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ABSTRACT

A novel inhibitor of angiogenesis (Fuantai-03, FAT-03) was isolated and
characterized from Dasyatis akajei, SDS-PAGE analysisand silver staining
determined the purified FAT-03 asasingle band at 43.0 kDa. Its purity was
aso confirmed by the finding of a unique NH,-terminal amino acid se-
guence. To determinewhether this protein was capable of inhibiting angio-
genesis in vitro and in vivo, migration assay was performed using a
Transwell model with polycarbonate membrane; the effect of FAT-03 on
the growth of human umbilical vein endothelial cells (HUVECs) was mea-
sured by MTT; apoptotic induction of HUVECs by rFAT-03 was deter-
mined by fluorescence microscopy and flow cytometry; the effects of FAT-
03 on angiogenesis in vivo were assayed in chick chorioallantoic mem-
brane (CAM) and Lewislung carcinoma(LLC). Immunohistochemistry as-
say was used to analyzed the effect of FAT-03 on intratumoral microvessel
density (iMVD). Theresults showed that the eluted chromatographic frac-
tions at the accorded molecular weght demonstrated an anti-angiogenic
activity. This study is the first demonstration that both the cartilage and
soft tissues of Dasyat akajei can produce ainhibitor of angiogenesis hav-
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inganMr of 43.0kDa.

INTRODUCTION

Substantia effort has been madeinthe past more
than thirty yearstoidentify, purify, and synthesize an-
giogenicinhibitory molecules. Initidly, antiangiogenics
wereidentifiedin extractsfrom naturally avascular tis-
suessuch ascartilage and vitreoushumour of theeye2,
Relatively littleresearch hasbeen directed a exploiting
vascular soft tissues asasource of potentialy useful
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angiogenesisinhibitors.

Dasyatis akgei (Miiller & Henle) (Family:
Dasyatidae/Stingrays; Order: Rajiformes/skates and
rays, Class: Elasmobranchii/sharksandrays, FishBase
name: Red stingray) arefound in cord reefsand estua-
rineareas, on sand and mud bottoms, and their foods
aresmall fishesand crustaceans. Dasyatisakajel are
mainly distributed over Western Pacific: fromthe East
ChinaSeato the South China Sea, from southern Ja-
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panto Thailand®.

Dasyatisakge isafishhavingfood and medicina
vaues, andisemployed, for example, inthetreatment
of gastric cancer, esophaged cancer, lung cancer, mas-
titis, pharyngitis, maaria, and toothache, inthefolk rem-
edy. The cauda spine stabbed with avariety of toxins,
has animportant rolein pharmacol ogy™. Our group
has been engaging in theisol ation and characterization
of antitumor-active componentsfrom Dasyatisakajel
and theinvestigationinto theunderlying mechanismsof
theantitumor effectssince 1998. Firstly, wefound that
theextractsfrom caudd spineof Dasyaisakge showed
anti-tumor effect’™. Subsequently, we proven that
Fuantai (FAT), the crude extracts precipitated by sat-
ing-ou, having molecular weightsfrom 14.4 kDato
approximatdly 97.4 kDa, exhibited anti-tumor and anti-
angiogenesisactivitiesin mice®”. Hereweshow the
isolation and characterization of Fuantai-03 (FAT-03)
from FAT withinhibitory effectson migration and pro-
liferation of human umbilica veinendothdid cdls, an-
giogenesisand tumor-induced angi ogenes, and tumor
growth and metastasis.

MATERIALSAND METHODS

Chemicals

HiPrep 26/10 Desalting, Sephadex G-25 Super-
fine, 17-5087-01£»XK50/30, Q Sepharose Fast
Fow, 17-0510-01; XK26/20, Butyl Sepharose 4 Fast
Flow, 17-0980-01£»and SOURCE 5RPC ST 4.6/150,
17-5116-01, 5 um SOURCE were purchased from
amersham pharmaciabiotech (Sweden). Newborn calf
serum (NCS) waspurchased from Sijiging Organism
Engineering Materias Co. Ltd (Hangzhou, China).
RPM-1640 medium was purchased from Hyclone Co..
Dulbecco’s modified Eagle’s medium (DMEM) was
purchased from Gibco Co.. Trypsin, Triton-X-100,
trig(hydroxymethy)aminomethane(Tris), Sodiun dodecyl
sulfate (SDS), Coomassiebrilliant blue R250, and mo-
lecular weight marker were purchased from Sigma
Chemical Co. . All other chemicals used were of re-
agent grade.

Captureof Dasyatisakajei

Dasyatisakgj el was captured in Zhanjiang coastal
waters, and identified by Professor Ca Y.(FisheriesCol-
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lege of Guangdong Ocean University, China). A voucher
specimen (No. 099) has been deposited in the Key
Laboratory of Marine Materia M edica, Guangdong
Ocean University, Zhanjiang 524025, China.

Homogenizing and salting-out

Thecartilage or skin-free soft tissuesof Dasyatis
akagje werecut into small piecesand homogenized us-
ing an homogenizer. A saturated ammonium sulfate so-
lution wasd owly added to the homogenized mixtureto
bring up thesalt concentration of themixture. After re-
moving theprecipitate by filtration or centrifugetion, the
desired protein can be precipitated by altering the salt
concentrationtothelevel at whichthedesired protein
becomesinsoluble; unwanted proteins can beremoved
from aprotein solution mixture by salting out. Thepre-
cipitated proteiniscollected and categorized accord-
ing to the concentration of thesdt solution at whichitis
formed. Thispartid collection of the separated product
iscalledfractionation. Thefraction of the precipitated
proteinwas collected at 60% of ammonium sulfate satu-
rationinthe experiment.

