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Suppression of MCF-7 Human Breast Cancer Cell Proliferation by
Globefish Takifugu obscurus Homogenate

Junghoon Kim and Jungho Kim*

Laboratory of Molecular and Cellular Biology, Department of Life Science, Sogang University, Seoul 04107, Korea

Previously, we reported that globefish Takifugu obscurus homogenate suppresses the growth of human colorectal
cancer cells. To extend the applications of globefish homogenate, we investigated its cytotoxic effects on human
breast cancer cells. To assess the effects of globefish homogenate on growth of MCF (Michigan Cancer Founda-
tion)-7 human breast cancer cells, cell proliferation and colony formation assays were performed using the cell count-
ing and Crystal Violet staining methods. The 50% inhibitory concentration (IC, ) of globefish homogenate on MCF-7
cell proliferation was calculated from the sigmoidal dose-response curve. The colony formation assay demonstrated
that MCF-7 cells treated with globefish homogenate formed up to 80% fewer colonies than control MCF-7 cells.
Treatment with globefish homogenate markedly suppressed the growth of MCF-7 cells in a dose-dependent manner.
The sensitivity of the cells to globefish homogenate was determined by calculating the IC, ; in this case, the IC, was

507

210 pg/mL. Furthermore, significant downregulation of Cyclin D1 expression, along with phospho-Akt and total Akt
levels, was observed in MCF-7 cells treated with globefish homogenate. This study demonstrates that treatment with
globefish homogenate inhibits the proliferation of MCF-7 human breast cancer cells by downregulating the expres-

sion of phosphor-Akt, total Akt, and Cyclin D1 proteins.
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m o= Al3gstale QAT A A o2 APg
2 A Q1 oF 7124 slto|th(Siegel et al., 2020). %]
ul= oF FA 0 &fshH e o4 9] A Al
912,930 712-4] 276,480 A= B 1]t} o=
9] 30%0ll siot= A 2 FH Aol o oA
Sh= o 7] 199 s th(Siegel et al., 2020). =
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At 2 d EoE =g FUA WIS SIS dAE0l
oA xlsgElo] glrt. o] 7k =S B3] lead com-
poundE H=67] Qg A7) ookt W o2 B ar gl
tH(Molinski et al., 2009; Demain and Vaishnav, 2011). 3¢+ /3
o] QUrkal ARl AlE e A, 2%, o Ale A, 1Ed,
T, ke, Aol i, ok, AT 5o] )lth(Hosseini
and Ghorbani, 2015; Choudhari et al., 2019). #5751 (curcum-
in) (Ravindran et al., 2009), & 2~H|2}E E(resveratrol) (Carter
etal., 2014; Singh et al., 2015), o}T] 7| d (apigenin) (Yan et al.,
2017), AI2A€l(quercetin) (Gibellini et al., 2011), ALY H|
2l(genistein) (Spagnuolo et al., 2015), 2] ZH(lycopene) (van
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Breemen and Pajkovic, 2008), ©]4~E] 2 AJold]|o] E(isothio-
cyanate) (Wu et al., 2009) 5| AlEAol EAet= et 715
o] lefal Hald S0t o] 2fet v EA|v|Z (phytochemi-
cal)2 9] 7§ A](initiation), L<(development), 12|31l 21 3Y
(progression)<r AASHHA] oFeF 24d& vrehd Tt e Flct
(Rajeshetal., 2015). o] 7h-t| AA| FAA =AM ==&
S22 W7} &7 20| =(Vinca Alkaloid), EHAll(Taxane) s,
of|u] i &= I & E Al(Epipodophyllotoxin), 74 & €] Al(Camptoth-
ecin)f 50| AL, o] Y, A, #HY, 7REAlS
Z 5 kst o A mof] ARS-E a7 @Itk (Choudhari et al., 2019).

