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Inhibitory Effect of the Ethanolic Seed Extract of Trichosanthes
kirilowii on Angiogenesis in Human Umbilical Vein Endothelial Cells

Shin-Hyung Park*, Hyun-Ji Park

Department of Pathology, College of Korean Medicine, Dong-eui University

The seeds of Trichosanthes kirilowii (STK) used in traditional Oriental medicine for the treatment of dry cough
and constipation have diverse pharmacological activities, including hypolipidemic, antioxidant, immunosuppressive, and
anticancer effects. However, the effect of STK on angiogenesis has not been studied yet. In this study, we investigated
whether the ethanolic extract of STK (ESTK) can regulate the migration and tube formation of human umbilical vein
endothelial cells (HUVECs) and explored the underlying mechanism. Results of transwell assay showed that ESTK
treatment dose-dependently suppressed the migration of HUVECs. The conditioned medium collected from H1299
human lung cancer cells was used as a chemoattractant. Our observation suggests that ESTK would inhibit the
recruitment of endothelial cells into tumors. In addition, ESTK treatment significantly reduced the tube formation of
HUVECs. As a molecular mechanism, we found that vascular endothelial growth factor (VEGF)-induced phosphorylation
of VEGF receptor 2 (VEGFR2) was completely blocked by ESTK treatment. The expression of angiogenic factors,
including VEGFA, fibroblast growth factor 2 (FGF2), angiopoietin, placental growth factor (PGF), platelet derived growth
factor (PDGF), angiogenin, and tumor necrosis factor (TNF)-a, was commonly decreased by ESTK treatment in H1299
cells, indicating that ESTK would reduce the production of angiogenic factors from cancer cells. Taken together, our
results clearly demonstrated that ESTK exhibited anti-angiogenic effects in HUVECs, which provides another possible

mechanism underlying the anticancer activities of STK.
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40°C QIFHIoJElo]A 120 rpmO 2 WHHA|7|H 48Xt
SHQTh 89S ojTsle] 8L F 4 YR LU
oAgE 300 mdE go| 40°C QAFHIOIE A 2&} FFIUT. 27t
FER2 ofif & 1A} 2590 A AYsF ¥ SAARSU
FEZM0o7 2.69 g9 FEETZ ¥ 538%Y &2 YUY
k. £FETE dimethylsulfoxide (DMSO; Amresco, Solon,
OH, USA)9] 100 mg/mz 91 & A}83lgon, o2 ESTK
(ethanolic extract of the seeds of Trichosanthes kirilowii)2}
2 gysigct.

2. N uj<g

HUVEC QA Adig™ YoAz: 2408a A= 2pd
ogYE BHomtoly, H1299 QA HUNEZFE= American Type
Culture Collection (Rockville, MD, USA)oJA FU35}ct.
HUVEC AMZZFLX VasculLife® VEGF Endothelial Medium
Complete Kit (Lifeline Cell Technology, Frederick, MD, USA)
= Apgsto] ujgkstgith H1299 AE: RPMI-1640 (WelGENE,
Seoul, Korea) 90%9°] fatal bovine serum (FBS; WelGENE)
10%2} penicillin-streptomycin (WelGENE) 1%S A7}sto] v
steth. & M=F B& 37°C, 5% CO, RN Higstded,
2~340] & ¥ F712 Aduigsta.

3. MTT assay

96 well plateo] HUVEC M=ZE 1x1047§® B35ttt ok
< ESTKE % =9(0, 25, 50, 100 pg/m)2 R2lgt & 2447t &
v st et A el g of
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium Bromide
(MTT: Duchefa, Haarlem, The Netherlands)Z2 0.4 mg/mlo] E|
ZE A7Iet 3 37T°ColA 2A13F 5¢t WHSAIFT 1 & A2
Ag A7stz, DMSO 100 wE FUste uigo] FHH
formazing 83Xt &4 %L microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E Apg35lo] 540 nmoA 545}
et

