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ABSTRACT

Anti—cancer activity of Anthricin through caspase
dependent apoptosis in human FaDu hypopharyngeal

squamous carcinoma

Kim, Won Gi
Advisor : Prof. Kim, Su—Gwan, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Anthricin(Deoxypodophyllotoxin), a naturally occurring flavolignan, has
well known anti-cancer effect in several cancer cells such as prostate
cancer cell, cervical carcinoma cell and pancreatic cell. However, in oral
cancer, the anti—cancer effect of Anthricin is currently indeterminate. Here,
we examined the anti-cancer effect and mechanism of action of Anthricin
in human FaDu hypopharyngeal squamous carcinoma cells. Our data
showed that Anthricin inhibits cell wviability in a dose- and
time—dependent manner and MTT assay and Live & Dead assay by ICso
value of 50nM. Inaddition, Anthricin treated FaDu cells markedly induced
apoptosis by DAPI stain and FACS. Furthermore, Anthricin activates
anti-apoptotic  factor such as caspase-3, -9 andpoly(ADP-ribose)
polymerase(PARP), suggesting that caspase-mediated pathways are

involved in Anthricin—-induced apoptosis. Anthricin treatment accumulated
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pro—apoptotic factor, Bax, followed by inhibition of cell growth. Taken
together, these results indicated that Anthricn-induced cell death of human
FaDu hypopharyngeal squamous carcinoma cells was mediated by
mitochondrial-dependent apoptotic pathway. In summary, our findings
provide a framework for further exploration on Anthricin as an novel

chemotherapeutic drugs for human oral cancer cells.
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Ao o] &% Anthricin® Sigmadl Al F+3ste] DMSO| =<1 & Al n)
okolo] 1:10002.2 34 ste] DMSO7F 1%7F ¥4 &= Abgsht 13

1
o

O

Q) cleaved caspase-9, cleaved caspase-3, cleaved PARP, Bax, B-actin<

cell signaling technology(Danvers, MA)ol A ¢ 8}o] AL-&3FA T

2. AIX W

Agol AGH Y AT

&)

HH 32 FaDu(ATCC No, CCL17) & 10%
fetal bovine serum(FBS) 2 penicillin(100 units/ml), streptomycin(100
units/mle] #7}¥ Dulbecco’s modified Eagle’s medium(DMEM, Welgene,
Gyeongsan-si, Korea)$ ©]-&3t4 5% COo, 37°C incubatorol »] #) ksl ch.

3. A T4 29 A5
Anthricin®] ™3 FaDu AMX<¢ AEE&L MTTI3-(4,5 - Dimethylthiazol

2-y1)-2,5— diphenyltertrazolium bromide] assayS &3] #2435t 12 well
cell culture platee] 2x10° cells/welld S  seedingslal 15 A7+ &
Anthricing e ¥%2(0.1, 1, 10, 25, 50 nM)Z 1% Zk7F A2k b
24, 36, 48 AIZF &<t WStk W F wlgA e AAs L A SF &
7Y A A SE b 450 b DMEM wl &l 50 w0 MTT(G mg/mb)
H7¥sked 37°C, 5% CO2 ¥IF7]l A 4 A3 whgs vk, 4 AlgE 5= u)
AAsL Aolde Alze 93] F4¥ formazangd §3A17]17] 94

DMSOE 500 wt #H7Fste] axbrle] A 203F &afiotivt. &l wjFod&

o
o

oo 12
L
o

0%
2
o

96 well cell culture platee] 100 wE EF3t9 Epoch Bioteck ELISA

reader(Bio—Tek Instruments Inc., Winooski, VT)& A}&3sle] 570 mm &3 %=
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4. Live & Dead assay

9] viable cell & tiEad} H]

Live & Dead Viability/Cytotoxicity kit(Molecular Probes, Eugene, OR)+

Holgls AT HE& AXE 9% g0z PRI BAF:

Agew

live-dye?l Calcein-AM- 2oll& AMXE9] esteraseo]| 93] 3= o] =4
F34S YeElH, dead-dye?l Ethd-1(Ethidium bromide homodimer-1)+

plasma membrane®] £=4H 2 AXd FHFEShe] dite] AggslHA] He

HF4S yYehditl 4 well chamber slide(SPL, Pocheon, Korea)®] Z+ well?]

