International Journal of Oral Biology, Vol. 41, No. 4 December 31 2016, p. 183-190

Copyright (©) 2016, The Korean Academy of Oral Biology

http-//dx.doi.org/10.11620/IJOB.2016.41.4.183 International
PISSN 1226-7155, eISSN 2287-6618 Journal of

Oral Biology

Anti-cancer Activity of Anthricin through Caspase-dependent Apoptosis in
Human Hypopharyngeal Squamous Carcinoma Cell

Won Gi Kim1’+, Seul Ah Lee2’+, Sung Min Moon’, Jin-Soo Kim’, Su-Gwan Kim®, Yong Kook Shin*,
Do Kyung Kim® and Chun Sung Kim>

'Department of Oral and Maxillofacial Surgery, College of Dentistry, Chosun University, 375 Seosuk-dong, Dong-gu, Gwangju,
501-759, Republic of Korea

Department of Oral Biochemistry, College of Dentistry, Chosun University, 375 Seosuk-dong, Dong-gu, Gwangju, 501-759,
Republic of Korea

30ral Biology Research Institute, Chosun University, 375 Seosuk-Dong, Dong-Gu, Gwangju, 501-759, Republic of Korea
“School of integrated Oriental Medical Bioscience, Semyung University, 65 Semyung-ro, Jecheon, Chungbuk, 27136, Republic
of Korea

(received October 26, 2016, revised November 11, 2016, accepted November 12, 2016)

Anthricin (Deoxypodophyllotoxin), a naturally occurring Anthricin- induced apoptosis. Anthricin treatment also leads
flavolignan, has well known anti-cancer properties in several to accumulation of the pro-apoptotic factor Bax, followed by
cancer cells, such as prostate cancer, cervical carcinoma and inhibition of cell growth. Taken together, these results indicate
pancreatic cancer. However, the effects of Anthricin are that Anthricn-induced cell death of human FaDu
currently unknown in oral cancer. We examined the anti- hypopharyngeal squamous carcinoma cells is mediated by
cancer effect and mechanism of action of Anthricin in human mitochondrial-dependent apoptotic pathway. In summary,
FaDu hypopharyngeal squamous carcinoma cells. Our data our findings provide a framework for further exploration on
showed that Anthricin inhibits cell viability in a dose- and Anthricin as a novel chemotherapeutic drug for human oral
time-dependent manner (ICso 50 nM) in the MTT assay and cancer.

Live & Dead assay. In addition, Anthricin treated FaDu cells
showed marked apoptosis by DAPI stain and FACS. Key words: Oral cancer, Anthricin, Deoxyphodophyllotoxin,
Furthermore, Anthricin activates anti-apoptotic factors such Apoptosis

as caspase-3, -9 and poly (ADP-ribose) polymerase (PARP),
suggesting that caspase-mediated pathways are involved in
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Anthricine 3¢ flavolignan©. 2 =1 A4 2] &< A
% (Anthriscus sylvestris (L.) Hoffm.)¢] ft2]e} &w]it
(Pulsatilla Koreana) &]ell 7} Wo] 3{xo] itk
[4,5]. Anthricin®] °Fg] 282> 52 [6], T4 FIA

A7, FLA=7] [8] o anrt doH, 53] A
HAHAIRE [9], A 7AH-HAISE [10], ©ZF [11] & &
F 24 el gt vt ] FaE I ek A
Hxekel Al Anthricin> "|EZ=Eoke] IS vt
sto] AZAFES FEshH, ATz olM = Al
A7) BoslE oM AAS E&) AlE S
AA|ete] caspase =7 M|EARHe| o]=A sithal X
aEe] Stk (9] F, A 47] B2 50 tge R

Anthricin?} Saponin D7} $H+¥ SB FAF A A
I, ok Folth wo) 1570d ol AEEC] 54%Q W
ook FolahA o dlEw el AEES 10%
Heldths Rk ook [12]. B2 A7%1E2] Anthricin
et A A 7S A7ek A7 Anthricin® 9HA]
xo) A g AgAor gAY RN
A oAE Fetel SAEe JdEEs Abdste] o
dolE wherkar Barshglvt [7,13]. ©19F 2¢] Anthricin
& TRFst QtellA ME e 71HE ool AEAPES
FEshs 2 21 & 4 olrh Iy FHeelA
Anthricin®] #¢t &4 A= A gt

