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Abstract
BACKGROUND: Bone marrow mesenchymal stem cells have the effect of promoting angiogenesis, and have shown a good therapeutic effect in the study of
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ischemic stroke. Traditional Chinese medicine for replenishing gi and activating blood also has a significant effect in promoting angiogenesis.

OBJECTIVE: To summarize the mechanism of traditional Chinese medicine for replenishing gi and activating blood combined with bone marrow mesenchymal
stem cells in promoting angiogenesis in ischemic stroke, so as to provide reference for the research and treatment of ischemic stroke.

METHODS: “Bone marrow mesenchymal stem cells, angiogenesis, ischemic stroke, traditional Chinese medicine” were used as the English and Chinese key
words. We searched the literatures regarding the related mechanism of angiogenesis and the literature related to angiogenesis promoted by traditional
Chinese medicine combined with bone marrow mesenchymal stem cells in PubMed, CNKI and Wanfang databases from 2009 to 2020. The literatures with
weak correlation and repetition were excluded, and 145 literatures were summarized and analyzed.

RESULTS AND CONCLUSION: (1) The definition of bone marrow mesenchymal stem cells and angiogenesis and the mechanism of promoting angiogenesis
were combed. (2) The related factors and signal pathways of replenishing gi and activating blood traditional Chinese medicine combined with bone marrow
mesenchymal stem cells to promote angiogenesis were summarized, such as vascular endothelial growth factor, brain-derived neurotrophic factor, basic
fibroblast growth factor, hypoxia-inducible factor-1a, angiopoietin, integrin avf3, matrix metalloproteinase-9 and Wnt signal pathway, Notch signal pathway,
PI3K/Akt signal pathway and SDF-1/CXCR4 signal axis. (3) It is found that the combination of traditional Chinese medicine for replenishing gi and activating
blood and bone marrow mesenchymal stem cells can promote angiogenesis and improve the therapeutic effect on ischemic stroke.

Key words: stem cells; bone marrow mesenchymal stem cells; angiogenesis; stroke; ischemia; traditional Chinese medicine; compound; review
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B o M AER B d X o B A R 40 ST UECA-F avB3 ) R4,
B #4% avB3 mRNA Rk K-PFEI R 5. £hh R b A & m
Jo b avp3 ek ik b i R A K B T eh R GE E AR
73:( [98]
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HHE O BER Rk, REBDREARAFLTEEEOHmY AR
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RAeRBEOR™, AREEEO#HIRZLTELREE QY
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A BEOMHI RIVAR R, A4 B, HA4EA KD
AIFHRIV. VERKRER. A&, ToAkialssk
R IVE R O R A, ARAeREG# 9 fiEiT
Mefd W E A R AR, FMEREAKETF, A RBHaE
AN, RFLEEOHIAEFANBAR AR b R
REAK, WERE. HAERENRF SN AR RELLTY,
ERAZTPRE W, EARENHT, AR EEGBT
AAGHRER, wEHAE, ERERELHFTITIAAL
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5 KR AR R B R R K AE R E A, %Mkh¢%w
MERBXEZAFEBEOH 2. KA EBEOHEI L
KE BRI A R R ARG . AL H A R4 R M,

228 HAEMEPHBEATHI AL T @Est Wnt 125

By Frh Wnt {2 5E3%RE—£ 05 &meﬁéﬁﬁ%&
EWIE S, 4 h %3 Wnt/B-catenin 12 S i@ R fedf 2
Wnt/B-catenin 13 FiB ¥4, fufk ] B3 A, Wntfz 5
1B B AT R RIG T A R AEIR T, VA2 Wit 1842 69 BF
REAEM D, 23 Wnt B2 EHRA Wnt/B-catenin 12 53l
B, EEPEmEATRARGEL, FEAREN, AL
JR Tt ek % AP Wit Be Ak (Wnt2. Wnt 4. Wnt5a. Wntll
F7 Wnt16) A= Wnt 4K, Wnt 125 %%ﬁ&@ﬁ%?ﬂ 4 )
AR F e Fmhiee § X EH 3G TAE, Wntfz 545
E"ﬂ’ % 18] 7 T m e s gt b A F B AE R M, Wnt/B-catemn

T EHFH DEH R P AEEZER M, DUF MR
ﬁwm B HARE T HFA R K m LR F ey Rk, B
A AR 7 A GG AE A L LS M50k 3@ it 39 4] Wint/B-Catenin
TR AEF A, TR LTHAEFEFEREAT, GUO
& M8 37 33 3 2% Wnt/B-catenin #5549 FGF18 X w42 4t fn %
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km*%i%ﬁmumcMMG%“mﬂmﬁﬂkﬁ%%R@
&N R IR BT & R BT, ASZHEF Rgl Al
%ﬁﬁm%mﬁ%%myﬁ% EBER, MERET
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%ﬁ CELT A A A ITAR 6 BATE 5 P PIBK/AKL 15
AR T AR e 69 e R A KB F AR KA
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FFhE AR A KEFRAREDEHAE, FRLLIN, 74
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oS A £ 2 %2 VEGFR2 BT/~ 6915 5 18 35 & PI3K/AKT 12
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2211 BAFmE P HIEA T M LR T 03t SDF-1/
CXCR4 12 5 #h ¢4 B SDF-1 & T CXC K AL B F, H i
hF it /A mie s R AL PR LEER D, L2
PR CXCR4 & —Fr A 7 NS R 3269 G ZEAABIKRZTAR, ThH
SDF-1 4% F 1 25 &) A%, SDF-1/CXCR4 A 4k, FRAA L i otk
Bl SBEEF. BERE, BAG0E A RGAF ™, SDF-
1/CXCR4 ~Ti@ 1T 5| § M K it AS e ZE W, 14k o dn & ﬁm
A 7RG K 3R3EA 7 SDF-1/CXCR4 4 2 ) T Aid it 2 4
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i fn i Ak RE T, Mm iRt Ak, @EE LG A KW
JOR BT tm e S A dn 7 A MO SDF-1/CXCR4 42 5 424 i
Bt 5 F H A A AR M I )5 R AR 4

