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Angiogenesis is the process by which new blood vessels form from existing blood vessels. This phe-
nomenon occurs during growth, healing, and menstrual cycle changes. Angiogenesis is a complex
and multifaceted process that is important for the continued growth of primary tumors, metastasis
promotion, the support of metastatic tumors, and cancer progression. Impaired angiogenesis can lead
to cancer, autoimmune diseases, rheumatoid arthritis, cardiovascular disease, and delayed wound
healing. Currently, there are only a handful of effective antiangiogenic drugs. Recent studies have
shown that natural marine products exhibit antiangiogenic effects. In a previous study, we reported
that the hexane extract of H. fusiformis (HFH) could inhibit the development of new blood vessels
both in vitro and in vivo. The aim of this study was to describe the inhibitory effect of chloroform
extracts of H. fusiformis on angiogenesis. To investigate how chloroform extract prevents blood vessel
growth, we examined its effects on HUVEC, including cell migration, invasion, and tube formation.
In a mouse Matrigel plug assay, H. fusiformis chloroform extract (HFC) also inhibited angiogenesis
in vivo. Certain proteins associated with blood vessel growth were reduced after HFC treatment. These
proteins include vascular endothelial growth factor (VEGF), mitogen-activated protein kinase
(MAPK)/extracellular signal transduction kinase, and serine/threonine kinase 1 (AKT). These studies
have shown that the chloroform extract of H. fusiformis can inhibit blood vessel growth both in vitro

and in vivo.
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Endothelial basal medium (EGM-2; Cat. No: CC-3156),
EGM-2 Endothelial SingleQuots™ Kit (Cat. No: CC-4176),
T12]3 ReagentPack™ Subculture Reagents (Cat. No:
CC-5034)= Lonza (Basel, Switzerland)ol| A vl s} T}
Endothelial cell growth medium (EGM; Cat. No: C-22010)
2 PromoCell (Heidelberg, Germany)°ll -l 8} %3t} 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium  bromide
(MTT) reagent= Sigma-Aldrich (MO, USA)o A Tl 3} %3
T}. The Matrigel Matrix (Cat. No: 354234)%} standard
Transwell ® permeable supports (Cat. No: 3422)+ Corning
(NY, USA)ell A ol 5} T}, Hemoglobin assay kit= Sigma-
Aldrich (MO, USA)E %3l Fvst%th. Pro-PREP lysis
buffer= iNtRON (Daejeon, Korea)oll A F+ulj st H T, 221 &
A+ Santa Cruz Biotechnology (Santa Cruz, CA, USA)ll 4|
Tl &tk ERK, p-ERK, Akt, p-Akt, 12| 3L GAPDH &
A= Cell Signaling Technology (Danvers, MA, USA)®ll 4|
T3 T VEGF @A+ Invitrogen (Waltham, MA, USA)

ANA T skt

Primary cell culture

QIZE Al A9 U= AN E(HUVECs, Lonza, Heidelberg,
Germany)E 2% Fetal Bovine Serum (FBS)©] 3% EGM-
2 Endothelial SingleQuots™ Kit (Lonza)”} X% Endothe-
lial basal medium-2 (EGM-2, Lonza)ol| A v sttt 22
Ao M= AEZ= 2% FBS, 0.004 ng/ml endothelial cell
growth supplement, 0.1 ng/ml EGF (recombinant human), 1
ng/ml basic FGF (recombinant human), 90 pg/ml heparin,
1 pg/ml hydrocortisone©] 3~%+% Endothelial cell growth
basal medium (EGM)< ©] &3l njdstn =& AY

ol A passage 2-9 Ato]e] MEE A5 T, NEE 37C,
5% CO0N A 24412 &<k vl sttt

Chloroform extract of Hizikia fusiformis

B Ao AML-3F Hizikia fusiformis S22 XE FE22
< THIGAANEAA T o] E B ERY AFRgk
om 2ot Yo FEEL DMSOo o AH&EHATH

