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Introduction

The establishment of a circulatory system for the provision of 
oxygen and nutrient substances to all body tissues systemati-
cally exists in vertebrates. The system is founded in the early 
phase of embryogenesis via vasculogenesis and angiogene-
sis, which embrace the formation of capillary plexuses and 
blood vessels generated from progenitor cells (vasculogene-
sis) and the expansion and remodeling of preexisting vascu-
lar structure (angiogenesis).1 It can be clearly comprehended 
that both vasculogenesis and angiogenesis proceed efficiently 
in response to physiological and pathological conditions. 
Factors of angiogenesis in multicellular organisms are under 
strict control and regulation. Accumulating attention has 
been paid to endothelial cells (EC) in relation to the angio-
genesis, but vascularization in vivo requires a combination of 
pathogenesis such as tumorigenesis and release of proangio-
genic factors, including vascular endothelial growth factors 

(VEGFs) and their receptors (VEGFRs), angiopoietin and 
platelet-derived growth factors (PDGFs).2-4 Among these, 
VEGF/VEGFRs are the critical mediators of vasculogenesis 
and angiogenesis in terms of their capacity to elicit a broad 
spectrum of signal transduction cascades in the induction of 
tumor angiogenesis.

Because of the positive pharmacological activities of tra-
ditional Chinese medicine (TCM) in combating tumor-
induced angiogenesis, natural compounds as well as formulae 
derived from TCMs have demonstrated beneficial effects on 
the regulation of immune function, tumor proliferation and 
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Abstract
Bearing in mind the doctrine of tumor angiogenesis hypothesized by Folkman several decades ago, the fundamental strategy 
for alleviating numerous cancer indications may be the strengthening application of notable antiangiogenic therapies to 
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metastasis, accelerated angiogenesis and the inhibition of 
chemotherapy-induced adverse effects.5,6 This review sum-
marizes the updated essential role of VEGF/VEGFRs-
associated tumor angiogenesis in combination with the 
therapeutic functions of antiangiogenesis involved in various 
TCMs medicines in the past few years.

Interaction of VEGF/VEGFRs in 
Tumor Angiogenesis

Properties of VEGF Family in Tumor 
Angiogenesis

Accumulating attention has been paid to the function of 
receptor tyrosine kinases and growth factors originating 
from the VEGF family that possess angiogenic effects. Five 
glycoproteins, including VEGF-A, VEGF-B, VEGF-C, 
VEGF-D, and placental growth factor (PlGF), are the sub-
type members of VEGF family; VEGF-A is commonly 
known as the biologically active factor VEGF.7 The binding 
of the VEGFs with their transmembrane receptors VEGFR-
1, VEGFR-2, and VEGFR-3 strengthens the regeneration of 
endothelial cell and vascular permeability, which leads to 
the initiation of tumor growth and physio-pathological 
characteristics of the vascular network.8 VEGF generation 
is widely detected in numerous types of tumors and espe-
cially overexpressed from benign to malignant lesions.9

It is generally believed that VEGF activity plays a criti-
cal role in the paracrine mechanism of tumor-induced neo-
vascularization, that is, VEGF could be produced by tumors 
cells. On the contrary, VEGF receptors are abundant in 
endothelial cells.10 Accumulating studies indicated that 
VEGF/VEGFR-associated signaling pathways were the 
most relevant modulators of vasculogenesis, angiogenesis 
and mobilization of endothelial progenitor cells during 
development.11 The increase of the tumor secretion-induced 
VEGF is caused by the activation of hypoxia and multiple 
etiological factors involving the mediation of epidermal 
growth factor (EGF), fibroblast growth factor (FGF), trans-
forming growth factor–β (TGF-β), estrogen, and hereditary 
functional mutant oncogenes of Ras and Src.12 Pharmacological 
mechanisms and actions of drugs interfering in tumor-bearing 
angiogenesis have been extensively studied in the past decade. 
Bevacizumab, a humanized anti-VEGF monoclonal anti-
body, has been one of the most prevalent antiangiogenesis 
treatments, acting to normalize the vasculature and benefit 
the inhibitory effect of chemotherapeutic drugs, especially 
in malignant gliomas.13,14

