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Akt and ERK1/2 are involved in brain derived neurotrophic factor — in-

duced angiogenesis of endothelial cells
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[ABSTRACT] AIM: To investigate the role of PI3K/ Akt and MEK1/ERK pathway in the brain derived neurotro-
phic factor( BDNF) - induced angiogenesis in vitro and to explore the further molecular mechanisms. METHODS : The
phosphorylations of Akt and ERK1/2 were detected in human umbilical vein endothelial cells( HUVECs) by Western blot-
ting. The angiogenic activity in vitro was evaluated by transwell migration assay and tubule formation assay. Cell prolifera-
tion was determined by crystal violet staining. Cell apoptosis was analysed by FITC — Annexin — V/PI double staining and
flow cytometry. RESULTS: BDNF activated the PI3K/Akt and MEK1/ERK pathway in a time — dependent manner.
Ly294002 and PD98059 blocked the activation of Akt and ERK1/2 in response to BDNF. BDNF at concentration of
100 pg/L significantly increased HUVECs tube formation, migration and proliferation in vitro to a degree similar to those
induced by 25 pg/L VEGF. Furthermore, tube formation and migration of HUVECs toward BDNF were significantly inhibi-
ted by treatment with 20 pmol/L Ly294002 and 20 pmol/L PD98059. BDNF - induced survival was only blocked by
Ly294002 and BDNF - induced proliferation was only inhibited by PD98059. CONCLUSION: BDNF promotes angiogene-
sis of HUVECs in vitro. The ERK and Akt are two crucial events in BDNF — mediated signal transduction leading to HU-
VECs angiogenesis by different mechanisms. Moreover, the latter is more important.
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Fig1 Migration, tube formation and proliferation in HUVECs
induced by BDNF. x+£s. n=9. * P <0.05 vs control
group.

B 1 BDNF S M AT /NE B R R

2 BDNF FS M4+ Akt 1 ERK1/2 fYREEL{L

¥ HUVECs 755 1% I 75 B M199 3% 558 W 3%
7% 12 h, i J5 3R 100 pg/LEYy BDNF AMBEA [F]E]
ME 2 W50, &t YLk % 57 89 HUVECs 7 7RI 55
BI2H B Akt F1 ERK1/2 #7% ; BDNF %5 Akt 1
ERK1/2 H)BsR 4k, I 2 5 [ AR g, Ak (3075 T
30 min B} 4 F £ &, 60 min VK & = & il K .
ERK1/2 #9354k 355 7 BDNF 3% 5 min B B W] #

- 835 -

BR,20 min 3k B 50, 1M1 /5 B HTRER
3  Ly294002 #1 PD98059 43 5| BHET BDNF 4+ £
Akt ERK1/2 gyRkmsit

5 T P4 PI3K/Akt Fil MEK1/ERK {55 & 1255
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BDNF phosphorylate Akt and ERK1/2 of HUVECs in
time — depended manner.
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Fig 3 1y294002 and PD98059 blocked the phosphorylation of
Akt and ERK1/2, respectively.
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M FER D . BRATES ik Scih ke R E 8
Ly294002 ,PD98059 Fisb# HUVECs 41jg 1 h 5, &
Rl BDNF {2 Py 57 240 o 5 75 F08 Be T A%, i LA
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Fig4 Ly294002,PD98059 significantly reduced BDNF — dependent tube formation ( x40). I :A: control; B; BDNF(100 pg/L)
C: BDNF +20 pmol/L Ly294002; D: BDNF +20 pmol/L PD98059; II :percentage of tube number per field. z+s. n=15.
* P <0.05 vs the BDNF - treated group.
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Fig5 Ly294002,PD98059 significantly reduced BDNF — dependent migration ( Wright’s & Giemsa, %x200). [ :A: control; B:
BDNF(100 pg/L); C: BDNF +20 pmol/L Ly294002; D: BDNF +20umol/L PD98059; II :percentage of migration cell per
field. x+s. n=15. P <0.05 vs the BDNF - treated group.

E S Ly294002,PD98059 3t BDNF %5 # P B 4 it i 78 30 Rz 6 S5 0

Fig6 Apoptosis detected by FITC — Annexin — V/PI ( x400). A: control; B: BDNF (100 pg/L); C: BDNF + 20 pmol/L
1y294002 ; D: BDNF +20 pmol/L PD98059. Cells in early apoptosis bound Annexin V but did not incorporate propidium io-

dide, while cells in late apoptosis bound Annexin V and incorporated propidium iodide, due to a loss of membrane integrity.
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SERE It ; BDNF £H i T4 g LU 9] 29 09 22. 6% , FITC™
PI™ 4 g% FITC™ PI" A0 &, R Z B2 H; &
Ly294002 4b 35 , - 40 M Le 45 b 7+ 61. 5% ;5 T
PD98059 AhFHF 24 28.0% (F 1.8 6) ,
6 MEKI1/ ERK {52 {8#= BDNF T+ SMN K
Az, PBK/ Akt (S EEFRBIE

B 7 WA, 100 pg/L #y BDNF ] B B {2
HUVECs K358, H A {5294 BDNF FH Xt BRZHRG 2
%320 wmol/L PD98059 BH M I %k i, A {EL 29 [ Ik
46% (P <0.05),1M 20 pmol/L Ly294002 & W i sk
/> BDNF ¥ 3 HIMFEMN, (BRI B 2R A B
(P>0.05), Ly294002.PD98059 it BDNF Kl
H4H 3% FE TG A BN . D45 R U9, MEKT/ERK
#1722 5787 BDNF A5 HUVECs {k51 %% ,
PI3K/ Akt BEXIHILHM .

£1 HAHAEASHT FITC — Annexin — V/PI X4 i
Tab 1 Flow cytometry analysis of Annexin — V/PI double stai-
ning (x £s. n=9)

Group Live(% ) EA(%) LA(%)
Control 37.3 5.9 24.2 3.7 37.57.0
BDNF 76.5+11.0° 18.4+2.1 4.2+1.2
BDNF + 1y294002 34.0 +6.6* 35.2+5.6 26.3+2.6
BDNF +PD98059 71.5+9.8 22.1+5.4 5.9+1.4

EA: early apoptosis; LA: late apoptosis. * P <0.05 vs the control
group; *P <0.05 s the BDNF - treated group.
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Fig7 The rate of proliferation. x +s. n=9. * P <0.05 vs the
BDNF - treated group.
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