Cell cytotoxicity assay

HUVECE 96-well plates (SPL Life Science, Gyeonggi-
do, Korea)®ll bFGF (25 ng/ml) ¥ HFC (0.1-10 pg/ml)7}
X35 EGM-2 Aol Fol ZF welloll 10,00071 2 &3}
3L 5% CO,, 37ColA 12A13F 53F vl F3IATE MTT Alof
(Sigma-Aldrich)< 7t welldll 23 #7138t HF =7}
0.5 mg/ml7} HE5 3t¥ 1, 447F T vjAE A A3t
Ao 48 AAHS DMSO| =<0 F Synergy HTX
Multi-Mode Reader (BIO-TEK, Vermont, USA)E ©]-83}
SHEE 540 nm HZE SH3IHY. 4 AEE 354

Cell proliferation assay

HUVECZ 24-well platedl] 2x10*7] A& B33} 5%
COy, 37Co A 2442k v F3tA Tt bFGF (25 ng/ml) %
HFC (0.1-10 pg/m)Z Al Z) 2447 ¢+ A3ttt
MTT A 2k(Sigma-AldrichyS #F &% 0.5 mgml7} 5%
E 7} wellell 213 A7FSEA L, 4417 & oA & A A
M3zl A H formazan crystal S DMSO] =<2 & 540
nm ZE 7} 429 Synergy HTX Multi-Mode Reader (BIO-
TEK)E AH&-3}™ formazan 49| FFEE SHsATh
Zt MES 33 EA3AT

Wound healing assay

HUVECZS 24-well plates (SPL)°ll 2x10°&2 #5311 24
A wjeFataTh AlZE7 A 90-95% A= =k
P1250 3l ®& AMg3le] MEE FHUIL, bFGF (25
ng/ml) & HFC (0.25 pg/ml)7} 25% EGMoIA 1843t
¢ FUEE it ATh olF HEe A dAnAE S
Agete] TESEI AFRS A ATh A F HA o ||
H3le 400 &2 F3F Ar|A S o] &3t 18AF T
FFstath A&sstr] fsliA 71EdE dol ol E3 Al

Transwell assay

MZ2] < 53L& 24-well Transwell system (Corning)
S AE3le 2439 Y. Transwell membrane $15-E-S
1 mg/ml Matrigel (Corning) 10 pl/well2 ZHEB3IIHT.
Transwell®] 45 T8 ol = bFGF (25 ng/ml) 2 HFC (0.25
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/n vitro tube formation assay

HUVEC (2x10*70)Z Matrigel (Corning)°] ZE ¥ 96-
well plate®l] #58} 3L bFGF (25 ng/ml) @ HFC (0.25 pg/ml
25 pgmhE A2kt 4413 &, ) 3AE dnd e A
|3t Al FEe tﬂﬁ‘% 2zsla 40 &= APZ 1&
Ak 2 AL F W BAEgon SPHA AW
33 WEES

/n vivo mouse Matrigel plug assay

AA W 3 A g A fusiformis FE2E2] &3
£ rkstz] 918l ool Bag upe} o] AA W mhg-
2~ matrigel plug £41& 33 tH47]. IFFSHA, 979
C57BL/6 BF$-220l] bFGF (50 ng) B HFC (1.25 ug)’} £
HAY £ A &2 heparin (10 Uy E 331 Matrigel
500 plE T3t FARIASE 7Y &, vl A RE HE G
AA £ A &L Matrigel plugE =& A Z TF. Matrigel
plug ARl FYF39 T, EF I AFS vl W}E}
Ol].‘}"% Hl B4 7] E(Sigma-AldrichyE AF&3le] 3=

Western blot analysis

HUVEC®) s} A] | A 24A17F 5<% HFC (0.25 pg/ml 2
5 pg/ml7F EFEAY 235 -2 bFGF (25 ng/m)E
2] 3+t 1 mM sodium orthovanadate”} % Proprep
Protein Extraction Solution (iNtRON)E Z7}ste] A &
WAL AATE TLE F30 pg)el AWMZ2 10% SDS poly-
acrylamide geloll A £E]3}3. membrane 2.2 31 t 13}
A " 23 FAE &=2AF S Z EH T 1x blocking sol-
ution2 ©] &3}y 12} A (VEGF, FGFR (1:500), total
ERK, phospho-ERK, total Akt, phospho-Akt % GAPDH
(1:1,000)& 3]A3te] AE-3FAT

