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ABSTRACT

Anticancer effects of cimifugin in FaDu human

head and neck squamous cell carcinoma

Jong - Hyun Park
Advisor : Prof. Do Kyung Kim, Ph.D.
Department of Biodental Engineering

Graduate School of Chosun University

Head and neck squamous cell cancer (HNSCC) is a common cancer that are
affecting various parts of the head and neck, and its treatment typically involves
surgery, radiation therapy, chemotherapy, or a combination of these approaches.
However, these treatments often cause side effects, including facial deformities,
dry mouth, nausea, and loss of taste, highlighting the need for effective
chemotherapeutic agents that induce cancer—specific apoptosis with fewer side
effects. Flavonoids are natural substances that exhibit biological safety and
pharmacological effects, making them an interesting option for the development of
anticancer drugs with minimal side effects. Cimifugin is a physiologically active
substance derived from Saposhnikovia divaricata (Turcz.) Schischk, with known
anti—allergy and anti-inflammatory effects, but its potential anticancer effects
against HNSCC have not yet been explored. Therefore, the main goal of this
study was to investigate the effect of cimifugin on cell growth and apoptosis

induction in FaDu human head and neck squamous cell carcinoma.
Cimifugin significantly increased FaDu cell death while not affecting the

viability of the 1929 mouse fibroblast cell line. Treatment with cimifugin for 24

hours resulted in morphological changes, nuclear condensation, and an increase in
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the apoptotic population, which are typical characteristics of apoptosis. FasL, an
apoptosis inducer, was significantly increased in a dose-dependent manner in
FaDu cells, confirming that death receptor-mediated apoptosis was mediated
through the activation of caspase-8. Furthermore, cimifugin activated Bid, a cell
death factor, into tBid by the activated caspase-8, increasing expression of Bax
and Bad, and reducing expression of Bcl-2 and Bcl-xL, which are cell death
inhibitors. By reducing the mitochondria membrane potential and secreting
cytochrome c¢ into the cytoplasm, it was confirmed that FaDu cell death was
mediated by mitochondria dependent intrinsic apoptosis through caspase-9
activation. Finally, it was confirmed that stepwise activation of caspase-3 and
poly (ADP ribose) polymerase (PARP) was mediated by death receptor-mediated
apoptosis and mitochondria dependent intrinsic apoptosis, caspase-8 and
caspase-9, respectively. In particular, cimifugin-induced apoptosis of FaDu cells
not only inhibited phosphorylation of mitogen-activated protein kinase (MAPK)
including ERK1/2 and p38 but also was regulated by Akt and nuclear factor
(NF)-kB cell signaling pathways.

These findings suggest that cimifugin inhibits cell proliferation and induces
apoptotic cell death in FaDu human head and neck squamous cell carcinomas
through both the death receptor-mediated (extrinsic) apoptotic pathway and the
mitochondria-dependent (intrinsic) apoptotic pathway. These results indicate that
cimifugin could be a candidate for a chemical treatment with biological safety

and excellent anticancer effects for the treatment of HNSCC.
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W (Saposhnikovia divaricata (Turcz.) Schischkin) 2] ol

Fut & (coumarin) ¢l cimifugin(Figure 1)< 2% g%
dd 2 Fds 4 a9 Fo] HuHJTHI4,15). 1

st
cimifugin®l] 2]t a4} A X apoptosis 9 7 o] ‘?ﬂqxﬂ 5ol 73
ottt weba] 2 A A= A
cimifugin®ll %t F745 A E
AL wbe| a1, ek TRt X Fo A cimifugin-o% T8AAE 437}8}32} skt
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» CASNo. 37921-38-3

O 0
Cimifugin HO | - {—OH
» Molecular formula C,(H,:0;
+ Molecular weight 306.31
O O

Figure 1. Chemical structure of cimifugin.
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o. A5 % ¥

