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Abstract

e AIM: To study p42/p44 mitogen - activated protein
kinases ( MAPK) signal transduction pathway effect on
vascular endothelial growth factor ( VEGF) expression
induced by elevated glucose concentration in cultured
human retinal pigment epithelium (hRPE).

¢ METHODS ; hRPE cells were cultured and divided into
four groups: normal glucose group (NG) (5.6mmol/L),
high glucose group ( HG1:15mmol/L D - glucose, HG2 .
20mmol/L D - glucose, HG3: 30mmol/L D - glucose ),
PD98059 group: hRPE cells were treated by an efficient
and selective inhibitor PD38059 (20umol/L) of p42/p4dMAPK
signal transduction pathway and solvent dimethyl
sulfoxide group (DMSO group). The expression of VEGF
and pigment epithelium derived factor ( PEDF) mRNA
was detected by RT - PCR. VEGF protein expression in
cultured hRPE supernatants was detected by enzyme -
linked immumosorbent assay (ELISA).
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e RUSULTS: VEGF mRNA and protein expression
induced by elevated glucose concentration increased
significantly. VEGF mRNA and protein expression were
restrained in PD98059 group. Ratio of (VEGF/B-actine)/
( PEDF/B - actine ) in PD98059 group decreased
significantly compare with that in high glucose group.

e CONCLUSION: p42/p44MAPK signal transduction
pathway might play a part in VEGF expression induced
by elevated glucose concentration in cultured hRPE cells.
o KEYWORDS: retinal pigment epithelial cells; high
glucose; vascular endothelial growth factors; pigment
epithelium  derived factor; mitogen - activated
protein kinases
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WE

B8 81T pa2/pad 22 24 5035 A6 3 3B ( mitogen —
activated protein kinases, MAPK) {5 5 ¥ 5 i@ % 78 &= W55
YA (2 2 B (human retinal pigment epithelium,
hRPE) 4 it ifiL & P9 J2 A= K Kl F ( vascular endothelial growth
factor, VEGF) Fik P rgfEH .

F7i% R hRPE AR F5 240 23 4 1E % B2 (5. 6mmol/ L
A WE) | OB X 4L (15, 20, 30mmol /L % A BE) |
PD98059 AbH £ (20 umol /L pd2/pa4 MAPK 7 % 0k £
157 PD98059 4bH hRPE 4l i ) 178 1) — H L 0 W X
ME2H ( dimethyl sulfoxide, DMSO 2H ), N A ¥ % 5% PCR
(RT-PCR) ¢ R K VEGF I {6 & b Jz 40 i £i5 4= K 1
(pigment epithelium derived factor, PEDF)mRNA fY ik,
o7 FH it ¢ 4 22 W B %2 ( enzyme — linked immunosorbent
assay , ELISA ) £ AR A 40 i 5 Wb VEGF & A 1)Kk
SR EWEER T VEGF mRNA A2 [ 83k B E W,
PD98059 4bHHZ VEGF mRNA Fl & (13152 #1404, A
VEGF mRNA/PEDF mRNA L {E#5 i Bl 201 5 R AL
L5180 . p42/pAAMAPK 555 Il B T B2 5 1 bl i
f hRPE 40l VEGF #YKik,

SRR AL 00 2R b B AN e R A A 0 I A N
AR R b IR AR R 5 22 2050 A 8 1 O
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03l
B IR 95 #0L X JEE5 ZE ( diabetic retinopathy, DR)) B 18],

R D 37 A 0L T i 23 ™ B A T B, e
SRR, IME N KA K FF (vascular endothelial
growth factor, VEGF ) 52 22 it [K 25 1) 91 45 i & Bl b B 2217
PR A M A B T, 25 08 PR AL 0 TS5 A 3 2 i
BT B 22 4 DR 4K 2 F B ( mitogen — activated
protein kinases, MAPK ) i 42 J2& 5 i 77 7 T~ 45 % 48 Ji v 1)
B SIRAR TRV 2 AN Y 3G A R R A AT T A Y R
rp B R X, MAPK 1E 2y w4 i EOA [ 45 5 18
BB s, IR AR (L F 2 5 DR W R R R B,
HTIE 5T 2, e B AT b R R (8 2 1 B2 ((human
retinal pigment epithelial,hRPE) 4 }d VEGF A9 3%k, {H
S ALE AN S T AN AAME S R
(extra—cellular signal —regulated kinases, ERKs) J& fix B %
IR A2, B p42/p44MAPK ( ERK1/2) , 1652 %) 41 40 ity
P AERKE T R 22752 0k i SR v 45 o %
B, 2 5 400 00 8 2R o b, AR B 5 LT e pa2s
p44MAPK 55 % 738 B 7E = b5 5 hRPE 41l VEGF 3£
e

