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PTEN inhibits proliferation and VEGF expression in human umbilical vein endo-
thelial ECV304 cells

YAN Xiao-yan', CHENG Zhi-yong’, LI Lin', LIANG Li-ging', WEI Zhan-hui', WANG Ya-Li', SI Miao’, GAO Lian-
bin’( 1. Department of Hematology, First Hospital of Baoding, Baoding 071000, Hebei, China; 2. Department of Hema-
tology, People’ s Hospital of Dingzhou, Dingzhou 073000, Hebei, China )

[ Abstract ] Objective: To investigate the effect of phosphatase and tensin hemology deleted on chromosome ten gene
( PTEN) on proliferation, apoptosis, VEGF ( vascular endothelial growth factor ) and its receptor VEGFR1 expression in
human umbilical vein endothelial cell ( HUVEC ) line ECV304. Methods: Recombinant adenovirus containing green fluo-
rescent protein ( GFP ) and PTEN ( Ad-PTEN-GFP ) or empty vector ( Ad-GFP ) were transfected into ECV304 cells; pro-
liferation and apoptosis of ECV304 cells were measured by MTT assay, Hoechst3342 staining and flow cytometry, respec-
tively; PTEN, VEGF, VEGFR1 mRNA expression levels in Ad-PTEN-GFP-transfected ECV304 cells were examined by
quantitative PCR; and VEGF protein level in ECV304 cell supernatant was detected by ELISA. Chick chorioallantoic
membrane ( CAM ) assay was used to study the effect of PTEN on angiogenesis. Results: Ad-PTEN-GFP transfection sig-
nificantly inhibited the proliferation and induced apoptosis of ECV304 cells and the inhibitory rate and apoptotic rate were
(50.38 +5.42 )% and (73.3 5.3 )% at 5 d. VEGF and VEGFR1 mRNA expression levels were ( 13.40 =1.32 )%
and (46.12 £5.20 )% of untransfected group after transfected with Ad-PTEN-GFP at MOI =100 in ECV304 cells. Fur-
thermore, CAM assay results showed that Ad-PTEN-GFP transfection inhibited CAM angiogenesis in vivo. Conclusion:
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PTEN can inhibit the growth of and promote apoptosis of human umbilical vein endothelial ECV304 cells, which might be

related to the down-regulation of VEGF/VEGFRI expression and the resulting angiogenesis inhibition.
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endothelial growth factor, VEGF )& — it & Ji h5 53 14
O f ML P9 B2 20 AT 22 03 2 H, VEGE 5 A2 14
VEGF 224K 1( vascular endothelial growth factor recep-
tor 1, VEGFR1 )Z5 45, 30 3 i & P9 B A 4 2 5
AR A, 1 A, BRI A
VEGF e HAZRTE N Z2 0 A2 1l 487 AE At P 576 fie o
AR Rk, SR E AR 10 5 G AR
% B W% 2 1§ 5 [H ( phosphatase and tensin hemology
deleted on chromosome ten gene, PTEN )% i H. A5
MREREPERR (A e AR K R E E S
SR T R AR E AR, R RE R . PTEN 5%
TRIKF- BRI R 2R K 98 788 26 ] S 0l i e 2B A AR
FHEHAN(RZE > 5 A R 0 K A R K T
JEEPIMG . [ PTEN 25 v i) i A8 26 1, B
MR UM A 2 B 0 PTEN 4y 2 5540 i it
N AN, 2 R ) VEGE M HAZ Ak & FAE
L HHETH AT . PRI, ARSI i s 2k 5
PRSP A= B PTEN J [R5 AN T #5 bk 9 Bz 240 1 2%
ECV304, W5 Xt ECV304 20 i 34 5 | I 7 A 52 i
LA RERY AL
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1.1 &5 A

TRIzol W4 [ 3 [E Invitrogen NI R 37 r AR
Z 1 SYBR Green Real Master Mix M H KR 4= 1k Bl
FC b A RAFE L PCR 51975 b st 28 AR
YN w4 I, VEGE ELISA #3277 &5 0 B 46 50 &
KAV TRERARAF . NIEE A1 293A F T 7
FREY I, I 10% 2 1T (=5 1% DMEM 5379
FEg% s NIBEw Ik N B2 4 pk ECV304 1 T b [ )2
Be At e, f TA S o KR A7, I3 10% 5 4
I3 Y RPMI 1640 S5FRIEF TR s PIEIILE 37 °C 5%
CO, ARG NFEE . A5 A PTEN F:[H F4k
{05 Y65 F1( green fluorescent protein, GFP ) 3 K Y
HH M EE Ad-PTEN-GFP FIAN{0 & PTEN 5 H