Chromatography

Toisolate FAT-03 from FAT, mediaof theprotein
sample FAT precipitated by salting-out were exhaus-
tively didyzed against distilled water and equilibrated
with 0.015 mol/L Tris-HCI (pH8.0) before chroma-
tography. Theequilibrated samplesweredilutedin 0.015
mol/L Tris-HCI (pH 8.0), containing 0.015% sodium
azide. Samplesof FAT werethen appliedtoaXK 50/
30 lon Exchange Chromatography column filled with
Q Sepharose Fast Flow medium and equilibrated with
the appropriate buffersat aflow rate of 10 ml/minand
eluted with A solution (0.015 mol/L Tris-HCl, pH 8.0)
and B solution (0.015 mol/L Tris-HCI, pH 8.0, con-
taining 0-100% of 1 mol/L NaCl) for salt gradient
formation.10-ml fractionswere collected. The 10-ml
fractionsenrichedinangiogenesisinhibitory activity were
collected for the next step.

Thefractionsenrichedinangiogenesisinhibitory ac-
tivity fromion exchange chromatography were pooled
and concentrated, and then appliedtoaXK 26/20 Hy-
drophobic Interaction Chromatography columnfilled
with Butyl Sepharose Fast Flow medium (Pharmacia,
Uppsaia, Sweden) and equilibrated with the appropriate

————————, Natural Products

Au Tudian Journal



298

Full Paper e

Isolation and characterization of Fuantai-03

NPAIJ, 7(6), 2011

buffersat aflow rate of 5ml/min and eluted with A
solution (0.015moal/L Tris-HCI, pH 8.0) and B solution
(0.015moal/L Tris-HCI, pH 8.0, containing 100-0% of
3 mol/L NaCl) for salt gradient formation.5-ml frac-
tionswere collected. The5-ml fractionsenrichedin
angiogenesisinhibitory activity were collected for the
next step.

The Revered Phase Chromatography columnwas
equilibrated with (10%ACE, 1%TFA) beforechroma-
tography. Thefractionsenrichedin angiogenes sinhibi-
tory activity from Hydrophobic Interaction Chromatog-
raphy were pooled and concentrated, and then applied
to aRevered Phase Chromatography and equilibrated
withtheappropriate buffersat aflow rate of 0.5ml/min
and duted with A solution (10%ACE, 0.1%TFA) and
B solution (100%ACE, 0.1%TFA) for salt gradient
formation. 1ml fractionswerecollected. The0.5-ml frac-
tionsenriched in angiogenesisinhibitory activity were
collected for andlysisof purify by SDS-PAGE.

Protein assays

Protein concentration wasdetermined by theLowry
method using bovine serum albumin asastandard®.

Polyacrylamidegel electrophoresis

Sodium dodecyl sulfate-polyacrylamidegel elec-
trophoresis (SDS-PA GE) was performed according to
themethod of Laemmli®® 0.75-mm 15% gel swereused
to monitor the purification of FAT-03. Sampleswere
reduced with mercaptoethanol prior to application un-
lessotherwise specified. Siver staining of gelswascar-
ried out by amodification of the method of Wray et
al."%, Gelswerefixed for 30 minin 50% methanol,
10% acetic acid for 30 min followed by an overnight
incubation in 5% methanol, 7% acetic acid. The next
morning gelswere placed in 10% glutaraldehydefor
30 min and then washed with four changes of water
over aperiod of 2 h. Gelswerethen silver-stained for
15 min and devel oped as described by Wray et al*,

NH,-terminal sequenceanalysis

NH,-termina sequencedetermination wascarried
out inthe Centre of Protein StructureAnaysisr, Mayo
Clinic (Rochester, USA).

Cédl culture
The human nasopharyngeal carcinoma CNE-2Z
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cells(CNE-22) céll linefrom aCantonese patient es-
tablished by Gu et d ™ was obtained from Guangdong
Medica College. humanumbilica veinendothdid cells
(HUVECS), LLC cdls, mouse B16 meloanoma(B16)
cdls, and dl the other human maignant tumor cell lines
were purchased from Shanghai Ingtitute of Biochemis-
try and Cell Biology, ChineseAcademy of Sciences.
Cellswerecultured in RPM1-1640 or DMEM media
supplemented with 10% (v/v) heat-inactivated NCS,
100 U/ml penicillin, 100 pg/ml streptomycin and 2g/L
NaHCO3 at 37°C in humidified air containing 5% CO,
inmonolayer. Cellsinlog phase growth wereusedin
theexperiments.

Migration assay

A migration assay was performed using a24-well
transwel | insert with polycarbonate membrane (Corn-
ing Incorporated). Thelower chamber wasfilled with
600 ul of RPMI 1640 containing 50 ng/ml VEGF. The
upper chamber was seeded with 2.0x10* HUVECs
(300 pl cell suspension) treated by FAT-03 (160 pg/
ml) for 24 h. Cellswereallowedto migratefor 4 h at at
37 0C. Thecdlsonthe upper surface of themembrane
wereremoved withacell scraper; themigrated cellson
the lower surface were fixed in 3% formaldehyde,
stainedin PBS containg 50ug/ml propidium iodide (PT),
and then counted. Therate of migratory inhibition of
treated ECswas cal cul ated as percent of control val-
ues. Theexperiment wasrepeated 3timesunder iden-
tical conditions.