Chinese Journal of Tissue Engineering Research | Vol 25 | No.13 | May 2021 | 2065



Review

%ﬁwmﬁmMﬁ°%%ﬁ-ﬁ%%%Fihﬁwm
ﬁr?ﬁ FEGEH ARG - IR, WINE T 555 F

, ERHMETREAREEEOHE, i%iy%%"zii]“@\'
Knm%,T@d«nm%ﬁ%%ﬁiy%swl P A R
AL4RJOIE SDF-1 R EM A w9 Bl dsh i, B3 Al
A #7 A 1,

# A.7F fn ko 2% 7T i@ it SDF-1/CXCR4 i 34 % vy o % 4
AN B AR BA E AT T ) B A RRS, K
& " B R A B kT AR B A 1A R T 4m e & ik SDF-1
mMRNA; Ll % P9 25 % )| B oA 5 5 8519 0 T s et o048
FFRE FRT S w44 SDF-1 A= CXCR4 49 kA, JFH L
BRE A AR T e — 7 ikt — AR T B R AR T ke

W Ee e Rk eG)2 £, RN B A5 F8E LT @eites
IT AT AL BB R 2R T an @ S e 40 402 45, Mo L
AR, 38 iR E dn fin - F 5 RS B A AR e o AR
4.

INgE  Conclusions

LR, fAREREF HBREE M LR T @ET
B E N EAE KRBT, BREANZERE T, bR

fmie A KRBT, A FFET lo. oFAERE. EH
Z avB3. ARAEE G 9 69 R KB Wnt 43 5@ 3.
Notch 12 5 i@ #4&. PI3K/Akt 12 5 i #& 4= SDF-1/CXCR4 13 5 4d A
Ptk Bl b i 2 P B 6t AT AR T omie. o E AT A R AT
R EFARMR GRS, MATAAF LY B FHE A
JR T bm I B % AT A G AR AR A, AN 5K, R BURA A
A BT RS Rk, text 3 2 2 B AR A AUHE Bt —
FRARE K. RRFTHME LR T miete sk %A B TR g

A, ALIEAR IS B B B A IRIF ALK SE R 3 R A T AS AL
A AE, Bk, 4ol TITutE B fﬁ}ﬁﬂ'—érﬂ}lu@é}&ﬁm%ﬂﬁ
R it A Ao ff 75 R AR B BEA) R T ey 2y X4E. B AT

A E A K 23t R v g %i@%%ﬁm,i%ﬁ¢ﬁm

AEAEKEFARAIKARE 5@, LM EF AL A%
E94E AR AR ARt 4 Y, LB A K P R AR AL I A
S tm AR do 2 #7 A xtTIRAR 5669 R BOR AL i At —Fax
&, P S AT @R T S A e A )R R
T, REMNMZD . Rt FIH AL T AR, REMAL
S BAEMR R NAR, AT 2 A CF AR LR T el
A 37 A AR 7 BB AR R G R, B ERA T RLE R
T tm oA ALt o B FT A, R AR A N ARG ST Bt A o g
S LS

BUs: Bf5ITRE LA I 5 R 8,

1’E%‘ﬁﬁk: REL. RERATEEMGRI, RERAFTLES

Yekst, BEBEALLGKIE. STELE, KELRATRAET. &K
A AR i 5 R & R %%x$
ZHEIH: 2XFHELT “BRAHAAFLEAL (81974564) “iTh

B AT A B AT IR B (2018JR0006)” 898, FIAAEE ERR, &%
T HF A ) ob T E UL AT AR B Rt it A R LIRS

2066 | PEHRKTIEAR | 5525% | 58138 | 2021F5H

FIREMTE: X F 0 Ltk AU, AIRAA o XS AL R

AEABAE.
S{Ef:

H0).
XEEE:

TR ET (RARGRPZESHIRENTLY (PRISMA

SF B RRAT O 23 F W R B 5 UK A AT 3 R E
.

XENNE: LFLPNRATIFERREIF, BATFAA LEH
SR LR E.

IEWW.Iﬁﬁﬁﬁ%%&Eé%%%ﬁﬂA%%?ﬁﬂﬁ%w
L,

FEHRENARBE: X & — B AR, ARIE (Foif 45T )
“EZ - R LML - AR XEF 407 L3, £SHEIIAGERLT,
AAFAAEF Lt B 9K T RN ZhE. AEFY &, R AFE
TR PR, TR HEN. AR 370, k. BEMEZLHK, HH
ZEI RS, AR AR R LT AR AR,

4 £#E Tk References

[1]  WANG J, ZHANG XH, XU X, et al. Pro-angiogenic activity of Tongnao
decoction on HUVECs in vitro and zebrafish in vivo. J Ethnopharmacol.
2020;254:112737.

[2]  zZOUY, HU J, HUANG W, et al. Non-Mitogenic Fibroblast Growth Factor
1 Enhanced Angiogenesis Following Ischemic Stroke by Regulating the
Sphingosine-1-Phosphate 1 Pathway. Front Pharmacol. 2020;11:59.

