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dothelial growth factor, VEGF) B2 | FH1 22 24 )50 (mitogen—activated , MEK ) /21 it /M55 5155 25 1 34 (extracellular signal
regulated protein kinase , ERK) FORAENG TR UL 3 S5t phosphatidylinositol 3—kinase, PI3K) /%2 % i 75 % FR 45 11 I (serine—threo—
nine kinase, AKT)iX 2 Z%{5 Sl BEAEM B P VE ] . 773 (1) IRSMEFR A RPE 4k RPE-19; (2)# B 52 1 Slit2
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55l B FHWT ) 1LY294002 FiAbEE RPE 40 1 h; (4)H real-time PCR R JHK G028 W (1K B8 (enzyme linked immunosorbent as—
say, ELISA) #5ill VEGF 9 R3K7KF-, H Western blot £l #2fk ERK BERR L AKT BB, 455 . Sli2 5 YL RPE 41
J& ,real-time PCR 255t /s AN[AJ S ] 22 8] VEGF mRNA #ikA 2251 (F=12.789, P=0.018) , 41 B FIHF 8] Z [A) A 76 A8 FAE I (F=
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Effect of Slit2 gene transfection on vascular endothelial growth factor

in retinal pigment epithelium cells and its mechanism
Mei Yu,Zhou Xiyuan
(Department of Opthalmology ,the Second Affiliated Hospital ,Chongqing Medical University)

[ Abstract ]Objective : To investigate the effect of Slit2 gene on vascular endothelial growth factor(VEGF)in retinal pigment epithelium
(RPE)cells and the function of PI3K/AKT and MEK/ERK signaling pathways during the course. Methods ; (1)human APRE-19 cells
were cultured in vitro. (2)RPE cells were transfected by adenovirus—mediated Slit2 (Ad—Slit2) ,then cultured for 12,24,48 h. (3)
Before being transfected by Ad-Slit2,RPE cells were pretreated with MEK inhibitor PD98059 and PI3K inhibitor L.Y294002 for 1 h.
(4)VEGF mRNA expression levels were detected by real-time PCR and the protein expression levels were detected by ELISA. The
protein expression levels of p~ERK,p—AKT were detected by Western blot. Results ; After RPE cells being transfected with Ad-Slit2,
real —time PCR result showed that there were significant statistically differences in VEGF mRNA expression among different time
points (F=12.789,P=0.018) and among different groups (F=16.855,P=0.015) ;time points and groups were interrelated ;at 24 h and
48 h,the VEGF mRNA expression was higher in Ad—slit2 group than in adenovirus group (Py,=0.002 , P, ,=0.018). ELISA results

showed that there were significant statistically differences in
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VEGF protein expression among different time points(F=24.886,
P=0.000) and among different groups(F=28.250,P=0.006) ; time

points and groups were interrelated;at 48 h,the VEGF protein
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group(P=0.003). Western blot showed that p~ERK and p—AKT protein expressions increased in RPE cells transfected with Ad—
Slit2 ; PD98059 decreased the activation of p—ERK and 1.Y294002 decreased the activation of p—AKT. real-time PCR results showed
that there were statistically significant differences in VEGF mRNA expression among different time points (F=32.202,P=0.000) and
among different groups(F=15.062,P=0.001) ;time points and groups were interrelated (F=8.372,P=0.006). ELISA results showed there

were statistically significant differences in VEGF protein expression among different time points (#=90.703,P=0.000) and among dif—

ferent groups (F=69.636,P=0.000) ;time points and groups were interrelated (F=4.968 ,P=0.005). Conclusion ;: The expression of the
VEGF in RPE cells transfected with Ad-Slit2 can be increased by MEK/ERK and P13K/Akt signaling pathways.