2 AFelA= Anthricin©] o Mo A=
OE 713 Tl AlEArE S he sk, AME
SFRIF HFHAIE FaDu Al A g
#e a1 71 whelaiat s, obEE] HAE AbHo
gt ek HAVIAS dAste] e AR &8
& AAlstaat gt
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1. 43A4=

28] o] &% Anthricin Sigma°llA] ]&}] DMSO
o el 5 AE ujokele] 1:10002.% 3|43t DMSO7}
1%7F @x] Les ARk 12k Al cleaved
caspase-9, cleaved caspase-3, cleaved PARP, Bax, [(3-actin<>
cell signaling technology(Danvers, MA)ol| A -] &} A&
stk

2. A vl o

Aol AR AR 8F1F B8 943 FaDu(ATCC No,
CCL17)+= 10% fetal bovine serum(FBS) % penicillin(100
units/ml), streptomycin(100 units/ml)©] 347} Dulbecco's
modified Eagle's medium(DMEM, Welgene, Gyeongsan-si,
Korea)= ©]-23}] 5% CO,, 37°C incubatorol| A vl &Fa}3it),

3.AE A a3 AHF

Anthricin®l|] th3t FaDu A|¥9] AEES MTT[3-(4,5-
Dimethylthiazol 2-yl)-2,5- diphenyltertrazolium bromide] assay
£ B3 243kIE 12 well cell culture plateo]] 2x10°
cells/well | 325 seeding®tal 15A]17F - Anthricing ThFst
F5(0.1, 1, 10, 2.5, 50 nM)= 1 w0 Z}2} A2t v
24, 36, 48713t ek wjeFEith WhE T wlekolS A)A
sfal QAE 9% goow JPEA AEE th 450
DMEM H|%Fel3} 50 pf MTT(S mg/ml) £ H7)sko]
37T, 5% CO, HiF711A 4A1F RES-SFITE 44| 7F 5=
FAE AL Aokl Azl el P/d¥ formazan
S #3A1717] 18 DMSOZ 500 0 H7Fske] wuk7]of
A 2083 Baleiitt BalE Wil 96 well cell
culture plate®]] 100 plE +3F] Epoch Bioteck ELISA
reader (Bio-Tek Instruments Inc., Winooski, VT)& AR5}
o 570 nm SF=OAAN ME AEES FHsGoH, 7}
289 viable cell -5 3} v w ko] WIE-8(%) %
#A ST,

4, Live & Dead assay

Live & Dead Viability/Cytotoxicity kit(Molecular Probes,
Eugene, OR):= 2ol A9} =2 AXE 33F A0
2 Rt BAsh= A 07 live-dye! Calcein-AMS
AHokQli= A9 esterasec] 2lelf allHo] A FFe
LER ™, dead-dye?! Ethd-1(Ethidium bromide homodimer-1)
i+ plasma membrane©] =AFE S A|azef| FFele]
Abel] AgtaldA w2 F3- UERATE 4 well chamber
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slide(SPL, Pocheon, Korea)2] Z} wellell 2x10° cells/mlAl| 3
= 500 10 seedingdtal 15A17F HiSF ¥ 25 nM¥} 50 nM
9] Anthricine 717} A8t} 36A13F FF WHE-aRGlTh
HhS & v S AAS A4t e Ao F TPHA
Mg Tk, Caleein-AM¥} Ethd-15 4 ¢35 &-oof
L1E E§ato] 7t wellell 200 ¥ H7bsto] U= 74
243t % 37C incubatoro| A 3047F WS-}t ¢4 Aok
< A7k mountingste] & FA |4 (Eclipse  TE2000;
Nikon Instruments, Melville, NY)= ©|-&38}0] Aolgl= Al

