%7R, PHLPP #E FI7E K562 41 /il 2 HL-60 4 fifd rf
Fik,FE U937 AU b Feak sk

L1 50 nmol/L wortmannin {E Fl HL-60 40 Jitd . LA
100 nmol/L wortmannin /FH K562 4H,0.12 .24 .36
h J& , Western blotting 5451 PHLPP . p-Akt Fl Akt &
FIR A, 45 1 & 3) o, B[R] 4, K562 K&
HL-60 i rh p-Akt FRiK R, & Akt AN4E, PHLPP
FILT R,

PA rapamycin 100 nmol/L 1EH F K562 S HL-60
AN HIAS [R] B[] J5 , Western blotting 3£ 0] PHLPP 25
F S, 452118 4) or , BT A] A9 AE K, K562 K
HL-60 Zfi il PHLPP £ 1 A9 3R3K T R

K562 U937  HL-60

-B-aCtin

E 2 PHLPP EB7E B MH MK P HREERL
Fig.2 Expression of PHLPP in leukemia cell lines



<372 -

o [ fosd A M a4 2012 4 8 A ,19(4)

K562 HL-60
Oh 12h 24h 36h Oh 12h 24h 36h

-
I

El3 Wortmannin ¥ K562 & HL-60 ZHif 5 p-Akt.
Akt % PHLPP & B RiZ#I#00
Fig. 3 Effect of wortmannin on p-Akt, Akt and PHLPP
protein expressions in K562 and HL-60 cells

K562 HL-60
Oh 12h 24h 48h  Oh 12h 18h 24h

I
S e

4 Rapamycin X K562 & HL-60
R+ PHLPP & B RIEHIHIT
Fig. 4 Effect of rapamycin on PHLPP protein
expression in K562 and HL-60 cells

3 #

PI3K/ Akt/mTOR {55 3 % xF A= B i A1 3% P
IR AR A RAhS e R, PIBK
SRR 038 T IZ A T 3 I I PR TS e
I 3 8 A A O B 0 L PR R e 3k PIBK 5
P390 X5 F L5 200 B 26 B SR 0 Y 4 B R A T
P ARWFFEHEH PIBK F55 M 5 wortmannin [i]
FERDR T K562 K HL-60 20 i iy 345 , 31 5 H
T, 5 SOk B A — 2. P U937 4 e I A K ik
PHLPP, fifi | wortmannin & AN AE W2 3] PHLPP 33k
IR AL, WK P (HBFSE S KW, T PIBK/
Akt (55 BE M RIFE(E U937 21 i 2 3 Hh 3 5
Wl Rapamycin {E A —Fh mTOR 5 5 V£ #1 i 7],
X LR 40 Mk K562 \HL-60 K2 U937 F) 4 5t 1) il
RS TAE s, T e 2 il T8 rapam-
yein ALF U AHMLS , B mii o] LA PI3K/ Akt 17
S R T, BN p-Akt Fak ) WO S2 8 R WS
SECGT 11 L 4 L 1 5 P 4 T

S PEBE & I R PI3K/ Akt/mTOR {55l
B M R A R RN i S R AR R 5 Fms

FEMRE S FR 14 B 3( Fms-like tyrosine kinase 3, FLT3 )%
PR oKt 1 2 TR U 2 AT Y g AR T
N-Ras& K-Ras 275! PI3K p110 (/& )PI3K
pl108 33 FEFIA 7, [ oM 855 43 WA S 5 [N 7 14 43
WA LN R & A RS BE R F--1( insulin-like growth factor-
I,IGF-1 )[ 20] M N B2 AR K R vascular endotheli-
al growth factor, VEGF )", DA K {1 It 55 20 2 55 - 6
TR I CXCRA MIAHE AE ' 245 PI3K/ Akt
5 T A T AT P A TR BR T S BRI R
A ORHN, HAF 5@ 9 B 1 PHLPP (9fIR3RAd ]
RETEFR o I vh B4 T AR .

AWGE K B, PHLPP 1£ HL-60 & K562 41 Jifg v
FERBE T, MAE U937 i b N 23k, #E AL U937
Yii L PI3K/ Akt 15538 i 1) 5% UG 5 PHLPP 119
FHIR B AT e, X AT RS U937 4 i g £ 1k g AR
W16 .18 5 e ik Ay > . SCHk[ 24 14 18,
PHLPP 7E K562 2 jd K 18 67 1 i 9 240 Al b IR 3R 3k
AR SE LT, v G th T A 93 fifi 1 22 T e
PRI PHLPP, 1M 12 SCHR o FH 5 o B 470 A Az )
PHLPP FAS [A] 2 2Y, 78 B 02 B T 4% 55 39 3 1 FH A
K562 4t bk A77F 22 51 T 8

PHLPP ) 2235 I BT AT Sfe th A5 AH E 5T
A SCHRL 25 [HGHE , FESE R N B-Trep /1072 4k
Al LARES# PHLPP, 3 H U R A o 72 32 p-Ake 19 67 7%
PR . ASWE Y8 o A wortmannin FEAIE K562 K
HL-60 ALY p-Akt J&5 , & 3 PHLPP 7Kt fifi
FAR, S5 SCiik 4Rl — 2. 55 A SCHk( 26 1438, 18
257965 N PHLPP Y5R35 52 mTOR AR 11 A 4%
AT A FH] mTOR #1471 rapamycin /€ F F K562
K HL-60 401 | [FFE & B PHLPP fZ63K T8, W]
UL PHLPP 7£ H 1l 40 e b iy 3k Al g — T 5 p-
Akt VTR AR AT OC, 53— J7 15 mTOR K 8
R 5%, NITIERH PI3K/ Akt/ mTOR {5518 & 1E
4 05 200 L[] S AR — A7 #E 5 PHLPP AH G
(B A [ i . AT AIFSE > % B0, PHLPP 7 iR iR
J7 i R P R IR S I TRCR AN BRARAN DG . ARG
i FH B 5 0 B D LR R U8 p-Ake SH0 ] mTOR
P, IR PHLPP (93835 R 0, &6 2 ff B 1 1l
BLAFES A AT U GRS I
TR R AR SRR . R I, 30 4F R AT X AR 5
K P L T Y A 9 R ) 08 PR LS50l 411 1) 390 ) el
Mk PI3K A1 mTOR {55,

ARSZEWEE T PI3K/Akt/mTOR 155 18 #4101
FUXT A I 05 48 Bk K562, HL-60 3 5 18 T~ il 5%
W, % B PI3K/ Akt/mTOR 15 5 8 [ 410 1 75 nT $ t1
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IR B AL 1 A G Y S AR
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