[Key words]Slit2 gene ;serine—threonine kinase ; extracellular signal regulated protein kinase; vascular endothelial growth factor
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NI RS Z AT . T VEGF 32 R Z Fh A
R (=072 o PN R N ) 22 2 N PN R ) e
AR N A5 AR, Slit 5 HAZ AR Robo A
R 5 I AT A D AE S T, FE Slit K
e IR T N AR i Slie2 joh T RS 5
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S B[R] A BB AG I B S1it2 IR ACE 3G e
ASE FEEHFST Slit2 XF RPE o VEGF FEk 05200
AR 3 52 W) J2 75 3 5 W R IO JULIE -3 8 (phos—
phatidylinositol 3-kinase, PI3K /22 & 2 75 & 2 5 H
T i (serine—threonine kinase , AKT) 5 2Z %4 i ¥ 115
(mitogen—activated , MEK /4 fifd YMz 518 15 25 H 3%
fif (extracellular signal regulated protein kinase, ERK)
X 2 AT B AE R, S MR IRR AR AR 16
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1 MRERE

L1 A

N RPE-19 4k T ATCC 2 5], DMEM/F12 1597 %
(Hyclone A7) ; 55 R BB R IR AW A RATH)) ;a4 1i
1% (Fetal bovine serum, FBS) (Gibco 24 7)) ; fdii A AKT ERK1/
2 Thr308 1% s #f fR & AKT Thi202/Tyr204 137 5 8 R 1k

ERK1/2 Z 5 FEdiIAR (Cell Signaling Technology 7~ 7l ) ; 43 5714
FELIT 57 PD98059 K A5 St 14 BHLIT 1) 1.Y294002 (Cell Signaling
Technology 2471 ) ; A VEGF ELISA 74 (Boston A7) ; PCR
5| (Takara /A F)) ; Trizol (Takara 23 ) ) ; IR 2 519 Slit2
(adenovirus—mediated Slit2, Ad-Slit2)RNA 1 70 ji 116 A= )
FARA R R EIFINT
1.2 %Esa

BUE KORZS BUFAY—41t RPE 40 BEHL A Ad-Si2 95
B SRR, E 2 4, Ad-SHi2 SEREHAF 1 ml 35 FRIEHN
AT pl B Ad-Slit2, 25 B0 AE 1 ml BEFRIEMA 1 pl 5543
JEE , FEANN ARG AR AN K 3% (RIS 0 h) A B
12,24 48 h J5 ORI M2 E3 , 1T real-time PCR | ELISARY
A 5 73 HL 1 4t RPE 4HAERAHLSA Ad-SIit2 e \LY294002
FHLWT2H . PD98059 FHIT4H , 3L 3 2, Ad-Slit2 40475}y Bk 1 ml
REFRIIMA 1wl S8R, BHWTLL A A 1 ml 3553730 Ak B
10 pmol/L [¥) PD98059 &Y LY294002 A 1 wl, FALEE 1 h
JEHEINA 1 pl B9 Ad-Slit2,12 .24 48 h 534, i
T Western blot FEZI ; 55 1 it RPE 4 JBEHL 54 Ad-
SL2 R B | LY294002 BHIKT2H . PD98059 BHITZH | L.Y294002+
PD98059 BH W4l , & 4 21, Jin A BH T 551 5 955 75 119 b BE D7 2%
[FIHT, 12,24 48 h JE W40 &% E3& , [ T real-time PCR |
ELISA FA
1.3 %%k
1.3.1 A RPE #iffifyd55% A RPE-19 4 itk F ATCC
ANHE L DA AEAR O NGB T A
10% FBS 1% % 2 555 2 TR AWM DMEM/F12 #5373k,
BT 5% CO, 1Y 37 CHEIREEFRFE T, 424005 9091 R
LIEEZAw
1.3.2  Real-time PCR Kzl 7E A RPE 4iiJifl I- VEGF mRNA 7K
A RPE 45T 6 FLAR, 24 40 B4 909 I i
T4 A, 1 ml/FL A DK R £ 22 w1  (phosphate buffered
saline, PBS)J5 UEfL AL, SR S5 EFLMITA 0.5 ml Trizol , it ¥
5 min, FERFN A UEE RNA,E RNAAG IS s | i
TR B UL S cDNA IR IEHE S S I M HI (£ 1),
SYBREUW A& Z L 25 Ml,*ﬁﬂﬂ?%ﬁ:ﬁfﬁi‘mal—time PCR [V .
95 CHIZEME: 5 min, 95 CZAEME 30 s,55 CiE 'k 30 5,72 CHEfH
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15 5,30 MEFR ; AR 22 X ACE=Ci gy s — Clg e FTAACE=2727
PRI E N AT mRNA ARXF s A EE 3O
FHIME,

1.3.3  ELISA #5355 W VEGK WREE $2H 6 fLAR
AR 35, 12 000 r/min 4 CES.Cr 10 min, 8507 4E F
I8, ¥% ELISA 2050 & vl W HEA T4 | I vl B RIRE AR 17
FERE (A A 20 BRI ZTAL A BREAR T A A (R AR
HZR (A SN AR Y VEGE BYHREE(H (pg/ml) .