Hol= A AlA ] 1000 F-o] EAsH= o F-2, ofAloFHe A
£ T2 Syt el 7 5 oldel Ak 9o,
Yol &= 309 Fo| qlkal U F thHwang and Oh, 2013;
Han et al., 2017). Eo]ofl= €| E 2 = EXl(tetrodotoxin, TTX)
olgh= Al =AEA ] EAst=T, ol A AH, W, &=,
7k, 1) ol A A Elck(Bane et al., 2014; Jal and Khora,
2015). LR AT FA] Fololl= AAAE Foleh e Hol gl
U A 8] EASHA] gh=thal & Hti(Matsumura, 1996; Jang
et al.,, 2003). Eoji= AAZE= B AAEA] 51l AA]R]
Z 70| ulg} Hof Lo A7ick ALt Eojo] - wolut A
o, EYAECEREH HERREAS dethal g finh &
4] Holol 54 E& o] HAEA| ¢ olf+= ol 2 &7
ol AgAsHAl 7] iZ e & g5k Qe (Chau et al., 2011;
Lago et al., 2015).

2 ATHE Bo] olo] A7k AR MEFS] 4
At 22 Y4 59 o A2k B aekKim et al, 2017;
Kim and Kim, 2018). & -ofAl= &of st 2N oJgh ¢F
Ala 7oAl a7t fHkeh AlzoA = 28 7Fed A&
ZAFsEGTE. o1& flall 3R] A7E HHFeE Al 3521 MCF
(michigan cancer foundation)-7& 0|83 AL 54 a3}& =
AT, A AT A ] Fefsbael sk BA s B
of 200} OJ5k MCF-7 Q17+ freh Al 2] A% oA A7}
B7¥ekGiT) T3k Ho A Hof| Ot I et Al A o
A 718& BRIl A k7] Slsh Al ER B 4l
SHAIAA = A EA AT

ERETTE
AsiRE 2 Al

Sodium chloride, sodium phosphate dibasic, sodium phos-
phate monobasic, formaldehyde, methanol, Crystal Violet-2
Sigma-Aldrich (St. Louis, MO, USA)oJ| 4] 7+ 3] AR8-5}% Tt
MCF-7 217t 43¢} Al323= ATCC (Rockville, MD, USA)
oA AR
=o| 2UY

E AR Z 2 ARE-S o= gHEof(Yellow puffer Takifugu

obscurus)& Z74'd e oAkt tfEHol| S|
AT 3T TolE Ade) A1E5IY
of AL o] o] LTI FATH
(Kim et al., 2017; Kim and Kim, 2018). 7tct3] Q oFs}H SF=
o FHAL A|Z317] 918 Gl 57 1 g% 1 mLe] 1X PBS
(phosphate buffered saline, pH 7.4; 137 mM NaCl, 2.7 mM
KCl, 10 mM Na,HPO,, 2 mM KH,PO,)& %7}3t < Hand
Held Homogenizer (Thermo Fisher Scientific, Waltham, MD,
USA)E AHgsll wHa S AZLstleh ARt ool Sy-
ringe filter (0.45 pm, Sartorius, Germany)= €]} HatA}
B GHE 5 54 A1E 7] 80°Cel) mshle.

MCF—7 17h Quet M e} & SEBM 2hy

MCF-7 QI7t AA217e Al digh vifuiA]= 10%
FBS (fetal bovine serum, Invitrogen, Carlsbad, CA, USA), 1x
H YAl /A EF Enlo] Al(Gibeo, Gaithersburg, MD, USA)
S #7}3t Eagle’s minimum essential medium (EMEM; Hy-
clone, Logan, UT, USA)& A&ttt AlEZ= 5% CO,7}
3% 37°C humidified H]9F7](ThermoFisher Scientific,
Waltham, MD, USA)ol|A] joksloit}. thzo £ol Ko
IXPBSE 37}l AES 4=astict.