[3] KIM HY, KIM TJ, KANG L, et al. Mesenchymal stem cell-derived magnetic
extracellular nanovesicles for targeting and treatment of ischemic
stroke. Biomaterials. 2020;243:119942.

(4] HEYDARI E, ALISHAHI M, GHAEDRAHMATI F, et al. The role of non-
coding RNAs in neuroprotection and angiogenesis following ischemic
stroke. Metab Brain Dis. 2020;35(1):31-43.

[5]  CARMELIET P, JAIN RK. Molecular mechanisms and clinical applications
of angiogenesis. Nature. 2011;473(7347):298-307.

[6] LIU L, WANG D, WONG KS, et al. Stroke and stroke care in China: huge
burden, significant workload, and a national priority. Stroke. 2011;
42(12):3651-3654.

(71 Z=HE, B0 Bt oh RSO I
& ,2015,27(5):601-603.

(8] FRYLME, FEIRIE . af U MR AE G LA b X% 30 S FH O IT Se gt g 1],
T T 2R 2445 B 30 ,2019,19(37):55-56.

[9]  VAHIDINIA Z, AZAMI TAMEH A, NEJATI M, et al. The protective effect of
bone marrow mesenchymal stem cells in a rat model of ischemic stroke
via reducing the C-Jun N-terminal kinase expression. Pathol Res Pract.
2019;215(9):152519.

[10] TSAI MJ, TSAI SK, HU BR, et al. Recovery of neurological function of
ischemic stroke by application of conditioned medium of bone marrow
mesenchymal stem cells derived from normal and cerebral ischemia
rats. J Biomed Sci. 2014;21(1):5.

[11] LV W, LI WY, XU XY, et al. Bone marrow mesenchymal stem cells
transplantation promotes the release of endogenous erythropoietin
after ischemic stroke. Neural Regen Res. 2015;10(8):1265-1270.

[12] ONODERAY, TERAMURA T, TAKEHARAT, et al. Transforming Growth
Factor B-Activated Kinase 1 Regulates Mesenchymal Stem Cell
Proliferation Through Stabilization of Yap1/Taz Proteins. Stem Cells.
2019;37(12):1595-1605.

[13] SADAN O, SHEMESH N, COHENY, et al. Adult neurotrophic factor-
secreting stem cells: a potential novel therapy for neurodegenerative
diseases. Isr Med Assoc J. 2009;11(4):201-204.

[14] LN, LI XR, YUAN JQ. Effects of bone-marrow mesenchymal stem cells
transplanted into vitreous cavity of rat injured by ischemia/reperfusion.
Graefes Arch Clin Exp Ophthalmol. 2009;247(4):503-514.

[15] NASSIRI SM, RAHBARGHAZI R. Interactions of mesenchymal stem cells
with endothelial cells. Stem Cells Dev. 2014;23(4):319-332.

[16] SETO SW, CHANG D, JENKINS A, et al. Angiogenesis in Ischemic Stroke
and Angiogenic Effects of Chinese Herbal Medicine. J Clin Med. 2016;
5(6):56.

[17] ERGULA, ALHUSBAN A, FAGAN SC. Angiogenesis: a harmonized target
for recovery after stroke. Stroke. 2012;43(8):2270-2274.

SHEBISHRDS (). PEAIRR



(18]

(19]

(20]

[21]

(22]

[23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

[31]

(32]

(33]

(34]

(35]

(36]

(37]

