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[ Abstract] Objective To explore the effect of natural hirudin on proliferation of human microvascular
endothelial cells (HMVECs) and its preliminary mechanism of promoting angiogenesis. Methods Three-dimensional
culture models of HMVECs were established in vitro and observed by inverted phase contrast microscopy after 24 hours
of culturing. Then, the three-dimensional culture models of HMVECs were treated with different concentrations (1, 4,
and 7 ATU/mL) of the natural hirudin, respectively, and Dulbecco’s modified Eagle’s medium containing 10% fetal
bovine serum as control. The cell proliferations of 4 groups were detected by cell counting kit 8 (CCK-8) method at 24,
48, and 72 hours; the angiogenesis of 4 groups were observed by tube formation assay at 24 hours; the expressions of
vascular endothelial growth factor (VEGF) and Notchl of HMVEC:s in 4 groups were observed by immunofluorescence
staining at 24 hours. Results  The observation of cells in three-dimensional culture models showed that HMVECs
attached to Matrigel well, and the cells formed tube structure completely after 24 hours. The results of CCK-8 test showed
that the absorbance (A) value of 1 and 4 ATU/mL groups were higher than that of control group at each time point
(P<0.05), and A value of 4 ATU/mL group was the highest. The A value of 7 ATU/mL group was significantly lower than
those of 1 and 4 ATU/mL groups and control group (P<0.05). The tube formation assay showed that the tube structure
was more in 1 and 4 ATU/mL groups than in 7 ATU/mL group and control group, and in 4 ATU/mL group than in
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1 ATU/mL group, showing significant differences (P<0.05). There was no significant difference between 7 ATU/mL group

and control group (P>0.05). The results of immunofluorescence staining showed that compared with control group, the

Notchl expression was higher in 1 and 4 ATU/mL groups and lower in 7 ATU/mL group; and there was significant

difference between 4 and 7 ATU/mL groups and control group (P<0.05). The VEGF expression was higher in 1, 4, and

7 ATU/mL groups than in control group, in 4 ATU/mL group than in 1 and 7 ATU/mL groups, showing significant

differences (P<0.05). Conclusion Natural hirudin can promote angiogenesis at low and medium concentrations, but

suppress angiogenesis at high concentrations. Its mechanism may be related to the VEGF-Notch signal pathway.

[ Key words] Hirudin; microvascular endothelial cells; three-dimensional culture; Notch signaling pathway;

angiogenesis
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Fig.1 HMVECs observation by inverted phase contrast micro-
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PSS

—e— 1 ATU/mL4
—&— 4 ATU/mL4]
3 L 8 7ATU/mLA

] (h)

B2 CCK-8 #ifll HMVECs %1€ i &
Fig.2 The growth curve of HMVECs by CCK-8

176.3349.71, 1. 4,7 ATU/mL %1 VEGF Fiki
XTRELIE T, 2R A5 EE X (P<0.05) ; 4 ATU/mL
HEF 1.7 ATU/mL H, ZRWERIT¥HE XL
(P<0.05) ; 1fi 1.7 ATU/mL 48] He4 22 % 4 it
Y (P>0.05) . WK 5,

3 itig

FEl N AMIF 5T ELIESE, 7K 08 26 AT DL sl 4 A0
PR (H S 152 A HL M R T AE L 1992 4F
Donayre 45" BRI GEIESE K 8 R PLsEAE A A T F
R, HAE RO SE L T, v] LS S5 5 i B 25
B, FESERE B AR A BOCRAE, Huang E
5 A& I EGFR 2458 Il i 5 B A (1% J B 7 15
VLA AR BRI 24408, Turpin 26"7R1 Xu 46" % Bk
0 iR 3 ok AR e S g e g PR A PR, Bt
S 1) 3 B 7K 5 2R AT R e 38 3o 455 B0 i e ) A b
RYEF . 4546 B N AP SCHER TS SREZH /I A 52
G, RN HTK R 2 B8 1 38 ok 15 BT i i 2 41
RAEHSL, Al BA HAAR UM 8 P A= i PE T .