1 A E

1.1 ##  hRPE 400k R H 1l K2 sh i 5256 50
NI B (5, 25 b Fz 40 Bl D407, % 5. 6mmol/L i 7 bl
DMEM 353530 [ Invitrogen A &), i 25 LT/ 9 470 JH DU
&E P fho Trizol ftt)jﬂl, H@@%ﬁ, D-H# A&l AH -
Sigma N, WE SRR F BN Ferments#1621 \Taq s ANE]
Takara 23 &, PD98059 Hi 4 &l 5 Bl K27 A= AL W = ] #a
-k

1.2 /%

1.2.1 SRR SE W LR R4, i
Pl T 6 LA, % 5 R 4x10° A/FL, KE IR WA & 10% fa 4
M8 & F 5. 6mmol/L 4 1Y) DMEM K5 5= 3E . £5 41 g
HERKZE 70% ~80% A B, B ¥  JC IL{E 5. 6mmol/L
DMEM #% 3% 3 [7] 25 1k 24h., PD98059 4k 3 40 Hy 2 §if
30min JIAZEAT AL BE (X PD98059 75 — i I ] 3/E A 41
JL PN % #5 BELWTAE ), T 0 WG OE B ML B AL, i oL
DMSO A RIEFIXT BRL K PD98059 75 F DMSO ¥ fi# ,
B Uiz 40, LAHERR DMSO fU52 0, X4 R . (1) %t
WEZH . A3 1E % X R4 (NG 2 10% Ji 245 135 +5. 6mmol/L 4
ZHE ) FI i B B4 (HG1 :10% BG4~ 1L + 15 mmol/L 7
W HG2 :10% i 4 1L 7 +20mmol/ L 4 2 4 ; HG3 , 10%
525 1MLV + 30mmol/L 4 2 H ) 5 (2) PD98059 Ak H 4 .
20pumol/L PD98059 + NG ( NG + P) . 20pmol/L PD98059 +
HG1( HG1 +P) ,20pumol/L PD98059 + HG2 ( HG2 +P) |
20pmol/L PD98059 + HG3 (HG3 +P) . (3) DMSO 4.
20pmol/L PD98059+ HG1 (HG1+D)

1.2.2 £ F = RT-PCR &l HHH:3% 24h J5 , Wik
Y, 4% Trizol T B $2 B4 L & RNA A4 7 1k $2 BURT Ui
IRANMLAY B RNA, 584040 6 6 B2 310 22 RNA ¥ B, 4%
Revert Aid First Strand Cdna Synthesis Kit A8 RH & RS —
HE cDNA , 13 55 5% s AR R O 20, Hid B RNA o8
2pg,70°C Smin A8, 37°C IR H Smin, 42°C 5% 5% 1h,
70°CHAE 10min, -20°CIRAEE& ., 51HEITA &, VEGF .
5"-TAGACACACCCACCCACATA -3’ (iF X ), 5 -~ AACATT
AGCACTGTTAATT-3"(JZ ), ¥ 14 K Be K BN 125bp,