SAIJO Y, FURUMOTO H, YOSHIDA K, et al. Clinical Significance of
Vascular Endothelial Growth Factor Expression and Microvessel Density
in Invasive Cervical Cancer. J Med Invest. 2015;62(3-4):154-160.
PR . R 24 B D) 7 U T S PR AL T SR I P i 5 52
A FURERE (U] WL P R 455 2 & ,2015,25(10):984-987.
ZHAO YH. Essential Role of Chinese Medicines in Mesenchymal Stem
Cells Transplantation for Treatment of Ischemic Stroke. Chin J Integr
Med. 2019;25(10):723-727.
SEET RC, WIJDICKS EF, RABINSTEIN AA. Stroke from acute cervical
internal carotid artery occlusion: treatment results and predictors of
outcome. Arch Neurol. 2012;69(12):1615-1620.
ZIMNA A, KURPISZ M. Hypoxia-Inducible Factor-1 in Physiological and
Pathophysiological Angiogenesis: Applications and Therapies. Biomed
Res Int. 2015;2015:549412.
FRIMI . 1E T BEIRIOT S0 P fi gk L /1 B Ao AR A S L A
7t (D). A K « WHALER K 2017
J& 1% N, .Sema3E/PlexinD1 F11 Sema4D/PlexinB1 {& ‘5 {£ iy 1 ¥ 5 1M &
AL B B A TP FE AT AT (D). QI AR % 2018,
ERRVK, BALLHE, )R, & . ad U I3 b 24 K R TR R T4
%o A 0L 3T A AF DG LA P B AR A TR S L A2 A e (1t Tk g (1),
FFE I RIS ,2015,7(4):144-145,148.
LAWICKI S, ZAJKOWSKA M, GLAZEWSKA EK, et al. Plasma levels and
diagnostic utility of VEGF, MMP-2 and TIMP-2 in the diagnostics of
breast cancer patients. Biomarkers. 2017;22(2):157-164.
OZKAYA A, KARABAS L, ALAGOZ C, et al. Real-World Outcomes of Anti-
VEGF Treatment for Neovascular Age-Related Macular Degeneration
in Turkey: A Multicenter Retrospective Study, Bosphorus Retina Study
Group Report No: 1. Turk J Ophthalmol. 2018;48(5):232-237.
HERMANN DM, ZECHARIAH A. Implications of vascular endothelial
growth factor for postischemic neurovascular remodeling. J Cereb
Blood Flow Metab. 2009;29(10):1620-1643.
298, A4 3% MR A xR JE % B VEGF ZKSFRI PASI $5 5L
BRI LUK FL I RT3 B D). o B e P R Al R 2 AR
2017,16(1):38-40.
TALWAR T, SRIVASTAVA MV. Role of vascular endothelial growth factor
and other growth factors in post-stroke recovery. Ann Indian Acad
Neurol. 2014;17(1):1-6.
ZHENG H, LIU C, OU Y, et al. Total saponins of Panax notoginseng
enhance VEGF and relative receptors signals and promote
angiogenesis derived from rat bone marrow mesenchymal stem cells. J
Ethnopharmacol. 2013;147(3):595-602.
OH TW, PARK KH, JUNG HW, et al. Neuroprotective effect of the
hairy root extract of Angelica gigas NAKAI on transient focal cerebral
ischemia in rats through the regulation of angiogenesis. BMC
Complement Altern Med. 2015;15:101.
LIN JB, ZHENG CJ, ZHANG X, et al. Effects of Tetramethylpyrazine
on Functional Recovery and Neuronal Dendritic Plasticity after
Experimental Stroke. Evid Based Complement Alternat Med. 2015;
2015:394926.
QING L, WU P, ZHOU Z, et al. Tetramethylpyrazine improved the
survival of multiterritory perforator flaps by inducing angiogenesis and
suppressing apoptosis via the Akt/Nrf2 pathway. Drug Des Devel Ther.
2019;13:1437-1447.
JIN H, XIA B, YU N, et al. The effects of autologous bone marrow
mesenchymal stem cell arterial perfusion on vascular repair and
angiogenesis in osteonecrosis of the femoral head in dogs. Int Orthop.
2012;36(12):2589-2596.
LI'L, CHU L, REN C, et al. Enhanced Migration of Bone Marrow-Derived
Mesenchymal Stem Cells with Tetramethylpyrazine and Its Synergistic
Effect on Angiogenesis and Neurogenesis After Cerebral Ischemia in
Rats. Stem Cells Dev. 2019;28(13):871-881.
CHEN J, CAO W, ASARE PF, et al. Amelioration of cardiac dysfunction
and ventricular remodeling after myocardial infarction by danhong
injection are critically contributed by anti-TGF-B-mediated fibrosis and
angiogenesis mechanisms. J Ethnopharmacol. 2016;194:559-570.

(38]

(39]

[40]

(41]

[42]

(43]

(44]

(45]

(46]

(47]

(48]

[49]

(50]

[51]

(52]

(53]

[54]

(55]

[56]

(57]

(58]

(591

[60]

P, B, BAEAR, & PSR 5 b T EE M R L
HAEE R ). SR A 2233k g ,2017,17(17):3230-3233,3249.
SRS, JEEER , S0 . PSR IS B RE IR R T T A AR R
J7 R RUAESE [J]. A [ 44T REAF 5% ,2013,17(23):4286-4291.
CHEN J, WEI J, HUANG Y, et al. Danhong Injection Enhances the
Therapeutic Efficacy of Mesenchymal Stem Cells in Myocardial
Infarction by Promoting Angiogenesis. Front Physiol. 2018;9:991.

FEI' YX, WANG SQ, YANG LJ, et al. Salvia miltiorrhiza Bunge (Danshen)
extract attenuates permanent cerebral ischemia through inhibiting
platelet activation in rats. J Ethnopharmacol. 2017;207:57-66.

YANG Y, CHIN A, ZHANG L, et al. The role of traditional Chinese
medicines in osteogenesis and angiogenesis. Phytother Res. 2014;
28(1):1-8.

FWeh . 122 Wy £ o0 R B R 1) 78 o 4 N G L A 9
A TRRIE AN ()], BRI P2y ,2013,6(7):492-495.

WEI RL, TENG HJ, YIN B, et al. A systematic review and meta-analysis of
buyang huanwu decoction in animal model of focal cerebral ischemia.
Evid Based Complement Alternat Med. 2013;2013:138484.

SRy, PSR, REHE , 55 . b RHIE 7% i K FR AR A
ITGavB3 ik K i Bz o DX AL ML i s [1). i 2 [ R [E 24,2013,
24(6):1308-1310.

FRIZ T, TRIRTR , REE . #NHIE TS MSCs B A8 0T o sk I 7
FEARRUON R VEGE A5 5@k 52 m ()] 2 EEE [ 25,2016,
27(4):806-809.

HUANG Y, PEI J, WANG X. Outcome and safety assessment of YIN
pattern of acute ischemic stroke treated with an herbal medicine
protocol. Cerebrovasc Dis. 2007;24(6):483-494.

BREA, 33 fH/NHE, 55 IRk 1 5 B0 R A B 1 () 70 2
ARG R (). 2= 250t FUAE 224 ,2015,28(1):32-36.

GUO JW, CHEN C, HUANG Y, et al. Combinatorial effects of naomai
yihao capsules and vascular endothelial growth factor gene-transfected
bone marrow mesenchymal stem cells on angiogenesis in cerebral
ischemic tissues in rats. J Tradit Chin Med. 2012;32(1):87-92.