2x10° cells/mIMZE 500 w0 seedingdlal 15 A7+ H
nM$] Anthricing 242} A glsle] 36 AlF &<t ¥-&-s)

=

oo
38

o g

& & 25 nM# 50

F o

S AAsaL A gkF felow JPHA AT th, Calcein-AM#} Ethd-1
1

£ At g5 &

A ZFe & 37C incubatordll A1 30%-1F wEESFATE 9 Aok

mountingdte] &3 & v F (Eclipse TE2000; Nikon Instruments,

NY)& o] &3dle] ol Axe; 2 AxE HFSAH

5. DAPI stain

12 E3ste] ZF wellol 200 w0 #H7bste] 9= 7+
A A SFaL

Melville,

DAPI stain< 4,6-diamidino—2-phenylindole(DAPD#}= #3}7} DNAe°l| 2

gatel cyantlel FFS Vel Aoz, 99 o AEAE

=
£549]

daldel BA3E #9d 4 vt 4 well chamber slide(SPL, Pocheon,

Korea)?] 7+ welloll 2x10° cells/mIMEE 500 w# seedingslal 15 A7+ ]

o
O

% 25 nM3} 50 nM¢e] Anthricing 22t A 2|sle] 36 A7 &oF #¥-S

oh QIAF 95 Aoz FHR A A U 4% paraformaldehydec] 10&3F

]_

oll
38

—_

A3lal 4’ 6-diamidino-2-phenylindole(DAPI; Roche Diagnostics)E 3 7}3}

T
o 10#7F FAstaATth ool mounting st cover glassE Yol FFARA
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(Eclipse TE2000; Nikon Instruments, Melville, NY) 3s}oll A4 &le] &ele} &
Aol BAstE Agsilon, do] SHuo] A7t Ha dAHo]l x7h
U = Fapgo] v ow S0l 3 Aol MskA HAL o Al
FAbEo] dojut N ER FF5F . Histogramo 7; 4712 o] AHAA
Z ot AEAPEO] dojyk AEE countingste] APEE AMEE WIEE(%) e
Rib=g

-~

Annexin-Vi= A FEAME Al Al¥E 2o 2 %% phosphatidylserine(PS)
W e A9EE Zde ZadSd X A dids AZEARbE SH 0
o) fr&kA AFEE ™ Annexin-Veol 7-AADE sA9l @SS Al AE
ApE el A EAAL oARE A = gvh webA 2 Aol A= Anthricinl
e FaDu AEe] AEAPEE #4617 f18 FAE #4& Fhs3H
FaDu Al ¥%E seeding ¥ Anthricing 36 AlZF WF2A17] 5| <Q1AF 943 &
o2 71HA AlASIE oM, Trypsin-EDTAZE #7}ste 5%37F incubationst 3
of, wl e Hrlste] AXEE Eol 1200 rpmell Al FAlwEl e & 27k <l
A g gdor F oW AFSST AlH ¥ Annexin-Vel 7-AADE
Annexin-V  Binding buffere]l 1:12 E335te] AEo] H7lsta 37C
incubatoref 4] 108-3¢ HE-S-35) 5 o FC500 flow cytometry
analyzer(Beckman Coulter, Brea, CA)E ©]&3l A ¥XAE S 54, 435}

T

3191 % HBHAAFE FaDuZ 6 well cell culture platee] 4x10° cells/well &
seedingstal 15 Al v = 25 nM, 50 nM<9] Anthricing * 2]35}o] 36 A
o
5

7F EFob whealgirh. wke It ¢t

of

ooz F W AASI, protein
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lysis buffer(iNtron, Sungnam, Korea)E& ©o]&3le] ooz Fe]st & BCA
Protein Assay Kit(Pierce, Rockgord, IL)S o] &3] whulas A uks}g ).
30 pg 9HALS 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis(SDS-PAGE)Z &gt & A Ao FEd dids
polyvinylidene fluoride(PVDEF)el] ©]-538}%th. Membrane< 5% blocking
solution(5% nonfat dried milk in TBS containing 0.19% Tween-20)2 ©]-&
gle] 30 ¥ =9 blockingdlal, cleaved caspase-9, cleaved caspase-3,
cleaved PARP, Bax, B-acting 11100082 3|43t 4 T 713004
overnight 3lgth. 7 % TBS-TZ 10 ¥ ZAoxE A W AT £
anti-tabbit IgGE 1:50002.2 348t 1 A7k ¥vk& & ECL kit(Millpore,
Bedford, MA)E AHZ|8tl. 4ol MicroChemi 4.2(DNR Bio-Imaging
Systems Ltd, USA)E ©|&3} protein band& 7A&stdtt. 7 W=+
Image J& °l&3ste] 1823 stATt

k)

