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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
inhibit metastasis-related tumor growth. Under physiological conditions, vascular sprouting is a relatively infrequent event
unless when specifically stimulated by pathogenic factors that contribute to the accumulation of angiogenic activators
such as the vascular endothelial growth factor (VEGF) family and basic fibroblast growth factor (bFGF). Since VEGFs have
been identified as the principal cytokine to initiate angiogenesis in tumor growth, synthetic VEGF-targeting medicines
containing bevacizumab and sorafenib have been extensively used, but prominent side effects have concomitantly emerged.
Traditional Chinese medicines (TCM)—derived agents with distinctive safety profiles have shown their multitarget curative
potential by impairing angiogenic stimulatory signaling pathways directly or eliciting synergistically therapeutic effects
with anti-angiogenic drugs mainly targeting VEGF-dependent pathways. This review aims to summarize (a) the up-to-date
understanding of the role of VEGF/VEGFR in correlation with proangiogenic mechanisms in various tissues and cells; (b) the
elaboration of antitumor angiogenesis mechanisms of 4 representative TCMs, including Salvia miltiorrhiza, Curcuma longa,
ginsenosides, and Scutellaria baicalensis; and (c) circumstantial clarification of TCM-driven therapeutic actions of suppressing
tumor angiogenesis by targeting VEGF/VEGFRs pathway in recent years, based on network pharmacology.
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Introduction (VEGFs) and their receptors (VEGFRs), angiopoietin and
platelet-derived growth factors (PDGFs).”* 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

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)." 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 "The University of Hong Kong, Hong Kong SAR
been paid to endothelial cells (EC) in relation to the angio- .
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metastasis, accelerated angiogenesis and the inhibition of
chemotherapy-induced adverse effects.>® 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 (PIGF), are the sub-
type members of VEGF family; VEGF-A is commonly
known as the biologically active factor VEGF.” 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.® VEGF generation
is widely detected in numerous types of tumors and espe-
cially overexpressed from benign to malignant lesions.’

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."’ 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.'" 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—8 (TGF-p), estrogen, and hereditary
functional mutantoncogenes of Ras and Src.'* 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.'*'*

The Biological Actions of VEGF Receptors

VEGFRI has high affinity for binding VEGF, PIGF, and
VEGE-B and is pivotal for the ignition of angiogenesis.'”
VEGFRI 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."” Intriguingly, the axis containing VEGFRI
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 VEGFR 1-macrophage axis
plays a significant role in the recovery of physiological
functions such as the rehabilitation of spinal marrow and
wound healing.'® 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."” Nevertheless,
with regard to the pathological alterations of tumorigenesis
and angiogenic cascade, VEGFRI1 is a critical mediator of
both positive and negative functions in a context-dependent
manner.'®" In addition, VEGF/PIGF heterodimers have the
property to promote intramolecular cross talk between
VEGFR-1 and VEGFR-2.*

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.”’ 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.”> 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.”’ 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 *** 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.”’ Inactive embryos resulted from the devital-
ization of VEGFR?2, leading to deficiencies in vasculogen-
esis and poor development of hematopoiesis.?®

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
(sol VEGFR2) that appeared in numerous tissues including
endothelial cell and cancer cells.”” 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.*® 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.'” The transcription of VEGFR3 is mediated
by Spl and Sp3, known as zinc finger proteins, under epi-
genetic control.>! 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.”** Deprivation
of VEGFR3 expression led to cardiovascular failure and
sparse vascular density, indicating the biological activity of
VEGFR3 in the formation of blood vessels.*’

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.***” In particular, VEGFR3 restrained the activity
of VEGFR2, along with the VEGF/VEGFR2 signaling
pathway, and prevented excessive vascular permeability in
endothelial cells.”® 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.” 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.*” 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.*! 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-1a
can be demonstrated in HCT 116 colon cancer cells in a
CoCl -mimicked hypoxic microenvironment as well.*?
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.* 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.** 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-1a, bFGF, interleukin (IL)-1pB, IL-6,
IL-8, COX-2, and inducible nitric oxide synthase (iNOS),
suggesting it as a promising ingredient in treating colon
cancer.*” Neoalbaconol, extracted from Albatrellus conflu-
ens, displayed inhibition of breast cancer activities associ-
ated with the induction of cell apoptosis by blocking
EGER2/VEGEF production and repressing the proliferation,
invasion and migration of endothelial cells both in vitro and
in vivo.*® 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.*’