zo} %o AEE BAAAT

5. DAPI stain

DAPI stain<> 4,6-diamidino-2-phenylindole(DAPI)2}= -
A7} DNA°| Agsto] cyan 9] &35 Y= 2102,
o] Hejol AlxzAPde] 5AQ1 G-l F4sE &2l
3k 4= It} 4 well chamber slide(SPL, Pocheon, Korea)2]
Z} wellol] 2x10° cells/ml A5 500 0% seedingSlal 154]
2+ ok % 25 nM¥} 50 nM 9] Anthricing 22t A28k
36A17F Bk HEESISiTh QA 9% & 0w THHA A
43t T2 4% paraformaldehyde®] 1047+ 1143kl 4'6-
diamidino-2-phenylindole(DAPI; Roche Diagnostics)E 77}
stof 10+27F FA3HATE ©]©] mounting SF01 cover glass
£ Yo} 334 (Eclipse TE2000; Nikon Instruments,
Melville, NY) afollA a1e] eje} Ga2e) F43s1E v
Zapgl o, do] gFujo] A7|7F Ao Ao 2t
UAAY 1 Fipido] HAAtA o7 FrtE o] 3 ¢alo] %1
sHAl Hols Wl AlxzAPde] dojd MEE ddsiqit)
Histogram-> 7} 4i-7|= Yol AL AlsEApdo]
Joj ik AIEZE countingdto] AFEE AEZE WEE(%) Y

ERSIT

6. F-A ZEA

Amnexin-Vi= AMZAPE A AE gHoR wEEE
phosphatidylserine(PS)#} 352 AH=E S 2= &4
A A At dMd =z M EAPE Sl w9 f-88kA A
5" Annexin-V} 7-AADE FAOl AAEAS Al Al
SAPE S} AEYAL o -5 e = Qlck whEba] A
gelAl= Anthricinol] thgt FaDu A|3ES] AEAPE S 74
a7 SlE FAE EAs TSItk FabDu Al
seeding & AnthricinS 36A17F HH-&-A1Z1 F, QA 2k
Moz 7PAA AHEA M, Trypsin-EDTAS 7}l
54-%F incubationd}SITh HiFH-E HILslo] AEE Fof
1200 rpmelA] At st & 27k QI4k ¢kE gdlo R
F oA AHERlY AlH F Annexin-Ve} 7-AADE
Annexin-V Binding buffere]] 1:1%2 23tslo] Alaze] 7}

=

ofo il

331 37°C incubatorell A 10327+ HE-E-3F31.2. 1 FC500 flow
cytometry analyzer(Beckman Coulter, Brea, CA)E ©|-2-5}°]

ATAES 274, BH5ck

7. A o Ay

311 HP LA FaDus 6 well cell culture plateol]
4x10° cells/well = seedingdFal 15A17F vloF 5 25 nM, 50
nM®] Anthricing *2]3ke] 36413t F<F vEE-SFITh HEE-
T AAalk ¢k gdoz F W MASEL, protein lysis
buffer(iNtron, Sungnam, Korea)E ©]-8-3to] ©hilal 2]k
< BCA Protein Assay Kit(Pierce, Rockgord, IL)= ©]|-&35}°]
il S eSSt 30 ug HHA S 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis(SDS-PAGE) % 2]
st 5 A Ao FEle @S polyvinylidene fluoride
(PVDF)l| ©]5-3F3It}. Membrane 5% blocking solution(5%
nonfat dried milk in TBS containing 0.1% Tween-20)= ©]-8-5F
o] 30 &<t blockingslil, cleaved caspase-9, cleaved
caspase-3, cleaved PARP, Bax, B-actine 1:1000°.% 3]4]3}
o] 4 C z713kolA overnight 3F3IT} 71 ¥ TBS-T= 10
i HASE A’ AF S 3 antirabbit [gGE 1:5000 0%
34 3lo] 1A17F WES- 3 ECL kit(Millpore, Bedford, MA)=-
A3kt Aol MicroChemi 4.2(DNR Bio-Imaging
Systems Ltd, USA)E ©]-8-3}] protein bandE 7H S}5k3iTh
7} WHE+= Image JE ©]-8-35fo] 1323} stk

