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Reversal of drug resistance of trastuzumab-resistant human breast cancer cells
by recombinant adenovirus carrying PTEN gene

XIAO Ming, WANG Ya-jie “( Department of Oncology, Changhai Hospital, Second Military Medical University, Shanghai
200433, China )

[ Abstract ] Objective:To study the role of adenoviral-mediated PTEN gene transfection in reversing drug resistance of
trastuzumab-resistant human breast cancer. Methods: Recombinant adenoviruses carrying PTEN gene ( AJPTEN ) were
constructed and transfected into trastuzumab-resistant human breast cancer cell line BT474. Proliferation and apoptosis of
BT474 cells treated with AAPTEN and trastuzumab were measured by MTT assay and FCM. Time course of BT474 cells
apoptosis induced by AdPTEN was analyzed by detection of DNA fragmentation. Western blotting was employed to measure
phosphorylated-Akt expression levels in AAPTEN treated BT474 cells. The nude mice model of BT474 cells was employed
to observe the effects of AAPTEN and trastuzumab on trastuzumab-resistant human breast cancer in vivo. The expression of
PTEN gene, cancer cells apoptosis and ultrastructural changes were evaluated after the mice were sacrificed. Results: We
successfully constructed recombinant AAPTEN; and the titer of the recombinant adenovirus was about 4.2 x 10" TCID/
ml. PTEN gene expression was identified by PCR, RT-PCR and Western blotting assay. Combinatorial AJPTEN and tras-
tuzumab significantly suppressed the proliferation of BT474 cells and induced the apoptosis. The percentage of apopotosis
cells treated with AAPTEN was ( 20.7 £5.82 )% , companied by cells cycle arrest in G, phrase ( P <0.01 ). DNA of
AdPTEN treated BT474 showed a typical DNA ladder at 24 — 36 h after infection. An obvious down-regulation of phospho-
rylated-Akt expression level in cancer cells was identified by Western blotting. Tumor growth was inhibited in nude mice

receiving injection of the recombinant adenoviruses when compared to control mice treated with AdLacZ ( P <0.01 ).
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PTEN protein expression was confirmed by immunohistochemistry. Tumor cell apopotosis was detected by TUNEL and

electron microscopy scanning. Conclusion: Our result suggests that PTEN protein can down-regulate phosphorylated-Akt

and Akt kinase activity, and block the activation of PI3K/Akt pathway, and subsequently reverse trastuzumab resistance

and induce cell apoptosis.

[ Key words ] breast cancer; trastuzumab( Herceptin ); drug resistance; PTEN; gene therapy ;reversal of drug resistance

B Al 2R B BT ( trastuzumab s 75 &1 24 0 B5 R TT,
Herceptin ) A9l AR FHEES 7 HER-2 3o 23k 1) FL IR
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INFEE . BT AN PTEN BATERERIIAR 2R/ AR
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1A T Chemicon 2y &, DMEM 5 3% 3 F Gibco
H)o MTT #3757  X-gal B P1 K3 FI A F Sigma 24
Al EPHifh 1gG-AP IgG-HRP , — 2 JLIE 5 i 2 e £h
( DAB )W FAE 4 ) TR/ Fl . RNA fli$ 075 &
F1 NBT/BCIP W4 T 425 A= Wy il it A FR A W] . PTEN
¢cDNA 31 ¥ 1:5-GCAAGCTTGTGACAGCCATCAT-
CAAAGS3"; 5l ¥ 2: 5'-GCGGATCCCCTCCAAT-
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&4,3"%5] BamH 1 BEUIA 4S5 1 210 bp PTEN %&
KA B, 7e B 3] pMD-18-T # 44, H M13 5| ¥y %t
pMDI18-T-PTEN ¢DNA # 47l /¥ I )% iE 8 )5,
Hind I/ BamH 1 ¥ PTEN F B )\ pMD18-T-PTEN I+
7S T3k, ) Hind M /BamH 1 B pCA13 #8044k, 1
TADNA EZMAER T, KL rELr) pCA13 5 PTEN
F Bt AT 4% 3 ) Hind 1/ BamH T FH %58 B 50
K&, H Hind Ml + BamH 1 . Bgl 1 . Sac 1 B Y] % &
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BT474 4HHELL 5 x 10° /FL3ERD T 6 fLAREE = &2
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2.5 ml SEEREFEWEEFE 48 h J5 4T X-gal Yt ; Wi
BT BEALPRIE 3 > = A LR, 430 F 5 e A i
PR v i A A L% F 4, OB SR % 300
1.5 Western blotting 4 & 48 I% % 5 2 4 BT474
J& PTEN % & #9 & ik