PTEN; vascular endothelial growth factor( VEGF ); VEGF receptorl VEGFRI ); angiogenesis; ECV304
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T GFP AN IR B Ad-GFP ¥R 15
FEHAFFARA RN FA IR
1.2 Ad-PTEN-GFP J%# & % ECV304 %1

TR L &5 ( multiplicity of infection, MOI ) A
50,100,200, 7€ 100 pl JG IfiL 375 3% 752 9 m A Ad-
PTEN-GFP 5% Ad-GFP R #EU5 , T ECV304 41
MIFEFTRE % ,37 °C 5% CO, 5 FRE3R 2 h, i A&
10% JE2F 37 ) RPMI 1640 ¥ 34k 23555 3 d, 8%
J FER QA SRS e 15 GFP 40 B %) EL 451, 50k
1.3  Hoechst 33342 #-m| 28 e, 8 =

LA MIO =100 /R YL EE S d J5 ECV304
YA, 1 x PBS PE% 2 I, A Z¢ 6 Y4 Bt Hoechst
33342 BAFHEWE 10 pg/mL. HIREOEY @ 15
min , WA G ERZ IR A 350 nm 9GBS T
LML . 1E% iR Hoechst & ORISR R
T TR W A, 5 TR T 40 B % A% PR TR 4R i S e 1
THEC500 AL, T T AR T A L
1.4 MTT %40 ECV304 20 fe b 34 74

¥ ECV304 i 73 Ay A YL 20 ( X REZH ) Js e
Ad-GFP 4 F1 /& ¢ Ad-PTEN-GFP 41, i MOI = 100
Jie TR, W ER A A A, SR 96 FLAR, B
R0 T AR KA 4 2H ECV304 4 i3 F0( 5 x 10°/
fLOE#ATHESR, TANFEE] S A FLIMA MTT 33,
JEE 4 h 5 B0 BIEW, A DMSO k35 504,
FEEAR AT 490 nm P A0 A I 45 LY 625 FEC D,y )
B HRYEREE A D, (AL H A M2, g0
KAMHIRC % ) =( XTI D i - 55641 D {8 /%t
B2 D 18 x100% .
1.5 AXmEAER ECV304 28 8 T F= 28 I )5 41

WA 2H ECV304 4 it 4% MOI = 100 J& 4y, 7
HIA 1.4),1 x10° A 4H/ 40, 2 70% L34 C
5L 7, i A RNA ff§,37 C /KA 15 ~ 30
min, JIABEABEC propidium iodide, PI),4 °C £
15 min, b 7S44SR , 53 B ECV304 21 L 1=
R AN R 3R G, /G, #1.S BAF G, /M ).
1.6 S£&F% K E % PCR 40 PTEN .VEGF #= VEG-
FRI mRNA #) %A

W AE 2 AN TR MOT Ad-PTEN-GFP &4t 2 d J5 1Y
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ECV304 4iififd, PBS W5 ¥k 2 Wk, 8B40 i 45 . 3R
A S RNA, HL UK 58 8 JF 2 LAJS R sk B i
cDNA, SEIFD6E B PCR [0 : SYBR J v i £ 3t
25 wl, R4 94 °C 5 min 94 °C 45 5.60 C 1
min, 30 MG, [ 125 FIXT IR, PCR BRI 3 ~
15 MEIR VAT SRR IO CANEAZ S, 15 Fe Lk
FE AL, B DO LR 5 R A8 S B PR ECED
CtfE. MRIEAACE = Cryyyyn — Clypn MA ACL=
2740 SRR L B Y mRNA A XS Rk, 4 &
23 YOFBCEFME . Frkl B (93K PTEN \VEGF |
VEGFR1 H B-actin BJAHE PCR 5975 W4 1.