MTT assay

The mitochondrial metabolism of 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) toitsinsoluble blue formazan was used for
enumerating cellsto assessthe anti-proliferative ef-
fectsof FAT-03. Briefly, Single-cell suspensionswere
prepared and seeded into 96 well microculture plates
with 1.0x10* cells/ml (90 ul/well). Cellswere cultured
for 12 h before addition of FAT-03. FAT-03 wasdi-
luted into RPM1-1640 medium and added to each
well in avolume of 10 ul. Cells wereincubated at
37°C for the time indicated. MTT solution (5 mg/ml)
wasaliquoted to each well inavolumeof 20 ul, and 5
hlater 100 pl of the solubilization solution [10% SDS-
5% isobutyl alcohol-0.012 M HCI (w/v/v)] was
added into eechwdll. Theplatesweredlowed to stand

A Tudéan Journal



NPAIJ, 7(6), 2011

Lijian Yu et al.

299

overnight intheincubator in ahumidified aamosphere.
Absorbance at 570 nm (A570) was determined for
each well using an ELISA reader. Control wellscon-
tained al of the agents presented inthetreated wells
except FAT-03. Each experimental point was per-
formed in threereplicates. The 50% inhibitory con-
centration (1C,) was determined from dose-response
datafrom at least three experiments.

M or phological analysisby fluor escencemicr oscopy

FAT-03-induced apoptosiswasanalyzed by acri-
dineorange/ethidium bromide (AO/EB, Sino-Ameri-
can Biotechnology Co.) or Hoechst-33342/propidium
iodide (Hoechst-33342-P1, Sigma) doubl e fluorescent
gtaining. 1x10° celswdl were seededina24-wdl plate
and treated with 100ul of 160 ng/ml FAT-03l for 72h
at 37°C. For the AO/EB procedure, cells were washed
with phosphate buffered saline (PBS), rinsed in 92 ul
PBS, and then 8 ul of AO/EB solution (onepart of 100
ug/ml AOin PBS, onepart of 100 ug/ml EBinPBS)
was added. For the Hoechst-33342-PI procedure, cdlls
were collected by centrifugation, and 0.5 ml of fresh
growth medium was added to each tube and mixed.
Then Hoechst-3334 dye was added to the solution to
afinal concentration of 50 pg/ml. Cells were water-
bathed at 30 OC for 15 min. Medium was aspirated,
followed by resuspens onin growth medium containig
10 pg/ml PI dye and icebath for 15 min. The cells were
then spun and resuspended in 100 pul of PBS. The cells
stained by AO/EB or Hoechst-33342-Pl were ana-
lyzed in afluorescence microscope (DMIRB, Leica)
using afluorescencefilter.

Annexin V-fluorescein isothiocyanate (Annexin V-
FITC) staining by flow cytometry analysis

HUVECswere seeded at adensity of 5x105 cells
of mediumin6-well cultureplates. FAT-03-trested and
control cellswere harvested after theindicated time.
Harvested cellswerewashed twicewith PBS, counted,
and suspended in binding buffer at adensity 1x106
cdlg/ml (AnnexinV-FITC staining Kit,BD Biosciences
Pharmingen). Hundred microlitersof thiscell suspen-
sonwerestained with 5 ul of annexin V conjugated to
fluoresceinisothiocyanate (FITC) and 10 ul of propidium
iodide (P!, 20 pg/ml) for 15 min in the dark followed by
theaddition of 400 pul of PBS. Cells were immediately
analyzed by flow cytometry (Epics XL, Coulter Co.).
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Typically, 10,000 eventswere collected using excita-
tion/emission wavelengths of 488/525 and 488/675 nm
for annexinand P, respectively.

Angiogenesisin CAM assay

The CAM assay was performed by amodification
of themethod described as Tarabol etti et al.12 and Yu
et a..13 Briefly, fertilised White Wenchang (Wenchang
County, Hainan province, China) chicken eggs (8 per
group) wereincubated at 37°C at constant humidity.
Onday 6 of incubation, around window 1 cmindiam-
eter wasopened in the centre of egg shell of air cham-
ber, and then asterilised filter disc wasplaced on the
top of the CAMsof individua embryos. Then, thefil-
terswereloaded with: (a) 80ul of FAT-03 solution (20,
40, 80 pug/embryo), (b) 80ul of PBS as control, re-
spectively; oncedaily, for threedays. Thewindow was
sedled with acellophaneand theeggswerereturned to
theincubator. Onday 11, CAMswerefixed with ac-
etone and alcohol and examined under astereoscope
for theformation of avascular zones.

