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Effect of ginkgo diterpene lactones on hypoxia-induced apoptosis and angiogenesis of human umbilical vein
endothelial cells and its mechanisms

SHI Xiao-ming, YANG Yong-bin, ZHAO Wei, AN Yan-bo, LU Bo-nan"
Department of Vascular Surgery, Hebei General Hospital, Shijiazhuang 050051, Hebei, China

[Abstract] Objective To investigate the effect of ginkgo diterpene lactones on hypoxia-induced apoptosis and
angiogenesis of human umbilical vein endothelial cells (HUVECS) and the related molecular mechanisms. Methods HUVECs
were cultured under hypoxia for 24 h, and then treated with ginkgo diterpene lactones (low-dose: 6.25 mg/L and high-dose:
25.00 mg/L). MTT assay was used to detect the cell activity. Flow cytometry was used to detect the apoptosis of HUVECs.
Transwell assay was employed to detect the migration of HUVECs. Quantitative real-time polymerase chain reaction and
Western blotting were used to test the expression levels of mRNA and protein of hypoxia-inducible factor lo (HIF-1a),
apoptosis-related genes (B-cell lymphoma 2 [Bcl-2 | and B-cell lymphoma 2-related X protein [Bax]), and angiogenesis-
related genes (vascular endothelial growth factor [VEGF ] and transforming growth factor B [TGF-B]). Results Compared
with the normal group, the HUVEC activity was significantly decreased after exposed to hypoxia for 24 h (£<<0.05), and the
apoptosis rate of HUVECs and mRNA and protein expression levels of HIF-1a were significantly higher (all £<<0.05). The
cell activity and migration ability of HUVECs were significantly higher in the low- and high-dose ginkgo diterpene lactones
groups than those in the hypoxia group (all <<0.05), and the apoptosis rates of HUVECs were significantly lower than those
in the hypoxia group (both P<<0.05). Meanwhile, the cell activity and migration ability were significantly higher in the high-
dose group than those in the low-dose group (both £<<0.05), and the apoptosis rate was significantly lower than that in the
low-dose group (£<<0.05). The mRNA and protein expression levels of HIF-1a and Bax were lower in the low- and high-
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dose ginkgo diterpene lactones groups than those in the hypoxia group, and the mRNA and protein expression levels of Bcl-2,

VEGF and TGF-B were higher than those in the hypoxia group; and the expression changes of the above genes were more

significant in the high-dose group. Conclusion Ginkgo diterpene lactones can improve hypoxia-induced apoptosis and

angiogenesis of HUVECs by regulating the expression levels of HIF-1o and apoptosis- and angiogenesis-related genes, and it

might be used as a new agent to treat anoxic vascular diseases.

[Key words] ginkgo diterpene lactones; hypoxia; human umbilical vein endothelial cells; apoptosis; angiogenesis
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1 {REEFFT HUVEC A1 HIF-10 B B RIZK 00
Fig1 Effect of hypoxia culture on apoptosis and HIF-1a protein expression of HUVECs

A: Apoptosis of HUVECs detected by flow cytometry; B: Expression of HIF-1a protein in HUVECs detected by Western blotting.

HUVEC: Human umbilical vein endothelial cell; HIF-1a: Hypoxia-inducible factor 1a

22 A F =ik A B 3K A A 2 HUVEC & M 4
o MTT A Z5 5 BoR, G0 &5 & E R
A 1 Y R AL FE 2 HUVEC 375 M 24 78 0 4804k 3
20 (0.813£0.129., 1.106+0.180 vs 0.455+0.137 ) ,
ERMH G E L (1=4.660, 7.049, P#<
0.01) ; &7 4R A — il PN i 4b B 4l HUVEC i
PeE TR R, 2R A% %R L (1=3.241,
P=0.009) .

23 # A5 M B xT KA AL 2 69 HUVEC 8 89
o U AR 2R (K 2) R, K]
I 5 R AR SR A T P T Ak P AN O T 3R
il TARA AL B A [ 5 5k (14.84+232) %,
(845+£1.91) %, (20.64+3.08) %], £ 51
A4t Fm L (1=—3.684, —8.239, P=0.004,
P<<0.01) , Jf H /&7 AR A s PN B Ak R A 1) 41
JJE T AR TR AL (1=—5.209, P<<0.01) .
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B2 mAERAKNRE =N EEXHMERLE HUVEC JH TR0
Fig2 Effect of ginkgo diterpene lactones on apoptosis of HUVECs exposed to hypoxia detected by flow cytometry

C

A: Hypoxia group; B: Low-dose (6.25 mg/L) ginkgo diterpene lactones group; C: High-dose (25.00 mg/L) ginkgo diterpene lactones
group. HUVEC: Human umbilical vein endothelial cell

24 4 A =ik MBS TR R 4 2 HUVEC i 45 4k Z R ZEI ¥ E XL (1=—3336. P=0.008,

H 89 %% Transwell /)N 2 520G K I 25 5% (&1 3) t=—6.505, P<<0.01) , Jf H @&l =@ A ki
WoR, ARAE 5w R R A W N R A A fi 4b ¥ 2H HUVEC iF % fig J1 = TR A 4 (1=

Qﬁiﬂﬁﬁ%ﬁﬁﬁﬁjﬁﬂ:ﬁ%&ﬁtﬁﬁéﬂ(ﬁr’]jﬂ 3.037, P=0.013) .