AR BRAT A9 3 R BB DA Il A A



HEE S E MR 2018 4F 12 H A 32 545 12

¢ 1589 «

B3 JAMMEAEXBUE (FEHEERRIEX100)

a XFIEZH; b.1 ATU/mL#; c. 4 ATU/mL4H; d.7 ATU/mL 4

Fig.3 The tube formation observations of different groups (Inverted phase contrast microscopex100) a. Control group; b.1 ATU/mL

group; c.4 ATU/mL group; d.7 ATU/mL group
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a XFIRZ]; b.1ATU/mL4l; c. 4 ATU/mL4; d.7 ATU/mL 4]

Fig.4 The Notchl expressions of different groups by immunofluorescence staining (Inverted fluorescence microscopex200) a. Control

group; b.1ATU/mL group; c.4 ATU/mL group; d.7 ATU/mL group
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Fig.5 The VEGF expressions of different groups by immunofluorescence staining (Inverted fluorescence microscopex200)

b.1 ATU/mL group; c.4 ATU/mL group; d.7 ATU/mL group

B A S0 RN G e O Y 8 1 R R /KR R AE
T HMVECs £ VEGF. Notchl Z&iAT5 M, 45 R42R
KR KR Z v gl 8 VEGF-Notch 157 518 #%,
& 20 R AU A TR B, [FIEE, AT 2]
AR FEAE FANAE 1.4 ATU/mL WEEERT B 5 . B
5 W BE RSN, VEGE-Notch {5518 i 2 ik &
FEUG T RETFB W ], Hoe v B K g R W]
ARG, Zr AT P RE 5 e MR B /K I R T b R T
RVEFA Ko MKIE 2 FIPLRAE FI ] 45 Fh 52
PR R 7 BT, A T 2 20 B AR Y VEGF,
Notch1 %45 HFRIVER]

BPE TG Y (B K TR 3 AN B B KSR K i
KIHENEIE HMVECs 40 VEGF, {HJ2{Y 4 ATU/mL
e KRk iE K BE{E ¥E HMVECs 43 Notchl,
1 ATU/mL ¥ B i 42 24 S B &, i ok B2 o
7 ATU/mL B RIMEIE . FA153 7 VEGF &
Notch1 4 F IR 7", FIr IRV BE R 9k Kk 5 Z V6
f, VEGF SZ R BUSM 5, JFIRBE VEGE; ik
JEik 4 ATU/mL B, K&EBEHW VEGF HI3% T i
Notchl SZ A& B ik Notchl, MMiHkJE X 7 ATU/mL
F, RIRKIER FE R APLRIEN, VEGF 21k
FEER I, BRI Pk 5% 7 K B VEGF, (HANEE
5% T iF Notchl Z &M H{E, 2T Notchl 32
PRI, JEI Notchl FRiA/KFE T [

g bR, RIRKIEZRW LA 4 ATU/mL B, 7]
figif it VEGF-Notch {5538 #% {2 #F HMVECs 345

a. X IE4; b.1 ATU/mL4; c.4 ATU/mL#; d.7 ATU/mL 4

a. Control group;

R A W R 7 ATU/mL Hh ) 32250 i 4%
PUBE I BRI AR B S 3R, X HMVECs A3 7
IR A8 A R 10 1 A T o HL SR R K g 2%
VEGF-Notch {55 # £ i 18 A s VE LS4
AR VEGF-Notch {5 5 il B 5 FU M40 I 55
PRI R AAFAEAC HAE ], W — W T .