ojo

=
o
j3

—_

4. Transwell migration assay

24 well transwell (8.0 ym pore size; Corning, NY, USA)
insert®] outer membrane2 0.1% gelatin (Sciencell,
Carlsbad, CA, USA)ez FHSIYcH 1 & HUVEC A=z E
serum©| EFE]X] ok HjX|o] PErst S transwell?] inserto]
5104708 BEx3HA ESTKE %=#H(0, 50, 100 pg/md)2 %2
5t9ct. Bottom chambero]= §-9Q191XHchemoattractant) 2 A
H1299 M|zZx=2HE 22 conditioned mediumE 500 W& B3
3tict. 37°C AFH[oIE A 24X HIYEF £ inserts: AU
methanol2 587 1A5}t3, hematoxylin (Sigma-Aldrich, St
Louis, MO, USA)o g 3087l @AMstdct. 1 5 insert® 354
2 A AAsty orE W2 w3goz gropdtt. Gelatin
14" A" AESE oS3 AEE st 10081
do]Z(Carl Zeiss, Oberkochen, Germany)o.2 ASIHA]
sttt H1299 AlZ9] conditioned medium2 ofafet
o2 ZH|5t¥ct HI1299 AIZE 100 w disho] EFstxn, A=x
AEst 90%7t = wrixl wjoket ofe Almujofole Azjsh
serum©] Z3JIE|X] 9F2 RPMI-1640 HjA] 5 md-g ‘do]Zct 24
A7t vl & N zujgoE To} oji}sto] conditioned medium
o2 Argsti.
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5. Tube formation assay

6 well plateo] HUVEC A|ZE 2x1057j%] B335}l QHA3HA|
71 & ESTKE %=4¥(0, 50, 100 pg/m)2 alsto] 24A]17F vk
stict. o2 4, 96 well plateo] growth factor reduced
matrigel (Corning)Z 50 md #Fsto] 2% § ESTK7l FA2H
HUVEC N|ZZ 0.25% trypsin-EDTA (WelGENE) X|2]2 woju]
1.5x10*7]" matrigel 2Jof] BZstgct. 37°C QAFH ol oA 10
A7t Wl 3 tube formation FES 508]&9 Fu|Foz A

stoict.

6 well plated] HUVEC M|ZE 2x10°74% BZ7st1 QHY3}A|
S ESTKE =%=%(0, 50, 100 ng/m)& 24Xt AN2fstct. s}
AE 308 A VEGF (20 ng/m))S #]2]3lo] VEGFR2E A3}t
Hk ZF well?) N ZuEjYEE AHAHSE & phosphate buffer
saline (PBS, WelGENE)Z 23] A|A35t1, protease inhibitor
cocktail (Thermo Fisher Scientific, San Jose, CA, USA)i}t
phosphatase inhibitor (1 mM Na3VO4, 100 mM NaF)7} A7}
=l RIPA buffer (Thermo Fisher Scientific)S 200 9% BZx35}
of chlAg Balstyct Bicinchoninic acid (BCA) protein
assay kit (Pierce Biotechnology, Rockford, IL, USA)9] A8
of o2} 9AS FFotdn, 2 AEF 20 o] TWHAZ 8%
gel Aol A7|Y&otgh. oot o] Fajd Tid-S PVDF H8
2] Ql(Millipore Corporation, Bedford, MA)C.2 transfersti,
3% bovine serum albumin (BSA, GenDEPOT, TX, USA)o=z
blocking ¢t TF2 1xF &&)(1:1000 3]A)Q} 4°Co|A] overnight yt
2AZHtt. & 3 TBST (Tris-buffered saline with 0.1%
Tween 20)2 Wuelole &t ARt 25 3A(1:5000 34)
o} ALOIH 1A1Zt WA & THA] TBSTZ 2at2] Al st
i x] 49t 0. D-Plus ECL Femto System (Donginbio, Seoul,
Korea)2 AR23to] &HQ15t¢ict. Phosphorylated VEGFR2 %
total VEGFR2 &&= Cell Signaling Technology (Beverly, MA,
USA)lA  Fdstgiod, actin @ A=  Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)OJA U35ttt
Goat anti-rabbit 2X} A= Enzo Life Sciences
(Farmingdale, NY, USA)o|A] 13591, goat anti-mouse 2}
3tA| &= Bethyl Laboratories (Montgomery, TX, USA)o|A] <
stict.

7. Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

6 well plateo] H1299 MZ S 2x10°7}% EZ3to] QHg3IA]
71 § ESTKE =%=¥(0, 50, 100 pg/m)2 24Xt 59 Aot
o Zb welld] ANxujgHAE AAHF § PBSE 23] AFstu
TRIzol reagent (Invitrogen Co., Carlsbad, CA, USA)ES A}&3}
o] RNAE F 53519t Microplate reader (Molecular Devices)
2 RNA A3 5 1 pg total RNAE PrimeScript RT reagent kit
(Takara, Japan)o] Ar&wo] wz} cDNAz FAstict. FAd
cDNAX nuclease-free waterd] 1:500 2 3]As}o] EFAISA X}
i3t primer ¥ SYBR green (Enzynomics, Daejeon, Korea)u}
&35t CFX Connect Real-Time PCR Detection System
(Bio-Rad Laboratories, Hercules, CA, USA)C & quantitative
real-time PCR EX& A|3§5t9ct A_E primer At

annealing temperature= Table 13} Ztc},

Table 1. Primer sequence and annealing temperature

Annealing
Gene Sequence (5'—3) temperature
Q)
VEGFA F. AGG AGG AGG GCA GAA TCA TCA o
R: CTC GAT TGG ATG GCA GTA GCT
e F: GGC TAT GAA GGA AGA TGG AAG ATT %
R: TGC CAC ATA CCA ACT GGT GTA TTT
Angiopoietin - GGA ACA TGT GAT GGA AAA TTA TAC TCA 5
ngropoietin R: GGG CCA TCT CCG ACT TCA T
rngt%e’;;i'tor F: CTC ACA CTT TGC CAT TTG 55
9 (PGP) R: ACT CTG TAT GTG TCT CTT AG
Platelet defived £ GAG TGA GGA TIC TTT GGA CAC C 55
9 R: CTT CTT CCT GAC GTA TTC CAC C
(PDGF) A
F: GCA CCG AGG TGT TCG AGA TC
PDGFB R TTG GCT TCT TCC GCA CAA TC 35
Andiogenin F: TTC CTG ACC CAG CAC TAT GAT G 5
9109 R: CGT CTC CTC ATG ATG CTT TCA C
INE- F: CAC CAC GCT CTT CTG CCT GCT G 58
« R: GGG CTA CAG GCT TGT CAC TC
ACTB F: TGC GTT ACA CCC TTT CTT GAC o5

R: TCA CCT TCA CCG TTC CAG TTT

2E MY 2% Fd(mean)t BEUAKSD)Z HASHHOT,
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Student’s t-test® 0]|83}0] P < 0.05Q1 AL EAAoz 80
Qicty Hotstgict.
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1. HUVEC A|20] ZAlo] &2 U|R|A] g+ ESTK &&= M4
WA HUVEC M=o FAld] g&Z UXA] ¥+ ESTKY 5
A& AAsH] 9ste] HUVEC ANxo] ESTKE Chofst =&

(0 25, 50, 100 pg/md)2 24A|7t A2lst & MTT assayS A|385}

Qch. 3 ZAit ESTK 25, 50, 100 pg/md A 2ZolA MEAFEEo0]

Zyz} 99.62+3.22%, 92.72+0.88%, 90.78+4.46%=2 LUEh}

HUVEC Nz9] ZAlo] tjxl= F&ol njujdt Aoz woE o

(Fig. 1). olo] ESTK 100 pg/mE Z1s=2 st o] AFZ

X3gstdct.

120

< 100

so o B B
60
40
20
0

0 25 50 100
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Fig. 1. Effect of ESTK on the cell viability of HUVECs. HUVECs were
treated with various concentrations of ESTK (0, 25, 50, 100 ug/m@) for 24
h. The cell viability was measured by MTT assay. The data are expressed
as the means + SD of 3 independent experiments. The dotted line
indicates the cell viability of 90%. HUVEC, human umbilical vein
endothelial cells; ESTK, ethanolic extract of the seeds of Trichosanthes
kirilowii.