Crystal Violet 22L| & 2 Hak 2XM

1x10* MCF-7 AI225 6 71 vl et 5 v <& A AL A
L-0)| A Crystal Violet Fixing/Staining -8-4[0.05% (w/v) Crys-
tal Violet, 1% Formaldehyde, 1% methanol, 1X PBS]©.2 20
£ 59 A CHKim et al, 2019). FAITH F2Y of o
Sk A w412 Image] 21518 ARE-3f] 23513 ch(https:/
imagej.nih.gov/ij/).

50% M&AM S=(C,,, 50% inhibitory concen—
tration, half maximum inhibitory concentration)
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2 mLO| A2 uiFH-S H7IRE 12-well Al 32uj <) Se|o] B0
1 x10* MCF-7 A|2Z25 91 o] 72 W2 0%, 0.001% (0.27
ug/mL), 0.01% (2.7 pg/mL), 0.1% (27 pg/mL), 2|1 1%
(270 pg/mL)7} EJA| 7Fskleh. MCE-7 5738 Al 25 37°C
5% CO, A|2z vfjet7]o| A 6 7t vleFstal Al x5 S4513
t}. IC,, 4t SoftMax Pro software (Molecular Devices, San
Jose, CA, USA)E A3l A4St

Western blot 241

A F&£5S SDS-PAGER Zg5tal PVDF [poly
(vinylidene difluoride)] membrane] transfergt < phospho-
S473 gA)(9271; Cell Signaling Technology, USA), Akt 3|
(9272; Cell Signaling Technology, Danvers, MA, USA), Cy-
clin D1 &A|(MA1-39546; ThermoFisher Scientific, Waltham,
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Fig. 1. Inhibitory effects of globefish Takifiigu obscurus homogenate on colony formation by MCF-7 human breast cancer cells. (A) Sup-
pression of MCF-7 cell colony formation by globefish homogenate. MCF-7 cells (1x10%) were plated into 12-well plates and cultured in
Eagle’s Minimum Essential Medium (EMEM) lacking (Control, top panels) or containing 1% (v/v) globefish homogenate (Homogenate,
bottom panels). After 3 or 6 days of cultivation, MCF-7 cell colonies were visualized using Crystal Violet solution. Three independent ex-

periments yielded similar results. Representative images from the colony formation assay are shown. (B) Quantification of the reduction in

MCF-7 cell colony formation after Globefish homogenate treatment. Colonies were counted based on Crystal Violet staining after 6 days

of cultivation and the number of colonies formed was compared with that in the untreated group. Three independent experiments yielded

similar results. The value in the control group was normalized to 100. Values represent the mean+SD. Statistical significance was determined
using the unpaired Student’s t-test. **P<0.01 versus control cells. MCF, michigan cancer foundation.

MD, USA), Z128]1l Actin g#|(AbC-2002; AbClon, Seoul,
Korea)E A3l Western blot2 =335} t}. == Western
lightning reagent (Perkin Elmer Life Sciences, Waltham, MA,
USA)E ARl A=3Fith Western blot 2= VersaDoc
MP 4000 A]2~E](Bio-Rad Laboratories, Hercules, CA, USA)
< ARga] RIS,

SR 24

RE glolg &4 £4]-8 Microsoft Excel spreadsheet =2
IS AR BT SAIA R 5242 unpaired Stu-
dent’s t-testE ARESFo] Ho 740 8214 (P<0.05) H| w5}
11 f|o]E&= Hitgh + 2 H A mean + SD)E YEFH ST

Z4 J_-'-I'
20 FEA 2t MCF-7 217t REet M= 2L
I odx 21

o] AtollA] & AFHLE Fol wHEdo] 7 ARFAAe
SZ£3291 Caco-2, DLD-1, HCT116, SW480 A| 3£ o] 4742 &

R I3 THKim et al., 2017; Kim and Kim, 2018). o]
il %v‘j:oﬂfﬂ% ol Ao ot ARFAAFe A2 A7 A
R} Q17 AR AT TN F5H 2k oh 7 o}

2 559 Qo= 2§ 7HseA o5 £AHE 7S 5

3238 MCF-7 A 25 7HA| 1L &

ik, 4] AHgE Hol #2
T 2 4 2744501 S Arobgl = 3ulAl 3
A& tHKim et al., 2017).