Ffl MOI = 100 /Y AAPTEN J& ¥t BT474, 48 h J5
A3 B DNA L RNA, HBI# 1,514 2 17
PCR } RT-PCR ¥ 3%, AdPTEN J&& ¥t BT474 4 ity
4 h, 4 2% DMEM 48255535 72 h, 539 T 24 .48 .
72 h 2L A0, AR AT Western blotting 75 A
PTEN Z& [ (1) 3R 40 il 24 fif i L7 12% SDS-PAGE
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24 36 148 h A4IHLH 40 pl PC ZE i H & ,37 C
FRE 1 hs B0 BV B2 WR4A; InA 0.25% NP-
40 ¥ 3 l A1 mg/ml RNaseA ¥V 3 wl,37 C#f
B 30 min; A 3 pl FEHEE K,37 CHEE 30 min; N
A 12wl BRI ERE T 1. 5% Bh W B I H Uk
6 h, Isg i F iR FIXT IR
1.9 AdPTEN & 3 % BT474 #m g Akt B85 AL K
F 893 #

AdPTEN il Ad LacZ J&Zs BT474 4ii iy 35 57 5
VEzs XTI, 4REE8 3% 48 h IR A LR 4R i, Jin
i 2L % W VK Y 30 min, 12% SDS-PAGE Hi Jk ; 5%
JI6% s R B 5 P 5 22 SR/ S R T Akt )S473 BEFR
2 wpEdiik 4 Cab i FPi 1g-AP 5 E 1 h;
5 BCIP/NBT #GE 1 he
1.10 AdPTEN & 28 8% 5% 48 * 477 SURR B AR R 49 %6 77

12 H 3 i1 BALB/c MEPE#R/INE, 3785 T LA
1 x107/ - BT474 4 a2/, I8 5 BENL 5 3 41
FIPRIAAIA + PBS A HE w] BREAPL + Ad LacZ ZH A0
HERIEZR 9T + AAPTEN 4. JRYF 4155 10 KIF 4R P
AN B HEE ST 250 wl ADPTEN( 10° PFU ) + 250 pl
HERIBRPAT( 0.2 wmol/1), B H 1 ¥, 35 10 ¥k ; X B
T 545 AdLacZ 5% PBS. P H & i g (A< FH

HRIRKTESSIG 24 b, FOHER 7R AL FERR B, 3 2590 1,
a2 e 4 AR TS e AR B R %
111 Sz ateteim 45 44 7% 4147 PTEN & & & ik
BRI L8V YL B, s s e &, o E Ak
oy 1t LU PR 5P 3 4 A il 1 9 e 5 A S 1 3
WG, 218 FWEE 10 min; NHBT A PTEN 4K
4 Cr 1, I EHi i IgG-HRP, iR F ¥ F 30 min,
DAB A5 ARRE YL, Bike ,
1.12  TUNEL 34| 45 49 20 64 8
PIH I A 20 ng/ml 2 FAME K37 C T i1k
20 min, 1 mmol/L H & f2- PBS 3 ¥E Wi K, &K 5
min; LA 30 wl B TUNEL ¥ ,37 °C 60 min; fill1: 500
DIG #t#k 37 °C 60 min;0.05% DAB +0. 03% H,0,
B RARER Y, CEERG, B R Bk
1,13 S5 ALIE LR AR R 24
P2 R 1 em® KN, 4% 225 g
FEL,PBS ¥E2 ~3 h; 1% 8L [E 2 2 h, R LK IR
IS5 Epon812 433 ;45 °C .60 °C & %4 24 h;50
nm Y52 8 12 ml FPERRET YLK 3 800 x g &
L 30 min; WP 2 BE R E A YL &, G YL 20
min s {5 25 Y 50% CBEE B , WA R 45 YL TR
AL B YE A 20 min, 5750, vk, B I 1K
3, WU D v e Ak, R
1.14 “itsam
THEAELL x £ T, R SPSS 11.0 i it4k
PEUEATARIA] ¢ KSR TR RS