% 1 Real-time PCR # i&Fr IS ¥ 5 5

Tab.1 Primer sequences for real-time quanfimfive polymerase

chain reaction

EE 5 K/ (bp)
B-actin  F1.5’ —gteatctecttetgeateetgt—3" 132
R1.5’ —ccacgaaactaccttcaactce—3’
VEGF  F1.5’ —gagtacatcttcaagccatectg—3’ 204

R1.5’ —tgctetatetttetttggtege—3’

1.3.4  Western blot #:l 2 F9FE  KabBUE AN C
T4 I PBS TEYE 3 R, 7Rk LA EE FA AR S4A% 1 h,
SRJF 4 °C 12 000 r/min Z5.0> 15 min, 2SBS0 E E A
HREE B 80 pul A SR REAR HEA 7 3 TN 44 19 S 058 e Pl Uk 405, HH
AR L K B A B A IR LA T L 285 %F 1L T A
#  (bovine serum albumin,BSA)F 37 CH M2 h 5, 4%1:
1 000 B A St A AKT ERK1/2 p-AKT308 . .p-ERK1/2
Z AR, 4 CIFE R, YR H ) TBST 28 0 EE 5 min x
4 YR EAIA LR (1:10 000),37 CIE 1 h, TBST ZZ o
TEEDE 5 min x 4 WK, FeJ7 2R P AR 24 MR 6046 I 45 2% 5 i i)
FEEFFIA, I Quality one 2347 K (S
14 Gt ot

fifi I SPSS 16.0 i 3143 M , VEGF [ 4 i F1 veal —time
PCR {HY AR ERE, FHIEL £ bRifE2E (v 2 5) TR 45 1R
FHE T 22007, K3 K HE «=0.05,

2.1 Slit2 &+ RPE fZaft ¥ VEGF &k 85 %

i 52 # A IR 7 2553 BT real—time PCR (45 5 | 7 [] i
i) 2 ] 22 5 B et 8 L (F=12.789,P=0.018) , #il] VEGF
mRNA 1) 635 A7 BERT ) A8 b 0 3, 2050 FNis ) 2Z R A7 7
L HAEH (F=13.375,P=0.017) , ibt B B [0 K 28 B0 FH i 43
2 BN R AN [R] A 7] 43 59 A A7 7E 4[] 22 57 (F=16.855, P=
0.015), Uk BH 432l B 288/ F , S bR 3 (E Al 2R fb ) DL
S H VEGE mRNA [ 283k s 8] 1) AR fb R 3 (& 1)
Ho 4 R — AR RIZE )Y VEGF mRNA FEkR245 76 24 h
5548 h,Ad-SIit2 ZH#Y VEGF mRNA Fik i 5 T 25 Ik
FEA (Py ,=0.002, Py ,=0.018) , Ut B B9 B 7 4 5 19 Slit2
REHS I VEGF mRNA F3RIE/KT 7623 IR #5445 i (] 5 6
W8 2% 5 (Py),101=0.601 , Py, 5,,=0.737 , Py, 45,=0.698 ) , P I Z5 It
JEEXT VEGF mRNA BURBBATER (K 2),

----- 23 I AR 4L
6.00 - — Ad-Slit2ZH
g
= |
g 4.00
=
i“’]é
= 200
0.00
T T T T
0 12 24 48
BffE] (h)