Cell viability (%)

2. ESTK7} HUVEC AlZ9] o] 5o n]x]&= 3t
B oA BHFULA R o]52 LA ot} Uy
© 2 VEGF, FGF, angiopoietiny} Z+2 Q1AI7I oo zE &
WAAPo] WaFt oz QAR gNEL ol
gas] gugozy UM rSo] Fgo] YAF #Qi olE
sto] AREHS FHE 4 A== ). ojo] ESTK7} HUVEC
Axo] olFd tlX+ FFE ZEAMHI] Yol transwell assays
Alsgstgct. WA HUVEC A|Z7} transwell?] bottom chamber
2 ol5¥ 4 YES SASH: ARRA HI200 UA] WA EZ5)
conditioned media (CM)E Al235t9tt. Upper chambero]:
HUVEC ANZE EZF5HA ESTKE %=H(0, 50, 100 pg/md)=
Malsto] 24X7 S 0|53 AEAE ATt (Fig. 24). 1
23t ESTKE A2otA] g2 tixFofA+ HI1299 Ax9 CMo
93] HUVEC AMz7} &3] o]=stg oy}, ESTK 50, 100 pg/md
AL tzgol vls] 22 75.34+4.92%, 16.04+0.69%2
olEto0] 20J5tA4 ZAstEc} (Fig. 2B and 2C). o]gst Aut=
ESTK7} ZFIA Rulse ot SR o] F@UjmA =
7t dog W5 olgohe AE AAT & USZ AR
3. ESTK7} HUVEC A|Z9] 3 §A(tube formation)o] 0]X]&= g3k
ESTK7} @@UmjAz9] & FAo| txe T2 ZAlS}H]
2J5to] ESTKS HUVEC A|Zof] % =¥H(0, 50, 100 pg/m)=2 %]
3t 3 tube formation assayE Al3§stct. 2 At dEFoA
Axngt #Yg 127t AEYJeU, ESTKE A3t FolA= &
Aol s=oERer JXNEE ¥ 5 UUHFig. 3A). ESTK
50, 100 ug/md Aol F FH=+ dzxol dlsl 747
26.63+11.11%, 22.22+7.41%=2 {9 5A 7+4A 5t cH(Fig. 3B). 9]
213t Aate= ESTKZF EoUmAze & F4E JAT &+ A2

I'll‘

4. ESTK7} HUVEC A|Z9] VEGFR2 Q4tsto] n]x]& B
VEGFR2+ VEGFe} Z¥ste d|ARE mirfiste 714 &
SgAoltt. VEGFR2E F¥nA|xo] =1t 4], o]Fat 3

,d=ln T o ol27)7K] A9l mE agox ETAGS

% o

ﬂo rol'

£73c}. olo] VEGFR2: ofo] FTAME olAsh] 9 sl
mAo] wojgtct'”. VEGFR2E ole} E|2A17|UiH4-& ] (tyrosine
kinase receptor)?} Zo] =2j7tte} AgtstH o|AES FA
(dimerization)stHA] W80l EZAFIUA] &2 FLote] A7t
Qatst = SA] YR AsE ALY, oo ESTK7}
VEGF A2]2 {3 VEGFR2 AMEE AAT 4 A=A st
71 lsto] GARERS Aottt WA HUVEC M=o VEGF
AstAL 2ol uls) VEGFR2e] AAtelt sl 37kt
S sorstgick. ol ESTK AR 9o 5050z 9
A 245t (Fig. 4A and 4B). E3§t ESTKE total VEGF %
t T2 UAIA %= Aoz Uegt (Fig. 4A). ol2§ 2
= ESTK7} VEGFo| 9]t VEGFR29] QIAstE AAA|ZOZH
UYL A ZO ol F FHZ AATE AR

[T T 1]
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0 50 100

C) 120

100

o]
o

N
o

*kk

100 ESTK (pg/ml)

N
o

Relative migration (%)
(2]
o

o

0 50

Fig. 2. Effects of ESTK on the migration of HUVECs. (A) Experimental
scheme of transwell assay is shown. HUVECs suspended in serum free
medium were seeded into the inserts of 24 well transwell plate and
treated with ESTK (0, 50, 100 ug/me) for 24 h. Conditioned media collected
from H1299 human lung cancer cells were filled in the bottom chamber.
(B) HUVECs that migrated through the intermembrane were stained and
photographed under a microscope (x100 magnification). (C) The relative
migration was evaluated by counting the migrated HUVECs. The data are
expressed as the mean + SD of three independent experiments.
Significance was determined by the Student's t-test (***P < 0.001 versus
untreated control). HUVEC, human umbilical vein endothelial cells; ESTK,
ethanolic extract of the seeds of Trichosanthes kirilowii; CM, conditioned
media.
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Fig. 3. Effects of ESTK on the tube formation of HUVECs. (A) HUVECs
pretreated with ESTK (0, 50, 100 pg/m@) for 24 h were seeded onto the
matrigel-coated 96 well plate. After 10 h of incubation, the tube