CNE-2Z cdls-induced angiogenesisin CAM assay

The CAM assay was performed as above men-
tioned. Briefly, fertilised WhiteWenchang chicken eggs
(8 per group) wereincubated at 37 oC at constant hu-
midity. Onday 7 of incubation, around window 1 cm
indiameter was opened in the centre of egg shell of air
chamber, and then CNE-2Z cells (1.9x10° cells/em-
bryo) were seeded onthe CAMsof individua embryos.
Thewindow was sed ed with acellophaneand theeggs
werereturned to theincubator. On day 11, thesterilised
filter discswith awindow inthe centre (for the clumps
of CNE-2Z cdlls) wereplaced on thetop of the CAMs
of individua embryossurrounding the clumpsof CNE-
27 cdlls. Then, thefilterswereloaded with: (a) FAT-03
(40, 80,160 png/embryo), (b) 80 ul of PBS ascontral,
respectively, oncedaily, for fivedays. Onday 17, CAMs
werefixed with acetone and a cohol and examined un-
der a stereoscope for the formation of vascular and
avascular zones.

Assay for angiogenesis, growth and metastasis of
tumors

Subconfluent B16 and LLC cellswere harvested
with EDTA trypsinin PBS. The scruff of themicewas
inocul ated subcutaneous (s.c.) with a suspension of
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4x10°LLC cdlls, and thetail vein of themicewasin-
oculated with asuspension of 2x10°B16 cdlls. Inthe
experiment of LLC, FAT-03 wasadministeredip daily
at thedosesof 10, 20, 30 mg/kg/day for 14 daysfrom
7" day after inocul ation to one day beforethe date of
sacrifice. Inthe experiment of B16, FAT-03 was ad-
ministered ip daily at the doses of 10, 20, 30 mg/kg/
day for 14 daysfrom thefirst day after inoculation to
one day before the date of sacrifice. The mice were
sacrificed 15 (for B16) and 22 (for LLC) days after
tumor inoculation. Theprimary LLC andthelivers(for
LLC) andlungs(for B16) were excised and weighted,
and the number of the metastatic foci intheliver and
lung was scored 4.

Theprimary LLC specimens(n=4) fromunsdected
micein FAT-03-treated and control groupswere ex-
cised, fixedin 10% formalin and routindy embededin
paraffin. Paraffin sections (um) were baked,
deparaffinized and rehydrated. Sectionswere probed
with rabbit anti-CD31 antibody (Dako, Carpinteria,
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Figure 1A : lon exchange chromatogr aphy elution profile

M edia of the protein sample (Fuantai, FAT) precipitated by salt-
ing-out were exhaustively dialyzed against distilled water and
equilibrated with 0.015 mol/L Tris-HCI (pH 8.0) before chroma-
tography. The equilibrated samples were diluted in 0.015 mol/L
TrissHCI (pH 8.0), containing 0.015% sodium azide. Samples of
FAT werethen applied to a XK 50/30 I on Exchange Chromatog-
raphy column filled with Q Sepharose Fast Flow medium and
equilibrated with the appropriate buffersat aflow rate of 10 ml/
min and eluted with A solution (0.015 mol/L Tris-HCI, pH 8.0)
and B solution (0.015 mol/L Tris-HCI, pH 8.0, containing 0-
100% of 1 mol/L NaCl) for salt gradient formation.10-ml frac-
tions were collected.
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CA) overnight at 4 °C, followed by treatment with a
biotinylated secondary antibody (Dako)57,
Microvessal swere countedin high-power fidds (x40)
infiverandomly sdlected fid dsof tumor specimenfrom
four miceof each group!*®.

Satistical analysisof data

All vauesobtained were expressed asmeanstSEM
or meanstSD. Statistical processing was performed us-
ing the Student’s t test with SPSS v. 10.0. Values of
P<0.05 were considered to be statistically significant.

RESULTS

Purification and char acterization of FAT-03

Thecartilage or skin-free soft tissuesof Dasyatis
akgel werecutinto small piecesand homogenized. The
fraction of the preci pitated protein collected at 60% of
ammonium sulfate saturation had molecular weightsfrom
14.4 kDato approximately 97.4 kDa(Figure 1B), for
which aterm Fuantai (FAT) was coined and brought
into thefollowing usage.

lon exchange chromatography elution patterns
showed five peaks (Figure 1A). When the eluatefrac-

B

kD M 1 2 3 4 5

Figure 1B : SDS-PAGE analysisof ion exchange chroma-
tography eluate

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed according to the method of
Laemmli[7]. 0.75-mm 15% gels were used to monitor the puri-
fication of FAT-03. Sampleswerereduced with mer captoethanol
prior to application. Silver staining of gelswas carried out by a
modification of the method of Wray et al.[8].

M: Protein marker; 1. FAT (Protein sample precipitated by salt-
ing-ou); 2: Penetration peak; 3: Eluation peak 1; 4: Eluation
peak 2; 5: Eluation peak 3; 6: Eluation peak 4; 7: Eluation peak 5
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tionswereplaced in Rochellesalt solution containing
copper sulfateat dkalinepH, apurplish-blue colored
complex formed, namely, theduatefractionsgavethe
biuret reaction. SDS-PAGE analysisrevead ed fewer
bands on the 2™ peak (Figure 1B, lane 4),and the 2
peak contai ned the highest protein content and showed
anti-angiogenic activity.

Hydrophobic interaction chromatography elution
patterns showed two peaks (Figure 1C). SDS-PAGE
analysisreveaed amain band and afew delicate shal-
low bandson the 2™ peak (Figure 1D, lane 2),and the
2" peak contai ned more protein and showed anti-an-
giogenicactivity.

Revered phase chromatography e ution patternsex-
hibited asingle peak (Figure 1E). SDS-PAGE andlysis
and silver staining revealed asingleband at 43.0 kDa
(Figure 1F), named as Fuantai-03 (FAT-03), which pos-
sessed potent anti-angiogenic activity.