The Biological Actions of VEGF Receptors

VEGFR1 has high affinity for binding VEGF, PlGF, and 
VEGF-B and is pivotal for the ignition of angiogenesis.10 
VEGFR1 is also widely distributed on the cell-surface 

membrane of non-endothelial cells, including macrophage-
lineage cells and vascular smooth muscle cells, and trans-
duces a vital signal for the production of cytokines and 
chemokines.15 Intriguingly, the axis containing VEGFR1 
and macrophage motivates the inflammatory or noninflam-
matory reactions in numerous tissues and gives rise to vari-
ous illness such as cancer growth via the stimulation of 
angiogenesis, tumor metastasis, formation of lymphatic 
vessels and atherosclerosis. The VEGFR1-macrophage axis 
plays a significant role in the recovery of physiological 
functions such as the rehabilitation of spinal marrow and 
wound healing.16 It is noteworthy that VEGF-related auto-
phosphorylation of VEGFR1 and activation of signaling 
pathways in endotheliocytes are relatively weak in com-
parison with signaling through VEGFR2.17 Nevertheless, 
with regard to the pathological alterations of tumorigenesis 
and angiogenic cascade, VEGFR1 is a critical mediator of 
both positive and negative functions in a context-dependent 
manner.18,19 In addition, VEGF/PIGF heterodimers have the 
property to promote intramolecular cross talk between 
VEGFR-1 and VEGFR-2.20

Transmembrane glycoprotein VEGFR2 is the principal 
signaling receptor for VEGF that mediates the VEGF-
associated downstream effects of angiogenesis, including 
endothelial cell survival, invasion, tube formation and 
sprouting.21 VEGFR2 proteolytically processes and binds 
the VEGF-A, VEGF-C, and VEGF-D. Peak VEGFR2 
expression occurs in vascular endothelial cells in the onset 
of embryonic vasculogenesis and angiogenesis.22 VEGFR2 
level can be enhanced in both physiological and pathologi-
cal neovascularization. For instance, during reproductive 
periodicity, mRNA expression of VEGFR2 is elevated in 
the middle and late stage of the luteal phase within the 
uterus.23 Depletion of the expression of Endomucin-1 
impaired the migration, proliferation, angiogenesis as well 
as the tube formation of endothelial cell via the modulation 
of VEGFR2-related signaling, such as the ERK1/2 and p38 
MAPK.24-26 The density of average microvessels fluctuated 
synchronously with the expression of VEGFR2 and fibro-
blast growth factor receptor 1 (FGFR1) in non–small cell 
lung cancer.27 Inactive embryos resulted from the devital-
ization of VEGFR2, leading to deficiencies in vasculogen-
esis and poor development of hematopoiesis.28

In contrast to the down-modulation of VEGFR2 against 
tumor angiogenesis, the spliced form of VEGFR2 sup-
pressed the activation of VEGF-dependent endothelial cell 
proliferation. Alternative mRNA splicing of VEGFR2 con-
tributed to the production of a soluble form of VEGFR2 
(solVEGFR2) that appeared in numerous tissues including 
endothelial cell and cancer cells.29 Additionally, both the 
vessel maturation and the migration of mural cells are regu-
lated by solVEGFR2. Perhaps because of the enormous 
overproduction of activated VEGF in numerous tissues, 
insufficient neutralizing expression of solVEGFR2 is 
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relatively common.30 As described above, VEGFR2 has a 
dominant proangiogenic activity irrespective of whether 
mildly increased solVEGFR2 binds VEGF. Specific nega-
tive regulation of VEGFR2 may efficiently attenuate endo-
thelial cell proliferation and tumor survival.

A tyrosine-protein kinase, VEGFR3, preferentially binds 
VEGF-C and VEGF-D, and was initially cloned from 
human placental and leukemia cell lines. It is considered to 
be uniquely expressed in embryonic vascular endothelial 
cells and lymphatic endothelium. and plays a vital role in 
progress of tumor metastasis, lymphangiogenesis, and 
angiogenesis.17 The transcription of VEGFR3 is mediated 
by Sp1 and Sp3, known as zinc finger proteins, under epi-
genetic control.31 Under physiological conditions, VEGFR3 
is expressed restrictively in certain fenestrated vascular 
endothelium and lymphangions, while massively emerging 
in pathological vessels as well as in the proliferation of vari-
ous tumors involving lung and renal cancer.32-34 Deprivation 
of VEGFR3 expression led to cardiovascular failure and 
sparse vascular density, indicating the biological activity of 
VEGFR3 in the formation of blood vessels.35