PCR SN Z51F 4 194 °C TAE 1 Smin 94 °C 78 M 455 ,53. 5°C
1B K 455,72°C FEAH 1min, 40 MEFR,72°C BIE{H 7 min,
% M A K F (pigment epithelium derived factor,
PEDF) :5’AAATCCAGCTTTGTGGCACCTC3’ ( iF X ) ,5°AC
GGTCTTCAGTTCTCGGTCTA3 ([ X ) , ¥4 i Bt K JE
473bp,PCR R 2514 194 °C Tl A P Smin 94 °C A5 4 305,
55CiE k 45s,72°C FEfifi 1min, 35 1 ¥, 72°C 4 fif
Tmin, [A] B} % i N 2 B B - actine; S’CGAGAAGATG
ACCCAGATCA3’ (1E X)), 5°GATCTTCATGAGGTAGTCAG
3 (2 ) 414 A Bek Sk 224bp (PCR S 4514 7] VEGF
K2 PEDF PCR 2 % &) . PCR RV K & (20L) 2 0y .
¢DNA B 0. 5pL+10pmol/uwl b FHF 5145 0. 5pL+
10mmol/LANTPs 0.4+5 U/L Taq i 0. 25+ 10 xbuffer 2L
(% 20mmol/L MgCl, ) +ddH,0 15.85uL, ¥ H#/H1% 2%
BN WEEEI L vk . T HPIAS1000 75U B4 70 BT 22 45 A
i F Quantity One 6. 0 73 At F £F Il & H 19 3£ K VEGF |
PEDF } N2 B-actin B EBE (A) 18, FH- 4 1 H5E
B IR Avpor/ A - ine B Appe/ Ag _ ine I EUTEL, BRI RS AR 3
W 5 B A ( relative integral absorbance, RIA) , DA WAE R4S
2H VEGF mRNA & PEDF mRNA {J#EX #3548,
1.2.3 VEGF EBWEEBE SR R WM M E 44 FH IR
48h Ji AR b3 VR R Y B L, SR FH AU 44 2 .0 ELISA
B, VEGF i & 8 5 [H B-G AR F= 5, BRAE A B i 1
ELISA 50 & vd 91 5 #F 47, B br A & OD,,, fi, LA
VEGF bR fi v B R ek 2 b, OD H R 9\ AL b, 50 B 2k AR
KIS, P R AR A Y OD B 76 AR o i 26 LA i ke A
) VEGF KX B, 3= ZAL A% 4 2 [ Bio-Rad450
FEFRAX

Gt 0T . 0 SPSS 12,0 etk , Brf 8 LA
PPE bR 22 (x+5) B3R, 2 4l (8] Fe 3 O 2543
M, AL 180 B 4 07 7 25 0 B v i R R EL 3 LSD -1 K 56
PD98059 4bFHZHFI DMSO ZH 55 Xf RE 21 [1] (1) b 35 o7 FH BE
t K5, DL P<0.05 TEAZER B G #E X,
2H#R
2.1 BHE%& 4T hRPE 4f VEGF &% RER E T

15. Ommol/L = B35 3% hRPE 40 H2,0,12,24,36,48 Fl

60h #5721 hRPE 41/l VEGF mRNA &4 (A 0/ Ap_ )
Wi FsF (1) JE 1717 S 35 3 0, 45 5] 8] 05, VEGF 75 3% 0h B
I, 225 AH G2 XL (P<0.01) ,36h Fik ik E
W | I HrSE g 963k — BE T A, 48 ,60hVEGF mRNA 5 & &
36h FHHLEE, 22 S RG24 L (P>0.05) , L& 1,K 1,

15. 0mmol/L =5 K15 3% hRPE 4 if1,0,12,24,36,48,
60,72h #%5 3% () hRPE 40 Jfl I35 h VEGF & 1 & &
(A ysonn ) B B SEE K 177 2 35 184 0101, 45 BsF H] 45 VEGF 5 503
B Oh BN, 22 55 A S it 2= B L (P<0.01) ,48h Kk
A I RRLE ik —BEt ], 60,72h VEGF mRNA
T 48h MRS, 2R LG F R X (P>0.05) , 45
5 mRNA Rk —2(, W& 1,
2.2 PD98059 X &5 #E 1% 7= & 4 T hRPE 4l VEGF &
BH®W 5 NG 4%, HG1 \HG2 M HG3 41 VEGF
mRNA K E AWM EREW &, ZRARITFE L (P<
0.05 ) ; 5%t R 4H L%, PD98059 AbFEZH VEGF mRNA &
AW RIRIRAL, 258 G T2# 7 L (P<0.05) ; DMSO
A3 VEGF mRNA M 88 Rk 5XF A L, 22 57
TG L (P>0.05), VEGF % H Al mRNA )ik
—3, WFE2,K2,
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F1 BIEEFHEET hRPE 4 VEGF mRNA R E AR & &RERT EIR T (x%s,n=3)
Hﬂ’l‘lﬂ(h) AVEGF/AB—uuine P VEGFpmtine( ng/L) P
0 0.33+0.0764 412.55+16.1194
12 0.57+0.0839" 0.003 445.95£11.0126" 0.003
24 0.77+0.0208" 1.92x107° 489.00+10.7984" 8.48x1077
36 1.91+0.0902" 1.43%107" 510.05+4. 1245" 4.37x107
48 1.76+0.0777"¢ 4.39x107" 529.37+10.3920" 4.35x107°
60 1.82+0.1015"° 2.78x107" 532.54+11.5945"° 3.07x107°
72 537.17+11.2487" 1.88x107