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



(panunuod)
D3IANH 1192 014919
(44 910C PELVLS ‘@¥-4N UNH O-INL ‘ewoueply bzjyaonjiwl IADS auouysueaoldAid
o€l 910t 11-dSL ‘T-8uy 4D3IA SII®> £8N ‘'wolD p3uo| DwnIN) uinaany
(ejnwaog)
6Cl 10T pshemiped | )y pue Hy3 Jaoued 1seaug || nijiAuagnoy
DRNIXD
8zl £110T 16-dWIW ‘T-dWIW rwoydwiq DWISSIDDUS] DIUSPSIDIA DWISSIDDUS] DIUSPSIDIA
1DBNXD
yid| 1102 AIseH ‘[ymoN ‘1g-4DL s||22 DDH ‘ewourd.ed Jejnjjad0yredaH SNIDJN2IGIO SNAISDAD) SMD[N2IGIO SNJISDI3)
SII®2 D11
9¢l £10T 10149d-039%-9 ‘TGXL P |-dIH ‘ewoup.re) 3un simeT bzjyaonjiwl IADS nsusysueq
SIIP2 [€T-aWN-VAW
STl £10T taseuesedo ‘6-dININ ‘T-dWIW tJ9dued 1I5B3Ig pddp| wniay uuadnoay
s|j22 ggdoH
'S[[23 B9 *s|192 91 | LOH
BWOUID.IED Jejn|[@d01edoH
%mxm\ssumn_ SIdVIA pue £192Ued [BdIAIRD)
i1 £10T 1d9-3¥/51950£d/ 4O LW 4P| -dIH +3dUEd UOJOD poLNYDp Dlj23UY uozesadw|
11da@ pAemuyed Suijeuss S3ANH
14371/€4D L/uuared-gro|-4|1H SIP2 gEp | *SIIR2 DYD
#_mn_o ‘UITUIA BWODJBSOR1SO
€9 ‘09 £10¢ ‘19-491 ‘4949 ‘493A “13dued |B333.40]0D bziylonjiti DIADS V|| duoulysue |
s|122 ggdoH
17311/ (DNY) sunaiodoiduy 1199 | ZLL-DWIWS
MHAN/ADIA PIVIEId s1192 976AY V3 pasos o3pquinid
€Tl £10T 44949 ‘I1-13 491Dd ‘ewoudJed JejnjjedoiedoH ‘papdoina o3pquinjg uiBequinig
t | L/€-osedseD A 1TV/1SY sDIANH
“pshemyred Hig|ld S92 ZH ‘sI192 7odeH
Tl £10T PUe €]1V1S J,w.n__ “D-4NL ‘4D3A ‘ewoudJed JejnjjedoredopH sisuaupuipy x3j| V uluadxa)|
Iy 2102 A ERERELENN DIANH “49dued 1sea.g suanyuod snjja10q|y |[ouodeq|eosN
D3IANH 113> L9y L-SH
121 1102 A1Y220N 4DIA £J9dUed JLIISED) ued Suiamoyy onewoUY ujjosanT
Aemyed 39502440 LWDIY SIP2 | €T-AWYAW
ozl 1102 “44D3A £190UED Iseaug Sussuis xpupyg Py @pisouasuln
LTTI-YW 4 | Ty AL p3uoj pwnoin) ulwnaany
I £10 ‘41 ‘4DH ‘4D3A ‘TdWW ‘TdD4 ewWoU.JE Jejn|[@2038dap ‘SnadpUDIqUISW SNIDSDAISY ‘Al opIsojeSeaasy
Memyred 3950/d/4O L WY S| | €T-9W-VAW
150Y ‘794 ‘I-9€D1 S|19£-4DW
8l 2102 LI-a€D £190UED Iseaug xApoous uopos| g uixAescorig
ASON! ‘T-XOD ‘811 ‘911 ‘d1
14 L10T 11 4949 O -4IH ‘TYIDIA ‘4DIA SII®3 9T LD 43dued UojoD psounn|3 pluubwyRy lodjesed
CRICNETEN] 91e( UonEdIgNd suonoy [ed13ojodeulieyd aur |leD/4own ] SWD Jo s92.unog punodwo?) [eameN|

'SJB A G IUSIDY Ul (SD L) SAUDIP3 3saulyD) [euonipe.] jo sandadoud sisauadolBuy Jowninuy uo Alewwng °| 3|qeL