It was demonstrated that excessive production of 
VEGFR3 can be identified in the growth of endothelial tip 
cells during sprouting angiogenesis in both mouse and 
zebrafish.36,37 In particular, VEGFR3 restrained the activity 
of VEGFR2, along with the VEGF/VEGFR2 signaling 
pathway, and prevented excessive vascular permeability in 
endothelial cells.38 Additionally, during the development of 
angiosarcoma and other neoplastic growths, increases in 
vascular branches and endothelial sprouts could be reversed 
via the blockage of the VEGFR3-associated signaling path-
way.39 Furthermore, activated VEGFR3 can promote the 
metastasis of breast tumors though regional lymph nodes. 
Neutralization of VEGFR3 signaling, which was involved 
in the VEGFC/VEGFR3 autocrine signaling pathway, 
results in the reduction of breast tumors and lung metasta-
ses.40 Thus, targeting VEGFR3 may afford an efficacious 
therapeutic method in the resistance of tumor-induced 
angiogenesis.

Regulation of VEGF/VEGFRs-Related 
Signaling by TCMs

To date, TCM-derived compounds and formulas have rep-
resented their potential in attenuating tumor progression by 
the downregulation of VEGF-associated signaling path-
ways. Actein, a natural triterpene glycoside isolated from 
Cimicifuga foetida, exerts profound antiangiogenesis activ-
ity by inhibiting protein expression of VEGFR1, pJNK, and 
pERK, which are involved in the JNK/ERK pathways. 
Meanwhile, reduction of tumor proliferation, migration and 
endothelial cell motility in association with the restriction 
of CXCR4 gene expression has been observed in mice with 
breast tumor.41 Total saponins isolated from Radix Astragali, 

a notable Chinese herbal remedy used to the treatment of 
diabetes, attenuated the level of VEGFR1, VEGFR2, pAkt, 
p-mTOR, and COX-2 in xenografted mouse model of colon 
cancer. Moreover, suppression of VEGF, bFGF and HIF-1α 
can be demonstrated in HCT 116 colon cancer cells in a 
CoCl

2
-mimicked hypoxic microenvironment as well.42 

Bufalin is a biologically active small molecule compound 
with dramatic anticancer characteristics in prostate, endo-
metrial and ovarian cancers. The pathological status of 
angiogenesis, which is caused by the phosphorylation of 
VEGFR1/VEGFR2/EGFR, could be abolished on bufalin 
administration in human non–small cell lung cancer.43 H2-P 
is a synthetic derivative of honokiol and decreases glioblas-
toma growth by exerting potent anti-angiogenesis effects 
via the downregulation of the c-MYC/VEGFR2 signaling 
pathway.44 Catalpol, a major compound isolated from 
Rehmannia glutinosa, possesses multiple pharmacological 
functions, including anti-angiogenesis, anti-inflammation 
and antitumor growth properties. Catalpol attenuated the 
secretions of numerous proangiogenic markers including 
VEGF, VEGFR2, HIF-1α, bFGF, interleukin (IL)-1β, IL-6, 
IL-8, COX-2, and inducible nitric oxide synthase (iNOS), 
suggesting it as a promising ingredient in treating colon 
cancer.45 Neoalbaconol, extracted from Albatrellus conflu-
ens, displayed inhibition of breast cancer activities associ-
ated with the induction of cell apoptosis by blocking 
EGER2/VEGF production and repressing the proliferation, 
invasion and migration of endothelial cells both in vitro and 
in vivo.46 Oridonin is the main terpene isolated from 
Rabdosia rubescens, and proved to be equipped with anti-
angiogenesis, antimetastasis, and antitumor growth proper-
ties by the diminution of claudin-1, -4, -7, VEGF-A, 
VEGFR2, and VEFGR3 expressions.47

To further summarize the recent advances in studying 
the antiangiogenic effect of TCMs, the term “Chinese medi-
cine” in combination with “tumor angiogenesis” was used 
to search PubMed and Google Scholar within the past 5 
years (Table 1). Manual searches of in-text references from 
the selected articles were further performed. Included stud-
ies were to be used to create a table or network graph, 
respectively, if in vivo or in vitro study was aimed to inves-
tigate the antitumor angiogenesis effects and mechanisms 
of TCMs. Studies inconsistent with the above criteria were 
excluded. Furthermore, a hypothetical schematic with the 
aforementioned therapeutic mechanisms of TCMs in the 
attenuation of tumor angiogenesis is outlined in Figure 1. 
As illustrated in Figure 2, several intensively studied TCMs 
are elaborated below.