Graphpad prism 5.0 ©]-&3}
p valueZ} 0.05 7]%Hp<0.05)2]
| &= As etk

4 1}

1. Anthricinell 93t A}
47 qA &
Anthricin®l] 2]t Algh SQIF AHFLA|FEF FaDu
Axe] A JdAaRE sty sl
(0.1, 1, 10, 25, 50 nM)ZE 24, 3617+ 12
QF A gJste] MTT assays T33tqich AE42 25 nM
9] Anthricine 24A17F B3t AHE3HS o oF 42%, 36
I} 48| 7boll= 242t 66%, T4%E AE AAo] 7HAadS
eIkl om, 50 nMolA 24A17F EoF A E3klS uf
AlEAAo] 50% sk om, 363 484171
ol MaxAe] AAEE FRIsHItHFig. 1). ©o] A¥
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Fig. 1. Inhibition of cell viability by Anthricin in dose- and
time-dependent in FaDu cells. Cells were treated with various
concentration (0.1-50 nM) of the Anthricin in FaDu cells for
24, 36 and 48 h. Cells viabilities were determined by the MTT
assay. The percentage of cell viability was calculated as a
ration of A570 nm. Results were expressed as percent of the
control. Each data point represents the mean+-SD of three
independent experiments. * p< 0.05, ** p<0.01, *** p<0.001

Ao A FaDu HAIE “3740] Anthricin®] ]3] A[7HO]
71wl FE-oEHoR AdAES IS
o] = AFL 25 nM¥ 50 nM2] Anthricine 3643+
B3k Aeste] Faeqlnh

2. Live—Dead cell staining® ©]-&3% Anthricin®] A}
2 5} F 29 A E FaDud] Al ZAH4E

Anthricin®] AR SFRIF AP M EFER] FaDu A9
AP G F=A dRlgh] 918l Live & Dead
assay kitE §3F0] #4353tk Live-dye?! Calcein-AM
AolQlE ALY esterase] &3l wdlEo] =4 FFS
=, dead-dye®! Ethd-Ii= membrane®] /% 2 AL
of FFate] Ak} AgtetaA Fe 43S vERdTh
25 nM7} 50 nM2] Anthricin ] 2]¥l FaDu AlZ& 44

control

Anthricin 25 nM

sfo] gelst Ayl tjZ7H Ut Anthricin®] 2 ® A
oA FA GAE HETF Eol e AS FHHn
o= 3kl thFig 2).

3. DAPI staing ©]-83} Anthricin®] A3 31 F A
A Z FaDug] A Z A}

Live & Dead assay Z¥}o|A Anthricin®] FaDu $HA13E
of A MazAbHol Fofsith= AE FRlska, AFdE
A3 ] W3lE ERlst7] 13l DAPI stainings 333k
Th DAPIE Al o S ddsts FFEARE, Ax
Apgo] WAsIgls W YEhbs o] 5, DNAS +
AstE FFAv|FoE AF & 5 glon, o]F Eatd
Az o MEAPEe] Y ARE g1 & Qlok
Anthricin®] 36A17F *{2]¥ FaDu M3E DAPIZ 4%t
A3 2T (3% Blaste] 25 nMe A sk ATl
A gk 9ul27%), 50 nMS HZ|gh ArellA 13w
(39%)] APE®E M7} Fr-oEH o7 FEeH T
e FRls3ithFig. 3).

4, FA ZEA & o] 83 Anthricin® AH% 519 F HH
otAl E FaDud] Al £AHE

AzAbE 2 7 71" 245 218 FaDu $hAlEelA]
Anthricin 25 nM¥} 50 nM-& 36213+ *2]5%] Annexin-V
o} 7-AADE FAlo 9 & FAEZEAS st
AE A3} 2R 25 nM9] Anthricing 223 A1E
oA $7] AEAPH(late apoptosis, C2)©] 63.9%% 6.3
v o] Fletom, 50 nME AEd Aol
F7] MAEAPEO] 66.1%% 6.68] S7F5FITKFig. 4A). &
A A|EAPE H]E(early apoptosis + late apoptosis)< T3
0] 153%21 WHA 25 nM2] AnthricinS X 2] $F AT
N 66.5%% thExad vlwate] oF 458 F718k3Ah
ot 50 nMS A et AdTtel A 69.2%= oF sl 57t

Anthricin 50 nM

Fig. 2. Effect of Anthricin on viability of FaDu cells by Live & Dead assay. Cells were treated with 25 nM, 50 nM of Anthricin for 36
hours. The live cells were stained by Calcein AM (green color) and the dead cells were stained by Ethd-I (red color). The stained cells
were observed by fluorescence microscopic analysis and imaged (X100). Data were performed triplicate experiments.
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Anthricin 25 nM Anthricin 50 nM

control

0 20 40 60 80 100
Apoptosis cell (%)

