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Fik: 1 CCK-8 WL A6 I BT 25 3 5 MK-2206 % MCF-7 #4i il ( B % R U ) 5 MCF-7/ADR ( B4 &
i 24 ) 40 A K A IR BLIE T A TCs, (. ARG 1C, 2551, S PR 25 e o 5 2% Al sl 3 & R[]
He i MK-2206 43 MCF-7 48 il F1 MCF-7/ADR 4085, 43 51 CCK-8 35 A =0 40 A A 45 MK-2206 X
Wil 5 2 1if 24 5 ) 25 A S AN T RS RE IR, LUK MCF-7/ADR 41 it P B 5 25 35 AR5 I . MK-2206
HmAE ] MCF-7 4155 MCF-7/ADR 4IHE/5, R Western blot S PT3K/Akt 15 53l i HH 3¢ & A
2Rk
LR WEER S MK-2206 1EJJ5, PIFR A0 M A9 34 5 24 52 2 0] R A0, 25 R X MCF-7/ADR 9 ICs,
5B 52 T MCF-7 19 1C50 fE ( P<0.05 ) , Tfii MK-2206 Xt ¥ F 40 il 18 1C5 2% 5 LS4 5 L (P>0.05) .
B & MK-2206 a] B 52 [ {5 B] 25 2 4 95 A 40 I 1C,, {8, 15 MCF-7/ADR 40 Jifg 9 B A% 72 % W K T
MCF-7 4}l (P<0.05) ; MK-2206 Xf Bl &5 3 i T (9 MCF-7 240 Jg 8 78w A W] &, {H B8 W1 2 3 fin
MCF-7/ADR ZHML U8 T-% (P<0.05) . ANEHKEE MK-2206 Xf MCF-7/ADR 40 g 4 B0 55 2 1) & FL 25 55
TGi#7E X (P>0.05) . Bl MK-2206 4035, MCF-7 400l p— ( Thr308 ) Akt 2 3350 i T4
(P<0.01) , 1H p— (Thr246 ) PRAS40 M F£ETLMH B M4 (P>0.05) ; MCF-7/ADR 4L I ¥ #b
FEAR AW E T (3 P<0.05) .
518 MK-2206 7] LLSE o 0 PI3K/ Akt {55 38 B R #0300 e N\ ZL 68 40 R A0 s 24 M, H 2L s &4t e
i 245 7] i 3 2 5158 FE 1 PRAS40 AW LA X
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Methods: The inhibitory effects of doxorubicin and MK-2206 on growth of MCF-7 cells (doxorubicin-
sensitive) and MCF-7/ADR cells (doxorubicin-resistant) were examined by CCK-8 assay and their IC; values
were calculated. Based on the IC,, results, MCF-7 and MCF-7/ADR cells were treated with a selected low-
toxic concentration of doxorubicin alone or combined with different concentrations of MK-2206, and then
the influence of MK-2206 on doxorubicin-resistance and doxorubicin-induced apoptosis, and on doxorubicin
accumulation in MCF-7/ADR cells were detected by CCK-8 assay and flow cytometry, respectively. MCF-7 and
MCEF-7/ADR cells were treated with MK-2206 alone, and then the expressions of the proteins associated with
PI3K/Akt signaling pathway were determined by Western blot.

Results: The proliferations in both types of cells were significantly inhibited by either doxorubicin or MK-2206
treatment, and the IC; value of doxorubicin for MCF-7/ADR cells was significantly higher than that for MCF-
7 cells (P<0.05), while the IC, values between MK-2206 for the both type of cells had no significant difference
(P>0.05). The ICy, values of doxorubicin for both types of cells were decreased by combination treatment of MK-
2206, but the decreasing degree in MCF-7/ADR cells was significantly greater than that in MCF-7 cells (P<0.05).
MK-2206 exerted no obvious influence on the doxorubicin-induced apoptosis in MCEF-7 cells, but significantly
increased the doxorubicin-induced apoptosis in MCF-7/ADR cells (P<0.05). No significant difference was noted in
doxorubicin accumulation among MCF-7/ADR cells treated with various concentrations of MK-2206 (P>0.05). After
MK-2206 treatment alone, the protein expression of p-(Thr308) Akt was significantly down-regulated (P<0.0S), and
the protein expression of p-(Thr246) PRAS40 showed no significant change (P>0.05) in MCE-7 cells, while both of the
above protein expressions were significantly down-regulated in MCF-7/ADR cells (both P<0.05).