MCF-7 A|iZ 7ol r|A] A5 Fol #E N JaFa A
317] 913l 1% 10* MCF-7 Al 22 12-well A 328 ZH|o] Eo]|
7k 2 mL o) vl FelS 7ot & Z 2 Y 34 A% (colony for-
mation assay)= 5343} th. MCF-7 A3 wlj ool ofl 1% (v/v)
of Fof wtAelg A P8kl 5% CO,7F 5% 37°C M| = vl
71914 715tk MCF-7 A2 224 §/d8 Ala vl fs A%
312 3943} 6 Fof] 2+ crystal violeto 2 GAISH & IHES)
ATk(Fig. 1A).

MCF-7 A9 224 ¥
< ez 6 7F okt 3 Es] wEd 4 lSItk(Fig.
1A Day 6 Control panels). SU|FA = o] AL %23t
MCF-7 QIZF F3¢F At vidS AZRHA] 69 Sof 2
AN E=Y I Laol A AAES & = AUeHFig. 1A
Day 6 Homogenate (1%) panels]. &0 w2 o] 2]$F MCF-7
Az Z2Y A4 e A ante] AaF2] 2l vlw= NIH (na-
tional institutes of health)2] image processing % analysis 3
279] Imagel & ©]-8-3l] =33} th(https://imagej.nih.gov/
ij/). et} Fof st AejTte] =Y F4 Al diet
AIE A FA o= vt At Hof it A Y 2| 2] 5 MCF-7 A
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Fig. 2. Morphological characteristics of MCF-7 cells after addition of globefish Takifuigu obscurus homogenate. MCF-7 cells (1x10%) were
plated into 12-well plates and cultured in EMEM lacking (Control, top panels) or containing 1% (v/v) Globefish homogenate (Homogenate,
bottom panels). Morphological changes were monitored for 6 days. Three independent experiments showed similar results. MCF, michigan

cancer foundation.
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Fig. 3. Growth curve of globefish Takifiigu obscurus homogenate-
treated MCF-7 cells. MCF-7 cells (1x10%) were cultured in 12-well
plates with 1% (v/v) Globefish homogenate. Cell numbers were
monitored every 2 days for 6 days. Experiments were performed
in triplicate, and three independent experiments showed similar
results. Statistical significance was determined using unpaired
Student’s ttests. **P < 0.01 versus control group. MCF, michigan
cancer foundation.

EF0) 22 P4 80% o Al ES &
o] A= MCF-7 QIZH 9k Al 2zof] of gt %@4 Ué*é 59
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MCF-7 #:38 ¢k A2 224 J4 oAl adrh Al 4=
Ao & sl dojub= AJUAIE AR 918 MCF-7
Aol Bof AN ATt F AE 4% FHE B
t}. 12-well A Z8]oF Zd|o]|Eo] | x 10* MCF-7 A|%2& Z11
2 mL9] B FNE 718t T 1% (volivol) Eo] FANL 2]
SFAUTE Al A7 Hsks Est7] sl Fof st E ol A et
MCE-7 HZS} 1S Helaha ghe thait LS S
0124 o183 60l 2 vh) it 2o Fole e
&F4] 92 MCF-7 Al 3235 10% FBSE 71t s z|of| A uf
&Rt A3 92 FEHE °l$“&*1 W2 £ 2 St Th(Fig.
2A top panels; Control). ZZ2jL} 0|} 2 Z 0.2 1% B
ANZ A 2] gt MCF-7 Al 22 A 9] AehA] eka wa6kal
T} Fig. 2A bottom panels; Homogenate (1%)].