Salvia mitiorrhiza

Salvia miltiorrhiza (SM), an eminent Chinese herbal medi-
cine composed of approximately 900 constituents, com-
prises a massive range of bioactivities with regard to 
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anti-cholinesterase, antitumor, anti-inflammatory, and anti-
angiopathy properties in clinical application.48,49 Of note, 
numerous phytochemicals derived from SM attenuate 
tumor progression involving colorectal cancer, osteosar-
coma, Lewis lung carcinoma, melanoma, and prostate can-
cer through both diminishing the proliferation and migration 
of vascular endothelial cells and reversing the release of 
angiogenic cytokines from various types of cancer. Three 
principal diterpene compounds derived from S miltiorrhiza, 
including tanshinone I, tanshinone IIA and cryptotanshi-
none, have been extensively applied as natural flavonoids in 
combating cardiovascular diseases in China. Besides their 
efficiency in relation with the cardiovascular system, all the 
3 compounds are demonstrated to exert distinct antitumor 
growth properties, including apoptosis induction, cell-cycle 
arrest and tumor angiogenesis suppression.50-53

Tanshinone I, an active ingredient of S miltiorrhiza, 
demonstrated its clinical safety in terms of the high concen-
tration in this herb and therapeutic effect on cardiovascular 
and inflammatory diseases.54,55 Tanshinone I efficiently 
devitalizes drug-resistant tumor cells probably as a result of 
decreasing the phosphorylated form of signal transducer 
and activator of transcription 3 (Stat3) at Tyr705 regardless 
of ambient oxygen conditions and hypoxia-induced HIF-1α 
accumulation.52 Additionally, tanshinone I inhibited the 
transcriptional activity of nuclear factor kappa B (NF-κB) 
induced by the stimulation of tumor necrosis factor–α 
(TNF-α) and IL-6.53,56 However, it is noteworthy that 

tanshinone I was identified to possess anti-angiogenesis 
activities in tumor metastasis at either hypoxic or normoxic 
condition by the direct impact on both endothelial and 
tumor cells. The proliferation, migration, as well as the dif-
ferentiation of endothelial cells could be attenuated by tan-
shinone I, preventing tumor angiogenesis at its initial 
stage.57 In a transgenic mouse model of the human vascular 
endothelial growth factor-A165 (hVEGF-A165) gene-trig-
gered lung cancer, tanshinone I significantly downregulated 
the over-expression of hVEGF-A165 in vivo, arresting cells 
at S and G2/M phases favorable for antivasculogenesis 
therapy.58 Furthermore, the attenuation of microvessel den-
sity in various xenograft tumors and the migration and tube 
formation capability of HUVEC were inhibited on tanshi-
none I treatment.52,59

Tanshinone IIA, a comprehensively investigated com-
pound in S miltiorrhiza, was reported as a potent inhibitor 
of neovascularization in numerous cancer cell types, includ-
ing lung cancer and osteosarcoma.60,61 Tanshinone IIA 
exerted antiangiogenic effects in various human colorectal 
cancer cell lines, such as LoVo, SW620, HT-29, HCT-116 
as well as HUVEC, by blocking HIF-1α/β-catenin/TCF3/
LEF1 signaling pathway in the hypoxic microenviron-
ment.61,62 Tanshinone IIA inhibited angiogenesis via medi-
ating the protein kinase domains of VEGF/VEGFR2 and 
triggered cell apoptosis and cell cycle arrest at the S phase 
in A549 cells.60 In addition, tanshinone IIA induced the 
impairment of HIF-1α and VEGF expression and 