S 3k

1 SROMIEE, TRRBE. KHE R TRt . v R Y R4S A PR AL,
2013, 14(1): 76-78.

2 Bl KRNI R, ZRIEZY, 2015, 19(12): 2250-
2254.

3 SRRAE, BRERT, A4S, 45 RAR . EAKIEZO B AR M
R ML PN B AN A I PR T s . i [ A AR ST 5 R
B, 2011, 15(7): 1210-1214.

4 SRREE, BEERY, s, KARS H AR IR FO0 R SR R SO
AT A B A . T3 PR R AR AR, [EZH 41

DRSS IR &, 2011, 15(24): 4453-4456.

5 Pan XY, Peng L, Han ZQ, et al. Hirudin promotes angiogenesis by
modulating the cross-talk between p38 MAPK and ERK in rat
ischemic skin flap tissue. Tissue Cell, 2015, 47(3): 301-310.

6 Pitulescu ME, Schmidt I, Giaimo BD, et al. D114 and Notch
signalling couples sprouting angiogenesis and artery formation.
Nature Cell Biology, 2017, 19(8): 915-927.

7 Kovall RA, Gebelein B, Sprinzak D, et al. The canonical notch
signaling pathway: structural and biochemical insights into shape,
sugar, and force. Dev Cell, 2017, 41(3): 228-241.

8 LvS, Cheng G, Zhou Y, et al. Thymosin beta4 induces angiogenesis
through Notch signaling in endothelial cells. Mol Cell Biochem,
2013, 381(1-2): 283-290.

9 Sainson RC, Harris AL. Regulation of angiogenesis by homotypic


http://dx.doi.org/10.3969/j.issn.1009-587X.2013.01.029
http://dx.doi.org/10.3969/j.issn.1009-6469.2015.12.002
http://dx.doi.org/10.3969/j.issn.1673-8225.2011.24.020
http://dx.doi.org/10.3969/j.issn.1673-8225.2011.24.020
http://dx.doi.org/10.1016/j.tice.2015.04.001
http://dx.doi.org/10.1038/ncb3555
http://dx.doi.org/10.1016/j.devcel.2017.04.001
http://dx.doi.org/10.1007/s11010-013-1713-8
http://dx.doi.org/10.3969/j.issn.1009-587X.2013.01.029
http://dx.doi.org/10.3969/j.issn.1009-6469.2015.12.002
http://dx.doi.org/10.3969/j.issn.1673-8225.2011.24.020
http://dx.doi.org/10.3969/j.issn.1673-8225.2011.24.020
http://dx.doi.org/10.1016/j.tice.2015.04.001
http://dx.doi.org/10.1038/ncb3555
http://dx.doi.org/10.1016/j.devcel.2017.04.001
http://dx.doi.org/10.1007/s11010-013-1713-8

HEE S E MR 2018 4F 12 H A 32 545 12

10

11

12

13

14

15

and heterotypic notch signalling in endothelial cells and pericytes:
from basic research to potential therapies. Angiogenesis, 2008,
11(1): 41-51.

Wen Z, Shen Y, Berry G, et al. The microvascular niche instructs T
cells in large vessel vasculitis via the VEGF-Jagged1-Notch
pathway. Sci Transl Med, 2017, 9(399). doi: 10.1126/scitranslmed.
aal3322.

Peng L, Pan X, Yin G. Natural hirudin increases rat flap viability by
anti-inflammation via PARs/p38/NF-«kB pathway. BioMed
Research International, 2015, 2015(12): 1-7.

Fichter AM, Ritschl LM, Robitzky LK, et al. Impact of different
antithrombotics on the microcirculation and viability of
perforator-based ischaemic skin flaps in a small animal model.
Scientific Reports, 2016, 6(1). doi: 10.1038/srep35833.

Donayre CE, Ouriel K, Rhee RY, et al. Future alternatives to
heparin: low-molecular-weight heparin and hirudin. ] Vasc Surg,
1992, 15(4): 675-682.

Huang B, Chen T, Bau D, et al. EGFR is a pivotal regulator of
thrombin-mediated inflammation in primary human nucleus
pulposus culture. Scientific Reports, 2017, 7(1): 1-15.