Tube formation (%)

o
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formation was photographed under a microscope (x50 magnification). (B)
The relative tube formation was evaluated by counting the number of
branch sites/nodes. The data are expressed as the mean + SD of three
independent experiments. Significance was determined by the Student's
t-test (**P < 0.01, **P < 0.001 versus untreated control). HUVEC, human
umbilical vein endothelial cells; ESTK, ethanolic extract of the seeds of
Trichosanthes kirilowii.

A)
-+ + o+ VEGF (20 ng/ml)
- - 50 100 ESTK (ug/ml)
- p-VEGFR2
-—— —
S === === | t-VEGFR2
Actin
B)

20
° ##
S 15
s
S 10
<]
s
@ 5
: Kk -
B 0 | - ——

- - 50 100 ESTK (ug/ml)
- + + +  VEGF (20 ng/ml)

Fig. 4. Effects of ESTK on the phosphorylation of VEGFR2 in HUVECs.
(A) HUVECs were treated with ESTK (0, 50, 100 upg/me) for 24 h and
stimulated with VEGF (20 ng/m@) 30 min before harvest. The
phosphorylation level and total expression of VEGFR2 were detected by
Western blot analysis. Actin was used as an internal control. (B) The ratio
of phosphorylated/total VEGFR2 was calculated using Image) software
after normalization to actin. The data are expressed as the mean + SD of
three independent experiments. Significance was determined by the
Student's t-test (###P < 0.01 versus untreated control, ***P < 0.001
versus VEGF-treated cells). HUVEC, human umbilical vein endothelial cells;
ESTK, ethanolic extract of the seeds of Trichosanthes kirilowii VEGF,
Vascular endothelial growth factor; VEGFR2, VEGF receptor 2.

5. ESTK7} ZAx9] A FZQAAL Lo njx]= JT
Opx|eto 2 Foyjujyzo] o]5at & FX4
AALEY] AAM=E | LIS ESTKIL -
AAEoA  FH|EE FWAUA  FHAAEZA  VEGF, FGF,
angiopoietin, PGF, PDGF, angiogenin, TNF-a So] ¥z 9l
c}'". VEGF& VEGFR2E 53] AL £3ste 7P tius
o AREA FH/AY AAE AT AR EA FQ Elo] Hof
stt®). FGF2& FGF 48A12 53 EaUnN =z A% o5
Z715t0], VEGFU angiopoietin®} Z-& QIXIE2 Ru|A|71oax
AR oz FHAPL S, Angiopoietin® FTU A=)
A9 udyds 5ol o5 FXot, pericyteg A7
Aol EFIQIS  BH|AZICH®, PGF= VEGF family?] sh}ax]
VEGFR13} Z3sto| FoYujA|ze] o5 FXIsti, VEGFAZL
VEGFR29} ZAFste S feotn, JANRE, pericyte 5 A1
2 2o7lE J|BARES §Uste AT 7. PDGFE Z4E
FolA = LHEY, TIRAS Aot GAIEr U A
Z 9 AN gt Holo AHgsto] o] FFEt o get A
Bejo] YJcH®. Angiogenini} TNF-o A @ufmAyzo] 473
ols, A& ¥ & P2 500, MR = BB 52
Aol BH|E gEFtchy %A Qo). ofo] H1299 QA |
MZZo] ESTKE %%¥H(0, 50, 100 pg/ml)= 24A)7F A 2]gt
3718 EXUXEY mRNA Ldo] £2HEE=A] o EE real-time
PCRZ &Ittt 1 Z3} Fig. 50 Uerd uiel o] ESTK7t
H1299 M|z o|A] VEGFA, FGF2, angiopoietin, PGF, PDGFA,
PDGFB, angiogenin, TNF-a2] mRNA 2 & =rolE2xog o
AEge & 4 At (Fig. 5A-H). ¥ Adq e a2l ot

oo o2 o ©

2 2520 AMAHAN ANEY Hif-la® VEGFO LAL
AT Bustel B APduel YAsH: REoley ¥ 4
9t} mapq A7Ig A ESTK/F GAZOIM Rels: @A
Y EAxES dAFoRH FIMoz WML AN 4
948L AARIT