Anaysisof densitometry of the bands suggested
that the purification procedureyielded the purity of of
FAT-03 was>98.0% (Figure 1EF). Its purity wasa so
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Figure 1C : Hydrophobic interaction chromatography eution
profile

The fractions enriched in angiogenesis inhibitory activity from
ion exchange chromatography were pooled and concentrated,
and then applied to a XK 26/20 Hydrophobic I nteraction Chro-
matography column filled with Butyl Sepharose Fast Flow me-
dium (Pharmacia, Uppsaia, Sweden) and equilibrated with the
appropriate buffersat a flow rate of 5 ml/min and eluted with A
solution (0.015mol/L Tris-HCI, pH 8.0) and B solution (0.015mol/
L TrissHCI, pH 8.0, containing 100-0% of 3 mol/L NaCl) for salt
gradient formation. 5-ml fractions were collected.
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confirmed by thefinding of auniqueNH._-termind amino
acid sequence that read as follows:
PFGNTHNKWKLNY SAEQEFP. The close corre-
|ation betweenthemol ecular weight determined by SDS
PAGE and anti-angiogenic activity measured in CAM
isstrong presumptive evidencethat 43.0-kDaprotein
bandisaDasyatisakae-derived protein havinginhibi-
tory effect on angiogenesis.

I nhibitin of migration of HUVECsby FAT-03

After cellsweretreated with 160 pug/ml FAT-03
for 24 h,a57.9% inhibition of HUVEC migration was
observed ascompared to the control (P<0.01) (Figure
2). The results showed that FAT-03 was capabl e of
inhibitingthemigrationof HUVECsinvitro.

Effect of FAT-03 on thegrowth of HUVECs and
other human malignant tumor cell lines

Inhibitory effect of FAT-03 on growth of HUVECs
was dose- and time-dependent (Figure 3), but FAT-03
did not show significant effectson severa human ma
lignant tumor cell lines, suchasCNE-2Z cells, HelLa
cells, HL-60 cdlls, K562 human erthroleukemiacells,
human Ovarian cancer HO-8910PM cells, and human
highly metagtatic giant lung carcinomacdll line PGCL3
(datanot shown).
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Figure 1D : SDS-PAGE analysis of hydrophobic interaction
chromatography eluate

M: Protein marker; 1: Eluation peak 1; 2: Eluation peak 2
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Figure 1E : Revered phase chromatography elution profile 20 ]—»

The Revered Phase Chromatography column was equilibrated

with (10%ACE, 0.1%TFA) before chromatography. The frac- 14 4——»
tions enriched in angiogenesis inhibitory activity from Hydro-
phobic Interaction Chromatography were pooled and concen-
trated, and then applied to a Revered Phase Chromatography . . . s
and equilibrated with the appropriate buffers at a flow rate of Figure 1F : SDS-PAGE analys's of purified FAT-03

0.5 ml/min and eluted with A solution (10%ACE, 0.1%TFA) The fractions enriched in angiogenesis inhibitory activity puri-
and B solution (100%ACE, 0.1%TFA) for salt gradient forma-  fied by Revered Phase Chromatography wer e collected for SDS-
tion. Iml fractions were collected. PAGE analysis.

Figurel: Purification and identification of FAT-03

Figure2: Inhibitory effect of FAT-03 on migration of HUVECs

A migration assay was performed using 24-well transwell insert. The lower chamber was filled with 600 pl of RPM | 1640
containing 50 ng/ml VEGF. The upper chamber was seeded with 2.0x10* HUVECs (300 ul cell suspension) treated by FAT-03 (160
pg/ml) for 24 h. Cells were allowed to migrate for 4 h at at 37 °C, and then fixed and stained in PBS containg 50pug/ml PI. The
number of the migrated cells on the lower surface was calculated as percent of control values. The experiment was repeated 3
times under identical conditions.

A: Control; B: FAT-03 (160 pg/ml, 24 h)
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Figure3: Dose- and time-response of FAT-03 on growth of
HUVECscdls.

Cells were treated with various concentration of FAT-03 for
different time intervals. The cell proliferation was determined
by MTT assay. The values are expressed as mean + SEM of
three independent experiments.

Apoptosisdetected by fuor escence microscopy

Obviousdifferenceswereobservedinthenuclel of
FAT-03-treated and untrested HUV ECs after staining
with Hoechst/Pl or AO/EB dyes. Hoechst/Pl or AO/
EB dyesstained morphologically normal nuclei bluish
(FiguredA) or green (Figure 4C), whereas 160 png/mi
FAT-03-treated cellsdemonstrated reddish (Figure 4B)
or yellow and yellow-red (Figure 4D), smaller and
shrunkennude (Figure4BD). Thesechangesinnuclear
morphol ogy, which were observed after 72 h of 160
ug/ml FAT-03 trestment, reflected chromatin conden-
sation and nuclear shrinkage.