o] A= Ao E Z745l] flell MCF-7 ¢ A2
of| thet g =A1E 2 SHAA T Al Z 4= MCF-7 8 Al 22
of Hol FHME 1% SR Hestal o] EtH o= éx(jé}
o} RoflA His kel o]tz MCF-7 Q17F 3¢ Al 3
L ujopAIzte] ATESE T)std A0 R wga %49l
t}(Fig. 3 Control). ZL&{t} 1% Eo] w2 NS A 2]gt MCF-7
RIS 79 o223} thA| A7ko] ATfelolE Al 4Ho]
9] dojufA] Fgke o 4= QUi Fig. 3 Homogenate (1%)]. ©|
L 1%0] ol #Ae] 7k S A|EF MCF-79] 4%

91—'.4;
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Fig. 4. Inhibitory concentration (IC),, curve for globefish Takifiigu obscurus homogenate against MCF-7 cells. (A) Phase-contrast micro-
scopic images showing MCF-7 breast cancer cells cultured with various concentrations of globefish homogenate. MCF-7 cells were cultured
with increasing concentrations of globefish homogenate and observed for 6 days. Three separate experiments were performed and yielded
similar results. (B) The IC, curve for globefish homogenate. MCF-7 cells were cultured with globefish homogenate (0-1%), and growth
inhibitory effects were monitored by cell counting. Data are presented as the relative cell number (mean+SD of three independent experi-
ments). SoftMax Pro software (Molecular Devices) was used to calculate the IC,; value from the sigmoidal dose-response curves. Three
independent experiments were performed, all with similar data. MCF, michigan cancer foundation.

< AAIE 4= Sl EEo] AT ofngitt. A3l % TS 13 0 2 3HAkS| XZ o F A8 T MCF-7 Al
o 5 szof| 2] ol AN thgt IC, & EEH 4245 283 A

MCF-7 QHIt MZZ0| Q| Eof FEIM0| 3t IC el »

= TTono '” ‘I‘O'” -I | O‘I =" | H 50 /‘\l_f)-]_ ];]_(RZ 0995) :LﬁJ_]_MCF 7_9]_1%].%]- /\ﬂioﬂ/\‘] —51-0-] o+

=o

oo thgIC, 2210 pg/mLE =4 = {chFig. 4B).

ol A yof tigk MCF-7 §3¢F M52 IC, & Z43 _
A MCE) ARl ot el Sl sk 4o %O RN SIEt AL 2 o 3
St SR A o] duh JFE mAEAE 24 o] Ao A 2]of uh2 MCF-7 {9k Al 437 oAl et
SHATE 0.001%, 0.01%, 0.1%, 1% (v/v) $=2 £l FAdE & 2AeElA 24517] fla) Az & B e A dg]
MCEF-7 QIZF ok o] Aejstal 6 ZH el st 1 AS A48T Fig. SACA Bz upel gho] &of it ol 4]

HollA Hizvieh o), 6 - AlE dn|d o= st A, 2|3t - Akt 2ADFE ofn]sh= 473HA Al 11719 QAR
MCEF-7 <1t fet *1]:57‘—4 g7o] Hol AN A2 s=7t (Phospho-S473 Akt) o] 543 ftadhe & = UTh(Fig. SA
S7F5 o 27 JAES & o ArkFig. 4A). top panel). -0} & H o] A3 Ujof] EA5}= total Akt T
ol A do] digt IC, & 54371 $ls) MCF-7 A2 <= Foll'= HokE = AS Lobd7] 913 total Akt Thilidg <
Z47E & Hol A o tigt MCF-7 A2 1= Asl= FAIE A3l Western blote =335} 3ltt. 71 A7t 0]
[/d 3 AH(Fig. 4B). £of w85 A 2|5HA] 92> MCF-7 A NS 2 2] 51 total Akt T O] OF I AR ZhAek-g v
HRoF M| ZF0] |l Z4E 100%2 S 3 0|5 7|20z o 4 Q18I tH(Fig. 5A second panel).
ookt —‘6‘“ of Fof S A 2lokal vl efet MCF-7 Al 25 olfoll= Fo st dlo] ofgt Akt Tl o] W|ZH 3L} Cy-
O MlzE ghitsl 715kt TS Fo] FAY AP = clin D1 w2 o] wjX|= F3= AR S8 ool o
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Fig. 5. Modulation of the phosphor-S473 Akt, total Akt, and Cyclin D1 protein levels after treatment with globefish Takifugu obscurus ho-
mogenate. (A) Western blot analysis of phosphor-S473 Akt, total Akt, and Cyclin D1 expression by globefish homogenate-treated MCF-7
cells. Total extracts (10 pg) from control and globefish homogenate-treated MCF-7 cells were separated by SDS-PAGE and immunoblotted
with antibodies specific for phospho-S473 Akt (Top panel), total Akt (second panel), Cyclin D1 (third pane), and Actin (bottom panel). Actin
was used as a loading control. Three independent experiments were performed, all with similar results. (B) Quantification of the phosphor-
S473 Akt, total Akt, and Cyclin D1 protein levels after treatment with globefish homogenate. The bar graphs represent the mean+SD of the
relative intensities of the phosphor-S473 Akt, total Akt, and Cyclin D1 bands (phosphor-S473 Akt/Actin, total Akt/Actin, and Cyclin D1/Ac-
tin) from three independent experiments. Statistical significance was determined using the unpaired Student’s ttest. *P<0.05 and **P<0.01