Figure 1. Proposed schematic of therapeutic mechanisms of traditional Chinese medicines in the treatment of tumor-induced 
angiogenesis.
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dephosphorylated the levels of mammalian target of 
rapamycin (mTOR) and its effectors like eukaryotic initia-
tion factor 4E-binding protein-1 (4E-BP1) and ribosomal 
protein S6 kinase (p70S6K) to suppress the human breast 
cancer growth.63,64 Moreover, the secretion of matrix metal-
loproteinase-2 (MMP-2) is attenuated in combination with 
the increase of the tissue inhibitor of metalloproteinase-2 
(TIMP-2) in vascular endothelial cells.65

Cryptotanshinone, a principal lipophilic component 
extracted from S miltiorrhiza, has multiple biological func-
tions involving anti-inflammatory, antineurodegeneration, 
antioxidative stress, antiplatelet aggregation, antibacterial, 
and antitumor angiogenesis activities.66-71 Cryptotanshinone 
inhibited cell proliferation and VEGF-induced angiogene-
sis in U2OS osteosarcoma cells.72 Cryptotanshinone deliv-
ered antiangiogenic effects against various cancer cells by 
destabilizing the mRNA level of TNF-α involving NF-κB 
and STAT3 pathways and diminishing the cytoplasmic 
translocation of mRNA stabilization factor HuR.73,74 In 
addition, cryptotanshinone repressed cell viability, tubular-
like structure formation, migration, and invasion in HUVEC 
by blocking β-catenin dependent transcription and expres-
sion of VEGF and cyclin D1.70

Curcuma longa

Curcuma longa, a rhizomatous plant of the ginger fam-
ily, has revealed profound anti-inflammatory and anti-
oxidative functions for centuries.75 Clinical trials were 
organized by the 2005 National Institutes of Health to 
explore the usage of C longa in the treatment of multiple 
cancers, including pancreatic cancers, myelomas, as 
well as colorectal cancers.

Curcumin, as a principal compound in C longa, is a natu-
ral polyphenol with multiple effects on antioxidative, anti-
inflammatory, and antiseptic properties in combating tumor 
growth and inflammation.76 Accumulating evidence revealed 
that curcumin possessed potential antiangiogenic property in 
vitro and in vivo by modulating expression of various 
genes.77,78 Curcumin attenuated VEGF-A secretion and 
mRNA synthesis and HIF-1α production in corticotroph 
AtT20 mouse, human pituitary adenoma cells, as well as in 
lactosomatotroph GH3 rat pituitary cancer cells under CoCl

2
-

induced hypoxia conditions.79 VEGF-associated angiogene-
sis in human intestinal microvascular endothelial cells 
(HIMEC) could be blocked through suppressing the expres-
sion of COX-2 and MAPK by curcumin treatment.80 
Treatment with curcumin gave rise to the inhibition of 

Figure 2. Typical molecular formulas of 9 principal active compounds derived from intensively studied traditional Chinese medicines.
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ovarian cancer growth and angiogenesis by regulation of 
NF-κB-related pathways.81 Furthermore, in a cervical cancer 
xenograft mouse model, the proliferation and angiogenic 
activities could be attenuated through downregulating the 
expression of COX-2, VEGF, and EGFR.82 In line with other 
studies, integrative therapy of curcumin and metformin could 
not only promote cancer cells into apoptosis by the activation 
of mitochondrial pathways but also ameliorate the metastasis 
and invasion of HCC cells as well as the angiogenic capabil-
ity of HUVEC cells. These effects were correlated with the 
downregulation of MMP2/9, VEGF, and VEGFR-2 expres-
sion and inactivation of the PI3K/Akt/mTOR/NF-κB and 
EGFR/STAT3 signaling pathways, whereas protein levels of 
P53 and PTEN were increased on curcumin treatment.83 
Similar results are also observed in a bladder cancer ortho-
topic mouse model and MB49 cells. Both expressions of 
Cox-2 and Cyclin D1 are decreased for the modulation of 
NF-κB-related genes.84 Tetrahydrocurcumin, a main metabo-
lite of curcumin, has been shown to be more effective than 
curcumin in the prevention of carcinogenic and angiogenic 
effects in azoxymethane-induced colon carcinogenesis in 
vivo through mediating a decrease in the protein expression 
of Wnt-1 and β-catenin in cancerous colonic tissue.85,86