Conclusion: MK-2206 can partially reverse the drug resistance in breast cancer cells via inhibition of the PI3K/
Akt signaling pathway, in which PRAS40 protein activation may contribute importantly to the drug resistance in
breast cancer cells. [Chinese Journal of General Surgery, 2014, 23(11):1494-1500]
Breast Neoplasms; Drug Resistance, Neoplasm; 1-Phosphatidylinositol 3-Kinase; Reversal
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Figure 1 Molecular structure of MK-2206
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MK-2206 ¥y K 14 3 2 [F Selleck chemicals 2 &),

NO.S1078; RPMI-1640 il i 4+ 1L ¥& W H 3¢ &
Gibeco AT); BTEEZE (ADM ) W [ 2 KA L3 75 1
i A Hl s CCK-8 Rk [ 35 B SAB Al ;

Annexin V/ HMUALTABE (PT) IRF &0 HE = KN
Al; AP PT p— (Thr246 ) PRAS40 41 1k, 1% 5
Ab134084 . % £ %t p— (Thr308) AKT ¥ &, %
2 Ab38449 #J W [ Abcam A 7l; B 5T GAPDH
PR B R AR i A AL (HRP) FRig i) 40
g [ At st KRR A Y ARl . CO, MG FRAE (£
Thermo Fisher A & ); i zU4l e ( SEE BD A Al );

g R ( 36 MD 2 /) ) 5 (18 A0 22 Wi ( HA
Olympus A# ) ; AR EHEBE LML ( FEH Thermo
Fisher 24 A ) o DL AR T4 LU 5 e B2 e b
SENINE 7Y i

1.2 Ak

1.2.1 @mpais  AFLIE MCF-7 F1 MCF-7/ADR
0 & A 10% BG4 L3, 100 U/mL 75 2 £
0.1 mg/mLEE% & 19 RPMI1640 B 32 8 T 37 C.

CO, B4 B0 R 5% B4R RN B 8% 35 46 b K5 5% .

0.25% [ B k10, B T 4E+E MCF-7/ADR
P 254, ESE RPN A LW E N 1 pg/mL 1Y
B %5 &, SZEGRT 2 A, X MCF-7/ADR #E47 I 25 5%
I o BOSBUE K B A0 M AT SE 5

1.2.2 CCK-8 i # M ADM #= MK-2206 ) 48 &
A SIS M. MCF-7+ Bl % 2 4. MCF-7/
ADR+ i % 2 41. MCF-7+MK-2206 #4. MCF-7/
ADR+MK-2206 20 . =5 [ % B4, IO 40 Jfd vk 5 2R
1 x 10°/mL A3 804 K ] MCF-7 F1 MCF-7/ADR 4
M, LL100 p L/ FLEEFFF 96 FLbk, M4 3 5
flo 24 h G HH N EAHARFEWEMEER (0. 10,

20, 40, 80, 160 pg/mL) Fl MK-2206 (0. 5.

10, 20, 40, 80 nmol/L ) MBr G IR, 25 HXTHR
M AT DMSO YRR IR . dh2eh53% 24 h i,
FA N A CCK-8 BB #R 3k, dk8idigc 2 h e,

H 3 FRAL 450 nm ZbIE & FLOGEE (OD) o HL3
LSBT i A R, PR (%) = (1-
SO 40 ODfE /X B 41 OD ) x 100%., N H
SPSS 19.0 T+ 5 2 B il 22 1C5,. Tt 245 % %% =1C,
( MCF-7/ADR) /1C5, (MCF-7) . ¥ # <15%
1) 245 3 Vi A Ry A1 400 L PR VR

1.2.3 CCK-8 # # #l MK-2206 i#% 4 MCF-7/ADR
w25 SCEG Ay MCF-7+ P45 2 40 . MCF-7+ P %
% +MK-2206 20 . MCF-7/ADR+ [ %5 % %0 . MCF-7/

© WA )3 i [ & F A F A EFH

ADR+ [ 7 % +MK-2206 41, MK-2206 B 1.2.1
i e MR W E (0. 5. 10, 20 nmol/L) . H
ROTHA 12,2, TR AR R, W A5 =1C5, ( B
BRIEMYA) /1C5, (FIFR +MK-2206 fEHI4 ) .