A B, C D,
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Fig. 5. Effects of ESTK on the mRNA expression of angiogenic factors
in H1299 cells. H1299 human lung cancer cells were treated with ESTK
(0, 50, 100 pg/me) for 24 h. The mRNA expression of angiogenic factors,
including VEGFA (A), FGF2 (B), angiopoietin (C), PGF (D), PDGFA (E),
PDGFB (F), angiogenin (G), TNF-a (H), was detected by real-time PCR.
ESTK, ethanolic extract of the seeds of Trichosanthes kirilowii; VEGFA,
Vascular endothelial growth factor A; FGF2, fibroblast growth factor 2;
PGF, placental growth factor; PDGF, platelet derived growth factor; TNF-a,
tumor necrosis factor.
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PRl AFINE SHEIAVA(LE ) Aol Yk Wl A 5
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AZ7H Bulshe ciok BB SAAR] o8 FumA Tt
HgYRoE FAstL Wolste] F% T4 B L Adey
Ag 9orlu o2 5 Jola)rt A4x oz st A
o4 g FANBES T 2 olB(RM) Pl DA
deelo] gicka uloRg Zolch. olo] £ ATME cEq A
A Fzole] ofeexE2(ESTKN] FBUAZEL Y 2
LA mAFHGCE.

g 979 59 o
ESTK:= 50, 100 yug/mg
5L FEoENoz

F23 9 AJAPEZ ofafiet Zth. AA,
=04 HUVEC QA SBUIMARZF
oAstATt. H1299 QA HYAZZFO|
conditioned mediaE {QIQIALR AMg3lona 9] ZHat: FMY
DA} £k 2ag Fuls] o]Est: AL ESTK/} Aad 2
A2 AARetch £/, ESTKE 50, 100 pg/md ‘5E0A HUVEC
Az # 4L sxofERez AT AR, ESTK:
VEGFZ & %3t VEGFR29] QA3 50, 100 pg/m) S=oA &
coExoz Asfste] IJmAzo olF ¥ F FY AL
VEGFR2 AsAIH2 Aafo o3t AL & 4+ AT} x|}
o2 ESTK: H1299 A Zo]H VEGFAS 3t clokst ATAAY
EXIQALY] @S ZAaAFT. ol ESTKZF XUYmAE A1A 9]

i

A5 2EE B opet AR E ook IR
w52 2R FTFULAzet IAE 7] Y5AES &
HHog XoFd 4 AZE AlActe Aot Tty & A9 9
o= HFQ FEE FYAEZ YAE AEAL] ofd FYT|
AEE 23 BN 2x2 $ioe oo

7]1& AFo|A Trichosanthes kirilowii®] %2]of sjgst= i}t

FE22 100 pg/md 5EoAEE HUVEC A=
oo, 50 pg/md E=oA¥XE] HUVEC AZ9]
o & AFolN AMg" #FY FEZ(ESTK)

50 ug/ml 5 =o]X HUVEC M=o o]zt ¥ Fdg A5t
22 FEE HLE F29 WY NoAES TR A
2 Atedo. oub ESTKE #H2Ql g REE24 432
2EEEI FE8U7F 22 HEATOl O E ALR JiEo] A
A9l "H|u= Brlsict. &8 Trichosanthes kirilowii® 1A (I

e
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#E@old 4 5 The wolel 250 WU vixE Jate
Aps Lot k.

B Ao A7]E AAHo s EFetn 55 At WeF B
_E'Ol %%Eﬂ; i)‘!"ﬂ% ESTKQ] 0‘][5 %‘_E_o] g;‘:}‘l)\g% Q"‘X‘“T_)']‘% Eﬂ
AR A% A PAMCR Wol: Jolch. dAud o
ot A2 ABPEEL Sl