585



(panunuoo)

8yl 510T 4504- 2hw-) | quIPAD BUWOUIDJIED JB|n||92018doH SNLI0UN SNWDYLIDY) Mo||A ._oEmmxxoLMMI
saplieyddesjod uoq
yiq| S10T PHI DIV ‘THIH s||92 g-njeD) ‘4adued Sun DIDGIDQ DUDJ3INDS '@ DIPGJDq DUDJ3INDS
S92 EAOIS
bid S10¢C AT%1P9 ‘TPg 493N ‘aR-4N 9JUBD URLIBAQ siptied ewoziyy Il utuodes sieq
Syl 910C XA REINELENN Jown3 >eaJduRy (e[nwuog) 8ue] -8ue33uses-nAnsQ-en-ynAes-Insnueq
1 910C AD|-dIH ‘SSDY ‘4DIA BWOUIDJED Je|Nn||9201edoH (ejnwio4) uonsodsp nmuenH Suedng
S92 |-SIN-MS
vl 910¢ EREI 5192 SV “4@duEd 3un (eInw.iog) if oery Suayz Suex
P40 ‘UluaIed-(
(1929V) | 4oquisw g Ajiwiey-qns
wl 910C a139s58D SUIpUIg-d1V ‘SYO SHIANH ‘49dued dLisen (ejnwio4) uon>033p allueg ueroery
IEREN
TdWIL “I"dWIL ‘STLNVY
‘d37 ‘8-11 ‘Q-493A ‘1491 SOIANH SR Sy 1-NA ‘Sl €-Dd 12e.1X3 dljourIaw
¥l 910¢ ‘493 4949 ‘8-VN3 ‘ONV JedUed 318150 Dqoji1 DIAIDS Dqojii1 DIAIDS
eZm_._.n_.a ‘cqd ‘1-OH s[Ie2 014-914d 10B1IXd snoanbe
ol 910t ‘THN 49711 “O-4NL ‘VAW ‘SOY ‘ewoueply sn1on.4 seiyIks.iof snnyj apiyifsioq
i@ssumn_ s|192 D711 S10BAIXD
[+ 910C Bulleudis JHIA-UIUSIBI-GAUAA 19dued 3un| SIMaT pqojIq 033U duedoxa pqojiq 033U
A0 “‘UluaIed-g
‘(1908v) | Jequaw g Ajweygns sI192 6Z-1H EELER O
6€l 910t am8ssed 3UIpulg-d 1V ‘GYDT “13dued [B13340]0D osnljip snopaH PIIIAA Dsniip snoApap
s||92 Q9p-H ‘4adued
801 910¢ J 1794 1T¥4D4 4D3A 8unj |92 |[ews-uoN SISU3|D3IDG DUD[91N3S uldesieg
8¢l 910t A1-4IH ‘6-dWIW ‘4D3A J22ued 3Un| SIMST Buasuin €3y apisouasuin-(s)og
%xm\s;umn_ Suieudis gdg93/0p|
LEI 910¢ -AYL ‘148D ‘IdDW ‘9LV.LS ‘P¥l J9sued 1seaug 239 ‘uloynidnq ‘qleqnyy ulpowsy
J3ANH 219 ‘3|.1e8
9€| 910T 17404 ‘€LVLS 4DIA “9dued |E39.40]0D ‘dds wnidAzAs ‘10 aM|O pIoE d1jouEd|O
S€l 910¢ 1T44D3A 4D3A DIANH 49dued 3un piuojng uljelojnqelres
'SII93 615V ‘SII92 TDASH 'sl192 08TV
‘ewourdJed 3un
‘ewould.ed Jejnjj@d0iedaH auoulpquenyD
Pl 9102 | xeg ‘g-asedsed 4z-pg £J9JUBD UBLIBAQ pJofipiipd pLDjIL4 plo[ey||e [epI0JaISOs|
HMOIA DINVY ‘6-dWIW D3ANH 1132 SOTN
€€l 910T T-dINW ‘€ELVLS ‘PHDIXD {BWO2.1BS0915Q winIND WNIU3WouIs aujuswouls
S92 D3WH
I+ 910T APUIXD Ny3d HINMA 1 94D3A “43ued 358G 0paoj p3NjILID uieny
1 (1 dioyean) 17d sl2> dz6Dd
€1 910C t| xeg ‘g-asedse) pz-Ppg ‘ewould.Jedouspe unT pjiAydAjod supg sujuodes siieqd
1€1 910T IXAEREN DIANH ‘49dued 1seaug xApooua uopos| g uixA[esolig
ERIENETEN] 91e( UonedIqNd suondy [ediSojodeulieyy aur |[eD/4own] SWD JO s92unog punodwo? [ednmeN