Loss of plasma membrane asymmetry during
apoptosis

Changesin plasmamembrane phospholipids, such
asexterndization of phosphatidylserineresidueinthe
outer plasmamembrane, are characteristic marker of
early apoptotic events. Phosphatidylserine
externalization can be conveniently detected by
fluorescainated annexinV binding. Counterstainingwith
PI, which detects cell swith compromised cell mem-
braneintegrity, allows oneto distingguish among ne-
crotic, early-apopotic, and late-apopotic cells. Repre-
sentativeflow cytometric histograms (Figure5) illus-
trated obvious shiftsin annexin VV and Pl signalsin
HUVECsfollowing FAT-03 treatment for 24 h. The
gppearanceof cdlswithahighannexinsgnd andalow

—= [yl Paper
Pl signal ischaracteristic of early apoptosig8.

Figure4: FAT-03-induced apoptossin HUVECs

Cells were treated with 160 pg/ml FAT-03 for 72 h and stained
with Hoechst33342-PI or AO/EB asdescribed in “Materials and
methods”. Cells in which nuclei were reddish (Hoechst33342-
PI staining) or yellow and yellow-red (AO/EB staining) indicate
apoptotic cells (original magnification, x200).

A: Contral ; B: 160 pg/ml FAT-03, 72 h; C: Control : D: 160 pg/
ml FAT-03, 72 h.
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5 2] 8 T 5} I nhibition of angiogenesisin CAM assay

A - B Figure 6 ABCD showsthesignificant inhibition of
embryonic neovascul arization asevidenced by large
avascular zone caused by FAT-03 placed infilter discs.
Treatment with FAT-03 (20, 40, 80 ug/embryo, once-
daily, for 3 days) resulted in notable suppression of
microvessel formation, withinhibition ratesof 23.6%,
33.1%, and 50.8% (P<0.05), respectively (TABLE 1).
This effect was observed in about 90% of the eggs

& 1 zZl 8 tested. Thisobservation was reproduced in four sepa-
] C = ratesetsof CAM assay. Theseresultsshowed that FAT-

03 wascapableof inhibitingangiogenesisinCAM ina
dose-dependent manner.

X 6 a

] TABLE 1: Inhibitory effect of FAT-03 on theangiogenesis

5. inCAM (n=5)
-1 Number of

Grou Dosage vessel Inhibitory

ol nee; - s P (uglembryoxd) ramification  rate (%)
Figure5: Flow cytometric analysis of phosphatidylserine (x+SEM)
exter nalization (annexin stainign) with Pl counter staining. Control N 165.6-7.6 N
Representative examples of flow cytometric histograms after of  FAT-03 20%3 126.5+5.7 23.6
EAT-O3 treatment. The appearance of gd!s with a high anngxin FAT-03 40x3 110.8+7.6 331
signal and a low PI signal is characteristic of early apoptosis. .
A: Control; B:FAT-03 (40 pg/ml); C: FAT-03 (80 pg/mige;D:  FAT-03 80x3 81.5+1.6 50.8
FAT-03 (160 pg/ml) *P<0.05, Sudent’s t-test versus control

e N Y .
P R e o\ 1
Figure6: Inhibitory effect of FAT-03 on angiogenesisin CAM (20x)

Fertilised White Wenchang chicken eggs (5 per group) were incubated at 37°C at constant humidity. On day 6 of incubation, a
round window 1 cm in diameter was opened in the centre of egg shell of air chamber, and then a sterilised filter disc was placed on
thetop of the CAMs of individual embryos. Then, thefilterswereloaded with: (a) 80ul of FAT-03 (20, 40, 80 pg/embryo), (b) 80ul
of PBS as control, respectively; once daily, for three days. The window was sealed with a cellophane and the eggs werereturned to
the incubator. On day 9, CAMs were fixed with acetone and alcohol, and examined under a stereoscope for the formation of
avascular zones.
A: Control; B: FAT-03 (20 pg/embryo/dx3); C: FAT-03 (40 pg/embryo/dx3); D: FAT-03 (80 pug/embryo/dx3)

Inhibition of CNE-2Z cell-induced angiogenesisin - pryonic neovascul arization asevidenced by largevas-
CAM assay cular zone caused by CNE-2Z cells, and Figure 7BC
Figure 7AB showsthesignificant promotionof em-  showsthesignificantinhibition of CNE-2Z cell-induced
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embryonic neovascul arization asevidenced by marked
avascular zonesurroundingtheclump of CNE-2Z cdlls,
caused by FAT-03 (80.0 ug/embryo, once-daily, for 5
days) placedinfilter discs. Treatment with FAT-03 (40,
80, 160 ug/embryo, for 5 days) resulted in notable sup-
pression of tumor-induced microvessd formation, with

—==> [y|| Paper

inhibition rates of 34.3%, 43.3%, and 46.2%,
rerspectively. Thiseffect was observed in about 90%
of theeggstested. Thisobservationwasreproducedin
four separatesetsof CAM assay. Theseresults showed
that FAT-03 was capable of inhibiting tumor-induced
angiogenesisin CAM in adose-dependent manner.