1. 28 A5

Cimifugin< Sigma-Aldrich, Co.(St. Louis, MO, USA)ol A T+ 3}te] Dimethyl
sulfoxide(DMSO)ol] &3] & A3t} Fas ligand(Fasl,, 48kDa), cleaved caspase—3
(17 and 19kDa), cleaved caspase-8(18kDa), cleaved caspase-9 (37kDa), poly
(ADP ribose) polymerase(PARP, preform 116kDa 2 cleaved form &5kDa), phospho-
ERK1/2(42 2 44kDa), total-Erkl1/2(42 % 44kDa), phospho—p38 (38kDa), total-
p38(38kDa) ¥ B-actin(4bkDa)2 Cell signaling Technology Inc. (Denver, MA,
USA)ol A Fd5te] A3+t B—cell lymphoma 2(Bel-2, 26 kDa), B—cell lymphoma
extra-large(Bcl-xL, 26kDa), Bcl-2-associated X protein(Bax, 21kDa), Bcl-2-
associated death promoter(Bad, 23kDa), phospho-Akt(60 % 56kDa), total Akt
(62kDa) % 2z} A= Santa Cruz Biotechnology Inc,(Dallas, TX, USA)ol| A
TFYske]  AFE-EATh Phospho-NF-kB(65kDa)$}  total-NF-xB(65kDa)=  Life
Technologies(Carlsbad, CA, USA)A| &5 AL&3F5 T}

2. Al 2 AxE8

Atd FAE #HE A EYE FaDu Al X American Type Culture Collection
(ATCC, Manassas, VA, USA)°lA T4 o™ minimum essential medium
(MEM, Life Technologies, Grand Island, NY, USA)ol A wjekstdct A3 A4
AstzZ 1929 MEx= =AM ETFL3Y(KCLB, Seoul, Republic of Korea)oll A <
39t} 1929+ Dulbecco’s modified Eagle’s medium(DMEM, Life Technologies,
Grand Island, NY, USA)o|Al wjest o, =E wjokale 10% fetal bovine
serum(FBS, GibcoBRL, USA)¥ 1% a2 A (Penicillin G sodium 10,000units/mL,
streptomycin sulfate 10,000xg/mL)S A7}ttt o] 2 37CY <% 9 100% +
Ex7Ad4 5% COE &wstHA v]dstsitt.
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3. X A% oA EYMTT £4)

Cimifugin®] ME LS HFES 3-(4-5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT, Life Technologies, Grand Island, NY, USA) assay® =743} t}.
96-well culture plate(2x10%cells/well)ell ek = wjdE A EZE cimifugin 10,
20, 40, 80 =& 160uM=Z 37°CollA] 24A17F st AHElsle] &3 &4 g3)Es

Akt 8E =7 stell A wiet $ AIEE 20ule] Smg/mL MTT -8 Hof 4
4*1@ s ket th. oA wigFAs A, MTT A& 200ul/well
DMSOe°l & ZH e 1 & EFFEAE A&l 570nmelA F3=E 3435
Hom AP SPASE A H WESGT Ax AEES Hs 2

J

2]
Axtstitk % 474 A = [1 - Ag¥ OD F+%%)/(0D &4 thx)] x 100

o
>~
>
of
ol
ol
e

4. Cell live & dead assay &4

Aol MEE A gdor AAEry] 93 54 calcein AMY =58 A%

Z A gdgorg AMsl7] 93 ethidium homodimer-12 T4 % Cell live &

dead assay(ThermoFisher Scientific, Rockford, IL, USA)S 33} c}. 7Hekst
A, 1.929 2 FaDu A *E 8-well 8 & #}o] =(Electron Microscopy Sciences,
Hatfield, PA, USA)elA 2 x 10%ell/mLe %= wj¥ 3 wjkd 1929 2
FaDu AXE 75 % 150uM cimifugin® 2 24A17F §<F A2 stAch 22 & wjA]
A A3} 2L Dulbecco’s phosphate—buffered saline(DPBS)S. 2 23] Az st =4
calcein AM % ethidium homodimer-1(1pL/mL)Z A-29] ofF& oA 304
ot dA & 33 v A (Eclipse TE2000, Nikon Instruments, Melville, NY,
USA)o = ##33Th

m\m

HE

5. Hematoxylin & Eosin &4}

AE o] Jejstsy WstE 7&%3}7] 918l Hematoxylin & Eosin(H&E) &M<
Alggatdel. 1929 2 FaDu MEE 5 x 10%ells/mLe] FEZ 24417+ 5oF wjk
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sh o 75 % 150uM FE9 cimifuging A gt 24A17F <k v $ 4%
paraformaldehyde 4Col|A] 5% SoF nAstw G 3 1S MES dn) 4 (Eclipse
TE2000, Nikon Instruments, Melville, NY, USA)%o & #z3}$ ).