"P<0.01 vs Oh;°P>0.05 vs 36h;°P>0.05 vs 48h,

*2 XIEBZEFN PD98059 4bIEZH hRPE 40l VEGF mRNA R & B iRk (X£s,n=3)
215 AVECF/Aﬁfactine VEGFPI‘O[ine(ng/L) P
NG 4 0.69+0.0351 455.55+10. 2687
NG+P 4 0.50+0. 0451 0-001 404.26+14.3514 0020
HGI %4 0.77+0.0208" 0.021 529.39+10. 392" 0.005
HG1+P 4 0.40+0. 0433 ’ 364.32£15.62524 ’
HG2 4 0.84+0.0153" 549.17+14.2980"

0.035 0. 000
HG2+P 4 0.67+0.0458 438.84+12.9264
HG3 4 1.06+0.0902* 0.016 583.95+7.3856"
HG3+P 4 0.71+0.0503 ’ 475.42+12. 4809 0.011
HGI H 0.77+0.0208 529.37+10.392
) 0.513 0.881
HGI+D 4 0.73+0. 1060° 532.00£16.9417¢

*P<0.05 vs NG 4 ,°P>0.05 vs HG1 4,

s —200bp

[
{12 54 46 45 ebmde —100bp
VEGF
f—actine
1 BHEEFREMT RPE 4 VEGF mRNA # R 1A R/ )
a1,

e
w——Marker
w=—200bp

-—200bp

I ! S —1 00bp

| |
llL'- HG+P HG1+FP -3+F H: D
GF

TE
5 G 2+P
f—actine e

B2 fEREF PDI8059 4h¥EH RPE 412 VEGF mRNA iJ

2.3 PD98059 i & #E 1% 5 & 4 T hRPE 4 iz VEGF
mRNA/PEDF mRNA tE BRI MM 5 NG 4t #, HG1
#H VEGF mRNA/PEDF mRNA L] B3, 2 9B %
B L (P=1.86x10") ; 5 HG1 41 t4:, PD98059 Ab F
20 VEGF mRNA/PEDF mRNA A4 e I B0, 22 5 F 4
T E L (P=3.26%x107) , L3 3, Kl 3,
3 itie

R 995 400 P B35 A5 ( diabetic retinopathy , DR) J2& B JR
95 DRI A8 ) BB R E 2 — , FEREIRRIRAS R T 4E
Kk BRAE bl NS T Y ORI R FAE R T, 2 R
A g = b 3 QR e A A R SO 1= I P
4 DR KA kR AL TR 6 H 25 o s, Hrb ey
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s e
w——Marker
== 300bp

N e —200bp

s —100bp

I-ll}l HG1 ’ H-1+P
H-1+4+F

E3 xftE4H PD98059 AbIE 4H RPE 4H il VEGF mRNA/
PEDF mRNA ttL{ERIXTEE

#=3 XtEEZE %1 PD98059 4bIE4H hRPE #H fis VEGF mRNA/
PEDF mRNA bt {2 Y b 85 (x£s,n=3)

éﬁ %IJ ( AVI-J(;F/AB - actine )/ ( APEI)F/AB — actine )
NG 4 0.26+0.0033"
HGI H 0.40+0. 0289
HG1+P 4 0.21+0.0219"

"P<0.01 vs HGI1 41,

A FERERCRAS T, sk > A S R R
-1 S KN 81 45 25 K 2l 4% MAPK i
%, VETE T VEGEF B33k e DR M k4 kR, H
MAPK i 76 = e 0 DR & 4 % b i v FH AL i oA
SEASHRRT | AR S I % P MAPK 725 250 0k 5 4 400 1 351
PD98059 SR 5% mibirfE DR K& LRI aES 5 r1E
HL