versus the control group. MCF, michigan cancer foundation.

3k Western blot =33}3ith. S0|EAI= Hof & Az
7} MCF-7 A|3£9] Cyclin D1 T2 8He1-& oA gH-e & 4= Q)
THFig. SA third panel). Actin T2 of o gk Western blot->-
loading@t cell lysateo]] th3t ozt o2 AR5 CH(Fig. S5A
bottom panel).

Western blot Z3}= VersaDoc MP 4000 #HH| S o]-8-3f A
¥l ¢t Phospho-S473 Akt THl 23} total Akt THi 2l o] oF
& ol ;AN A o] 27} 85% (HF=15.3%+9.7)2
35% (A a=64.8%+12.6) 7k st le2 & 4= AT
E8F Cyclin DI T 9] 9% Hof 720 3] o] 85% (4
FU=13.9% +8.3)7FF AadiES & 4 Jth(Fig. SB).

P

@ 1o 2 ol

N
ol
rir
Jo
foh
il
i)
filo
Shs
o
_?L
N
o
%
ox
)
re
il
0
og_!
oy
2
¥,
£ e

o) o]l b} Tl B210) TAelA F H 7 ol ako] £
So) w244 etk @Al HaHE 271
& A7 st Aol A|ut siid w2 ol gt
N2 AE EE W 5 Qs A o2 AZE

2 AtElo] oo E&o WEFPH AFAT ol ostH
of TFE N O] QIZF A2V Az thgtIC, %2 Caco-2 Al
#39] 7 37.5 pg/mL, DLD-1 A|£52] 7% 111 pg/mL,
HCT116 M|3ZF2] 73 95 pg/mL, 12|11 SW480 A9
739121 pg/mL= 25 QI7F A2 2 Al2TEolA|
Tk F5ol weh oA thas 2ol & UERHth(Kim et al.,
2017; Kim and Kim, 2018). MCF-7 QI7F G Al s2520] &
of Ao gt IC, & 210 pg/mL, o4 Aol AL
Ul 579 X ARG AlZFS i) thas Wi ET) e
Aoz ke Qi) of Tl whet o =7t Uehu= A
< 7]E A A oA e BArE w-golet ek Ak of
Uetar Az Rk g oA vkt 24 e 54 o
o] UEAIE = T A= WHEA] 3d Z /o] 9l
= ST S a2

Akti=PKB (protein kinase B)2 = &&= Thlj A2 22 A
3 A& B E 455 Hdsh=] Tofgtth(Franke, 2008;

o
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Manning and Toker, 2017). whe}A] E-o w2 % 2] 7} MCF-7
HEOA Akt €l AIEHE oIghohs ATk S Fo)2
& Azto|tt, Akt Tl Q1= 473 Al 279 QlAke=
Akt FH10] S5 S ofelate), So] Ho] @A) el B
33}l phosphor-Akt THH 2 0] ¢ £S5 4 ofu 2} total
il 2] o) QF e ZHAgT), o] 2f gt ATt ThilE el A o
WA obH AL ol A ol AR = etskA] o
wfebA] 45 A1glo) A olo] that #o] e afeh Az,