6. X3 Fe &

b

Apoptosis @Al o] =¥ AEXE HE3d7] Y8l 4’ ,6-Diamidino-2-
phenylindole(DAPD 9 A& Al 318} th 7FeFstAl, FaDu AXE S-well ¥ &2t
oz Al 2 x 10%ell/mLe] HE=Z ujek & wjdE FaDu AZE 75 2 150uM
cimifugin® = 24/\] F ot AHE3E Y. FaDu Al3EE phosphate buffered saline
(PBS)So. & A& 3% & 4% paraformaldehyde® 374 3}3, 1mg/mL DAPI(Sigma-
Aldrich, St. Louis, MO, USA)& 20% &<t A3ttt FaDu Alxe] e 3
3 v 7 (Eclipse TE2000, Nikon Instruments, Melville, NY, USA)S A}-£3to] &
Zaksi.

7. Caspase-3/-7 &4 &4

NucView 488 caspase-3/-7 712 & (Biotium Inc., Hayward, CA, USA)&
ARE-3Fo] caspase-3/-7 A4S #4359 FaDu AlZE 8-well I &etol=
A 5 x 10%ells/mLe] == ®j¥ ¥ wjUd® FabDu AEE 75 %2 150uM
cimifugin® & 24X+ FoF A g V?iljr Hl 2] S 1M NucView 488 & <fo] 3}
¥ PBSE A §F, 30 T¢F Ao AEE wjgeta FFAP R AE

g Basgrh

2

8. X Ad #d wud 2d d3g 2A

1 x 10%ell/mL %9 FaDu AMXEE 37C, 5% C0,9 7} vick7) oA 24A)7k
b vjFst & cimifugin® & 24A|17F F9F A #]¥ FaDu A|XE 3]4=3}al Protease
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2 Phosphatase inhibitor cocktails(Life Technologies, Grand Island, NY, USA)
7} 235 AE g8 4E=A(Cell Signaling Technology, Danvers, MA, USA)&
AFEsle] gaftal, Sl ES 4T A 108 S<F 14,000 xgoll A LA 283 1:}_
g A S o] &35ty 7719 E3d F western blottingS Al @3t Th ™

2 ECL Al2~#)(Amersham Biosciences, Piscataway, NJ, USA)S A}-&3}o

L
W WstE BES B Fesy

o
i
o
=

2

i
Z oo
mﬁ oZ:

Ay Ade ey 37 oAE xR, 4 APT Y] AolE HAG
#13l &4F A (analysis of variance) $o| =% % A (student’s t-test)S A Al
st o™, p-value7t 0.05 P9kl A5 SAHoR fFositta #Aostsn &
AT TAA AAL SPSS ver. 22.0(SPSS Inc, chicago, IL, USA)< ©]-&3}4
A skl
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om. 24343

1. FaDu Al ¥ A cimifugin®] &3 = &3
ME=H F71

Cimifugin®l] 9§t AE =54 MTT 45 Ab&ste]l 7kstdth. Figure 2A%%
o] 10, 20, 40, 80 E+= 160uMe] cimifugine AF A4 A2 1929 AlE
24X 7 FF A st S W cimifugine A #shA] &2 tiZ2a-(100 + 0.8%)3 H
aske] Zbzy 1077 + 4.0%, 107.1 £ 89%, 1135 + 3.4%, 1105 + 1.3% % 102.1
+ 37%E YHEUAeH, AR Fods #FT 5 JUAH(Figure 2A).
Cimifugin 10, 20, 40, 80 ®+= 160uM %= FaDu Aol 24A17F 5ot A 25k
S W cimifuging A28k A] &S 2100 £ 2.0%)3 Hluste] zbzh 8677 +
2.5%, 82.8 + 2.3%, 739 + 3.6%, 594 + 1.1% 2 479 + 15%= % oFEHS
2 oA ME AFo] 7As S tHFigure 2B). ©]+ cimifugin®] FaDu A X
NA Fr JEHOE NE 54 E3E Yehdte AES AlARgh
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120 1 120 1

2 t + 2
£ 100 = 1 £ 1004
B
% 80 4 % s 4 t ~F— sk
g 8
= = ek
& 60 & 609 ook
g g
3w i %
W W
= =
26 20
0 0
0 10 20 40 80 160 0 10 20 40 80 160
1-929 cells treated with Cimifugin ({M)for24h FaDu cells treated with Cimifugin (pM) for 24h