Turpin B, Miller W, Rosenfeldt L, et al. Thrombin drives

16

17

18

19

20

21

1591«

tumorigenesis in colitis-associated colon cancer. Cancer Res, 2014,
74(11): 3020-3030.
Xu Z, Zhu L, Yao M, et al. PTEN plays an important role in
thrombin-mediated lung cancer cell functions. Biomed Res Int,
2015, 2015: 459170.
FEZRM, P A8 A i = e B SR AR R B SR 0 . R 22,
2015, 21(16): 2881-2884.
Je 5, S . A = AR AT . R4 25A, 2008, 14(12):
1767-1770.
FERSHERE, VR, AP K. =R AR IR BORTE P A R 2T Y
N FH. BHEGE R, 2011, 27(4): 531-535.
Ganesan MK, Finsterwalder R, Leb H, et al. Three-dimensional
coculture model to analyze the cross talk between endothelial and
smooth muscle cells. Tissue Eng Part C: Methods, 2017, 23(1): 38-
49.
Sahara M, Hansson EM, Wernet O, et al. Manipulation of a VEGF-
Notch signaling circuit drives formation of functional vascular
endothelial progenitors from human pluripotent stem cells. Cell
Res, 2014, 24(7): 820-841.
Wk BT 2018-06-11 f&[al HIYl: 2018-10-22
AT Gt X))


http://dx.doi.org/10.1007/s10456-008-9098-0
http://dx.doi.org/10.1016/0741-5214(92)90015-Z
http://dx.doi.org/10.1038/s41598-016-0028-x
http://dx.doi.org/10.1158/0008-5472.CAN-13-3276
http://dx.doi.org/10.3969/j.issn.1006-2084.2015.16.001
http://dx.doi.org/10.3969/j.issn.1006-2084.2008.12.003
http://dx.doi.org/10.3969/j.issn.1001-7119.2011.04.012
http://dx.doi.org/10.1089/ten.tec.2016.0299
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1007/s10456-008-9098-0
http://dx.doi.org/10.1016/0741-5214(92)90015-Z
http://dx.doi.org/10.1038/s41598-016-0028-x
http://dx.doi.org/10.1158/0008-5472.CAN-13-3276
http://dx.doi.org/10.3969/j.issn.1006-2084.2015.16.001
http://dx.doi.org/10.3969/j.issn.1006-2084.2008.12.003
http://dx.doi.org/10.3969/j.issn.1001-7119.2011.04.012
http://dx.doi.org/10.1089/ten.tec.2016.0299
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1007/s10456-008-9098-0
http://dx.doi.org/10.1016/0741-5214(92)90015-Z
http://dx.doi.org/10.1038/s41598-016-0028-x
http://dx.doi.org/10.1007/s10456-008-9098-0
http://dx.doi.org/10.1016/0741-5214(92)90015-Z
http://dx.doi.org/10.1038/s41598-016-0028-x
http://dx.doi.org/10.1158/0008-5472.CAN-13-3276
http://dx.doi.org/10.3969/j.issn.1006-2084.2015.16.001
http://dx.doi.org/10.3969/j.issn.1006-2084.2008.12.003
http://dx.doi.org/10.3969/j.issn.1001-7119.2011.04.012
http://dx.doi.org/10.1089/ten.tec.2016.0299
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1158/0008-5472.CAN-13-3276
http://dx.doi.org/10.3969/j.issn.1006-2084.2015.16.001
http://dx.doi.org/10.3969/j.issn.1006-2084.2008.12.003
http://dx.doi.org/10.3969/j.issn.1001-7119.2011.04.012
http://dx.doi.org/10.1089/ten.tec.2016.0299
http://dx.doi.org/10.1038/cr.2014.59
http://dx.doi.org/10.1038/cr.2014.59