E 1 abRsESHESTLE
Fig.1 Changing trend of estimated marginal means

&2 Ad-Slit2 R =RRBERE RPE 4i1/5 VEGF mRNA
KERZ
Tab.2 Expression levels of VEGF mRNA in RPE cells

transfected with Ad-Slit2 or adenovirus

i) (h) Ad-Slir2 4] Z3 M RE 2
0 1.05+043 1.05+£0.43
12 0.68 = 0.43 0.89 = 0.07
24 2.28+0.27 0.94+0.22
48 6.99 +2.72 0.89 = 0.25

i E IR 22081 ELISA B4 AR i) 2 ] 22
A G0 X (F=24.886, P=0.000) , Ui ] VEGF & 13
K A BB ) A Ak Al A A, 2L SRS [ =2 117 AE 28 B AT
(F=23.524,P=0.000) , 5t W s [11] [X] 22 1) 4 P il 532 F AR T
AN, AS R 2H A7 AE 4 1) 22 5% (F=28.250, P=0.006) , i B 4341
R 2B AE A, bR E A TR AT LA B E ) VEGF &
Ik B BEI [A] ) 28 A 3 (P 2) 5 LSO R] st 1) A ] 2EL ]
B VEGF 25 [ FRIA 12 5% 7F 48 h,Ad-Sli2 21/ VEGFHE
P 22k o I 4 5 T B 5 2 (P=0.003) , i —2F L 4 /] —
AR VEGF 25 [ Rk i 22 5% , 78 Ad-Shit2 41, nf W,
VEGF #[FRAETE 48 h FAkBBIGM(Py),45,=0.010, Py 451,=
0.033, Poy 1 45,=0.038 ) ; 1M1 25 Jl 5 2 20 77 45 B[R] 35 TC W fb 2%
5 (Pyp12i=0.672, Py 2 =0.605 , Py, 45,=0.676, P13y, 21 =0.730, Py is 1=
0.989, Py 1 451,=0.904 ) , Lk I 45 S 20 5 35 7 A 11 Slie2
REH M VEGE M2 1 3R3A KT i B 7 4 5 %) VEGF 192
HFIE T BAEH (£ 3).

£ 3 Ad-Slit2 R=mEiEd RPE 4t/ VEGF EAKFEMEL
Tab.3 Expression levels of VEGF mRNA in RPE cells

transfected with Ad—Slit2 or adenovirus

i) (h) Ad-slir24] 23 Wi A2
0 696.69 +236.110 696.69 +236.11
12 662.634 + 159.063 765.94 = 40.75
24 1113.043 £241.752 772.69 + 34.26
48 2 688.14  509.83 764.93 +70.31
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Fig.2 Changing trend of estimated marginal means

2.2 Slit2 F RPE 8 p-ERK1/2 & p-AKT F A 45 % R

Western blot £5 5 ik 7, Ad-Slit2 ¥ 4% RPE J& ,p—AKT &
MR REAE 12 h B AT WA, 7% 24 h 1535504 48 h [n]
FIERLE, M p-ERK1/2 5 KA HAE 12 h RIAW BIm,
Fifi Ji5 FEUR I AIG , &5 SR F W12 Slir2 $% L RPE 4 )5 , & 35
p—AKT 5 p-ERK1/2 /KPR IE N (& 3)

Oh 12h 24 h 48 h

AKT N 0 kD

p-AKT . 60 kD

I 44 kD
N 42 kD

i

ERK1/2

I 44 kD

p-ERK1/2
N 42 kD

B 3 Ad-Slit2 ¥ RPE #iffl /7 p—ERK1/2.p-AKT FixXHIZ L
Fig.3 Expression levels of p~ERK1/2 and p—AKT in RPE cells
transfected with Ad-Slit2

2.3 PDY98059 F 1.Y294002 [ #) 2 RPE %8 it & VEGF &
o A

i 3 E A I T 2290 M real—time PCR Y45 5L, R[] i
8] HAT Ge 247 L (F=32.202, P=0.000) , 2 51 At 8] =2 fa] 47
122 H AR (F=8.372,P=0.006) ; A [\ 20 5 77 1 20 |] 22 =
(F=15.062,P=0.001) , 1 BRI {8 Al 11722 A6 & AT DL WL &
tH VEGF mRNA A BBl (] i 25 fe ka4 (18] 4) , HBoA ]
I RUR [ 4R 4 22 5, 76 12 b IABHITRI Y 3 L4 VEGE
mRNA ZRiEAKT AL Ad-Slit2 4TI B 2540 (Pay sio.1ysun=
0.838,, Py mos59=0-501 , Pr_sio 1yaosonnspososs=0.716 ) , 7E 24 hif
LY294002 25 LY294002+PD98059 43X #i4H/#) VEGF mRNA
FRACT I L Ad-Slit2 214 BT B FAI, 1] PD98059 4 K Ik
A (Pasio. x9100:=0.000, Py 10 p105055=0.302 , Prg s 1x20002s0005059=