Ginseng

Ginseng is a herbal name mainly linked with 2 botanical 
species, Panax ginseng (Asian ginseng) and Panax quin-
quefolius (American ginseng), and has been regarded as a 
Chinese medicine for improving diabetes and cardiovas-
cular diseases, as well as suppressing tumor growth and 
angiogenesis over centuries.87,88 Ginseng contains various 
active compounds involving ginsenosides, polysaccha-
rides, mineral oils, fatty acids, as well as polysaccharides.89 
Ginsenosides are extensively considered as the principal 
bioactive constituent derived from ginseng regardless of 
different species and are also responsible for the major 
pharmacological effects of anti-inflammatory and antian-
giogenic activities.90,91 Ginsenosides could be classified 
and identified in 2 categories, the 20(S)-protopanaxadiol 
(eg, Rb1, Rb2, Rg3, Rh2) and the 20(S)-protopanaxatriol 
(eg, Rg1, Re, Rh1). Existing literature has demonstrated 
that ginsenosides Rb1 and Rg3 exhibit significant antian-
giogenic actions in blocking the proliferation of numer-
ous tumors, including pulmonary, gastric, and ovarian 
cancers.92

Ginsenoside Rb1, a major compound of ginseng, has 
been demonstrated to potently reverse the in vivo and in 
vitro angiogenic status. Rb1 reduced the formation of tube-
like structures by HUVEC cells through modulating the 
expression of pigment epithelium-derived factor (PEDF) in 
association with the transfection of estrogen receptor β.93,94 
The chemoinvasion and tubulogenesis of endothelial cells 
could be reversed on ginsenoside Rb1 treatment.95

Ginsenoside Rg3 could impair the proliferation and 
migration of colorectal cancer (CRC) in vitro by downregu-
lating the levels of B7-H1 and B7-H3 and angiogenesis-
related genes, such as ANGPT1, EGF, and TIMP1. 
Meanwhile, Rg3 enhanced the cytotoxic effect of oxalipla-
tin and 5-fluorouracil in a colorectal cancer-bearing ortho-
topic xenograft mouse model, resulting in suppression of 
angiogenesis and remodeling of the tumor microenviron-
ment.96 Temozolomide treatment combined with Rg3 
enhanced the inhibitory effect on the proliferation of both 
HUVEC and rat C6 glioma cells by arresting the cell cycle, 
inducing apoptosis and reducing the expression of Bcl-2 
and VEGF-A in HUVEC. Furthermore, similar results were 
presented in an orthotopic glioma rat model where VEGF 
expression and microvessel density were attenuated on Rg3 
treatment.97 In addition, after Rg3 administration, an ele-
vated level of miR-520h may profoundly suppress the pro-
tein expression of EphB2 and EphB4, cell proliferation, 
tubulogenesis of HUVEC cells, as well as the formation of 
the subintestinal vessel in zebra embryos.98 The tumor pro-
gression, microvessel density, loss of body weight, and 
metastasis rate were inhibited in an orthotopic HCC trans-
plantation mouse model by the attenuation of VEGF and 
VEGF receptor 2 and phosphor-VEGF receptor 2 levels.99 
Moreover, in human lung squamous cancer SK-MES-1 
cells, the expression of VEGF and its mRNA were reduced 
via Rg3 treatment.100 In terms of the result from a Matrigel 
plug assay, Rg3 apparently diminished the basic fibroblast 
growth factor (bFGF)-induced tumor neovascularization, 
owing to the decline of MMP-2 and MMP-9 expression, 
which contributed to the basement membrane degradation 
in the emergence of tumor angiogenesis.101

Compound K is an active metabolite originating from 
ginsenoside in the gut. Apart from the anti-apoptotic prop-
erty of compound K in treating a variety of cancers, includ-
ing human leukemia cell HL-60 by direct or indirect impact 
on decreasing the activation of caspase-3, compound K 
exhibited the characteristics of antiplatelet aggregation and 
antiangiogenesis through the decrease of primary tumor 
proliferation in a mouse model of spontaneous metasta-
sis.92,102 Angiosuppressive property of compound K could 
be related with the decrease of MMP-9 mRNA expression, 
which was associated with the attenuation of MMP-9 pro-
moter activity.103 Additionally, migration and tube-like 
structure formation of HUVEC have been significantly sup-
pressed on compound K treatment, which may result from 
the reduction of VEGF, p38 MAPK and AKT expressions 
while upregulation of the expression of pigment epithelium-
derived factor (PEDF) in HUVEC cells.104