HEIL M, EITENMULLER I, SCHMITZ-RIXEN T, et al. Arteriogenesis versus
angiogenesis: similarities and differences. J Cell Mol Med. 2006;10(1):
45-55.

WANG GL, JIANG BH, RUE EA, et al. Hypoxia-inducible factor 1 is a
basic-helix-loop-helix-PAS heterodimer regulated by cellular O2 tension.
Proc Natl Acad Sci U S A. 1995;92(12):5510-5514.

WHELE , ZFrE , AR, & —RBEAEFE ST -1o K

o A/ BRI T B R AR RURE (). T 2R R 2 ,2016,37(14):
2065-2068.

oyt HW, R, A )R R e A B i K R I AR R R ARAR
PSR TRIE MM ). 1 E K2 F4Rk ,2016,13(17):8-11,15.
YOSHIKAWA N, SHIMIZU N, OJIMA H, et al. Down-regulation of hypoxia-
inducible factor-1 alpha and vascular endothelial growth factor by
HEXIM1 attenuates myocardial angiogenesis in hypoxic mice. Biochem
Biophys Res Commun. 2014;453(3):600-605.

LI'L, QU Y, JIN X, et al. Protective effect of salidroside against bone loss
via hypoxia-inducible factor-1a pathway-induced angiogenesis. Sci Rep.
2016;6:32131.

SRR, A, RO, S5 RSO B ) e R SRS S
[RIF -1 BE R e 7K1 B o3 wb Ay a8 A K PR s (0], o JE IR
2248 ,2016,26(4):12-16.

HA XQ, YANG B, HOU HJ, et al. Protective effect of rhodioloside and
bone marrow mesenchymal stem cells infected with HIF-1-expressing
adenovirus on acute spinal cord injury. Neural Regen Res. 2020;15(4):
690-696.

e, SRAKEG , XK , & . ARSEIASE T 3 BRSO A
Joi 4 L AR A S RS2 R 1)), Hh Rk2y ,2015,37(4):873-875.

ARG, A, VLA | B R RO M e P 3405 O SR
PN I A B2 HIF-10/VEGF 55 %% SmER IR REM [J]. ek HR R 22 e 2
i ,2017,42(10):1309-1313.

RE, BN, T, & SRS B N A A (8] 78 0T 40 xR
BB B M 1 AR BT 0] shARh R 24551 2011,
29(7):1455-1458.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.13 | May 2021 | 2067



T
, , , et al. Tiel controls angiopoietin 83] FOUDA AY, ALHUSBAN A, ISHRAT T, et al. Brain-Derived Neurotrophic

[61] KORHONEN EA, LAMPINEN A, GIRI'H |. Tiel | iopoieti [83] I d h
function in vascular remodeling and inflammation. J Clin Invest. 2016; Factor Knockdown Blocks the Angiogenic and Protective Effects of
126(9):3495-3510. Angiotensin Modulation After Experimental Stroke. Mol Neurobiol.

[62] SAHARINEN P, LEPPANEN VM, ALITALO K. SnapShot: Angiopoietins and 2017;54(1):661-670.

Their Functions. Cell. 2017;171(3):724. [84] SUNC, HUY, CHU Z, et al. The effect of brain-derived neurotrophic

[63] RUIE, HEH, T, 2 . h25idE i ook B S N 5 VEGF factor on angiogenesis. J Huazhong Univ Sci Technolog Med Sci. 2009;
1 Angiopoietins Fik 1SS FT ], WP Hh 22 24 K % 44,2016, 29(2):139-143.
36(1):19-22. (85] UM, EH, wEE , 5. fS LB KRR L M St 451 £

[64] KRUGER-GENGE A, BLOCKI A, FRANKE RP, et al. Vascular Endothelial Ja PR E IR R FRIA MR (). i 5 & 5 44 ,2015,23(3):
Cell Biology: An Update. Int J Mol Sci. 2019;20(18):4411. 165-169.

[65] GAONAC’H-LOVEJOY V, BOSCHER C, DELISLE C, et al. Raplis Involved in ~ [86] J5ZAk , ZEf 4k . FIZEWL . PHS A A B B8R 780 T4 i RS AR
Angiopoietin-1-Induced Cell-Cell Junction Stabilization and Endothelial PEBEMRE AL IS A 22 FEAE ()], A E VTR B 7T ,2016,20(23):

Cell Sprouting. Cells. 2020;9(1):155. 3425-3431.

[66] HWANG-BO J, PARK JH, CHUNG IS. 3-O-Acetyloleanolic acid inhibits [87] CHEN P, ZHANG H, ZHANG Q, et al. Basic Fibroblast Growth Factor
angiopoietin-1-induced angiogenesis and lymphangiogenesis via Reduces lPermeaF)iIity and Apoptosis of Human Brain Micr?vaécular
suppression of angiopoietin-1/Tie-2 signaling. Phytother Res. 2020; Endothelial Cells in Response to Oxygen and Glucose Deprivation
34(2):359-367. Followed by Reoxygenation via the Fibroblast Growth Factor Receptor

[67] THOMAS M, AUGUSTIN HG. The role of the Angiopoietins in vascular . 1 (FGFR1)/ERK Pathway. Med Sci Monit. 2019;2517191’72?1'

; ; f . . 88] NAKAMICHI M, AKISHIMA-FUKASAWA Y, FUJISAWA C, et al. Basic
morphogenesis. Angiogenesis. 2009;12(2):125-137. ’ ’ 4

[68] PARIKH SM. The Angiopoietin-Tie2 Signaling Axis in Systemic Flbr?blast Growth Factor Indgces Anlglogenlc Properjues of Fibrocytes
Inflammation. J Am Soc Nephrol. 2017;28(7):1973-1982. to Stimulate Vascular Formation during Wound Healing. Am J Pathol.