(panunuod) *| a|qe L

586



(panunuod)
S92 89%-dN-VAW
174943 ‘pds S|P 1€T-dW-VAW
99| 10T ‘eds | (ds) uimoud Apyoadg ‘19oued 3sea.g pubnunpw snydAziz p1oe djulnIag
D3IANH i1 8-1OH
991 S10¢ 1T44D3A ‘V4DIA O [-dIH J3dUBD [€123.10]0D (gnw.ioy) Sueny oz ualy
SIIP2 91 1LOH
91 S10t PELVLS ‘egd] ‘god JdUE [€3133.40|0D) (enwioy) 10€7Qd
16 ‘g-asedse) paAes|D)
A1€AD ‘4D3IA ‘171950£d-d
€91 S10T HOLw-d ‘] yv-d Hgld-d S|[92 OAO7 JIUOJOD) {J3DUED DIUOJOD) (e|nwJo4) ues SuoN no |
91 S10C I IEECRNEEL s||22 DDOH ‘ewouldJed Jejnjj@d0jedaH uon02sp npalf uelduenp
191 5102 AT%0D ‘7494 ‘493N ‘T-dWIW J35UEd URLIBAQ e[nw.oj ullnAusm ewINdIN)-sNadeUBIqUISW SNjeSe.isy
sII92 D11
091 S10T LSI92 +8AD “+¥AD “44D3IA ‘Bwoum.ed 8unj siman (BInwo4) uons0d3p Buluiliag
S|[92 67-1H 10'NIXD
651 510T MIAD 1quIPAD {9dUed [8329.0|0D) DI|0JaDS0IGDIS DIULIDY DI0JaDSO0IGDIS DIULIDY
11 pa33e[ ‘(p11Q) + puesr oy s|122 DDOH Jd10d snijojiaojp
891 S10t 8320 ‘|Y2ION ‘TY4DIA ‘V4D3IA ‘ewou.red .Jejn||3303edaH Snijojfadjp snqny snqmy WoJj splofex|y
4104 snijojiaojp
/51 S10T 1V4D3IA BWOUIDIED Jejn|[2d01edoH snijojiso|p snqny Snqny wo.y splojey||y
S92 TTH Ssl1P2 926AU'Y3 ursstqynf
951 510T psAemiped | Hy pue Hy3 ‘ewoulnJed Jejnjjed0redsH uissuqunf biziqpy DIZIq]y wouJy sujuodeg
551 510T MOIA O1-dIH BWOUIDJIED Jen|j2d01edoH p3uoj pwnoin) ulwn2.nd jewosodr
Y 248 D3ANH sII#3 §1-1OH
11 S10T VA DIVl 14D7d ‘Td4DIA HdURD [E1340|0D DbubapppJ suowuy V uluesppey
SII®2 yLp-1d
S| €-99-MIS
SI19 £Sp-dN-VAW
€91 S10T IV 1T43H ¥4D3F ‘SHLY edued Isealg bziylionjiw IADS VIl duoulysueljk1ady
O3ANH
S92 | £T-dW-VAW
sl S10C %NXCJM lN/n_n_-.:.vm> .Numzz ‘Jaoued iseaug EBNU_\EBQ wnayy uipouwy
DIANH 81192 7DdaH
S|P3 49IA-1¥TL
‘ewourdJed Jejnjjad0iedaH
151 ‘0S| S10T 2TA4D3A ‘1H4D3IA 4D3IA “J3OUED BLIODJESOUqIY p3uo| pwININ) uindJang
D3IANH *SIP2LE6 1 DDH
S|P3 1€T-9N-VAW
SII92 £-4DW
‘SII®> €-4a-MS
‘s|I92 ALy-L
(34l q10C %NMH_UM\/ Ruv_/\ lN/n_n_-.r.un_ .Nu_Uu_ ‘J9oued iseaug snaspupiquuisawl mEBMme{ unauouow.io4
ERIIENEIEN] 918 UOREdIgNd suonoy [edidojodewieyy aur |leD/4own | SO Jo sa2unog punodwo?) [eameN|

(penunuod) *| s|qe

587



(panunuos)