R 1 LHWNEE PCR FIEET ARG HFEF5I
Tab.1 Primer sequences for real-time quantitative

polymerase chain reaction

Product
Gene Primer sequence
(bp)
PTEN  F:5'-ATACCAGGACCAGAGGAAACC-3’ 101

R:5-TTGTCATTATCCGCACGCTC-3’

VEGF  F:5-TGACGGACAGACAGACAGACACC-3" 208
R:5"-AGAACAGCCCAGAAGTTGGACGA-3’
VEGFRI F:5'-ATTTGTGATTTTGGCCTTGC-3’ 555
R:5'-CAGGCTCATGAACTTGAAAGC-3’
B-actin  F:5'- CTGGCACCACACCTTCTACAAT -3’ 382

R:5'- AATGTCACGCACGATTTCCCGC -3’

1.7 ELISA #0 ECV304 % fe L& % VEGF %9k JE
B A ] ik B2 ( AR SR YL 20 | Ad-GFP ZH il Ad-
PTEN-GFP 21 )ECV304 4ii {35 % 135 Wi, BT 1A e
> ELISA (5 5 W H VEGF R JEE . #2188 VEGF
ELISA {50 @5 E BRAMRUNAFE I BRI RN A
1490 nm PR TREM . AEASARE S FREAR 19 6%
JE( D O(EZ X IR FL DA, JEFEA D R AR
HEMZR A 20, 15 AN Y VEGF BT EE( pg/ml ).

Ad-PTEN-GFP, 1 d

Ad-PTEN-GFP, 3 d

1.8 X Jr R B 52 B Ah ) o 8 4 K

BB EEXS 2 K500, & T 37 °C AMXHEE 60% ~
80% HITFF IR E . WL B 8 K, Jopd &1
TAE S R JR F% I ( chick chorioallantoic membrane,
CAM)MINARR % 3SR 1 ml( R ERLMN A 1 x 10°
PFU/ml, 53 R A &G X T BRZ( 0. 9% F AL ANV A0 RF
Wi FIEW ) Ad-GFP 2071 Ad-PTEN-GFP £, ##h
J B0 JU T 7 ) 2 a2 A B 11 st 11 [0 5] 37 °C
BEIRpavh kS E . XORRIEAL 72 b, FT RS O £E
PRAE R P I B DN RTR AR 1 1) [EE L SRS BT
MR, e BB T REALEEE 5 NI THEOMm 4 43
OB AR % ) = R IR Y 3 S8 A=
FRERIK XS BRAL Y 43 38X % 100% o
1.9 %itzae

FrAEHRUL x 5 Fon BT SAS 8.0 4eitik
PEHAT AT AR B, AL B BCR K, 2208
B L F RS, FErh i A ] ¢ K50 DA
P<0.05 8% P <0.01 F/REFAGITHE L,

2 & B

2.1 EMAFHFE Ad-PTEN-GFP 84 B e 2t &

¥ 2 IR % 7 Ad-PTEN-GFP #% MOI & 50,
100,200 /8% %L i P9 K2 40 i ECV304. 45 5 k3,
MOI =100 JE&H% 48 h I} ECV304 4l i) B YL 85 % 1k
95% LA b, F54 FERIE T X AR Y Bk . K IS 4k
S IR A4 T Ad-PTEN-GFP 84
2.2  Ad-PTEN-GFP &3+ ECV304 2m it & 69 % vh

Y Ad-PTEN-GFP J5 ECV304 41 Mo 245 i 42
RUFUAS B0 = AR 8 A2 S BRI Ad-GPF &L J5
ECV304 4HMIEASTCH ks K 1),

I T Y ECV304 4l 5 d J& , Hoechst 33342
DY N, IE W IR Hoechst & (0 A0 TE A5
[ | R €0 5 77 O] T 400 B %) A T R 4 T 22 5
6, JE&Ye Ad-PTEN-GFP %52 5 d J5,ECV304 21

Ad-PTEN-GFP, 5 d Ad-GFP, 5d

1 Ad-PTEN-GFP Bit/5 ECV304 ZHRAIFAZE( x 200 )
Fig.1 Morphologic changes of ECV304 cells after Ad-PTEN-GFP transfection ( x200 )
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HT-FN(73.3 £5.3 )%, W& T RIEEYLHK
(4.2 £1.1)% FIEYL Ad-GFP 49( 6.2 £1.2 )%
(¥ P<0.01,E2),

Ad-GFP

Ad-PTEN-GFP

Untransfected

2 Hoechst 33342 &4 Ad-PTEN-GFP
B ECV304 HAaRRAT( x400 )
Fig. 2 Apoptosis of ECV304 cells after Ad-PTEN-GFP
transfaction as detected by Hoechst 33342 staining ( %400 )