Fig. 3. Apoptotic morphological changes of Anthricin-treated FaDu cells. Anthricin-treated cells for 10 min were fixed with 4% PFA
and stained with DAPI for 20 min. Stained cells were observed by fluorescence microscopic analysis and imaged (Control X40,
Anthricin treat X100). Arrows show the chromatin condensation and fragmentation of FaDu cell by Anthricin treatment. Each data
point represents the mean+-SD of three independent experiments. *** p<0.001
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Control Anthricin 25 nM Anthricin 50 nM
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Fig. 4. Increase of early and late apoptotic cells in Anthricin-treated FaDu cells. The cells were treated with 20 nM, 50 nM of
Anthricin for 36 hours. The cells stained with Annexin-V/7-AAD. The apoptotic cells were analyzed by FACS analysis. (A) Dot plots
represented four independent section (C1; Necrosis cells, C2; late apoptosis cells, C3; live cells, C4; early apoptosis cells). The X axis
shows the intensity of Annexin-V fluorescence. The percentage of each sections are shown in (B). Each data point represents the
mean+-SD of three independent experiments. *** p<0.001
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Fig. 5. The expression levels of apoptosis-related proteins in Anthricin-treated FaDu cells. The FaDu cells were treated with 20 nM,
50 nM of Anthricin for 36 hours. Whole lysates were separated by 12% SDS-PAGE, followed by Western blot analysis. Antibodies
against Cleaved caspase-9, 3, PARP(A) and against Bax(B) were used. The amount of protein normalized by a comparison with the
actin levels. Each data point represents the mean = SD of three independent experiments. ** p<0.01, *** p<0.001

gHS ERRISITHFig. 4B). ©] ZA¥E Anthricino] ©]gt
FaDu SHA3ES] A7dodA7d AEAbEs #o] ls=
211519l th(Fig. 4).

5. 3IUF HH QA EZ FaDud] AtHel| Fodste ol
A wy gl

Anthricin®l| 2]+ FaDu M43 A 7ol Ao 1013 = /ﬂ]
AP B2 71ds qtre ety
ol A& deke] F52AQl 98-S Sk caspase?] &
3tS g1tk Caspase= M EQ £A4F = AED
2 AT & 79 cleavageZt AoluEA E4S THAA
=™, E/d3sle caspase(cleaved caspase)i= DNA 4 3}&

Friesto] AlEAPE AT B, A FAPE A 9] A
7} =1t} Western blot A& A7} Anthricing 364 7F 2] 2] gt
FaDu $A|3Eel|A] cleaved caspase-97} cleaved caspase-3°]
o] sL-oEA 0w FUleHlalL, o]o] PARPE] At
o] dojup AEAPES fEshE AS s th(Fig
5A). B3k nEZEg o} gute]] EAfjehs AlEAPE 2
Q12kQl Bax T2 #-E-S Western blots 33 3ko] &3l
St A3} Anthricin®l] oJ3l] & %-2]E% 02 Bax®] o]
S7He s SIS th(Fig. 5B) A% A9E st
Anthricinol] 2]3F AF 81Q1F TG UAIE FaDu®] A A}
o] mEFEgote] fEA o M-S o4 & qlok
(Fig. 5).
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grolA| = oM FkS X531 YElA] AHEEE glete
Ao Fgolt o] FehAls AR 2 tiAt
7§i o /jdsly F=2 MALe] SA]S o A|Ele] gFetstA

S ekl AR GAZeR HBFoR F85he 2
o] ohleh A, Eol xRl Bie £AHEE
F, A, BEAE SeE £4S Q7] e 35
VsAR, 944N, GRF 5 ofe A $45E e
Witk 2etel A2 FAGE Foln FABYS 7}
A kg iol e whlel pobslon, ) Fulol]
28] et Aol L2l thakd A BHE 3

4 7 SA-gA A aE dE=shy] ¢st L*_Eii]
o] ghutatt [14,15].