DR 2 HME PRI fie ™ 8 I e 2 — R R Y
B RG  R RRARE IR  asAL TR 2R RN g R A
O, MLBEF 4 (0 LA AN G 10 & A= DR BEMG e A 2o
WEILAL S Z PR 12 2 5 0 DR s W0 000 JBE 78 1 ket R e
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TENE PR P IS A8 & R i i AR P T BRI,
TEASZIG IR AT & I 15mmol/L &5 4 1% 72 hRPE 41 iy, b
] A SE 4, VEGF mRNA K A & |38, kst i &
ik — B (A, 2 B OB T Rl VEGE ik, B HAT i) AR
Hk ME— B UESE T SR AE DR KA A EA, BHooT
{2t RPE 4l VEGF 321525 DR W k4 , WEHIE T /5
I AR PR b e 2R A AR N R 2 — il 45
il 4% T ZEZE DR (W& %,

C A WFIT R B, TER ARG 3% 0 2 40 D90 B 00 A5 PN Bz 40 A
(bovine retinal endothelial cells, BREC) , =4 0 43 51l 58 i
p42/44MAPK 1 p38MAPK f4 3% 1 7K S0 i i g ik (R Y
FIRVAFE —FE , pa2/44AMAPK {55 338 [t 7T 3 o e 1 2%
A A F -1 (insulin-like growth factor—1,IGF-1) 3R ¢
H: K A F (epidermal growth factor, EGF) &5 4% Fl 4= K R+
JH1E VEGF By363k | [AlA} p42/44MAPK i n] #458 Bl 4R 15 5
[A-¥-~1 (hypoxia inducible factor—1,HIF—1) [ YER, A2 3k
VEGF By3ik, p38MAPK %42 " {fi VEGF Y mRNA f2 &
PRSI G55 VEGF (9 /E FI 00 I A el ot A8 P B 4
JH A4 A D B £ 2R R A A 34 T 7 A VEGE, o
L RPE 40 i % 15 VEGF #JfiE J1 i b %", Poulaki
ARV IR AR AN 8 3R A NP (5 3R L R A R
BTG T p42/44MAPK PKC K p38MAPK

MAPK Fl#% i Bt LB 3 — 3% 7 ( phosphatidylinositol 3 —
kinase , P13 - K ) /& 4l fifg P 51 22 (9 5 5 0 08, B 45 32 4
st ZFRIEAR S, 25 40 2 Fh D) 68 /Y 2, 76 40 i 3
B Ay AT R SR, B S SUPE R o 1 b
22 MAPK i }%15 510 VEGF iR rH i, NEe#E PI3-K 11
PO E] A 5T & B S B S|EE hRPE 41 VEGF 3
IRBATE | FA U AR M | 28 p42/44MAPK 15 30505 4 41
#37) PD98059 AbFT 5, VEGF %3k W E AKX, 1 PD98059
e L H AR ( DMSO) ¥, BT LAz DMSO ZH4E S ¥
FUXT RELL, HERR T DMSO U520, MAPK = 30k 2P 1 4l
7 PD98059 H] 411kl i M5 T 1Y) hRPE il s VEGF 33k,
FW p42/44MAPK HUBLIG 5 VEGF BIZFRIKARIC, HER pa2/
44MAPK 7] BETE = W5 S 09 hRPE 40l VEGF ik h B A
—EEH.

[ AR 52 36 3R K 0 1 A0 P 20 PEDFmRNA Ay &3k, 5K
B R IR WM B R VEGF mRNA/PEDF mRNA 1 He B %5 1F
B B L B U] B A, T PD98059 Ak HE ZH VEGF
mRNA/PEDF mRNA f9 L AR =5 4 0T JE 2 B 5 o I, 2 i
T EATHE A I A A ] R T 22 RSP R L ik —
25 BT T PR AR KB 1E DR HA — & iU 8, A 7l Beiil
1 BEL W p42/44MAPK 3 [ , %iE 22 15 bR 9 10 00 J5 35 735 11
S Z 3k
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