P ) j,f X

= N . | . [ <Nk 3 3
Vv S 'i‘ o A NS ZC),\-’L‘ Y40

T8 " “ﬁr‘f
ﬂ‘ SPANEy) \.\ =\ \‘k\

Flgure7 I nh|b|t0ry effect of FAT-030on anglogeneﬂsmduced by CNE-2Z cdllsin CAM (20x)

Fertilised chicken eggs (n=8) were incubated at 37°C at constant humidity. On day 7 of incubation, a round window 1 cm in
diameter was opened in the centre of egg shell of air chamber, and then CNE-2Z cells (1.9x10° cells /embryo) were seeded on the
CAMsof individual embryos. Thewindow was sealed with a cellophane and the eggswerereturned totheincubator. On day 11, the
sterilised filter discswith awindow in the centre (for the clumps of CNE-2Z cells) were placed on the top of the CAM s of individual
embryos surrounding the clumps of CNE-2Z cells. Then, thefilterswereloaded with (a) 80ul of FAT-03 (40, 80,160 pg/embryo), (b)
80ul of PBS as control, respectively; oncedaily, for five days. On day 17, CAMswerefixed and then examined under a stereoscope
for the formation of vascular and avascular zones.

A: Contral; B: CNE-2Z; C: CNE-2Z+FAT-03 (80 pg/embryo/dx5)

I nhibition of angiogeness, growth and metastasis
of LLC and B16 melanoma

LLCisaspontaneous metastasismodel of LLC,
and B16 isan experimental metastasismodel. FAT-
03 (10, 20, 30mg/kg/day) was administered ip daily
for 14 days. The FAT-03-treated primary LLC were
smdller than control tumors, and thegrowthinhibition
rateswere 21.1%, 47.7% (P<0.05), 63.3% (P<0.01),
(TABLE 2). The liver metastasis inhibition rates

TABLE 2: Inhibitory effect of FAT-03 on thegrowth of pri-
mary tumor in LL C-inocutaled mice

Average body Tumor
Groups weight (X +SD) weight  'nhibition
before after (X +SD, g) (%)
treatment_treatment > 8

Control 21.5+1.2 20.1£1.2 1.28+0.18 —
FAT-03
(10.0mg/kg/dx 14) 21.6+.09 20.8+0.8 1.01+0.12 21.1
FAT-03 .
(20.0mg/kg/dx14) 21.3£0.8 21.9+1.2 0.67+0.11 47.7
FAT-03 .
(30.0mg/kg/dx14) 21.2+1.2 21.6t1.1 0.47+0.15 63.3

*P<0.05,**P<0.01, Sudent’s t-test versus control

(MIRs) of LLC by FAT-03 were 25.5%,
57.6%(P<0.05), 81.7(P<0.01), respectively (TABLE
3, Figure 8AB). Thelung MIRs of B16 by FAT-03
(10, 20, 30mg/kg/day) were 42.0%, 64.2%(P<0.05),
89.1% (P<0.01), respectively (TABLE 4, Figure
8CD). Theseresultsshowed that FAT-03 significantly
inhibited the growth and metastasisof LLC, and the
metastasisof B16.

TABLE 3: Inhibitory effect of FAT-03 on the spontaneous
metastasisof LLC

Number of
Groups Metastasis metastaticfoci MIR
P rate inlivers (%)
(X+SD)
Control 6/6 98.2+43.1
FAT-03
(100mgkgidx14)  O° 73.2:353 255
FAT-03 .
(00mgkgidx14)  V° 41.6:28.6* 576
FAT-03 N
(30.0mglkgidx14)  ° 180£16.9%* 817

*P<0.05,**P<0.01, Sudent’s t-test versus control
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Figure8: Inhibitory effectsof FAT-03 on theliver metastasisof LL C and thelung metastasisof B16 cells

Subconfluent LLC or B16 cells were harvested with EDTA trypsin in PBS. The scruff of the mice was inoculated s.c. with a
suspension of 4x10° LL C cells; the tail vein of the mice was inoculated with a suspension of 3x10° B16 cdlls. For LLC, FAT-03 was
administered ip daily at the doses of 10.0, 20.0, 30.0 mg/kg/day for 14 daysfrom 7th day after inoculation to one day before the date
of sacrifice. For B16, FAT-03 was administered ip daily at the doses of 10.0, 20.0,30.0 mg/kg/day for 14 days from thefirst day after
inoculation to one day beforethedate of sacrifice. Themicewere sacrificed 22 (for LLC) or 15 (for B16) days after tumor inoculation.
Thelivers (for LLC) or lungs (for B16) were excised, and the number of the metastatic foci in the livers or lungs scored.

Liver: A. Control, B. FAT-03 (30.0 mg/kg/dx14, ip); Lung: C. Control, D. FAT-03 (30.0 mg/kg/dx14, ip).

TABLE 4: Inhibitory effect of FAT-03 on the experimental
metastasis of B16 cells

Number of
Grouns Metastasis metastaticfoci MIR
P rate in lungs (%)

(X +SD)
Control 6/6 151.5+41.2
FAT-03

(10.0mg/kg/dx14) 5/6 87.8+28.0 42.0

FAT-03 *
(20.0mg/kg/dx14) 4/6 54.3+22.2 64.2

FAT-03 .
(30.0mg/kg/dx14) 4/6 16.5+7.5 89.1

*P<0.05,**P<0.01, Sudent’s t-test versus control

Immunohistochemicd andysiswithanti-CD31 anti-
body wereperformedtoinvestigatetheeffect of FAT-03
on tumor angiogeness. Gross and microscopi c exami-
nations showed that primary LL C treated with FAT-03
(10mg/kg/day, oncedally, ip, for 14 days) demonstrated
extensivenecrosis. Thetreated tumorshad fewer ves-
selsandtheiriMVD was9.8+1.2 (vs 20.2+2.2 of con-
trol), and the observed vessd sweremaformed (Figure
9B) compared to those of control group (Figure 9A).