Akt £33 o] 2Jof = Cyclin DI S dle o] -
A2l & Hes] gdadsS & 4 Stk Cyclin D1 A2
719] G1 phase®] Al:£E S phasez ZIYA|7|=H| Hofot=
CDK4 (Cyclin dependent kinase 4)1+ CDK6 (Cyclin depen-
dent kinase 6)2] A s}o] 422 Tl 2] & (Malumbres and
Barbacid, 2009), 43315l Akt7} Cyclin D12] #3-& 4 =5+
th= Aol AT} Qlrk(Song et al., 2019). weta o]at
Cyclin D12] down-regulation T4~ Akt T2l o] v]&-A] 3}
Qe dojd Autg FE2HT) ATk o] - JA| Hof o
o] Akt ZH/3} o e} 572 0 & Cyclin D19] WaS A
Aol A 28 4= glomg ol tigh $4 dAt7E XSy
Aol Jlrkal wehech

7|thrg o] S7FsHAA A Sk Q1 ALg Sk Qlsf ol 9
S AFEES i d S7FskAL Qleh of7]of Half AgkekAlo] A
TobE AL e e ¢lo] ST A oF WA aclEo] theksHA
Solual qlek A= Fefo] geF 24 Y A4 HdE
BHE ool S e Aws weldl FUAE ek
o oA S 9ig 8 AF-Ropolt). siZee
Al(Paclitaxel)o| L =AIEAL(Docetaxel )2} 22 EAll(Taxane)
&, WlEe}AE(Vinblastine), ¥132] A€l (Vincristine), H] -2
Hl(Vinorelvine)} 22 H17} &= o] =(Vinca Alkaloid)F,
A EEAO| = (Etoposide)2} -2 of| 7] 2= 2 EX(Epipodo-
phyllotoxin), & *¥|7H Topotecan), ©]2] =E|7HIrinotecan)v}
22 W EH Al (Camptothecin)iF, Z12] 1 HE] =m0 Al(Dacti-
nomycin), &4FH]Al(Doxorubicin), T FH] Al (Daunoru-
bicin), TFo]Ento]Al(Mitomycin), &8 2-1}o]41(Bleomycin)
I} 22 FeAlEZA (Antitumor Antibiotics) - 5= A=
oflA FEfet AAAIEClL, olAE o= thdt TR
1] & A m]Z(phytochemical) & ©]-8-3 oF A A+L7} of 2] &
ool Al 2188 %] 11 Qlth(Hosseini and Ghorbani, 2015; Choud-
hari et al., 2019; Ranjan et al., 2019). 3] %A} (marine natural
product) 4] FoHA] S O3t £ AR T FRAL F
= g3 Qlok(Simmons et al., 2005; Sithranga Boopathy and
Kathiresan, 2010; Alves et al., 2018; Khalifa et al., 2019). ©]
of| B aff Fof wtAHof ehAlZ ] A AAsl= - o] A
Stk A2 v S| = doloh AA7HA] & At o] -3
o AFA ol ofshd ol A ML Rt A2t ofy g}
et A2 AR oAet= A o= UERETHKim et al.,

oy
o
foi

2017; Kim and Kim, 2018). -] w2 Hof| ZX|5}= SA A
o] FARIAE 718l A= A =8 Frofl 3o, A7)
JHEH 7] ghetA|of ela HAYEE WA FEo] 7hsehR
F5 246 1 5a4S g 24 2ol stk

=hs

l">’ oL

7

S

Al AL
o] Aah= 3t LA THNRF-2019R 1F1A1058590) 3} A7
0)8}+31(201919037.01)2] 2] Q& wro} Seai ] 1719,
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