Figure 2. Cimifugin decreases the viability of FaDu cells, but dose not affects
that of 1929 cells used as a normal cells. 1.929 and FaDu cells were treated with
10 ~ 160 uM cimifugin for 24 h. Thereafter, MTT assay was performed to
measure the cytotoxity. The data presented are the mean * standard deviation
of three independent experiments. Results are mean = standard deviation of

experiments ("p < 0.01 and ™p < 0.001 compared to the control).
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2. FaDu Al X9 A cimifugin®] &3 T E=&73

A BEE ZA

L929 Azt FaDu A:EE S-well W Fehol=ol] wjekstal vt Fx

cimifugin(75 2 150uM)& 24412t &b A stdnt. dolgls AEE =4 o=
A7 98l AEZFHA calcein-AME AFE3H%al, H& AXE A4 FFow

A5L7] 9138 ethidium homodimer-15 AF&-3F ¥ th. Cimifugine] *2]¥ 1929 Alx

T

9 A calcein-AMell O3] A g om AE ] ok(Figure 3A), 75 #
150uM cimifugin 2] ¥ 2to}glE FaDu A2l Athd vl & zZ+7k 715 + 51%
9351 + 46%%2 AA FFAs tHFigure 3B). ©] A¥i= cimifugin®] &% &4
© 2 FaDu MX MEAFES FasiAwl 44 AEZ AMSEE L1929 Mxe] Ax

e FFE MAA Fee wolFa Yok,

_10_
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Cimifugin for 24 h (uM)

0 75 150

L-929 cell

0 75 150
Cimifugin for 24 b (1M o~ 120 1
3
0 75 150 < 100 { =
[ *kk
§ 80
E Hokk
z H
=
(z % 40
£
E 20
%
& 0
0 75 150

Figure 3. The survival rate is decreased by cimifugin in FaDu cells, but
not in L929 cells used as a normal cells. Live & dead assay was performed
using green calcein-AM and ethidium homodimer—-1 to stain live and dead cells,
respectively, in 1929 and FaDu cells treated with 75 and 150 uM cimifugin for
24 h. Fluorescence microscopy images of the cells were captured using Eclipse
TE2000 microscope (Nikon Instruments, Melville, NY). The presented data are
the mean *+ standard deviation of the results of three independent experiments

("™ p < 0.001 compared to the control).
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of\

3. Cimifugin®] €3 FaDu Al ¥ e FE sz W3 F7}

L929 Al 3ZF FaDu A3l cimifugin(75 31 150uM)2 24413t &<t A 2fstal H&E
AME Falalo] HAE A2 apoptosis B4 AE ARA| apoptotic body EA 2 &)
g2 W3E golstgitl. Figure 4Acl e mpel o] 1.929 Al¥& iz ¥} H
wato] apoptosis A4 AIE ARAl @/do] WERUA] &gkth Wb FaDu Al X €
= cimifugin®l 98 % gEH R ZAFHUS Wuk oly AE ALAel tiE A
¢l FE 54 9]“‘—4 WA 75 Hol= FaDu AlES] 71 % EH o=
=718 th(Figure 4B). ol&3 2 cimifugin®l 23t Fabu A¥ 54 71 4
o

AEE st Ax A g8 54 o2 s apoptosisebe] o34

4

S

=

ob
S
o

o)
PR
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1.-929 cell FaDu cell

Cimifugin for 24 h (pM)
Cimifugin for 24 h (pM)
75

150
150

Figure 4. The formation of apoptotic bodies is increased in the FaDu cells
treated with cimifugin, but is not observed in L929 cells used as a normal
cells. Hematoxylin and Eosin staining was performed to investigate the apoptotic
body formation and morphological alterations in both L1929 cells and FaDu cells
treated with 75 and 150 pM cimifugin for 24 h. Microscopy images of the cells
were captured (Eclipse TE2000; Nikon Instruments, Melville, NY).
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4. Cimifugin®] 93 FaDu A ¥ ¢ G878 =34 =7}

Cimifuginell 9J3] =% FaDu Al¥9] A% A7} apoptosiset #Ado
A 1 oRE Hrrehr] Y FaDu Al¥Ee] 75 ¥ 150uM cimifugine 244
ob 2183k & FaDu Al¥9 g2 3= g
upel ol thE 4 apoptosis®] 541 @4 Hol §5€ & 7F FaDu A9
T tEzadd HE cimifugin A2l AZNA FoletA =drh ol A=
FaDu A2o|A  cimifuginel % AE5G S7F 4 AX A& #Hae

apoptosisoll ol&] wiZ/fE L A S AlALStaL Atk

]
]

s

ru1
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DAPI Stain

FaDu cells treated with Cimifugin for 24 h (uM)