2 & R

2.1 E4MIHAE AIPTEN 89 % 2 4] &

FHMR RIS WA 1 FiR ., TCID,, Bkl
ENRTENE M 4.2 x 10" TCID,,/ml. T 20 I 95 75
AdPTEN £t PCR %5 ESE PTEN JEHAFAE
2.2 EHMHHF AIPTEN o9 & 42 50 5

24 MOI =100 i}, AdLacZ JEYLRCHR A 100% (&
2 ), 3 B o 4 IR B BB A RUCHb K SR 3 TR L A 3
BT474 4Af3 4, MOI = 100 Jyfid B YL
2.3 AdPTEN R & BT474 Zm e PTEN 9 & ik

PURRYL A0 5 DNA H1 cDNA N Hy, ] PTEN
LY 151947 PCR M RT-PCR, &5 ¥4 1 210
bp FIF B & 3 ). Western blotting [RIEE K 21 41
X 43 i 60 000 [ PTEN 2K [ 454, E S T &4
WA BE 7] PTEN JER 5% 3 3F BT474 A0fd T, IF 45
BRI s ARIACE 4 ),

2.4  AdPTEN & 3 5t 25 Ve SURE & 2m FEL 2 B 5] 2k
BRAER T I FHom
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AdPTEN JE&%¢ BT474 408 24 h J5 KFH 540 i
AR AR Z B B R, 72 h LU 28T T
M AdLacZ HA0ME 4 d B 100% L4 . A=Kl 5s
AdLacZ 41 Fi1 PBS I EE LR H 2Z5(P >
0.05 ), AdPTEN ZH 2 Jfu 3% 5 70 35 A 79 of A 2 )Y I8 9
MB( P <0.01), 72 h M§IRL Ky 57.34% , Ui
AdPTEN JEHL R LGN BT474 20 i %oF 7 ) 2R BB 1Y)
FRURRAE: , 4 L 4 5 32 30 B e 40461 5 11 AdLacZ J& G If:
AN BE AR 20 s 24Pk, PR TGS 5 e 4 e 1G5 1S )

1 pCA13 PTEN FHRFRMAEILEE
Fig.1 Indentification of recombinant pCA13 PTEN
vector by restriction enzyme digestion
1: ADNA/ EocR 1 + HindIll marker; 2: 1 210 bp
PTEN ¢DNA( Hind Il + BamH T );3:1 649 bp
CMV +PTEN cDNA + SV40AN( Bgl 1l ); 4: 1 530 bp
PTEN ¢DNA + SV40AN( Sac [ )
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B2 X-gal f£EKNIRFS AdLacZ
( MOI =100 )33 BT474 FARRATRLE ( %200 )
Fig.2 X-gal staining for detecting infection of BT474
cells by AdLacZ( MOI =100 ) ( x200 )

2.5 AdPTEN & 3 xf 2f 3] 2k £ 40 AF A T it 25 4 5L
R 201 1 ) 24 0 % o
J&Ye ADPTEN F1 AdLacZ f BT474 2 Ji 3 5 J&]

WAy T4 (£ 1) R : AAPTEN JE e 21 ) 81 B
BT, HS AdLacZ X LA L G, 140
JIBH 3 2% S WA B b, 2 5 A Gt e B X
(F=81.56,P <0.01 ), AdLacZ ZH F1%F HE 20 4H Fb 4%
B B At 2 % b 461 2 S e e i 24 7

bp B | 2 3 bp

1210 1210

3 AdPTEN E:th) BT474 R+ PTEN EH
FIAH PCR( A )& RT-PCR( B )¥7E
Fig. 3 Identification of PTEN gene expression in BT474
cells infected with AAPTEN by PCR( A ) and PCR( B )
1:ADNA HindIll/EcoR | marker;2:PCR product of
BT474 cells infected with AdLacZ;3: PCR product of
BT474 cells infected with AAPTEN

1 2 M(x10Y)

60

El4 AdPTEN Eii) BT474 4RI+ PTEN
E B Ri%H) Western blotting 16 i
Fig. 4 Expression of PTEN protein in BT474 cells
infected with AAPTEN by Western blotting
1: BT474 cells infected with Ad LacZ;
2: BT474 cells infected with AAPTEN