8. A2AAx FAA AA
RE A4 E MeantSEMOE e s, 7 A% & 209 $24 7
A2 Graphpad prism 502 ©]&35}lo] tukey t-test® 3t o™, p value”t

0.05 VHp<0.05)¢] F-FlAM EAA Felde] = oAt
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m. 4%

1. Anthricin°l 93 Atg 8205 AP LA X FaDud] A3 A &H
Anthricin®l 9|3 Abgh skl AHSAEFQ] FaDu Alxe] A4 <
BE glsty] sl vheFet 55(0.1, 1, 10, 25, 50 nM)Z 24, 36 A%t 28]
48 N7+ Feb AYstel MTT assays F3stdch A¥843 25 nMe
Anthricing 24 A|ZF &<t A ElsetH & w oF 429, 363} 48 At 27t
66%, T4%6 = AFE Aol ZHAaThE gQlstew, 50 nMolA 24 AR s<
Aelstae ol AlEgde] 50% At om, 363 48 AlZtel= 70% ol
AFA 7ol JAEe AR (Fig. 1). o] AP ZAFANA Fabu SAF A
“rol Anthricine] 9@ A[gto] Frhstel] wel Fh-ofEH o oA S &
latH Tt olF e AL 25 nMPF 50 nM® Anthricing 36 A1ZF &<t A

2 ste] skt
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-~ 24h
-= 36h
—+ 48h

Cell viability (%)

Concentration (nM)

Figure 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
meantSEM of three independent experiments. * p< 0.05, #* p<0.01, ==
p<0.001
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2. Live—Dead cell stainingS ©]-83 Anthricin®] A& 31915 A LA X
FaDu®] Al ¥AH4

Anthricin®] AFE 117 HF LM EZFQ FaDu MXE] M XEAE o &-&
FEA #golsty] 98] Live & Dead assay kitE E3Fo] RA3%0)
Live-dye?l Calcein—-AM= 2ro}ll= AH¥E 2] esterased] 23] F3]% o] =4
o338 H dead-dyeS! Ethd-I= membraneo] =48 =2 Ao FF3)
of it AgsiaA HFS F%E veRdTh 25 nM# 50 nM9] Anthricin
Al FaDu AEE GAste] Fls 43, tix Rl Anthricine] A 2]€
Aol FA 448 AE7E Bol A S XAV em Fsitt

(Fig. 2).
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control Anthricin 25 nM Anthricin 50 nM

Figure 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).

_10_
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3. DAPT staing ©] 83 Anthricin®] A 8¢+ AH YA E FaDu2l Al
EAp

Live & Dead assay ZA3o| A Anthricin®] FaDu G AIE Al A EALE 9
HogittE 235 Fletar, ArddE AEde] witE Felstr] ¢35 DAPI
staining= T334t DAPIE AX U &8 st G242, AEAE
o] WAEE W Welv= 3o 5 DNAS 435 JFdAvdes &

T @ 5 oglew, o8 Fela Ax W AxA

e
lo
T
1
o
2

(3%) 3} H]alste] 25 nMe A2k Aol A di=f 99 (27%), 50 nM-&
F AFTNA 13939909 AEE AT FE-EHeE FasA 371

He 221819 (Fig. 3).
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control Anthricin 25 nM Anthricin 50 nM

o v} 40 80 80 100
Apoptosis cell (%)

Figure 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. Arrows show the chromatin

condensation and fragmentation of FaDu cell by Anthricin treatment.
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0 nM2< 36 A%t A 2|3} Annexin-Ve&F 7-AADE &A1 94 & FA
A8 st AgAd gFRTRY 25 nMe] Anthricing A 2] §
I
™, 50 nM& A2 dFwers $7] AEAREe] 66.1%% 6.69 57t

o]-8 3 Anthricin®] A} 31917 HH G A EZ FaDu9] Al

Kl

ne

o)

Fd

Pl
iR

e

=¥
o,
2

7] M FEAPE(late apoptosis, C2)°] 63.9%=2 6.3v] oA =7}3)

28,
o

]_

HFig. 4A). Z A M EALE "] S (early apoptosis + late apoptosis)< =%

ofr
38

BE

o] 153%¢! ¥kH 25 nM<e] Anthricing A 2| s+ A g oA 665%6%E Y 2aH
Wlaste] oF A5W) FUbsFA T B8k 50 nM2 A gk Adatel A 69.2%=
ek 5H) FUbeS ISt tH(Fig. 4B). o] 232 Anthricin®] €% FaDu &

Ao A A7E AFAPE I Bdo] S Flsk A thFig. 4).
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A. ..
Control Anthricin 25 nM Anthricin 50 nM

.
1 c2
Ha1% 10.1%

s
1 c2
1 5.0% 66.1%

107

FL3 Log
FL3 Log
FL3 Log

Z{25.8% \ﬁe 3.4%
E ko

FL1Log FL1 Log

B.