O3IANH
S| 1 £T-AWN-VAW
SI193 £-4DW
¥8l €102 0| -4IH TYIDIA 4D3A “J3dued 1sealg 9dl4odn uiuagninbyjos|
s||22 7odeH
's|[92 Bj9H ‘ewoudJed Jejn|jed0iedsp
€81 £10C AO-4NL ‘1-dV ‘LV-4N ‘g@>-4N 1J9dUED [BDIAIRD wnpojpj wninajdng @ uluodesojieg
UR233S- ‘[ -WVIA ‘I
sl €10T “WDITI- 211 “4-N4I ‘21l ‘Tuy SII®> DINgd ‘Bwina] poponbo-sniuyay pjnuj uinoasig
ATX0D DIV VI D3ANH 81133 A0
181 €10T 8€d SYT VAW ‘TY4DIA 4D3IA ~13dued uojo) S3[393q .1931sl|g ulplJeyiuedIoN
Lutsypea-N
M ILSIML ‘usyped-3 0| -4|H
11628V (292aV) T sequaw SII®3 8-1DH *sI1®2 6T-1H
081 ‘6.1 10T o Ajlwey-gns 9139ssed Sulpuiq-d1 v £192Ued [2123.40[0D) (ejnwaog) SuenyH az] uaig
SII® SN
8/1 ¥10T L9 PUB 4DTFA ‘SOH ‘|-Yya30N t19oued JLIIseD) (e[nw.o4) uond0dsp ailues ueroery
D3ANH 10BNIXD
LLI ¥10¢ YN pue ged ‘@3-4N ‘6-dWIW s|192 04919 ‘42dued Sum] SNIdN.Jy e[S Isiuy SNIdN.JY e[S Isiuy
11 pas3e( s|j@2 7odaH 12B4IX3 dl|oyodje
9/1 10T Yl ‘Y2ION ‘TIIDIA ‘V4DIA ‘ewoudJed Jejn|jedoiedop SPa93s SIsuauIy> DUOISIAI SISUBUIYD DUOJSIAIT
s|I92 §9-91H 1DRNXD
S/l 10T 108gd AdE-MSD IV ‘4D3IA ‘ewouepW ueudifely suppw sdasApiod suppw sdasApiod
S||93 717 ‘sl1®2 1L€6T 1oBNIXD
YLl ¥10¢ ANV O1-4IH |93 667TAH SII93 §-|7D *49dued Bun Db1pqJbq DLID|[R1MS b1bqJbq DLID|[33N0S
s|193 godeH
s||e 1oBAXD
€1 ¥10T 17dI4D3A 7L6DDHIA ‘Bwoun.ed Jejnjj@203ede swozy. sipado) swoziy. sipndo)
SII> 8-1OH
'S|192 6T-1LH ‘SII®2 0T9MS 3oe1IX3 uoQg
(74 ¥10T MHIAD 1 WPAD £ | T-Pg/xed £193Ued uojo) DIDGJDG DLID|[21NDS ‘[ ®IBqgJRq BLIE|[SINDS
s|l22 DOH aplieyddesAjod
I£1 ¥10¢ AVNDd ‘8-11 4949 4D3A ‘ewou.res Jejn||3303edaH aedje umo.g pareyding
$N3s0J SNLUDIDYIDD) pIO[®||e BOUIA
0/l $10T 16-dWIW ‘T-dWIW ‘4949 ‘4D3A S||@2 OA07 L49dued uojoD) snadpupIquidw snp3p.isy sujuodes snjedensy
S-dYd
691 ¥10T A493A £190UEd AJBAQ ‘BwiouldJed Jejn|j@d0)edaH sIqU snuljfayd 1S-dYd
0-g| D3IANH 1132 6T6H-IDON
891 10T O3 ‘594 @3-4N IDIA PH1L SI192 |- *ewoRA ipaojjim winidAiandiiy lonse)
SII®> LTTVH *sII®3 £-YnH
191 ¥10T YT ‘@H-dAN “1-dV ‘6-dWIW ‘s||93 g9HdsH ‘ewoudaed Jejnjjed0oredo DLIOPUI DISIUID) uRasIueD)
CRICRETEN] 93 uonedl|qng suonoy [ed13ojodeulieyy aurq |[@D/4own | SO Jo sedunog punodwoy) [eameN|