- ~—PBS+Tras T

5 L AdLucZ+Tras
=4 = AdPTEN+ Tras :/41;%1
8 15
= 10} ?/ '
3 =t
fﬁ’i‘ﬂF‘*ﬁﬁiﬁﬁhxi
0 . ? ? ;
I 2 3 4 5 6
Time (t/d)

B 5 AdPTEN BR/EMmiZ5 143 E BT474 4
EHARETIERATHERMZ
Fig.5 Growth curve of BT474 cells infected by AAPTEN

and Ad LacZ with trastugumab( tras ) treatment
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#&1 AdPTEN B35 R Bk 245146 A T B9 BT474 dRaEHAFA TR % )
Tab.1 Effect of AAPTEN infection on cells cycle and apoptosis of BT474 under trastugumab ( Tras ) treatment( % )

Cell cycle
Group Apoptosis rate
G, G, S
AdPTEN + Tras 20.70 £5.82" 67.35+3.81" 9.93 +2.88 22.74 £4.52"
AdLacZ + Tras 2.25+1.25 49.34 £3.54 9.54 £6.21 40.30 £7.47
PBS + Tras 2.83+1.63 50.21 £3.81 9.98 +5.28 40.10 £7.89

* P <0.01 vs Ad LacZ group or control

2.6 DNA K BACH AT I EmT 25 P SURR S m AL 8 =

AdLacZ JE&Ye 21 e 5t BE A1 4 DNA AR JC %
fif , AdPTEN JEYL 41 4 it & A= LA i) DNA 7 Befb
%(E6), I LURYLS 24 ~36 h F . Uik
it R 1 R A TR B e e U, O T R A 3 i ey 5 T[] A28
K, KA & A= 3058 , DNA BRIE 50 AR i

B 6 AdPTEN BLFIHFAKBHIERAT
BT474 4R T8I DNA FBRAL D7
Fig.6 DNA fragmentation of apoptotic BT474 cells induced

by recombinant Ad PTEN under trastugumab treatment

1-2: DNA extract from BT474 cells after infected with AdLacZ 24 h

and 48 h; 3-6: DNA extract from BT474 cells after infected with
AdPTENI12,24, 36, 48 h respectively; 7: PBS; 8: Marker

2.7 AdPTEN % % 2t $UJ% BT474 20 e Akt B B2
KT8 % v
AdPTEN L J5 4R S 55 57 48 h; W3R P kT R 2
J AAPTEN /YL }u 1T Western blotting £l % 2K,
AdPTEN YL 40l b Akt BEBR b /K P48 AdLacZ 4H
SO R 2 I PR 1B 7 )
2.8 AdPTEN 74 77 # R SUME S 5645 78 09 LR
TR R Bl 28 AAPTEN + #F 7 Bk B 4016 77 20 d
J&  JEIRFR R (396. 17 +225. 43 )mm® B B/ T Ad
LacZ #1( 3 189. 19 + 893. 65 ) mm’ FI PBS 41
(3294.64 +876.27 )mm’ . WX} HRZH 53477 4 18] 1Y

iRl R HG it 2 L (F =432.31,P =
0. 0005 ), #IEE %K 87.98%

7 Western blotting #& il AAPTEN
R ZLBRE BT474 HAEH Akt BEER L AIKF
Fig.7 Level of phosphorylated Akt in BT474 cells infected
with recombinant Ad PTEN by Western blotting
1: Control; 2: Protein extract from BT474 cells after infection
with AdLacZ 48 h; 3: Protein extract from BT474 cells
after infection with AdPTEN48 h

2.9 AdPTEN 877 G #AHE 42 % PTEN & & 6 4

%L PTEN 19 5 5w B BT AR AT fe 92 41 b
o, & IAE AAPTEN Y697 19 #% A R 41 2 b A ) 2]
PTEN % F (363K ,iIEBH 2 AAPTEN 897 )5 PTEN 3
RITE S 6 A N A3 T B s RHIRC 181 8 )
2.10 AdPTEN 7 75 2045 44 9% 40 B 64 B T

TUNEL JAR I 25 5 A 30, 16 7 2HL 08 17 41 e B
W BRI, T AdLacZ 41 F0XF IR 40 AV A HLAE
SIATTIT AR 81 9 ) BRSKRYI A BEHLIR S A fs
P, ST P BH P4 2% o0 240 60 E5ORN e 4 S 55,
Fie AIC % ) = PHAM: 20 B 50 i 72 40 B 54K < 100% 11
bR P T 48 4 apopotosis index, Al ) 4R WK,
TBYTH AL (55,40 + 6. 37 )% , ¥ AdLacZ 411y
(12.05 +3.71 )% s %t BALH (K( 13. 34 +5. 20 )% M
BH#LZ(P<0.01),
2.11 AdPTEN 7477 B HLJ% 2 Mo AB R 25 MG L R