52.00+12.85, 76.834+15.36. 32.17+6.85) ,

i G.’” .sa..@

E 3 Transwell IJ\E%E@F ﬂ“%ﬁﬁ—?ﬁﬁﬁiﬂ&ﬁﬂ‘ﬁ HUVEC } fzﬁﬁj] E’J%ﬂﬂ
Fig3 Effects of ginkgo diterpene lactones on migration of HUVECs exposed to hypoxia detected by Transwell assay
A: Hypoxia group; B: Low-dose (6.25 mg/L) ginkgo diterpene lactones group; C: High-dose (25.00 mg/L) ginkgo diterpene lactones
group. HUVEC: Human umbilical vein endothelial cell. Giemsa staining. Original magnificatiion: X200

2.5 4RAH ik MBS KA AL B HUVEC 2% 4 ek 0.006) o A% & AR A — Wk P9 g Ab # 4] Bel-2,

B &R # ¥ qRT-PCR FIHE 515t BN AG 45 TGF-B i) mRNA Fl £ [ & & 35 & T % & 4k B
(£1., F4) B, KGR A 0 ERAbH#E2H 40 (Bel-2: t=7.25. 6.49, P=0.002. 0.003;
HUVEC H HIF-10 25 FH R A IK TR AN B4 (1= TGE-B: t=6.95. 5.46, P=0.002. 0.005) , VEGF

—5.12, P=0.007) , fHfE mRNA K27 TG8 0t UHEE K SRS B A 22 50 Gt %
2 Y (t=—2.05, P=0.110) , Bax f£ mRNA FlI X (=427, P=0.013) ; &5 & 4R A s P g
EAKFERYTG 2 EE L (t=—2.15, —2.33, Ab 20 Bel-2, VEGF il TGF-B () mRNA Fl1 4 (4 %
P=0.100, 0.080) ; @ flEMRA M ANRLIA AN E TIRELLIEA (Bel-2: t=4.55, 697, P=
HIF-1a, Bax ) mRNA Fl&E (R IXHMLTAIREL  0.010. 0.002; VEGF: t=4.30, 7.82, P=0.013,
4] (HIF-lo: t=—5.29, —11.99, P=0.006. P<<  0.001; TGF-B: r=8.43. 6.60, P=0.001, 0.003) ,
0.01; Bax: t=—6.77, —6.64, P=0.002, P=  H TGF-f mRNA 3 ik & T £ %] & 41 (+=3.19,
0.003 ) FMIEFI &4 (HIF-1a: t=—537, —5.18, P=0.033) .

P=0.006.0.007; Bax: t=—4.39, —5.28, P=0.012,
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Tab 1 Effects of ginkgo diterpene lactones on expression of apoptosis- and angiogenesis-related genes

in HUVECs exposed to hypoxia

n=3,x*s
qRT-PCR results
Item
Hypoxia Low-dose High-dose F value P value
HIF-1a 1.2440.27 0.880.14 0.38+0.08"" 17.08 0.003
Bcl-2 0.30%0.05 0.66+0.07" 0.974+0.25 15.47 0.004
Bax 0.924+0.13 0.70+0.12 0.360.06™ 20.67 0.002
VEGF 0.44+0.08 0.6240.10 0.84+0.14" 9.92 0.012
TGF-B 0.3040.06 0.674+0.07" 0.91+£0.11"4 46.74 <0.01
Ltem Western blotting results
Hypoxia Low-dose High-dose F value P value
HIF-1a 1.06%0.11 0.60+0.11° 0.25+0.04™" 53.82 <0.01
Bcl-2 0.25+0.04 0.76+0.13" 1.11+£0.21°7 27.47 0.001
Bax 1.12+0.17 0.840.12 0.40+0.08"" 25.03 0.001
VEGF 0.36%0.05 0.8240.18" 1.16+0.17" 23.71 0.001
TGF-B 0.2240.04 0.74+0.16" 0.96%0.19 20.53 0.002

Low-dose group: The HUVECs exposed to hypoxia were treated with 6.25 mg/L ginkgo diterpene lactones; High-dose

group: The HUVECs exposed to hypoxia were treated with 25.00 mg/L ginkgo diterpene lactones. HUVEC: Human umbilical

vein endothelial cell; HIF-1a: Hypoxia-inducible factor la; Bcl-2: B-cell lymphoma 2; Bax: B-cell lymphoma 2-related X protein;

VEGF: Vascular endothelial growth factor; TGF-B: Transforming growth factor f; qRT-PCR: Quantitative real-time polymerase chain

reaction. "P<<0.05 vs hypoxia group; “P<<0.05 vs low-dose group

Hypoxia  Low-dose High-dose

M:(X10%)
120

Bcl-2 26

21

Bax

VEGF 48

TGF-p 44

B-actin 42

El 4 F|AFRELEEGNRE ik M EEXHR R A0 E
HUVEC BT FIE & X EBRERIFIT
Fig 4 Effects of ginkgo diterpene lactones on apoptosis-
and angiogenesis-related protein expression in HUVECs
exposed to hypoxia detected by Western blotting

Low-dose group: The HUVECs exposed to hypoxia were treated
with 6.25 mg/L ginkgo diterpene lactones; High-dose group: The
HUVEC:s exposed to hypoxia were treated with 25.00 mg/L ginkgo
diterpene lactones. HUVEC: Human umbilical vein endothelial
cell; HIF-1a: Hypoxia-inducible factor 1a; Bcl-2: B-cell lymphoma
2; Bax: B-cell lymphoma 2-related X protein; VEGF: Vascular
endothelial growth factor; TGF-f: Transforming growth factor
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