2.3 Ad-PTEN-GFP #p4) ECV304 2mfe 6438 54

MTT A5 A & YL 20 Ad-GFP 41 F1 Ad-PTEN-
GFP 4 ECV302 40 my 3G 78 1 Ol 45 R (K 3) 1
78,24 MOI = 100 i}, Ad-PTEN-GFP &% £ ECV304
YARLEE 3 ~ 5 REFH BB A 3G B0 61,5 d B 20 i
HOFEAMHI AT 5( 50. 38 £5.42 )% , BEE T Ad-
GFP JEY4H( P <0.01 ),

*—Ad-GFP

—a—Ad-PTEN-GFP

Inhibitory rate (%)
Lad
(=]

U =
i

3 4
Time (t/d)

w
(=1

3 Ad-PTEN-GFP B4 ECV304 48RRI 1E5E
Fig.3 Ad-PTEN-GFP transfection inhibited
proliferation of ECV304 cells
"P<0.05, """ P<0.01 vs Ad-GPF group

2.4 Ad-PTEN-GFP & ¥ 2+ ECV304 8 f 8 = % 4
JieL )8 2R 6 % v

FCM A il 25 52 ( & 4 ) 7R, Ad-PTEN-GFP
YL 0.3 F15 d J5 ECV304 400 300 — 4% 44 4
oI AT R (1,34 £0.32)% (9.87 =
1.37 )% M( 18.56 +2. 11 )% , i T Z& 5 I (A 4K
HivER AN, Y Ad-PTEN-GFP J5 ECV304 41 fifg

S W Wy i, G, /M B 87 0k /D, $ o 2 i
RH7E S 1,
Ad-GFP

Untransfected Ad-PTEN-GFP

280
280
280

Apopiosis rate=2.836%

Apoplosis rate= | B.56%

Apoptosis rate=1.34%

210
210
210

Number

J0 140
140

0 70

1)

0 70 140

30 80 120 160 200 =1 40 80 120 160 200 ' 40 80 120 160 200

Channel Channel Channel

4 3 PTEN £E 5 d ¥ ECV304 40 EH R AT RS NE
Fig.4 Effect of PTEN gene transfection for 5 d
on cell cycle and apoptosis of ECV304 cells

2.5 Ad-PTEN-GFP % %< #7) 4 B% jk 4 B 0 5 4 A%,
He BEER K X PR ZH K2 Ad-GFP &b JH 25 %8 i R 4% it
AR R4, SRR, 73 308 5 Ad-PTEN-GFP
20 1 I LU Sk ) I R i DX S A B T AR X
M4 H B 8> T 48 B K X B4 & Ad-GFP 41
(& 5), Ad-GFP 41 .Ad-PTEN-GFP 4 % JIfs bR 4% &8
MAEFE R M M (92.2 +4.37 )% 5(57.6 +
3.37)% ,MEZFAZITFEX(P<0.05 ),

Ad-GFP Ad-PTEN-GFP

Control

5 Ad-PTEN-GFP %% 36 ff bR 32 B% I & 4 AL 9 #5146 A
Fig. 5 Inhibitory effect of Ad-PTEN-GFP transfection

on blood vessels formation of CAM

2.5 Ad-PTEN-GFP % % 3+ ECV304 %8 e, VEGF %
VEGFRI %3k %93% @

AJA] MOI 4 Ad-PTEN-GFP J&% ECV304 4 jits
3 d J5, e E B PCR BRI ECV304 4 it rp
PTEN .VEGF 1 VEGFRI mRNA HJZ6ik /K £ 2 ).
PTEN mRNA F£ik/KF5 VEGF .VEGFRI mRNA #
IKIKF- S A 5 24 MOI = 100 i), Ad-PTEN-GFP £
VEGF .VEGFRI mRNA ik 7K-NF-43 5 Ry A S YL 21 1)
(13.40 +1.32)% FK(46.12 £5.32 )% . [6Hf,
ELISA A4 (3% 2 ) i2/R , VEGF & FH & iA K
TR (63, 87 £5.82 )% .
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%2 Ad-PTEN-GFP B3t ECV304 40P PTEN.VEGF .VEGFRI mRNA 5 VEGF E B RiLH

i n=3, x+s)