[69] PARIKH SM. Angiopoietins and Tie2 in vascular inflammation. Curr Opin 59] Ei(())llflfjsel-(illﬁjlzi-iojl;izljioBITA ML TANIMASS, et al. Coadministrat "
Hematol. 2017;24(5):432-438. - , ’ , €t al. Loadministration o

(70] HAEBE, o XU, A Ang-1 I Tie-2 £ L8 2 i b 4E adipose-derived stem cells and control-released basic fibroblast growth

2 ) ’ 77, 5% - - - . - . - X X . . X
JHEEZS T TBF T HEE 1], PEE 224 5 ,2018,30(8):1391-1394. tjctogfaC|I;Z';eg.zz(gg'glzr;ess;gj murine ischemic hind limb model. J

(71 Reth, FWC, FE, % REALNEE AR AFHE AT e T e
QFHJ]@EQEJ’%%E’J%’”@“[J] Tﬂ)ﬁéli%l%%’ 2017,3(2):90-94 [90] GUO H, HUANG L, CHENG M, et al. Serial measurement of serum basic

[72] CHENT, CHEN N, PANG N, et al. Hydroxysafflor Yellow A Promotes ﬁbroblas.t growth factor in patients with acute cerebral infarction.
Angiogenesis via the Angiopoietin 1/ Tie-2 Signaling Pathway. J Vasc (01] &eAu(;O;CIL:_Ie:ttI\-AZAOgé;ing(llr)1.t5r:;>5ci.lar administration of
Res. 2016;53(5-6):245-254. re e

tet thyl ine hydrochloride to rats: a direct deli th f

[73] YAO H, SHI P, SHAO Q, et al. Chemical fingerprinting and quantitative be rian;e yﬁpyr;’az;ne é T‘Oczc())lr;'z;lgésjllasé;;ec elivery pathway for
analysis of a Panax notoginseng preparation using HPLC-UV and HPLC- Efaj arg\e ig . rug e I\A; e e e
e Chin Med. 2011:6:9 [02] S, FNNTE, NUSCI , 25 1125 Wt A ORI BB B

' ' . . : BT A A A AR A R 7 e FE S AR B AP e ()], o [ e e R A

[74]  HUI Z, SHA DJ, WANG SL, et al. Panaxatriol saponins promotes

&%k ,2004,24(5):439-441.
angiogenesis and enhances cerebral perfusion after ischemic stroke in
[93] ZHANG JC, ZHENG GF, WU L, et al. Bone marrow mesenchymal stem
rats. BMC Complement Altern Med. 2017;17(1):70. ) L A

751 MOISAN A. FAVRE |. ROME C Ll niecti ¢ Clinical cells overexpressing human basic fibroblast growth factor increase

(751 ! ! » etal. Intravenous Injection of Clinica vasculogenesis in ischemic rats. Braz J Med Biol Res. 2014;47(10):
Grade Human MSCs After Experimental Stroke: Functional Benefit and 386-894
Microvascular Effect. Cell Transplant. 2016;25(12):2157-2171. o L e L. I . __

i sy st oriods (94)  SIEY], BCA, EHE, 45 . Ah AR A A

76 ZEE I, A, AL SR IR S T4 et e I aon

. N R OB AR AR B K R R 2 014 (). o B ZHZ T2 5, 2016,
T SN 05 R S 1], T EZH AW AT ,2016,20(41): 20(1):95-101.
6138-6144. [95] BIJJ, YI L. Effects of integrins and integrin avB3 inhibitor on

[77] BAO C, WANG Y, MIN H, et al. Combination of ginsenoside Rgl and ) L . ) e

angiogenesis in cerebral ischemic stroke. J Huazhong Univ Sci
bone marrgw mesenchymal sFem cAeII trlansplantation in}theAtreatment Technolog Med Sci. 2014:34(3):299-305.
of cerebral ischemia reperfusion injury in rats. Cell Physiol Biochem. [96] YUAN HX, WANG WP, WEN JX, et al. Dual-Targeted Microbubbles
2015;37(3):901-910. ) ) ) Specific to Integrin aVB3 and Vascular Endothelial Growth Factor

[78] KERMANI P, HEMPSTEAD B. Brain-derived neurotrophic factor: a Receptor 2 for Ultrasonography Evaluation of Tumor Angiogenesis.
newly described mediator of angiogenesis. Trends Cardiovasc Med. Ultrasound Med Biol. 2018;44(7):1460-1467.
2007;17(4):140-143. [97] SOMANATH PR, MALININ NL, BYZOVA TV. Cooperation between

[79] WANG Y, YANG J, DU H, et al. Yangyin Tongnao granules enhance integrin alphavbeta3 and VEGFR2 in angiogenesis. Angiogenesis. 2009;
neurogenesis in the peri-infarct area and upregulate brain-derived 12(2):177-185.
neurotrophic factor and vascular endothelial growth factor after (98] ERHURH , XIS, S50 . 25400 2 b 2 % B B 18] 76 5 40 M oo i
focal cerebral ischemic infarction in rats. Mol Biol Rep. 2019;46(4): St I 2F] R L4653 2 AR D6 PR T3 SR (R BT ATk R 1)), TP EE IR
3817-3826. W9t ,2015,7(4):146-148.