0.000), 7E 48 h I, i ABHWTRI 1Y 3 ZHANIE VEGF £ &3k
I #4955 Ad—Slit2 2047 W 5 PR (Pa-sio.1v20100=0.002 , Pyt o,
poos059=0.006, Py i yaoucnnppososy=0.001) | L[ 45 S50 HA 73 531 i 2
[F]if BT AKT ERK 3X P 2515 538 8% AR REFE X VEGF mRNA
MR (FR 4),

4 LY294002 K PD98059 3i# Ad-Slit2 ) RPE 4R
VEGF mRNA 7Kk 3 ) £ i)
Tab.4 Effect of LY294002 and PD98059 on VEGF mRNA
in RPE cells transfected with Ad-Slit2

axi! 12h 24 h 48 h
Ad-Slit2 0.68 +0.43 228+027 6.99+2.72
LY294002 0.72 +0.05 098+0.08 2.11+033
PD98059 0.81+0.12 205+041 2.84+0.12
LY294002+PD98059 0.61 +0.10 0.72+0.05 1.22+0.08
— Ad-Slit24]
— 1.Y29400241
6.00 PDI80594L
— L.Y294002+PD9805941
& 4.00 4
=
o
£ 5001
0.00 4
T I 1
12 24 48
FFIE] (o)

4 ShRRHEGITEBRTLE
Fig.4 Changing trend of estimated marginal means

AT A IR TT 25507 ELISA AOZE 3 R [RIsa] 2 ] 24
SR EAT G245 L(F=90.703, P=0.000) , £H 51| FilFsf 1] 22 i)
FEAEAE AR (F=4.968, P=0.005) , 7/~ ] 41 51145 2L 7] 25 57 (F=
69.636,P=0.000) , IR AG TR AL W] LLE W E 1 VEGF
HE R IR G B[R] i AE AL F (1] 5) 5 HLBOR [ A ) AN [ 2
(225 76 12 h I ABHISIRI 3 24N VEGF & 11k K
A Ad=STit2 21 5 B AR (Pagsio1vomi00:=0.001 , Pyy_sio poososs=
0.020, Py sin.iymssonsmesoss=0.001) , 7E 24 h IIABHKTHIAY 3 2041
il VEGF & I #35/K T4 Ad-Slit2 2B 2 REAIK (Pay sioivomion=
0.002, Py i pos050=0.032, Pyt 1xaosoonsomososs=0.001) , 7E 48 h fil
BB 3 ZHANME VEGF 2 £ /K -5 Ad-Sli2 44
A SRR (P i1 2940020000, Py s prososs=0.003, Py sy rssoso=
0.000), LA 45538 4351 5% [ B BRI AKT ERK 3X 2 4405
Sl B HRRERR AR VEGF (0B /K F M T SIi2 76 RPE 21
i 33 PI3K/AKT 5 MEK/ERK 3% 2 451553 % 4% VEGF
BRI (R 5),
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&5 PD98059 K LY294002 X5k Ad-Slit2 B RPE ZABa s VEGF & B/K /50
Tab.5 Effect of PD98059 and LY294002 on VEGF in RPE cells transfected with Ad-Slit2
el 12h 24h 48 h
Ad-Slit2 662.63 = 159.06 1113.04 £241.75 2 688.13 + 509.83
L.Y294002 285.18 +75.45 517.94 + 143.48 1229.50 +£217.62
PD98059 444.08 +£29.97 773.44 + 151.76 1637.28 + 58.96
LY294002+PD98059 285.52 +44.87 418.33 +27.94 1 009.38 +267.30
. 1 Slit 2B P12 R0, A PITFE A Slit R Fih
— Ad-Sliéi N N N .
, .  Liasanty LM EF FETHAERGE Y, EReFH k35 ]
| O g g RS | AR E R, 7R
& 200000 FIBFSE % B Sliv 0716 T AL AN ST Wu 295
iy . . \ oy J R .
5 150007 8 RN Slit A —Fh o ik BB B 1, e n] 3Rk T
£ 1 000.00- WAL | . 5K Slit—=Robo 15 51/ B&AF Iyed 41 it
. rh T | A A AR AZ B 5T 3 1 G, Wang S50
WFFE 25 F R, Shit2 78 2 Fh J5 4 Bog vh 2k 4 v
R S— , , NAEE S R TR [ 320K Robol 6 b
12 24 48
TR (h ) ML N B A A 2658, & nT LLE 239 Slit /9