Natural Products

Treatment with FAT-03 resulted in notable suppression
of tumor-induced microvesse formationwithinhibition
rateof 51.5% (P<0.05). Theseresultsindicated that FAT-
03 sgnificantly inhibited angiogenesisinLLC.

DISCUSSION

Thetargeting of tumor-induced angiogenesisasa
means of blocking tumor progression hasgenerated a
growinginterestinrecent years. Thisinterest semsfrom
severd factsthat tumor cellscannot grow significantly
intheabsence of blood vessds; until tumor angiogen-
esisoccurs, tumorsgrow no larger than 2—4 mm in di-
ameter; al so, tumor angiogenesisis necessary at the
beginning and at the end of the metastatic cascade of
events'*22; and molecul esinterfering with angiogen-
esis have potent antitumor propertiesin anima mod-
e g%, Moreover, endothdia cdls(ECs) aregenetically
stable, inhibitors specific to these cellsshould not in-
duceres stanceintumorsin contrast to cytotoxic com-
pounds (antimitotic, antimetabolites and akylating
agents) for which resistanceiscommonly observerd?4,

-y
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Figure9: Inhibitory effect of FAT-03 on angiogenesisinLLC

|

The primary LLC specimens (n=4) from unselected mice in
FAT-03 (10.0 mg/kg/dx14)-treated and control groups were ex-
cised, fixed in 10% formalin and routinely embeded in par affin.
Paraffin sections (um) were baked, deparaffinized and rehy-
drated. Sections were probed with rabbit anti-CD31 antibody
overnight at 4°C, followed by treatment with a biotinylated sec-
ondary antibody.

A: Contral; B: FAT-03 (10.0 mg/kg/dx14, ip)

Vigorously pursued asanovel anticancer strat-
egy!®>21, theidea of antiangiogenesisisnow widely
considered to be a promissing approach to the treat-
ment of arange of pathol ogies of which uncontroled
vascular proliferationisacomponent. One of recent
advancesinthefield of antiangiogenesisand vascular
targetingisinvitro and in vivo selection of peptides
that bind to endothelium in an organ-specific and tu-
mor-sel ective fashion,

Theoceanisteemingwith uniqueorganisms. More
than half the organismsin the ocean don’t even occur
onland. Thediversity and specificity of themarine pe-
ciesand their biological substances contained cause
themarine organi sm to become hugetreasuretrove of
drugs, and finding new drugsin ocean hasgreeat devel-
opment potential®Y. At the present time, morethan 20
angiogenesisinhibitorsof marineorigin havebeeniden-
tified, such as neovastat (AE-941)®2, aplidine
(APLD)E, fucoidan)®, salinosporamide A%,
bastadin 61, SargA R, puupehenone®, psammaplin

—=> [ull Paper

A (PsA)E philinopside A[RY and EM,
oligomannuraratesulfate (JG3)1“3, gratdloupialongifolia
polysaccharide (GLP)“, etc, and Luo et al.* re-
ported that Dasyatisakajei cartilage guanidine hydro-
chlorideextract (DCGE) of molecular weightsfrom 3
kDato approximately 300 kDawas obtained fromthe
Dasyatisakgei cartilage, and Dasyatisakgel cartilage
angiogenesisinhibitor from 20%-30% acetone precipi-
tation of DCGE was found to havethe strongest an-
giogenesisinhibitory effect.

FAT-03isan antiangiogenic proteinisolated from
the fish Dasyatis akajei. This study is the first
demostrationthat Dasyatisakagei can produceainhibi-
tor of angiogenesis, tumor growth and metastasis hav-
ing an Mr of 43.0 kDa. Moreover, the experimental
factsdemonstrated that angiogenesisinhibitor could be
asoisolated and i dentified from vascul ar soft tissuesof
Dasyatisaka &. Anyhow, at the present time, FAT-03
asanatura product anti-tumor agent addsto the grow-
ing ligt of agentswith themechaniam of antiangiogenes's,
not to mention theimpression that weobtain fromthis
study isthat FAT-03 isapotent angiogenesisinhibitor,
any new natural product that hasthe mechanism of ac-
tion hasno doubt inherent interest.

Finally, our datahave confirmed that FAT-03 obvi-
oudy inhibited themigration and proliferation of human
umbilical vein endothelia cells(HUVECS) inadose-
and time-dependent manner, and FAT-03-treated
HUV ECsshowed typica morphologicand cdlular evi-
dences of apoptosis, but FAT-03 did not show signifi-
cant effectson several human maignant tumor cdl lines.
Theexpressionsof vascular endothelial growth factor
(VEGF) and bcl-2 in the FAT-03-treated HUVECs
were evidently down-regul ated, and expression of bax
wasobvioudy up-regulated (datawill bepublished dse-
where). However, other, sill unknown, mechanismsare
possibly involved in anti-angiogenesisand antitumor
effectsof FAT-03. Further investigation of thedetail s of
the cell and molecular mechanisms of FAT-03-medi-
ated anti-angiogenesisand antitumor effectsare cur-
rently in progressin our laboratory.

ABBREVIATIONS

FAT-03 : Fuantai-03
HUVECs : Humanumbilicd veinendothdid cdls
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MTT . 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

CAM - Chick choriodlantoic membrane

LLC . Lewislungcarcinoma

iMVD - Intratumora microvessel dengity
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