Ethics approval and consent to participate

E AT AEH 55 ZEESL 7HHOE L o]d o
I AT Eﬂura] 2 o] g AlE A3l | AEEH
g] Bl o] &2 UB(IACUC) A SAHATHUM S LCDI-
2021-0038).
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Statistical analysis

dolE & H+EFE HAKSD)E EAISATE 2F5H=E
A, A&, F FA 2 Matrigel plug) 7+e] EAIZF vluEs
A FX(ANOVA)Ql ©]o Tukey®] T Bl H 2
F24 9 o]z g FHaF ANOVAE Ar&-3to
3 th *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
AAoz fFof3 202 NFHJ o, T4 &4
Prism 9.1.0 (GraphPad Software, San Diego, CA, USA)&
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Fig. 1. Effect of H. fusiformis extract (HFC) on HUVEC cyto-
toxicity and proliferation rate. (A) The cytotoxic effects
of HFC on human umbilical vein endothelial cells
(HUVECs) were assessed using the MTT assay (*p;
control vs. HFC 10 mg/ml). (B) The effect of HFC
treatment on the proliferation rate of HUVECs was ex-
amined using the MTT assay (****p; 1 day vs 2 day).
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o A A FE Ao g Yt vpVA £, 2443
52 HFCE A 8]3l9 = HUVECS] 54 &£=olE 93-S
m X2 $kkh(Fig. 1B). Wk, o] % FaE= 2y o)A
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7% AZ7} o] F 3 WA o] 70% ©]/do] AT, HFC &
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238} th(Fig. 2B).
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Fig. 2. HFC-Mediated suppression of HUVEC migration (A)
The migratory ability of HUVECs was confirmed by
a wound healing assay. (B) Phase contrast microscopy
(x40) was used to capture and quantify the migrating
regions. Each experiment was performed independ-
ently three times (****p; 0 hr vs 18 hr (all groups);
18 hr; bFGF vs bFGF + HFC).

12 A7t &< HFCE A3 A $dll=, Aed Alxe 4
7} HFCE A E3slA &2 5 (control)d A A Tk
(Fig. 3B, 9%), 18 A3+ B3+ A& A, bFGF A gl 1] 3]
Aol oF 60%= 7HA3ATHFIg 3B, =% 39). 24
Azt Bt HFCE A 2%t -9, bFGF A&l vl3l] ¢F 53%
A 54 thFig. 3B, 22 vd). o3 A= HFC F
E9°] HUVECY] °]53 &S s JAstE= A
Eria=3

o e I

HFCOf 2§t HUVEC &2t HE/3 M oA
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HEQas 3= AL mf¢ F23 A CIH32]. o
2}4, HUVECS ©]£ 3t tube formation assayE ©] -85}
g% YELYI FAo thd HFC EFE ZASITH
Control 158 33 A3 UEYIE AP 1
iUt HFC X 2] Al VIES A <&, 2 o3k FH W ES
7} YA = Ath(Fig. 4A). HFC A 2] & vp2E HEH
(master junction), *=E(nodes), WAl <*(mesh number) =
A WA A (meshes area)©] 743l THFig. 4A, 4B).
o213k A3}= HFC7} HUVECS] &3 W EH A I4&
A g A& HoFE

HFCoOf 2st HUVECS| ERK % Akt EAs} A

VEGF$} 71 8 A(VEGFR)= W3] A XLoj Eojzo=
Zkg3tal o] 59 T4 olF S A I A
#EE 718 @AS YeRAT], 27]. FGFSF 1 8-
(FGFR)© A4 52 W] Al2e] F4], olF ¥ &3}
£ Z4d3%o27]. wEkA HUVECOI A VEGF 2 FGFR &
ol tigk HFCo| ¥ &S B43t9 . I Z¥+= HFC &
SV} F718kel el VEGF % FGFRO| S THAAT)E
702 Ve th(Fig. 4C). VEGF B4 3l= ERK 2 Akt
AT AL F 2ol ofsf w7/lH =2 2[46], 5= ERK B
Akt 84315 ZASFA T O A3 HFC A 2] Al, ERKS}
Akto] QI4FSl7F HFC % o|&X 0 & oA|g-S Tt
ThFig. 4C). ©]281¢t A3}+= HFC7} ERK ¥ Akt 14Hs}HE
A5kl HUVECI 4 VEGF % FGFRE] &
< AAMgT