(penunuod) *| s|qe L

588



O3ANH
s6l €107 1TY4DIA ‘V4D3IA s|[93 gHdoH fewourn.es Jejnjjpo0leda (eInwiio4) uip Susyzoerx npaif
1d¥Vd ‘6- ‘g- ‘g-asedseD SII®2 971D
¥61 £10C AUIAIAING ‘dVIX ‘ADIA £192uBd [8129.10[0D) (e|nwuod) 8ue] -8uoyz-ng-8uo-3us |
44949 ‘4949
‘TYIDIA ‘V4D3A ‘SON® Sl 6C-1H
€61 €10T ‘SONI! ‘S)HdVIW “IIV ‘€LV1S “dUed [B333.40|0D) (eInwuog) 3ueny 8z ualg
D3IANH SII®> 6T-1H Penxs
6l £10T AV49IA £J92UBD [£323.40|0D) DI0JaDS0IGDIS DIULIDY DI0JaDSO0IGDIS DIULIDY
D3IANH ‘s1192 7odaH 1oeIXD
161 €10T ATY4DIA ‘V4DIA ‘ewouJed Jejnjj@doredaH DLUISSIDDUR] DIUSPSID|A/ DLUISSIDDUS] DIUSPSID|A/
1D ‘1-HDLd Sl 6C-1H Penxs
061 €10C ‘HHS ‘TY4D3IA ‘V4D3IA “I3dUed [€333.40|0D osnijip snoApaH PI'AA Dsnljip snoApapy
S92 [-DNVd
681 €10C 4DIA ‘@-dN £192UEd d)3ERIdURY pouodpf pioydos auLeWAXQ
88| €10C 111 T-XOD ‘€¥4D3IA D493A SII®3 |-dHL ‘SII®2 8N ‘BWOdIes0331SO SISU3|DIDG DUD[31N3S uluo3opA
19504 D3ANH slI®2 6Z-1H
L8] €10t ‘€LVLS ‘HHS ‘4949 ‘V4D3A *492UBd [B32340[0D odojo! siqoay p1ae dl1josin
1TI4D3A V4DIA S92 67-1H
98| €10T PIAD 1 UPAD ‘€1VIS £190Ued [8323.10]0D) apjjpunid poids pIo® JlulIRWSOY
S92 [-DNVd
] €102 Lg-osedsed 1 4D3IA £J9dUBd JNEaIdUE SeUBYJIBWIBUY BWOZIYY 11I-V uluodesow |
CRIIERETEN| @18 UONEDI|qNd suondy [edi8ojodewlieyy auI [[eD/Jown ] SWD1 Jo s924nos punodwo?) [ednieN

(panunuod) *| a|qeL

589



590

Integrative Cancer Therapies 17(3)

substances

Carcinogenic

rAngiogenesls-lnduced A
Tumor growth

________________________________ a‘g"-‘wa’:;\
Proliferation Survival Migration | e”he _—
S Y ; iabﬁ;a’ f“\
_______ N\

_ Anglegenssis !

F to

Release VEG

circulatory system
S

]

1

1

1

AN, 1

Q_ = | lymphatic metastasis 1

'f‘*ﬁ.\: ’!
[RERERN |} - J Ny ——

Circulatory system

Activated VEGF Receptors

CFRs-Indueed | p (¥ 1%

=y

i

Figure 1. Proposed schematic of therapeutic mechanisms of traditional Chinese medicines in the treatment of tumor-induced

angiogenesis.

anti-cholinesterase, antitumor, anti-inflammatory, and anti-
angiopathy properties in clinical application.*** 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.”>’

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.”*”> 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-1a
accumulation.” Additionally, tanshinone I inhibited the
transcriptional activity of nuclear factor kappa B (NF-«xB)
induced by the stimulation of tumor necrosis factor—a
(TNF-0) and IL-6.°° 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.”” In a transgenic mouse model of the human vascular
endothelial growth factor-A165 (hWWEGF-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.”® 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.’*

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.®™®' 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-1a/B-catenin/TCF3/
LEF1 signaling pathway in the hypoxic microenviron-
ment.°"* 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.*” In addition, tanshinone IIA induced the
impairment of HIF-la and VEGF expression and