1.2.4 FCM % # M MCF-7 #= MCF-7/ADR %1
BB = SLHG 4y MCF-7+MK-2206+ Bl 2 K 4 |

MCF-7/ADR+MK-2206+ P2 K 4 . 25 H X R4,

B 50E K 1B MCF-7 AT MCF-7/ADR 41 Jifd 1 %
BB N R, BERR T 6 FLAR . AN I BE B 5
24 hJ5 , LI A T 4 R A AN [V B MK-2206( 0.5 .
10, 20 nmol/L ) L 5 ¥k & f % F (40 pe/mL )

) RPMI1640 35 5% 3 25 [ % 82 0 46 o 35 3 A
] 7K FH ¥k B DMSO 9 RPMI1640 35 35 3 4k 28 %
3224 h )5, %M Annexin V-FITC 20 g 55 746 I 3
R G UL, PN E 2 1 x 10/mL, B 100 pL
20 M2 A B A5 uL Annexin V-FITC %% {4
10 pL WAL A BE G (A3 (P1) , =R EOLFF
15 min, #hFF B AKFLE 500 pl, 4 °C UK i 6 ik
B o 1 U8 A U A A b A A R T
oyt

1.2.5 FCM # # @ MCF-7/ADR @ #e W T & %
2 XIAMBTE R (40 pg/mL) , SLE M
BIEE 2 (40 pg/mL ) FUR[EYEE I MK-2206 (5.

10, 20, 40 nmol/L) HH[FHFF 24 h J5, HOEAE
KA MCF-7/ADR 4010, i & 1l B 20 Mo Bk, 4
AN % 1 x 10%L, 1 000 r/min B5.L> 5 min,
4 CHY PBS whk, & 3 W, HIY PBS &A1
T4 4 CIRAE, BRI, 3R MK R 488 nm,

PO 575 nmo 20 P9 B R 2R A B A LA 4
()5 BEATE bR I L X

1.2.6 Western blot 4 & & ¢ k& WA,

FHTIYS RIPA 2 vK E9% 7 20 min, 13 000 r/min,

4 C, B0 20 min, BOFR LW, HBCAEA
AN G RO ERE, WEEAWRE, Ak
£ S min, 10 pg/ fL E A, 12% SDS-PAGE
¥k, % & PVDF . 3% BSA-TBST = i £ i 2
£ 30 min. A A B B4 9 p— (Thr246 ) PRAS40
(1:4 000 ) Fl p— ( Thr308 ) Akt ( 1:4 000) Hifk,

4 CiEt. TBST PEAE S W, IR 3 min, JIA
s B UF 19 — %0 (1:20 000) , % & # #% 40 min,

TBST YEME 6 YK, 5K 3 min, ECL 5% & M.
FHERAT Image J 430145 450 K BEA, VL HBE H K
FEMES GAPDH JK B AA M FLABAE R B (AR G 3k i
AT AT
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1.3 FZitFaE

R SE T SPSS 19.0 X 5 H 47 G024y
Bro THEBERI DI + PR (xxs) FRor, 4
[ 540 LR FH B R R 7 2240 i, LA 3 B R FH L
AE, PN LR A SNK K56, LA P<0.05 k22
A EE L,

2.1 CCK-8#iM&R
AN A e BE B BT B 2R MK-2206 ] % MCF-7
F1 MCF-7/ADR 20 J}d % 3 58 A 40 9 4E L, H 2k

80
MCF-7
604 MCF-7/ADR .
2 »
b 40+
E ¥
& 20
0 T T T T
20 40 80 160

Pl (ug/mL)

FEAR A (K 2) o HoHp Bl & R X MCF-7 F1 MCF-7/
ADR B ICs, 2+ 9 A (130.61+0.50) pg/mL M
(1746.86+35.92) pe/mL, T 2545500 13.38 £, %
FAHESHFE X (P<0.05) , MK-2206 %} MCF-7 #il
MCF-7/ADR 9 ICs, 4+ %1 4 (50.27 £2.26 ) nmol/L
& (52.82+1.83) nmol/L, Tif 25 15 % H 1.05 %,
ZR LG E X (P>0.05) , MK-2206 55 i £
Z 4 5, MCF-7 fl MCF-7/ADR X B % £ 1Y ICs,
PIH AR FEE R R R, {HLL MCF-7/ADR ) F [% 5
Wl (P<0.05) , A [A ¥ B2 MK-2206 I 1 J5 9 B
R 1Cs, 5T R 105, Z 0] 22 5 B A 521t
E L (P<0.05) (F£1) .,

100
MCF-7
80 MCF-7/ADR -
g :
S
S 60-
= 40
=  }

204

O T T T T T

5 10 20 40 80

MK-2206 (nmol/L )