o}
Akort, FIoFHA
3,29-Dibenzoyl-karounitiriol& HPLC &Fr7|z0z

o, 7NE Ao A = 2219
3,29-Dibenzoyl-karounitiriol 2 Rtz QIcH®). mst w2l
et 520 23E B o2 3,29-Dibenzoyl-karounitiriol
Qlo]] cucurbitacin B, gallic acid, caffeic acid 50| H1i%o]
QLHOB. w0 gao] mEd B2l He £E2S AN
7oA YA ZEO] Hif-lo9} VEGFO] w3 ZAAFCh mrta
AN E isoauroneg X33t It29lo] HE 47}X|7} Hif-1at
NF-kBo] &g AL, A4tagtFolA] VEGF 2H|E oA
stC”. ol2jgt AFATE B Aol Wil ESTKO AR
st Y] dBElo] gone ¥ WUz} BA
g 329l d77b westch ol9ols
trichosanthrip, trichokirin, alpha-kirilowin, beta-kirilowin,
trichoanguin®} 2& T29lo] JEse 2lud 2uyst guy
(ribosome-inactivating protein)Z ¥4 A ], L& 24
o thie Tl gye AsjgoRM FASEL Y. 5
3 meI(NEmO  EEE  Ama  2g4s ouwa
trichosanthin® FWAIA olx|ztgo] B 1ol Qooa =
of Tl Fud 2AY GWAS] FWUPS £WY by
T EMAG|Hofof FH}®), w3 ESTK7F FUmAl=el A=z 7H

E 1= Ke) =]
?753‘ }E)LH_'E gs)e

F2AgE FARez oEgA =EZ > A=A 3HE
(co-culture) FAZ F3 =AZ Zart gk SAE UolA

ESTKo] ofsf wdlo] Mg chofst BB S4A% 5 A2
ofm At FWUTAZY] FWANALS £ 4 e %

= MR
ot ¥ ESTKE Z&sta 7fdste o L= Aol

hJ
rhu

My
M
oo
=
Eu)
ret

FB2(ESTK)Y FBAY £HA
23} a2 8L Ak ESTKE HUVEC
SET) 39e sEgEoz oFsigon,
VEGFR29] QI4tsl A 53 uf/felQict. E=gF ESTKE= H1299
AR HLAZFN FBUY FUUAESY WAL FANZC
ol2d Azt ESTKY P¥eF A& uishs 202N ESTK}
FYUAT U FHUDAZGL FAEES FA0) BBsto] wab

2 g3t gxdAgEY 44X AF(No. NRF-2021R1C1
C100506211)9] AlgH]| 2 23RS

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer
statistics, 2022. CA Cancer ] Clin. 2022:72(1):7-33.

2. Statistics Korea. Available from: http://www.index.go.kr/
potal/main/EachDtlPageDetail.do?idx_cd=2770

3. Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell. 2011;144(5):646-74.

4. Nagy JA, Chang SH, Shih SC, Dvorak AM, Dvorak HF.
Heterogeneity of the tumor vasculature. Semin Thromb
Hemost. 2010;36:321-31.

5. Baluk P, H, McDonald DM. Cellular
abnormalities of blood vessels as targets in cancer.
Curr Opin Genet Dev. 2005;15:102-11.

6. Prager GW, Poettler M. Angiogenesis in cancer. Basic

Hashizume

mechanisms and therapeutic advances.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hamostaseologie. 2012:;32(2):105-14.

. The Jointly Published Textbook Compilation Committee

of Oriental College of Medicine Nationwide Department.
Herbology. Seoul: Younglim press; 2004.

. Hou Z, Zhu L, Meng R, Wang B. Hypolipidemic and

antioxidant activities of Trichosanthes kirilowii maxim
seed oil and flavonoids in mice fed with a high-fat diet.
] Food Biochem. 2020;44(8):e13272.

Hu Z, Zhou H, Zhao ], Sun ], Li
Microwave-assisted extraction,

M, Sun X
characterization and
immunomodulatory activity on RAW264.7 cells of
polysaccharides from Trichosanthes kirilowii Maxim
seeds. Int ] Biol Macromol. 2020;164:2861-72.

Park SM, Jeon SK, Kim OH, Ahn JY, Kim CH, Park SD,
Lee JH. Anti-tumor effects of the ethanolic extract of
Trichosanthes kirilowii seeds in colorectal cancer. Chin
Med. 2019;14:43.

Maj E, Papiernik D, Wietrzyk ]. Antiangiogenic cancer
treatment: the great discovery and greater complexity
(Review). Int ] Oncol. 2016;49:1773-84.