[80] NAGAHARA AH, TUSZYNSKI MH. Potential therapeutic uses of BDNF [99] RZ=, FEVE, BEMR), 2 RNPHE L7 S HE ok B ) L A it
in neurological and psychiatric disorders. Nat Rev Drug Discov. 2011; A avp3 FI B3 WILFRIEMEL (). PG 5k K2
10(3):209-219. 2011,22(4):402-406.

(81] FKIE . 2 KM BB B BE A rh YR AR 2 TR R Tk I [100] FKIZTE , MHRAL, mil , 55 . %P IE FL7 A 1 Rl ) 78 0 T4 %
FAERE R ARSI BT T [D]. B - Herh R R 2010 LSO DR G+ 50 J e FE B 5 FORH G IR T B2 ). TR R ZH 23

[82] PIKULA A, BEISER AS, CHEN TC, et al. Serum brain-derived neurotrophic FERF5 ,2017,21(5):724-729.
factor and vascular endothelial growth factor levels are associated [101] EHER}, BEMIR . WETEM LS IR KA N A KB T 5 R

with risk of stroke and vascular brain injury: Framingham Study. Stroke.
2013;44(10):2768-2775.

2068 | PEHRKRTIEAR | 5525% | 55138 | 2021F5H

&IRE AN -9 SIS C /AT AR V). AR S 5T Ak,
2017,31(1):95-97.



[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

el AT SRUNEXT MR B SN AE S8 VEGF. MMP-9, EPCs [fiLi
K RIREM (D] I T R R 2R % 2014,

RS, R . SR R AR -9 K AR R 5 ek
NN AR AL G F ). W AbPE %% ,2013,19(5):756-759.

FEEK, BB . TS 2 RIS M A T BT AR ML BT TR ().
WIHT Hp BE 25 K 5274 ,2014,38(4):506-510.

TG . S A BE £ A IS LA P R AR K BT AR G R AR

il -9 KT B A0 R H B S D). 4 RHEE %% ,2010,13(18):
1983-1985.

HULKKONEN J, PERTOVAARA M, ANTONEN J, et al. Matrix
metalloproteinase 9 (MMP-9) gene polymorphism and MMP-9
plasma levels in primary Sjogren’s syndrome. Rheumatology (Oxford).
2004;43(12):1476-1479.

ARARHE, Dk, U E . R R 4R B A -9 R I AR
o3 DR 9 BEAE Uk AR A S 2 W v (9 35 (0], I PR 2 %, 2010,
30(5):6-8.

ZEERAE, MR, AN, A5 . KR SO 0] 73 5T 4 A A A
TR I K B2 o 4 B A s ). Hh R 45 A 24 ,2008,6(8):
810-816.

FALLHE , ERRVK, XU, &5 . 3800 2807 2 K w6 1) 70 53 140 i
(BMSCs) 7 i it IiL P88 ¥ 457 15 v vk 3 o 4 J&8 2 A B (MIMIPs) )R]
HIBIEFE 3t f ). A BRI RATF 9T ,2015,7(4):137-139.

WEHE . HIPH I T3z %o I8 2 St I P i A v 3 L 3R S 4 R
EAlgRm ). fE i E 2y ,2013,44(1):21-22.

WA, ERA, XIRE , 55 . B4 EBE R 78 0 T 40 M A% m o etk
Lo IUVRRBEJ5 0 D BE AN 42 5K S i o 42 B 1l -9 s (). Hh &
HEE 4k ,2013,33(23):5947-5950.

G DA BRI 0 I P Y AR R A 2 A R T s (). AR R 2
FiJ ,2009,27(8):1660-1662.

BRI . 2830 Wit {5530 7R K B i 26 o J5 L BT 2R R )
YERIWESE [D]. 573 - L AR K% ,2015.

FUS, YANG L, HONG H, et al. Wnt/B-catenin signaling is involved in the
Icariin induced proliferation of bone marrow mesenchymal stem cells. J
Tradit Chin Med. 2016;36(3):360-368.

WANG Y, WU Z, TIAN J, et al. Intermedin protects HUVECs from
ischemia reperfusion injury via Wnt/B-catenin signaling pathway. Ren
Fail. 2019;41(1):159-166.

DU J, LI J. The role of Wnt signaling pathway in atherosclerosis and its
relationship with angiogenesis. Exp Ther Med. 2018;16(3):1975-1981.
LI X, LU Q, XIE W, et al. Anti-tumor effects of triptolide on angiogenesis
and cell apoptosis in osteosarcoma cells by inducing autophagy via
repressing Wnt/B-Catenin signaling. Biochem Biophys Res Commun.
2018;496(2):443-449.

GUO P, WANG Y, DAI C, et al. Ribosomal protein S15a promotes tumor
angiogenesis via enhancing Wnt/B-catenin-induced FGF18 expression
in hepatocellular carcinoma. Oncogene. 2018;37(9):1220-1236.

LI X,HONG S,TAN C,et al. Combined study on the action and mechanism
of g-rg1/sr-cas bone substitute material for ossification and pro-
vascularization.Materials Express.2020;10(2):177-189.

LEUNG KW, PON YL, WONG RN, et al. Ginsenoside-Rg1 induces vascular
endothelial growth factor expression through the glucocorticoid
receptor-related phosphatidylinositol 3-kinase/Akt and beta-catenin/
T-cell factor-dependent pathway in human endothelial cells. J Biol
Chem. 2006;281(47):36280-36288.