Tab.2 Effects of Ad-PTEN-GFP transfection on expression of PTEN,VEGF ,
VEGFRI mRNA and VEGF protein in ECV304 cells( n =3, x =5 )

MOI
Expression molecule
0 50 100 200
PTEN mRNA® 0.07 £0.02 4.11+0.12 12.55 +1.34 42.52 +4.72
VEGF mRNA* 0.21 +£0.02 0.08 £0.011 0.03 £0.00 0.00 £0.00
VEGFRI mRNA® 1.21 £0.12 0.71 +0.08 0.56 +0.43 0.31 +£0.04

VEGF protein” 393.25 £41.19

311.12 £32.47

251.33 £24.28 121.97 £21.41

AACt —( Ct target gene — CtB-actin ,XIO_Z; b
34t

IME T A2 ( angiogenesis ) A2 45 1 o1 N Bz 48 Jfd 1Y
WEFE AN , A H A7 A6 1 I Ak Ak 2 Ak & 28
() 20 A BGHT B B 40 LA, P DA HT RO BRI 4 O R
— AN ML R G I FE R e U, L B
A U2 e APARBIR 300 77 72 b o vk VA KO R 28
HAbHL R R . W, A Hr e RS
A TN A8 R A — 3 B AR AR PTEN &
SRt HAG i TR 192 1t R B 1 O R O 42 1 A s
FH RS R AT S SR
RAEFREANEH . PTEN F21k 5% 0] 52 00 b A 4
T8 FHMH R, 5 R 0 & A R R BT A
@]*Hﬂé[ 5-3,11-14iO

TEH I B9 A TS PIBK/ Akt 15 538 B A0 18
%, VEGF 5 VEGFR 45 & )5, 1% PI3K, fi& ¥f
PIP2 #§fR 1k E i PIP3 ., PIP3 it PI3K/ Akt {5 518
PEAE T ISR 1, 3858 VEGF A B, M fi 28 1fi
EIIE R . PTEN %P9 ) i i 3 ) PI3K/ Akt
SR, M VEGE (A4 i, I T 490 i 1 % 4
/:_EL9-12,17JO

ASZIS DA RR I B A A, SR IR B A B PTEN
FH ) Ad-PTEN-GFP B0 #8265 PTEN 5 AN
IR FR DK LA P B2 0 B EC V304, 5528 4 A B 754
L, Ad-PTEN-GFP &4 B i 51 ] ECV304 2 i 1% 3%
B, A ARLIE 2 F AR B AN R U] = £ 98 48 R [ JE , Ho-
echst 33342 DEYL A UFSE ECV304 41 & A P81

HHEFE T R, BRI PTEN JE R 2875 1 /)N
SR 7 A=V F G A= B e, T AE S5 PI3K/ Akt 3 4% 1)
IIFE RS A e o [RIAS PTEN JER AR A et T
Ang2 \VEGF-A \VEGFR-1 I VEGFR-2 % £ F £ Ifi
e R BT ARBESEHS Ad-PTEN-GFP

: VEGF mass contration is pg/ml

i 25 G ECV304 A, K0 T ECV304 41 fiEg
' VEGF J VEGFR1 FiE/K ¥, 25 R Box, A
PTEN F3K B, VEGF . VEGFRI mRNA ik 7K
V2R AR PR DA, T4 7R PTEN BE %38 i 31
il VEGF JHLAz i3k, il PN iz 20 B iy 14 o, 2 i2F
PR AR T

A5 1 37 2 7 B PIBK/ Ake (3% 1k, 9t ) 3
B, PI3K/ Akt 3G L5 AT AT 32 175 5 X0 R bR 48 A 1fiL 457
B ARG ARG A PTEN 35K Ad-PTEN-
GFP i B VEF TGN IR ZE R 5 , e 90 5 28 2 M4 i
WEEAH EL , Ad-PTEN-GFP [l 75 B Sk 410 1) 4 i Jg 4%
R I A A A

B2, PTEN 3 PR RE A5 41 il B ik N 1 400 g
ECV304 1 34 5, 42 iF 4 B 0 1=, 7T fig J2 38 i
VEGF B Az (i & ¥AE M . PTEN JE AR by 1095
S B o H A 5w I Tl B R P Wl R I 2 FE BT
JeEAE A, AR ] i 3 40 ] e i AT AR R FE D
EH .
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