150

Figure 5. The number of FaDu cells with condensed chromation is increased by
cimifugin. FaDu cells were treated with 75 and 150 pM cimifugin for 24 h,
followed by nuclear staining using DAPI. Fluorescence microscopy images were
captured, and cells with chromatin—condensed nuclei were identified by white

arrows (Eclipse TE2000; Nikon Instruments, Melville, NY).
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5. FaDu A ¥ A cimifugin®] ¢]3t caspase-3/-79]
g4 s7t

Cimifugin®| caspase-3/-79] &3l nx&= &S g2lslr] 93] FaDu Al
2o 75 2 150uM cimifuging 24A17F st A ggh & Axvt Fid 71 g
S o] &3t caspase-3/-7 A A4S AU Figure 69 YERH wRe} ol
cleaved caspase-3/-7° 9ol AE F3}A 71d o] Adr o] = PP
Yt &= FaDu AlE9] 471 tiztol Hldl cimifugin A 2lo] & = &4
o2 fFostA F7FsA . o83 Ay cimifugindl & =¥ FaDu Al X

AL o] caspase—3/-72] Aol o FE3Itt= AS AALeIT]

oft
ofd

_16_
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PhiPhilLux-caspase-3/7

1600 -

L2 ]

1400 -

1200 A

1000 A

800 -

600 -

400 4

200 4

,H

0 75 150

Relative Activity (%) of PhiPhiLux-caspase-3/7

FaDu cells treated with Cimifugin for 24 h (nM)

150

FaDwu cells treated with
Cimifngin for 24 h (pM}

)

Figure 6. The activity of caspase-3/-7 is increased by cimifugin in FaDu cells.
The caspase-3 activity assay using the cell-permeable fluorogenic substrate
caspase—3/-7 substrate solution (Biotium Inc., Hayward, CA, USA), was performed
to verify the activation of caspase-3 in FaDu cells treated with cimifugin and
fluorescence microscopy images of the cells were captured (Eclipse TE2000; Nikon
Instruments, Melville, NY). Results are mean * standard deviation of experi-

ments (™p < 0.001 compared to the control).
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6. FaDu Al XA cimifugind] 93 £AA =L A
N EAE

Cimifugin®] 98] %% FaDu AX9 Atd HA=EZE Feldr] &) FaDu Al
Eo 75 % 150uM cimifuging 24A17F &<k A Elgk & FaDu A|Eo|A] whuld S
F%319] western blot analysisE 383t} Figure 70 YeERd wpe} ol
cimifuging A 2] ¢ FaDu AMEA &3F JEH o2 A xAE F&A w7 <9<l
A M EAPE (death receptor-mediated (extrinsic) apoptosis)®t ZH#E ¥ thE Al
AZAPE 5k gFt=(ligand)?] FasLel @rde] folstAl F7kstleh. o] oA
FasLe 39 2 AlEAFE <X} (pro—apoptotic factor)?l H] & 3} caspase-89]
As B3 &dste caspase-89] Tdo] FojstA F7tet S th(Figure 7). o2 g
A= cimifugindl 98] =¥ FaDu Al¥2] AlEo] M¥AE = g 7t=o
oaf ity = AEANE FEA Wiz Q9 MEANE Azl #do] AdES HE
ok webd, v EEZ=gol o9& A EAME (mitochondria—dependent  (intrinsic)
apoptosis) ¥ ZHEE A EAFE A <l X (anti—apoptotic factor) 2 A FEAFE <1z}9]
W3S ZAFSEI L Cimifugin 28] ¥ FaDu Al oA 2 A9o] Aol U3k
o] 9= Bax ¥ Bad®} 22 MEAE x| wdo] FrhE At (Figure 8).
o]o]A]  cimifugine V] EZE=glolo A H=¥ cytochrome co 23] v &3}
caspase-99] A & A 3}¥ caspase-99 wdE =7} A F tH(Figure R).
ol %, Zhz} oA B WA AEARE ARl AT & 3t¥caspase-8 Y

caspase-9°] 8t EA AZEAPE 1Al H|ZA 3} caspase-39] HTHS &115}H]
F1ell, 22} caspase-39F ©l9] sh¢l A Al PARPO] '2d WEE £4 Sl