B2 PUEZEM MK-2206 Xt 7 FH 20 A A A 43 61 2 L 37

Figure2 Comparison of the inhibithion rates of doxorubicin and MK-2206 in the two types of cells

#£1 MK-2206 3 MCF-7 #1 MCF-7/ADR P& &M z5 15
M (n=6)
Table 1 The influence of MK-2206 on doxorubicin-resistance
in MCE-7 and MCF-7/ADR cells (n=6)

MK-2206 P82 1G5, (pg/mlL) B R
(nmol/L.) MCF-7 MCF-7/ADR ~ MCF-7 MCF-7/ADR
0 130.61 £ 0.50 1746.86 +35.92 — —

5 122.67+036" 1111.65+77.07"  1.06 1577

10 12175+148" 82882+3667" 107 2117

20 9250+ 148"  431.66+26.08" 141 4.05”

e 1) 5 [ B 40 i 0 nmol/L MK-2206 &b 3 20 [ %5,
P<0.05; 2) 5 MCF-7 4 g A1 [7] MK-2206 ¥ B 41 b %2,
P<0.05

Note: 1) P<0.05 vs. the same type of cells treated with O nmol/L
MK-2206; 2) P<0.05 vs. MCF-7 cells treated with the same MK-2206

concentration

2.2 FCM &4 R

2.21 @A = Annexin V-FITC X 4t % 45 53
78 0. 5. 10, 20 nmol/L ) MK-2206 /£ ] T
MCF-7 Fl MCF-7/ADR 4 g 24 h J5, X B4 % 5%
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S/ MCF-7 40 M08 1= 52 w88 /0N , H A] ¥ B AR 0
M B G R o B K S S B9 MCF-7/ADR 40 i 4 T
(P<0.05) (%£2),

&2 MK-2206 *$p & X% SH) MCF-7 #1 MCF-7/ADR 48
BT BN (n=3)
Table 2 The effect of MK-2206 on doxorubicin-induced
apoptosis on MCF-7 and MCF-7/ADR cells (n=3)

MK-2206 T

( nmol/L ) MCF-7 MCF-7/ADR
0 257 +0.25 1.97+0.11
5 3.03 +0.06 4.00 +0.44"
10 3.52+£0.15 4.92 £0.35"
20 3.60 +0.16" 12.80 +0.99"

TE: 1) 5 [al B 48 B2 0 nmol/L MK-2206 4b 38 41 Lt 4%,
P<0.05

Note: 1) P<0.05 vs. the same type of cells treated with O nmol/L
MK-2206

2.2.2 MCE-7/ADR @ N E X 4% MEZXR
FaMELSRE R, MAWRE S M0, 5. 10,
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20, 40 nmol/L fJ MK-2206 J&, 40 Jifd i ¢ O 5% J&
Iy B A (3412504 14637) . (364324+1273) .
(303805+1131) . (293433+3253) il (3876.64+
257.39 ) a.u.. #SLIA 5N 2 ) 22 R AT Gt
S (P>0.05) (E3) .
2.3 Western blot &8

53X AL E, 5. 10 nmol/L MK-2206 4t 3
MCF-7 20 ffl 5 MCF-7/ADR 4i fd 24 h 5, MCF-7
YL p—( Thr308 ) Akt & R IA W] & T 4 ( P<0.05 ),
p- (Thr246 ) PRAS40 44 %6 F s B b, Sidw
5 XA Z 8] 2 5 g2 B L (P>0.05)
MCF-7/ADR 4l g p- (Thr246) PRAS40 FI p-
(Thr308 ) Akt & FMRIBYI TR, H2WkE
Kb, ERAEXBAZMEREFLITFE X
(P<0.05) (Kl4),

10 (nmol/L )

p-AKT 56 kD

p-PRAS40 40 kD

GAPDH 36 kD

[0 p- (Thr308) Akt
[0 p- (Thr246 ) PRAS40

4 MK-2206 X MCF-7/ADR 4 fis 5 MCF-7 48 il PIBK/Akt (5 S @R X E B RIEZHN I

B: MCF-7 4y

Figure 4 Influence of MK-2206 on the expressions of proteins associated with PI3K/Akt signaling pathway

B: MCE-7 cells

3 i i

!