80
2
] 60 o live
-
2 40 w arly apop.
®

20 l l late apop.

necrosis
- = -

a 25 nM S0nM
Anthricin conc. (nM}

Figure 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(Cl; 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).
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3¢l AP A X FaDu9 Abdo] ¢
Anthricin®] 2]8F FaDu UAXE A& Ao #oshs= A XEAL

e Rty fal AlEARE L] AR sl Als e ]l e

_O‘L

=owug wd e

i
riz
>

X
N

8l caspaseg] 435 35T Caspases AXe &4 BE 2EYAE
A&7 & 7% cleavageZt dojudA HE ZHRA HY, &43dE
caspase(cleaved caspase) DNA EH3}E F5dle] AFAE DA 7| L7
MFEAE A9 xx7F A}l Western blot 23 A3 Anthricin® 36 A7t
2 2]3F FaDu A E A cleaved caspase-93 cleaved caspase-3¢] 4] o]
sE-9FEH o2 71893, olo] PARPS ZHuto] doju} MEAES F %
sk Ae Rl th(Fig bA). Wsh vEFZ=gol odhd EA|sh= AlEAL
W fE¢xel Bax ©9d @E 2 Western blot2 Fasle] &l A}
Anthricin®] 938 FE=-oF# o2 Baxe o] F71EH-e #l3(Fig.
5B). i A% A#E F3}e] Anthricinol] o8 Abg 1<l

o] AFEAbEC] vEZEgold ojEH o WS o 5 SItHFig. 5).

A A FaDu

=
)
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A. Anthricin
Con DMSO 25nM  50nM

-actin{43kDa — S— SS——
B { ) -— g 2 2 100
€ 100 % 80 B
Cleaved caspase-9 1 £ e e ®
——— - -4 2 g w0 £ E
{37, 35kDa} - S— ﬁ e g S w
' - ic 1a -
8 g &
Cleaved caspase-3 - - L En RS
{19, 17kDa} e £ :, g,
5 P ° e & O o PN S P ® )
& s & & » 5 RS
leaved PARP 3 ¢ o N
: .. : ;
¢ - Anthricin conc. (nM) Anthricin conc. (nM) Anthricin conc. (nM)
{89kDa) Lo L a1
B. Anthricin

Con DMSO 25nM  50nM

Bactin{43kDa) > CE— — S—

Bax/B-actin, ratio

Bax(20kDa) e oo s S_-

<

Anthricin conc. (nh)

Figure 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 + SEM of three independent experiments.

wx p<0.01, =+ p<0.001
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Ethd-17} &4k3 Agelir 2 %3S vedith 25 nM#% 50 nMe]
Anthricing 36 A1ZF Agjste] gQlg Ax dxzrt v FA4 d4H= A
< YA or e thFig. 2). o] Anthricine] Hela Ao 7
A EZIICs0 > 200 nM)E T Abg sQl5F HF AR FaDuel AlE A%
AAZIICs = 50 nM)ellA o Aoz A4S AAgHE &2lskAtH10).

AFEAPEE FRe] Sgoly e A

rO

) oasg AEEE @ow

<
Fo] A AAE AFEARE oF A dolr 7] $18) DAPI®E Al EH
e st DAPI A9 A3 AL Hluste] FE-oEHow
apoptotic cells®] F3stA S7Fst e (Fig. 3), FAIXETEA 94 25 nM#}
50 nM¢] Anthricing 36 A2+ &<k A2 23, 7] AZEAPESY AE HE
o] 15.3%° 4 66.5%, 692%% FElotA F7Fghe eelst i thFig. 4. 919
A YJEAESQ SGC-T01M EA A1 75 nM Anthricing 48 A[3F &<t A
Zate W dA AEAPE Bl Eo] 53%<%1 Ae} H SRS o Tt Al
AFEARE =7 Boh o 332 ¢ls F9stA7). ol¢t 22 A4d ARE
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