Cimifugin®.2 #2]3t FaDu Al¥ollA A3} caspase-39F 39 T4 A<
PARP?] 23S 5% «]57‘4 o7 Z71etd tHFigure 9). ©]#3F A= cimifuginell

.

o3 =¥ FaDu A¥E AAlA7 AEALE F84 w7 A4 2 nEZ:
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Figure 7. Cimifugin upregulates the expression of FasL and cleaved caspase-8,
which are involved in death receptor-mediated extrinsic apoptosis in FaDu cells.
FaDu cells were treated with 75 and 150 pM cimifugin for 24 h. Thereafter, total
protein were extracted and analized by westernblot using antibodies of pro-
apoptotic factors related to extrinsic apoptosis such as FasL and cleaved caspase-8.

EEE]

Results are mean * standard deviation of experiments (™p < 0.001 compared

to the control).
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Figure 8. Cimifugin induces a mitrochondria-dependent intrinsic apoptosis that is
mediated by the upregulation of pro—apoptotic factors and the down-regulation of
anti—apoptotic factors in FaDu cells. FaDu cells were treated with 75 and 150 uM
cimifugin for 24 h. Thereafter, total protein were extracted and analized by
westernblot using specific antibodies related to pro—apoptotic factors involved in
mitochondria dependent intrinsic apoptosis. Results are mean + standard deviation

of experiments (p < 0.01 and “™p < 0.001 compared to the control).
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Figure 9. Cimifugin increases cell death through the cleavage of caspase-3 and
its down-stream pro-apoptotic factor, poly (ADP ribose) polymerases, by both
caspase-8 and -9 in FaDu cells. FaDu cells were treated with 75 and 150 uM
cimifugin for 24 h. Thereafter, total protein were extracted and analized by
westernblot using antibodies of cleaved caspase-3 and PARP. Results are mean

+ standard deviation of

the control).
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7. FaDu Al Z A PISK/Akt AZAG A==2 wiMd
cimifugin®l] &3+ A ¥ Al

Cimifuging * &3+ FaDu A ¥ 9| A mitogen—activated protein kinase(MAPK)
o] WolZ Feldtr] ¢Jall western blottingS 43891t} Figure 109 e w}
o} #+o], ERK1/2 ¥ p389] <14Fsl+= 75 % 150uM cimifugin #] 2] %+ FaDu A%
ol FTE= gEHoZ AAHAT o]yt A= cimifuginell od FEE
FaDu AlZ 474 oA &37F MAPK A2 2lsdyd Ad=2e] welel UHshA
BEAY 2dEgE A4S ARG X S 9 Alx s BdEE Akt
olxk3l= 75 H 150uM cimifugine A @3 FaDu AM¥ oA v% oj&8 oz 7+
234 tH(Figure 10). o] 813 A3+ FaDu Al =219 A9 apoptosisES E 3
= cimifugin—F%= AXE A% 94 2 MZTAE 37 MAPK 9 PISK/Akt

S &8 moldEs AlAFEEL

0

Of

BN
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Figure 10. Cimifugin-induced apoptosis is mediated by the inactivation of
mitogen—activated protein kinases, NF-xB and Akt cellular signaling pathways in
FaDu cells. Cimifugin-induced cell anti—proliferation and apoptosis is mediated by
the suppression of MAPK, NF-kB and Akt in FaDu cells. Results are mean *

standard deviation of experiments (“p < 0.01 and

control).
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2 ATolA cimifugin®] AEsA PSS sty ffs] AAAIER]D 1929

MEZE AFEE] AEEAS Freldtt 234 02 cimifuging B4 Ao A=
MEEAE HolA ko (Figure 2), ©]& cimifugin®] H#-&o] 729 glth=

AL AAFELE wbd ) FaDu Al Eo A 9] cimifugine] 93 A EE54 LS 40~ 160uM
ol A F8tA F71ed th(Figure 2). o] &3+ 23+ cimifugine] ¢HA| o o3k

ol 545 7MW, FA8ol A gl o ARE AT 7 e
AR A48 F A5E AArE B3, AESHA kg dAEe dE =
Ao EolAS Feldtr] fall Cell live & dead assayS Ab-&38to] 2bolgls Al X
o} =& AMEE FEE EAsTE 23 A o2 cimifugine 1929 Al E oA =
A gGge] FrE FT7HAIIA FRAAT, FaDu AEZo s AN Pgoz oA
H Fe XY 5 F7RIIEA AA AE FE FAaAFH HFigure 3). ©] A
= cimifugine] F-2-8o] A9 fli AE SA APESE 52T 5 7] W&
o FA5FS A5E A A st o 54 FERIF E F des Atst
i