MCBRIDE JD, RODRIGUEZ-MENOCAL L, GUZMAN W, et al. Bone Marrow
Mesenchymal Stem Cell-Derived CD63+ Exosomes Transport Wnt3a
Exteriorly and Enhance Dermal Fibroblast Proliferation, Migration, and
Angiogenesis In Vitro. Stem Cells Dev. 2017;26(19):1384-1398.

FAL . S A R 8 TR IR T S U AE K BRI AR
ST (D). PLFH - 1T PR 2R % 2011,

YAMAMOTO S, SCHULZE KL, BELLEN HJ. Introduction to Notch signaling.
Methods Mol Biol. 2014;1187:1-14.

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

GRIDLEY T. Notch signaling in the vasculature. Curr Top Dev Biol. 2010;
92:277-309.

FIUZA UM, ARIAS AM. Cell and molecular biology of Notch. J
Endocrinol. 2007;194(3):459-474.

XY . 2235 I I Noteh {5 538 40 i) £ BT A i iR 1
A ST (D). M - HRJHEERFR A 2018,

XIS, BREEIN , ER, 5 Notch {55l I 7 X B 2 i [R) 78 03 20 Mt
RS B i s 0L DXL A8 3 A R P AR A ). TR AR AR
2017,37(17):4185-4187.

ZHAO J, LIN W, CAO Z, et al. Total alkaloids of Rubus alceifolius Poir
inhibit tumor angiogenesis through suppression of the Notch signaling
pathway in a mouse model of hepatocellular carcinoma. Mol Med Rep.
2015;11(1):357-361.

SHI' WL, ZHAO J, YUAN R, et al. Combination of Ligusticum Chuanxiong
and Radix Paeonia Promotes Angiogenesis in Ischemic Myocardium
through Notch Signalling and Mobilization of Stem Cells. Evid Based
Complement Alternat Med. 2019;2019:7912402.

SONG D, LIU X, DIAQ Y, et al. Hydrogen-rich solution against myocardial
injury and aquaporin expression via the PI3K/Akt signaling pathway
during cardiopulmonary bypass in rats. Mol Med Rep. 2018;18(2):
1925-1938.

DAVIES EM, GURUNG R, LE KQ, et al. Effective angiogenesis requires
regulation of phosphoinositide signaling. Adv Biol Regul. 2019;71:
69-78.

XU C, WANG J, ZHU T, et al. Cross-Talking Between PPAR and WNT
Signaling and its Regulation in Mesenchymal Stem Cell Differentiation.
Curr Stem Cell Res Ther. 2016;11(3):247-254.

B, AR, DN, 55 RS R BT PISK/AKt 15 S
SRk Je P A B K BRI 2 R 5 495 A0 5 5 LA A ). v T e
k& 2019,35(17):2068-2072,2078.

HUANG Y, MAO Y, LI H, et al. Knockdown of Nrf2 inhibits angiogenesis
by downregulating VEGF expression through PI3K/Akt signaling
pathway in cerebral microvascular endothelial cells under hypoxic
conditions. Biochem Cell Biol. 2018;96(4):475-482.

SUN D, ZHANG F, QIAN J, et al. 4’-hydroxywogonin inhibits colorectal
cancer angiogenesis by disrupting PI3K/AKT signaling. Chem Biol
Interact. 2018;296:26-33.

CUI HJ, YANG AL, ZHOU HJ, et al. Buyang huanwu decoction promotes
angiogenesis via vascular endothelial growth factor receptor-2
activation through the PI3K/Akt pathway in a mouse model of
intracerebral hemorrhage. BMC Complement Altern Med. 2015;15:91.
BT, WA .SDF-1/CXCRA A= 4l 5 IR 30 397 A= i 6 RO O 5 3k
U]. 2B E2: 2015,28(1):167-170.

FKIEHE , (T3, BT SDFL/CXCRA 15 5 b 72 IR AL 6 A 40 i 375 5 .
ERA R RIER D], SRR 51K ,2019,39(5):682-689.

XIANG Y, YAO X, WANG X, et al. Houshiheisan promotes angiogenesis
via HIF-10/VEGF and SDF-1/CXCR4 pathways: in vivo and in vitro. Biosci
Rep. 2019;39(10):BSR20191006.

BRI, RIS, MR, 55 SDF-1/CXCR4 il K X 2 AR M85 A
PIRZ AL E R (). DO AR B2 e & ,2015,37(3):137-139.
RO, L, FEGE, S5 SRR EEE RN B BT X UL . A
22 TuR I B ANHAE LT FUE R ). 2 EEEE 25 ,2011,22(4):
1013-1014.

REZTT , B, Rt , 55 . LA e A S8 TR ] 1 P i g L A5
UK R H AR T M T (9530 ) 0] P EH TR 7T 2014,
18(49):7879-7883.

B DK MCAO K BRI 7 A= A 2R SDF-1/CXCR4 {5
B TTHLAIHT ST (D). BFrg - iR BE 25K %% ,2015.

BRILAE , BR800 LS v 245300 SDF-1/CXCR4 3 % 5 M) 1L 7
AR ST ). BRPE RS ,2013,34(5):638-639,641.

BRI . ) WXt B B T T 5E . SDF-1mRNA 3k K )0
JUUREZH L 3G BRI SR8 BE 5T (D, T < T e EE 257K, 2010.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.13 | May 2021 | 2069