Kendall RL, Wang G, DiSalvo ], Thomas KA. Specificity
of vascular endothelial cell growth factor receptor
ligand binding domains. Biochem Biophys Res Commun.
1994; 201:326-30.

Olsson AK, Dimberg A, Kreuger ], Claesson-Welsh L.
of wvascular
function. Nat Rev Mol Cell Biol. 2006;7:359-71.
Endothelial cell

Circ Res.

VEGF receptor signalling - in control
Lamalice L, Le Boeuf F, Huot ]J.
migration during
2007;100(6):782-94.
Katoh M. FGFR
tumor microenvironment and whole-body homeostasis
(Review). Int ] Mol Med. 2016:38(1):3-15.

Parmar D, Apte M. Angiopoietin inhibitors: A review on

angiogenesis.

inhibitors: Effects on cancer cells,

targeting tumor Pharmacol.
2021;899:174021.

Nguyen QD, De Falco S, Behar-Cohen F, Lam WC, Li
X, Reichhart N, Ricci F, Pluim ], Li WW. Placental
growth role
retinopathy and other ocular neovascular diseases. Acta
Ophthalmol. 2018;96(1):e1-€9.

Ostman A. PDGF receptors-mediators of autocrine

angiogenesis. Eur ]

factor and its potential in diabetic

tumor growth and regulators of tumor vasculature and
stroma. Cytokine Growth Factor Rev. 2004;15(4):275-86.
Gao X, Xu Z. Mechanisms of action of angiogenin. Acta
Biochim Biophys Sin (Shanghai). 2008;40(7):619-24.
Ogami K, Yamaguchi R, Imoto S, Tamada Y, Araki H,
Print C, Miyano S. Computational gene network analysis
reveals TNF-induced angiogenesis. BMC Syst Biol.
2012;6 Suppl 2(Suppl 2):S12.

LI X, Zhao A, Yang ], Qian J, Chen L. Study on Role of
Mucin 5AC in Malignant Tumors Based on Theory of
“Body Fluid” and “Phlegm and Retained Fluid”. Liaoning
] Trad Chin Med. 2020;8:51-4.

Li Y, Li D, Chen ], Wang S. A polysaccharide from
Pinellia ternata inhibits cell proliferation and metastasis
in human cholangiocarcinoma cells by targeting of
Cdc42 and 67kDa Laminin Receptor (LR). Int ] Biol
Macromol. 2016;93(Pt A):520-5.

Hosny S, Sahyon H, Youssef M, Negm A. Prunus
Seed Extract Amygdalin
Induced Mitochondrial-Mediated
Apoptosis and Autophagy in Liver Carcinogenesis.
Anticancer Agents Med Chem. 2021;21(5):621-9.

Armeniaca L. and Its

Containing Fraction



180

S. H. Park et al

24.

25.

26.

217.

Kim DW, Lee JH, Yoo HS, Cho JH, Lee YW, Son CH,
Cho CK. Effects of Trichosanthes kirilowii Extract
against Angiogenesis and Various Tumor Cells' Growth.
Korean ] Orient Int Med. 2008;29(2):490-9.

Hwang WK. Identification for TLC pattern analysis of
the crude drugs (II). Ministry of Food and Drug Safety.
2013. p28

Zhoh CK, Uhm TY, Kim ]JC. Antioxidantive Effectiveness
of Trichosanthes Kirilowill Extracts, ]
Korean Ind Eng Chem, Voll8, No. 6, 2007, 625-9.

Dat NT, Jin X, Hong YS, Lee JJ. An isoaurone and other

Maximowicz

28.

29.

constituents from Trichosanthes kirilowii seeds inhibit
hypoxia-inducible factor-1 and nuclear factor-kappaB. ]
Nat Prod. 2010;73(6):1167-9.

Ye X, Ng CC, Wong JH, Ng TB, Chan GH, Guan S, et al.
Ribosome-inactivating Proteins from Root Tubers and
Seeds of Trichosan-thes kirilowii and Other Trichosanthes
Species. Protein Pept Lett. 2016;23(8):699-706.

He D, Jin J, Zheng Y, Bruce IC, Tam S, Ma X.
Anti-angiogenesis the
underlying mechanism. Biochem Biophys Res Commun.
2013;430(2):735-40.

effect of trichosanthin and