Scutellaria baicalensis

Scutellaria baicalensis has been known as a traditional 
Chinese medicine to treat numerous medical conditions, 
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including cardiovascular disease and tumors. Studies on the 
efficacy of S baicalensis have disclosed that various flavo-
noids isolated from the herb have beneficial antineoplastic, 
antioxidant, antiplatelets aggregation, and antiangiogenesis 
properties.105

Baicalein, a natural active flavonoid derived from S 
baicalensis, is widely used for its anti-inflammation, anti-
tumor, and neural protective effects.106 Baicalein treatment 
induced B16F10 and LLC cell death by the activation of 
caspase-3 and blockage of tube formation and cell migra-
tion of HUVEC cells. Moreover, the reduction of tumor 
size simultaneously greatly inhibited the rate of tumor 
growth, metastasis, and neovascularization in the early 
phase of tumorigenesis.106 Baicalein could attenuate the 
production of new vessels in chicken chorioallantoic mem-
brane, as well as in rat aorta, and lessen the motility and 
invasion of HUVEC cells. Furthermore, baicalein was 
shown to directly bind with AP-1 and downregulate the 
expression of c-Jun and c-Fos.107 Proliferation and angio-
genesis in lung cancer could be inhibited both in vitro and 
in vivo on baicalein treatment by reducing cellular F-actin 
level, expression of 12-lipoxygenase, FGFR-2, and VEGF, 
while increasing RB-1 level, nuclear condensation, and 
potential of mitochondrial mass in H-460 cells and an 
orthotopic transplantation model.108 Orally administered 
baicalein exerted beneficial effect on repressing the aggre-
gation of endothelial cells and human prostate tumor 
growth in vivo and in vitro.109

Wogonoside, a major flavonoid isolated from S baicalen-
sis, has been demonstrated to be an inhibitor of VEGF and 
possesses anticancer and antiangiogenesis activities.110 
Therapeutic effects of wogonoside in breast cancer MCF-7 
cells and xenografted mouse illustrated that the secretion of 
VEGF and intracellular level of Wnt3a were decreased, 
which in turn boosted the expression of GSK-3β, AXIN and 
phosphorylated β-catenin for proteasomal degradation. 
Meanwhile, DNA-binding activity of β-catenin/TCF/LEF1 
complex was attenuated by wogonoside treatment as well.111 
Wogonin, the metabolite of wogonoside, enhanced the 
ubiquitination and nuclear translocation of HIF-1α by 
reducing its stability and binding with heat-shock protein 
90 in MCF-7 cells.112 In addition, wogonin inhibited hydro-
gen peroxide and IGF-1-induced migration and prolifera-
tion of HUVEC cells through decreasing the binding 
capacity of NF-κB in combination with exogenous consen-
sus DNA oligonucleotide and suppressing P13K/Akt sig-
naling pathway.113

Discussion

Network Construction and elaboration

Compounds from TCMs provide promising prospects for 
the treatment of complicated diseases, including tumor 

angiogenesis, in a synergistic manner. Nevertheless, search-
ing a way to screen the effective and synergistic combina-
tions from various TCMs as well as finding prominent 
pathogenic factors contributing to tumor angiogenesis is 
still a continuous challenge. As an innovative screening 
method to prioritize the targets of TCM to the treatment of 
tumor angiogenesis, TCM-based network pharmacology 
provides a holistic and in-depth understanding of the asso-
ciation between herbal ingredients and therapeutic targets 
in a systematic manner.114 All the pharmacological actions 
not only can be visualized directly, but the curative mecha-
nisms regarding antitumor angiogenesis therapy on TCM 
treatment can be comprehensively analyzed as well.