Anthricin A= Z}R] 9] Ak} Sof] F5717F W2 3L A
A= A% el dmjgte] ol 7 Ho] %%QC’% N
o R, A Wit o} gy 2], AT S ok
sk ekg]&Adol sl A7 Hojqlonyt 78 16] 7ol
A TFAEEAME A Al dist A vk mhEbA, 2

Aol A Anthricin®ll 2]t AFg 3FQ1F B A FaDu
o) 37 oAAlEa Bl wAk V]Adel diste] dtetgit.
Anthricin& FaDu P ¥ el thedeh 552011, 1, 10, 25,
50 nM) 24, 36A13F 1231 48A17F Fek HEgk $ MTT
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assay 7' olg3ato] A AAEIE E<ls

HUJ
=
au

71 AT, ARYe] S7hge] uheh g e-olE A 0 R Al
& oJAlskglem, 24213 F 50 nMellA A LS 50%
A ABkS AL, 362131} 48417kl 70% o) AIE AdgE o

At adE IsHAthFig. 1). 57H =, Anthricin
o °Jgt FaDu 9AIZS] A& AL 79} & Al #%— %
}0}7] 23} Live & Dead S-S 3 }oﬂ‘:} rolole

A= esterase B0 =11 Az Hro] 27310 live-dye 2
H]bﬂ%f =4o] Aolgli= M|AZO] esteraseol] 23l w3lE™
A S g B a1, 2 A3 esterase 2HJ0] WAl &

aal "ﬂimoi —rljrH Ethd-17} 34k} Ajtsbas] &S
42 vERATE 25 nMP} 50 nM 2] AnthricinS: 36A17F #]
glato] gRlst Ay} 2y wr} of HA A== A &
F3vFd oz RIS tHFig. 2). ]+ Anthricin®] HeLa
Aol A A7 A EIHICs, > 200 nM)E.TF Abgh &FQ1F
HH A FaDu®] AIXE A% A ZIHICs = 50 nM)©ll
A Y marpF o S oAshs glskit [10].

AZAPE S TR o ek w A7t AnR
AFEE= @AFO & oby|Loluk o)A o7 ATAPES 9
Lo ohA| ) F-A-8S A3t shiaA MY gt
gt g s 7]t 4= 3t} Anthricin®l] ©]8F FaDu Al E
o] A% AAIZE MaEAbEe] &gt Z1Q1A] Lotr ] 9
DAPIS} A4S 38kSiTh DAPL A9 Ax 4
T3} 1w Eko] F-0EA O 7 apoptotic A7} FEIEHA
=75k © M (Fig. 3), FrAIEE4] <A 25 M3} 50 nM 2]
Anthn‘cing 36AIZF &3t A2 gt A3t $7] AlFEAPE ] A

3 H]E0] 153%°A 66.5%, 692%% A T71EHS
Qfﬂo}%iﬂ‘r(ﬁg. 4). 919 Aak= ARAIESL] SGC-79014]
oA 75 nM Anthricing 48417t FF X259 S W A
Al MEAPE BlE0] 53%<1 Aoe} Blwetdls o 7
oA MEAPE FE7F Bk o @34 gRlsisit
17]. o1} 22 A3 A& F3ll Anthricinel] o] gt aFQ1F
HH LA EZ FaDu®| 37 A @y MaxAbde] os) o
ofibi= Ao ® AR EW, AEAPE S #2471 el o
she Tl =0 s IRlsgith. A AT cleaved
caspase-97} cleaved caspase-39] o] tfzxtol vl &
E_g]{:xj'gg %7}&_0. 3}0] o}oﬂ ou% ﬂ ;G O F PARP
o] Aekg gl o]9f e MEAPEo] M EZEE
of o]&Ad AEAFERIA] ERIst7] $13l pro-apoptosis factor
¢l Bax2| wds 21t 47} Bax®] W3] thxtol v
3 FE-oEA 0w S ERlslithFig. 5). 919 A
= SGC-7901 $]9HAI3E 9} MCF-7, MDA-MB-231 14}
A3 A AnthricinS A 2]3S W] v]EZ=2]o} caspase
o)A AEAPE A 71 ARk & 4 Sltt
[17,18].

T O E AP E o] =, Anthricine HeLa®] g7
HOLHL_% A5499] H|A|E 5 theFst SFAHEA GaM
718 A7) A FAA 71 osto] ShAlE A
Oﬁﬂlﬁwh Hal EoiQlr} [10,17,19]. whebA, &5 A=
AR SR A A FaDuoll 4] Anthricin®]] 2] 3F A3
37 AAe] FAHA 71 Rl o]l & vl R QA A
o] FEx|ojo} & Zlojr}.
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