ANEA 0 2 apoptosis= MEZ APEA FA, I §5F, AAA DNA ©stel 2
& AEYEE A ®stE FRkehe AE /‘}‘ﬁ Aoz AE AEY A O
HAS Fol Ta3 TS FoH7). webA Axe] Pejst WstE xAbst
7] #1&l cimifugin® A &= FA O}Oﬂfﬂ H&E 943 DAPI 945 33
o} 1929 Al¥o A= cimifugin Ao w2 AME AFEA A L AxF F59
Wsh7E GERbA] @49k ot FaDu Mo A= AbdA] @4 2 Alxd #5909 717
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2= A (Figure 4). %3, DAPI 4 =
ko wel FUete AS A A (Figure 5). £ Aol A] cimifugin
& FaDu AMlXe A apoptosis®] @A SAA AE ALA 9 A 59 3

g4 wWslE fFEsden oyt AF}EL cimifugin®] FaDu /H]Si_-@]

apoptosisE =S AlAFgHT]

HAXA = cimifugin®]

Az o Amel dold FLF Al F e PAES Ansus A
g Bol4o APAAY F Ut ¢ Bl Ee LY Ak Aol

apoptosisE F=dt= Wil S w53 Jqri(18). ¥€¥rHg o =® apoptosisi=
A ZAPE FEA w7l 211 Abd B R mEFZE=gol ofEH Qg AbE ARR
Lol A w, Zhzbe] & oA caspase-8% caspase-97} A 3}E o] caspase-39]
A 3lE FE=35o] apoptosisE FE=HTF(19). ¥ Aol A cimifugine FaDu
M Eo|A FasLe a3} caspase-82 ZA3}ES ZF7FA A (Figure 7). HE3H
cimifuging anti—apoptotic factor¢! Bel-2 2 Bel-xLo] W3S sldf 43 o,
nEZegol ofEA UAAd AxANE A= Bd AlEAPE A&l Baxet Bad9l
BdS Z7MA A Figure 8). o9t 37, cimifugine] #2]¥ FaDu Al Eol A]
caspase-3 % PARP9 A3/l F =¥t Figure 9). webA o]# st ZAy=
cimifuginel] 28] =% FaDu A XA apoptosisi= FasLe] gk Zdo 23|
FrdE AEARE FEA w9l H mEZ=gol oFEA Wdd AlEANE
Ao o8 viziE-s Vebdth

MAPK:= HAIE 9] 52, &34 AZAME, dadA 2 o dofeh 1143k o
o] glon ERKI1/2¢ p38S MAPK {\liﬁ% Azl B0 Qui= AL
< ATl B A ATH20.21). ol AFECAME MAPK Asdd 7 ]
EZ=golo A cytochrome o WES A S caspase-3 2 caspase- 9«] Ty
Asts At AoR AT ¢ doke Zlo]l Had wp 9rh(22,23). EF, A

FoA= MAPK Aedd F=rt fAste =, o] Asxd @429 n2A4st
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N
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= FFY g 719 4 Qo Aol may up Qluh(24-26). wEkA,

Tl A= FaDu AlEZoA cimifugin A 2lel] 213 MAPKES #d ws
St . AFo M= cimifugin A8l $F FaDu A oA ERK1/29F p3ke] <1
37 vk oEH R AAHATGE S #HEEA H(Figure 10). EF Akt 4l

A AEAE <1zk9] Badel Baxel #HAa T AlEAFE oA 91xel Bel-2
Fall GAIEZS] apoptosisE FATTH27,28). whEbA, Akt Al

AQ B3 FHIAS 7SS 7 dom(29-31), o= Akt

o 4 A7} LekS oJA|Etal apoptosisE FET F USS ERAL B
c1mifugin 2] 3k FaDu Al E A Akte] <lAk3r} 5= 9]%7‘423 Qﬂ
218} 4 tH(Figure 10).
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Figure 11. Schematic diagram of cimifugin-induced apoptosis pathways.
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