AdLacZ 2T HEZH 4 i Jc 58 A& B0, 167 2 i
JEA LU SR B IR A TR A A% R AR,
FE A ML 5T N AT DL 22 A~ F -4 1G5 i AR e, 2
PRRRAR /N 20 B 5T v 47, P (%) 40 B s DR A7 B4, 4
JHL 5T P AT D s 3 22 20 TR DR R 7 B (BT 10A )
U TG S AT A B0 5 ) PR A s R ) 4 L 25 0 248 L
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8 AdPTEN G448+ PTEN EHRIRIA( x400 )
Fig.8 Expression of PTEN protein in transplanted
tumor after treatment with Ad PTEN( x400 )

A: AdPTEN treatment group; B: Control group

B9 TUNEL %4l AJPTEN i 4
BB TER( x400 )
Fig.9 Apoptosis of transplanted tumor cells after
treatment with Ad PTEN by TUNEL staining( x 400 )
A: AdPTEN treatment group; B: Control group

B 10 AdPTEN i&fr BB EEMAMABREHIEE( x12 000 )

Fig. 10 Ultrastructure change of transplanted
tumor cells after treament with AAPTEN( x 12 000 )
A:Typical features of apoptosis: such as decreased cell

size, chromatin condensation,fragmentation in micronuclei;

B: Apoptosis body represence

3 it

HER2 J&—F i 2 R I i 32 1k, 22 5d it A
SRS EGFR S HAb AL 51 45 5 T8 iU IR —
AR, I Ak PR I %) s 2R VG , DA TR T Ui {5 8
B, S50 AR e AT S 5T
el S B% 54 PI3K/Akt & Ras/MAPK {5518
%o BRI AR R A0 A A A A S R L
F AT BEMLIE : HER2 1 — R JC B AR 9 L[] 52 4%
55 HAB R BB R IR R A B T 5 R i
REER S, KRB EROGESH SN [
iF, HER2 Al C-Cbl #8735 i) HER1 N 75 i AR
JH,fdt HER1 MR A5, ANRES C-Chl {HEAN
5 Tl A 8 e, T ORI IR0 3 40 B S, L HER1/
HER2 R “ RN X 2 A IEF S FEM. It
A, HER2 i W] 35k T o8 48 it ) 30 400 i %0 p27 A
p130 175 iR 240 it Xt 7 =5 [ AR ML 1) T 2 A0 358 5
A A5 AR BT & AR

BEA SR PP EEAEMIH E R e S T
HER2 Z &M 4N B, BELIEr HER2 [a] J5 — S8 {4 19 41 1,
PEBE IE T4 HER2 5 EGFR 55 HAth il 51 45 &5
A5 HER2 3244 N 75 A FH AL 7 A P4 9% e, L
HER2 PR B ML #, i HER2 & H 1Y 5%
B A, T A HER2 X b2 400 i 1) 2 1 6 7% £
FRSRLOTI IR M I S OB ) BR AP 25 B AL AT
AEA LA TILA T > (1) 4w A inghE
F MUC4 ) BH HER2 3Z & S8 R Bk bt LIk A
5 HER2 454 ;( 2 )Her2/neu JE[H 975 , 50 )
PREAHTLAY I (3 ) HER2 F i PI3K/Akt & Ras/
MAPK 15538 6 1 F AR R mdEaami e

BF5E 10 WoR  BE R ER AL 25 41 bk BT474 £
il EGFR %5k HERI \HER2 . & HER3 Fik T4k
P LA BB R Ak /K T 5 B AR O 25 55 5 T #E ) 2K P
PUVEF T HER2 FiiFHY PI3K/ Akt 15 538 B5 1 98 £
ZETEAL, PRI PIBK/ Akt f5 538 B RFSETR A2 5 |
1 245 () T ZEAL I, R ARG B B 8 T
BB AL IR AR 22, 40 PTEN JE[R 25 1% 5 908 20 it 8
o 5 2 1A HG Al A7 1A 55 BN HER2 1 T {5 538
S B A2 A 1 2 IR Uk S A AT 4 4 2 i
P p27kipl ZKF TR cdk2 T PERESR ;B
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