Zhang et al

591

7
% SALVIA MITIORRHIZA

l

I
I
|
I
1
|
I

< \
"%l CURCUMA LONGA !
&y i

%) GINSENG

I
i
I
1
\ Tanshinonel Tanshinone IIA Cryptotanshinone , : I
i, e e e e e R e S, e
Curcumin /
mor GW"‘“‘ e et <
jnhibition
——————— ~
Anﬂ-Tu:‘:;Is S
e
Anglog ) SCUTELLARIA aicaLensis |

actions

Baicalein

A

Wogonoside

Figure 2. Typical molecular formulas of 9 principal active compound

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.**** 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.®

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.’®”' Cryptotanshinone
inhibited cell proliferation and VEGF-induced angiogene-
sis in U20S osteosarcoma cells.”* Cryptotanshinone deliv-
ered antiangiogenic effects against various cancer cells by
destabilizing the mRNA level of TNF-a involving NF-kB
and STAT3 pathways and diminishing the cytoplasmic
translocation of mRNA stabilization factor HuR.”*™ In
addition, cryptotanshinone repressed cell viability, tubular-
like structure formation, migration, and invasion in HUVEC
by blocking B-catenin dependent transcription and expres-
sion of VEGF and cyclin D1.”

s derived from intensively studied traditional Chinese medicines.

Curcuma longa

Curcuma longa, a thizomatous plant of the ginger fam-
ily, has revealed profound anti-inflammatory and anti-
oxidative functions for centuries.”” 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.”® Accumulating evidence revealed
that curcumin possessed potential antiangiogenic property in
vitro and in vivo by modulating expression of various
genes.””™ Curcumin attenuated VEGF-A secretion and
mRNA synthesis and HIF-la production in corticotroph
AtT20 mouse, human pituitary adenoma cells, as well as in
lactosomatotroph GH3 rat pituitary cancer cells under CoCl -
induced hypoxia conditions.” 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.®
Treatment with curcumin gave rise to the inhibition of
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ovarian cancer growth and angiogenesis by regulation of
NF-«B-related pathways.*' 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.* 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-kB and
EGFR/STAT3 signaling pathways, whereas protein levels of
P53 and PTEN were increased on curcumin treatment.®
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-«B-related genes.* 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 B-catenin in cancerous colonic tissue.*>

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.®”*® Ginseng contains various
active compounds involving ginsenosides, polysaccha-
rides, mineral oils, fatty acids, as well as polysaccharides.*
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.””’! Ginsenosides could be classified
and identified in 2 categories, the 20(S)-protopanaxadiol
(eg, Rbl, Rb2, Rg3, Rh2) and the 20(S)-protopanaxatriol
(eg, Rgl, Re, Rhl). 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.”

Ginsenoside Rbl, 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 .
The chemoinvasion and tubulogenesis of endothelial cells
could be reversed on ginsenoside Rb1 treatment.”

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 ANGPTI1, EGF, and TIMPI.
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.”® 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.”” 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.”® 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.”
Moreover, in human lung squamous cancer SK-MES-1
cells, the expression of VEGF and its mRNA were reduced
via Rg3 treatment.'® 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.'""

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.”*!1” 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.'” 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.'™

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.'®

Baicalein, a natural active flavonoid derived from S
baicalensis, is widely used for its anti-inflammation, anti-
tumor, and neural protective effects.'” 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.'®® 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.'”” 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.'® Orally administered
baicalein exerted beneficial effect on repressing the aggre-
gation of endothelial cells and human prostate tumor
growth in vivo and in vitro.'”

Wogonoside, a major flavonoid isolated from S baicalen-
sis, has been demonstrated to be an inhibitor of VEGF and
possesses anticancer and antiangiogenesis activities.'”
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-3, AXIN and
phosphorylated B-catenin for proteasomal degradation.
Meanwhile, DNA-binding activity of B-catenin/TCF/LEF1
complex was attenuated by wogonoside treatment as well.'"!
Wogonin, the metabolite of wogonoside, enhanced the
ubiquitination and nuclear translocation of HIF-la by
reducing its stability and binding with heat-shock protein
90 in MCF-7 cells.'? 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-kB in combination with exogenous consen-
sus DNA oligonucleotide and suppressing P13K/Akt sig-
naling pathway.'"

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."'* 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.'’®* 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/).""*!"  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.'™* 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: (@) The identification standards of cer-
tain TCMs with antitumor angiogenesis property is
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TCM-derived herbal extracts

Restored factors

TCM-targeted dominant angiogenic
factors (TOP 10)

® Natural Compound
. Refined Extract from TCM

Downregulated Factor

- Upregulated Factor
—» Known Share Target

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

of tumor angiogenesis.

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. (¢) 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.
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