S EOMRE AT S WA R DR 22— 2 R Y
MDR, /=4 MDR MHLHIEIE L4 S0k B
AR5 HLE] . AR TS | S T R H A
PR o 3 Aok AT by 36 2 b e 200 J 1) 22 245 T 24 a0 A 7

© MR ITF EHHBNHFEIH

3 A[EIRE MK-2206 3t MCF-7/ADR 48l i B & 2= 3K

igiob Al
Figure3 Influence of different MK-2206 concentration on doxorubicin
level in MCF-7/ADR cells
0 5 10 (nmol/L)

[0 p- (Thr308 ) Akt
[0 p- (Thr246 ) PRAS40

A: MCF-7/ADR 41 Jifi;

A: MCE-7/ADR cells;

TR E2, B A B n) T RR T S8 B R A
Wi, BFFE UM W], PI3K/Akt {5 5 38 B A9 B4 0%
Z 57 Mo e & A& UG, & PI3K/AKt 5
530 [ 5 e oRE TR 2 1 =2 1) R ST ROk 2, PIBKY
Akt {75538 5 A0 B0 WO Ry 2 R AR £ 24T 24 7
A E R HLE Y, PI3K/Akt {5 5 5 B b, i o 8 22
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F14) 30 5 i g T 24 P B9 3R T RE AL, — 28 PI3K/Akt il
HE 1) /N < 00 ) R A iR ) S D3R T O T LA R
B 1 1 i

% T, Andersen 2 " WK #iN T PRAS40
( proline-rich-Akt substate, 40 kDa) [ Thr246
7 B 2 AL RS BE MEA A0SR PI3K 5 = 3 3 19 800G
R S5 A AT erse " XF p— (Thr246 ) PRAS40
7 FL R A8 T 0% 2 3K 43 BT B LI DR s B 27 R SR T
& B E R4S, 45 R R 7R p— (Thr246) PRAS40
Al BE TN LRI Y 2 2 250 S X — i R

Akt & PI3K/Akt 3 #% 9 & Rk s 437 ™,
TEZ PR A AU R A Ak (5 B Fek Fms iR Ak ),
A AR U W W R AR B A B T Ak
Al LB R Ik BCL-2 Z 5 A9 Bad" " Fi 2 1 K it i
caspase-9'" AN T AT DL o B R Ik GSK-
3B "SRR IE cyelin D17 (4 R4 . Clark 25 21 % 91,
20 6 B 1 24 ) BE A O BTG PISK SRR Ake FO R
PR, DA foff 200 7 A 2 o T) Aot 0 i 7 1 24
T DL T 20 PR U A2 AR K% (38 EGF %
PDGF ZK & VEGF K& ) Fl TNF 52 4K Kk LA &
IGF Z K, W4 P13K/Akt i B%, i 40 g 7 2F
it 245 . X — & BLHRE 7 o] DL oL il PI3K/Akt 55
2 T3 [ ok 306 5 A B i 25 2

MK-2206 f28 8 i e e /N o1 Ak 0 57 1,
I B G 10 S AR A oIS o P AR g 2 R
7R, MK-2206 7] B i B AR B 25 % 19 1C,,, H &2
W FEARMME . T U EE A MK-2206 7] 42 55 i 24 40 il
I3, A, MK-2206 i8] F 8 25 40 i Akt
1 PRAS40 Wi b R (I 1y ik {H MK-2206 X fif
HRAMMBAN RSB A B ERm. L EgERE
7N, MK-2206 A LL3# o #0i] PI3K/Akt {5514 538
%ok i 5% MCF-7/ADR T 2546, W REM B A
Wisk: — 2 H Ak BERR fk, FHUE R RS
AT, WP TR & R p-
( Thr246 )PRAS40 3k 35F Pl PI3K {55 5 3l % fif 2 7
NIBEE S T

DL PI3K/Akt {5 5 3 % 4 1 I8 & 7 B Tif 24
T SR O R ST I I R . A BT THSG (%
Z A ) L LY2940027 | Perifosine™ ™ J H Al
25 $E G R, MK-2206 i K8 S e T HA A
WO RS AR e, R Y B,
MK-2206 411 il Akt B {2 £k 19 58 71 A 2 Bk 40 it 3

© WA )3 i [ & F A F A EFH

PR A0 ) A8 S 2 2 o RIS Hirai 45 P2 A9 BIF 98 IR 5 «
MK-2206 1] DL p [] Z B 20 it 25 14 25 9 ok 30 ] i 92
Wk, 4 FArik, MK2206 i PI3K/Akt {5 5 1%
S AR, BT B R N AT S i DL 4
MAE 5 4% 5 38 2% R 48 5 2R AT 0 58 B BB 25 )
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