HFCOll oI8t MAl LH 2t A A

In vivo “FE oA @41 ti$ HFCSY &FE A}
stz] Sl A W 9 A SyE 2l v
matrigel plug assayE -3 3} TF. bFGFE 3H7-3F matrigel
< HFC®} 37 vh-¢-2=of 1]8} o] 23T}, Fig. 5A°l Al
E 4 J%°], bFGFE E 33t matrigel plugs Matrigel
plug ©=(F )l vl A2 FESA HLA Ao
matrigel W50l 7154 & 727 FAHAS S BRAE
. I8y HFCE bFGFel 93 fidd A4S 2A

P
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9] HFC FZE°] in vitro E in vivo @3 AAE JA3}
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TEHE H AN HolA o] R F-H BAE

A bFGF - + +
HFC - - +
12 hr
18 hr it L
2 Fig. 3. Inhibition of HUVEC invasion by
2% b ; & HFC (A) The transwell system
s was used to assess the invasive
= = ability of HUVECs and phase
B 2004 200 200+ contrast microscopy (x40) was
= ns
. . — used to visualize the results of in-
2 150 5 8150 wmx xx vadin lls. (B ificati
2 2 1504 2 g cells. (B) Quantification
E E E of invading cells observed by
§ 18 T 100+ E 1007 phase contrast microscopy was
. * ok § § 5o performed. Three independent
S 504 © _ S - .
2 [ I | El £ experiments were performed (*p;
o —E-ll-:'—l::l—*— o o control vs bFGF; control vs bFGF/
bFGF(2Sng/ml) -  + 4 bFGF(25ng/mi) bFGF(25ng/ml) - 4 HFC; bFGF vs HFC).
HFC(0.25pg/ml) - - + HFC(0.25pg/ml) - = HFC(0.25pg/ml) - -
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A HFC

Control bEGF 0.25 pg/mL 0.5 pg/mL

B
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25000~ ns » 67 I—‘ns . =
.g | 60—
20000 - 8 p
g 3 44 % 6 o
< 15000 8 $ 3 40
é 3 5 4 s
= 10000 = g z
8 5] £ 2] 2 2]
5000 £ = -
2
0- 0- =
bFGE } . . . bEGF _ & + ¥ bFGF - + + + bFGF - + + +
HFC - - o o HFC - = o o
HFC - - o @ HFC - - ° @ (ug/mL) ) (ug/ml) b
(ug/mL) » (ug/mL) b
C pg/mL Hg/mL
o o
N o N oo
(3] (3]
bFGF -+ * ¢+ bFGF - * * ¢
HFC - - + + HFC - - * *
FGFR Erk | f—
VEGF P-Erk
o am—
p-Akt s -
GAPDH | qu—

Fig. 4. Inhibition of HUVEC vascular network formation by HFC. (A) HFC inhibited tube formation by HUVECs (top image).
After HFC (0.25, 5 mg/ml) was added and incubated for 4 hr, changes in cell morphology were observed and documented
using phase contrast microscopy (x40). The results obtained using the Angiogenesis Analyzer plugin for Image J are
shown in the image below, where the mesh structure is shown in light blue, master junctions are shown as red circles,
and branches are shown in green. (B) Quantification of the number of master junctions, nodes, mesh area, and total
mesh area was performed using Image J (¥*p; control vs bFGF, HFC; bFGF vs HFC). (C) Western blot analysis was
used to identify angiogenesis-related molecules.
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Fig. 5. Inhibition of in vivo angiogenesis by HFC (A)
A photomicrograph (x40) of the vasculariza-
tion within the Matrigel plug is shown. (B)
The hemoglobin content of the plugs was
quantified, and each value represents the mean
and standard deviation (SD) (**p<0.005, bFGF
vs blank, HFC).
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