With regard to clarifying the potential pathogenic factors 
and the regulatory mechanisms of TCMs for the treatment of 
tumor angiogenesis, a database for network pharmacology 
was established as previously described.115 Hands-on litera-
ture mining in PubMed and Google Scholar with keywords 
as “Chinese medicine” integrated with “Tumor angiogene-
sis” was performed. All the data were searched for the past 5 
years (2013-2017), as summarized in Table 1. After a com-
prehensive screening, approximately 200 entities, including 
TCMs and biological factors, have been enrolled in the con-
struction of the network. After comprehensive screening, all 
the filtered data were imported into Cytoscape, a profes-
sional software package in bioscience research for the analy-
sis of network pharmacology (available online at http://
www.cytoscape.org/).116,117 The detailed relationships 
regarding the well-accepted ideology of “multitarget, multi-
drug” among each factor can be straightforwardly observed 
in Figure 3. More specifically, the nodes represent the 
TCMs-related compounds, refined extracts and biological 
factors (protein or mRNA). Since edges encode the TCM-
target interactions, a relationship between 2 targets can be 
directly observed though edge-combined 2 nodes. The 
degree of correlation between 2 nodes could be analyzed by 
Cytoscape. Notably, nodes with high centrality and edges 
represented as more indispensable in the network.114 The top 
10 influential factors have been identified in Figure 3, such 
as VEGF, VEGFR2, MMP-2, STAT3, and so on, indicating 
that targeting VEGF/VEGFRs pathway acts as the dominant 
role for TCMs in treating tumor angiogenesis.

Ethnopharmacology-Related Challenges and 
Threats

Up until now, it remains unclear if the complicated and 
abnormal conditions of tumor vasculature are coupled with 
the multiple paths for the formation of blood vessels. In 
accordance with combination of both the theory of TCMs 
and aforementioned research findings, rigorous challenges 
and threats have been considered into 6 aspects, which 
include the following: (a) The identification standards of cer-
tain TCMs with antitumor angiogenesis property is 

http://www.cytoscape.org/
http://www.cytoscape.org/


594 Integrative Cancer Therapies 17(3)

ambiguous. (b) Only a minority of TCMs have been screened 
and validated as potential inhibitors in combating the estab-
lishment of tumor vasculature at present. (c) The majority of 
studies focus on TCM-derived herbal compounds rather than 
the formulae, targeting the occurrence of tumor angiogenesis. 
Of note, in the theory of TCMs, formulae with multiple com-
binations of herbs are the dominant form and more frequently 
used for cancer therapy. Therefore, studies of Chinese formu-
lae against tumor-induced neovascularization should be com-
paratively enhanced to explore more TCMs with potent 
therapeutic effects. (d) Monotherapy of suppressing angio-
genesis can merely inhibit the tumor proliferation and metas-
tasis instead of directly eliminating the existing tumor cells, 
which is attributable to tumor heterogeneity and the diversity 
of proangiogenic cytokines released from cancer cells with 
different species. (e) Studies of antiangiogenic mechanisms 
of TCMs are mostly at the experimental stage, lacking in 
large-scale samples and multicenter clinical trials. (f) An 
extensive range of mechanisms may be involved together; for 
instance, baicalein inhibits tumor-triggered angiogenesis 
mainly through 3 potential mechanisms, the induction of 
apoptosis, antimigratory and antiendotheliocyte growth. 

Thus, similar to other TCMs, it is uncertain to confirm which 
functional mechanism has the dominant and uncontestable 
impact on the alleviation of tumor angiogenesis.

Conclusion and Perspective

Systematic screening of pathological factors contributing to 
the activity of tumor-associated angiogenesis has given rise 
to the progression of TCM-associated therapeutic modali-
ties, which probably function through the amelioration of 
overexpressed VEGF/VEGFRs (Appendix). Numerous 
herbal compounds and formulae originating from TCMs 
afford an affluent source for exploring efficient anti-tumor 
angiogenesis agents. Because of the multiple genes condu-
cive to the initiation of angiogenesis in burgeoning tumors 
and the multitarget characteristic of TCMs, the application 
of TCMs should be superior to agents aiming at a single 
molecular target, even though the prevention of tumor 
angiogenesis using TCMs is still in its infant period. 
Therefore, TCMs may provide permanent and attractive 
effects on inhibiting tumor angiogenesis as underlying che-
mopreventive agents in the treatment of diversified cancers.

Figure 3. Target identification of traditional Chinese medicines (TCMs)–derived natural compounds and extracts for the alleviation 
of tumor angiogenesis.
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