B 5 MERHEGHITERTELE

Fig.5 Changing trend of estimated marginal means

2.4 PDI8059 432 2R % 1Y294002 4t 32 283+ RPE Zufe b p—
ERK1/2 % p-AKT &k #9%

4 RPE ZHAEMIA PD98059 BY 1.Y294002 [H W71 15 kb BiL
1 h )&, FEAIH Ad-SIit2 %% RPE 40fitd, 5 Ad-Slit2 4AH LA
Al UL p—ERK1/2 K p—AKT 2 [ 2 387K - 78 45 B 0] 2 3447 BH
W RER(E 6).

LY294002
Oh 12h 24 h 48 h

AT A

PD98059
Oh 12h 24 h 48 h

Wl 44 kD
Erk12 A S |

B 44 kD

-

Bl 6 LY294002 % PD98059 X154 Ad-Slit2 #7 RPE A+
p-ERK.p-AKT FRik #1800
Fig.6 Effect of LY294002 and PD98059 on p—ERK and p—AKT
in RPE cells transfected with Ad-Slit2

303t i

HIFFEE B U A BAE A AR A 28 Fp 2 15 T 4 i

Pk, TS5 e B A A AT s, BiE RIS 1Y
AWIRA & E T2l Dl 45 Sl Fe 52 M 22 1k
Robol WIBHWHERTIAR RS, M PR RS 7 3 BT A
], SR Shit2 7ERR RO A4S 1Y 2 A ad R 21
HLA — 8 WA FH SR FIBLA, A DL ARGE . ARSE
ST & B, Slit2 76 RPE 41 ig th JE 18 7E mRNA 7K
- KR FIKFARBE I B AR UE VEGE BR324
BT s 25 0 IR RPE I PA Sli2 5
ZAR Robol BYZEIA , I 78 B A B4 F R T
Slit2 5 324K Robol Y3 IA KP4 th BEEG Jin | $2 R
RPE 40 AEAL TR ELIRAE T, Slir2 Feak i in & 328
VEGF ks, Iiiids & IRICHT A= 4 1 & A=

22 345 5 AL B 1 P4 (mitogen—activated protein
kinases , MAPKSs ) i 12 J2 35 3 £7 7F T 45 Ff 41 Bt A
(E5 9545 ERK /5 MAPKs M S — bt
16323 FWRBI——MEK Q9805 5, 25 25
P A HEFE AP0 A R I S AR T A P
A I 5 LA B At e ot A 3 b # T L O 4% )
ERK1/2 BB AL kB4 -2 PI3K A —Fp {5 di5)
T TEHRN S5 2 E S 1L AKT #id PI3K
AT T A% IR MG |, fE AN s ik 517
15 4 1% 2l R ) F AR M, AR JELAT, PIBK/AKT
IRAEAE Ry BB ER L | 148 A b B SR I AR
FRASTS, 4E  A2 75 28 PISK/AKT 15 538 [ 1Y)
WE . 4 VEGF 5324RZ5 5 53 PIBK, fE k4 —
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{5 5 = 1% 2 8% 15 Ik LIS ( phosphatidylinositol =3 —
phosphate , PIP3) (1) 4 i, , PIP3 #47i% AKT {5 518 #%
MNIAERE VEGE Feak¥ain , S 2308 A= & T R,
AR RO 9 B 45 G T PI3K/AKT 5 MEK/ERK
XM I2 2 SIS TE o345 B2 S B Y
{5538 % X FHE S Sli2 X} VEGF P2 A= 52 Ve
MU, SEIGES I | Sl #5% RPE 452 S8k
PN AKT 5 ERK1/2 BB L /KF- k38 , 1
JIA AKT 5 ERK (94 5 LIRS , vl 903 AKT
5 ERK MR AL 7K V-1 2235 | [A] B 4 U 21 VEGF
mRNA S0 F 7% VEGF Ay (1 265 1A [
%, DA Z554ESE , Slit2 78 RPE 40Xt VEGF 5%
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