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Cervical cancer, a potentially preventable disease,
remains the second most common malignancy in women
worldwide, especially cervical cancer threatens all
of female. The metastasis (invasion) of cancer cells
leads 80% patients died, and inhibition of cancer
cells metastasis will markly decrease the death rate.
Therefore, development of novel nature drug or drug



therapy was important topic. The flavonoids are
present in almost all higher plants in the normal
diet they were consumed more than one gram per day.
Fisetin is a naturally occurring flavonoid found in
many fruits and vegetables and display a wide range
of pharmacological properties including anti-
metastatic, anti-cacinogenic, anti-inflammatory,
apoptosis and anti-oxidant effects. Sorafenib was
originally designed as a specific Raf kinase
inhibitor, we and other investigators have found many
off-target effects of sorafenib that may have
significant implications regarding 1ts anti-tumor
activity and resistance mechanisms of sorafenib in
HCC cells. However, the molecular mechanism and
animal models of sorafebin combination with fisetin
in human cervical cancer i1s presently unknown.

From our first project to found that fisetin can
indeed induce the apoptosis of Hela cells in a dose-
and time-dependent manner, and the activation of
ERK1/2 and caspase-8/-3, was the major intracellular
pathway in charge of the fisetin-induced apoptosis in
HeLa cells. In the present study, we sought
information for a more in-depth discussion of the
role combination of sorafenib and fisetin in human
cervical cancer cells in vitro and in vivo, with
particular attention to feasibility and clinical
applications. In exploring the clinical application
of a combination of sorafenib and fisetin, we found
that 1t synergistically inhibited cell growth and
induced apoptosis in Hela cells. The synergistic
efficacy was associated with the disruptive
mitochondrial transmembrane potential (A Um),
activation of caspase-3, -9, and poly ADP ribose
polymerase (PARP) cleavage. In addition, induction of
Bax, DRb, ERK1/2 activation and suppression of Bcl-2
Bid and Bim expression in Hela cells. Finally,
sorafenib combined with fisetin inhibited tumor
growth significantly better than either agent did
individually in the Hela xenograft models. Thus,
these data suggest that the combination of fisetin
and sorafebin could be a potential therapeutic



strategy against human cervical cancer cells in
future.
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Cervical cancer, a potentialy preventable disease, remains the second most common malignancy in
women worldwide, especially cervical cancer threatens all of female. The metastasis (invasion) of cancer cells
leads 80% patients died, and inhibition of cancer cells metastasis will markly decrease the death rate.
Therefore, development of novel nature drug or drug therapy was important topic. The flavonoids are present
in aimost all higher plants in the normal diet they were consumed more than one gram per day. Fisetin is a
naturally occurring flavonoid found in many fruits and vegetables and display a wide range of
pharmacological properties including anti-metastatic, anti-cacinogenic, anti-inflammatory, apoptosis and
anti-oxidant effects. Sorafenib was originally designed as a specific Raf kinase inhibitor, we and other
investigators have found many off-target effects of sorafenib that may have significant implications regarding
its anti-tumor activity and resistance mechanisms of sorafenib in HCC cells. However, the molecular
mechanism and animal models of sorafebin combination with fisetin in human cervical cancer is presently
unknown.

From our first project to found that fisetin can indeed induce the apoptosis of Hel a cells in a dose- and
time-dependent manner, and the activation of ERK1/2 and caspase-8/-3, was the mgjor intracellular pathway
in charge of the fisetin-induced apoptosis in Hel a cells. In the present study, we sought information for a
more in-depth discussion of the role combination of sorafenib and fisetin in human cervical cancer cells in
vitro and in vivo, with particular attention to feasibility and clinical applications. In exploring the clinical
application of a combination of sorafenib and fisetin, we found that it synergistically inhibited cell growth and
induced apoptosis in HelLa cells. The synergistic efficacy was associated with the disruptive mitochondrial
transmembrane potential (A¥m), activation of caspase-3, -9, and poly ADP ribose polymerase (PARP)
cleavage. In addition, induction of Bax, DR5, ERK1/2 activation and suppression of Bcl-2 Bid and Bim
expression in HeLa cells. Finaly, sorafenib combined with fisetin inhibited tumor growth significantly better
than either agent did individually in the Hela xenograft models. Thus, these data suggest that the combination
of fisetin and sorafebin could be a potential therapeutic strategy against human cervical cancer cellsin future.

Key word: cervical cancer, fisetin, sorafebin, apoptosis



T ERFRE AR AFFRERY - LA o PE R ARETF L e ARy S
RO > BRI PR L PRGFIRIEZ IR GBS RS SR AT B R Ap T
o bo HEBERER A DGR ST R R ERT RER > B4 A FROLTRERT D
CEILRES > - BRI 288 Pﬁ#‘éé NI B OB AL > I E S g L G oo
TR o F o B G ORRESF A LG ORETEF R NEF A LR FTY S v o F P R
DIRGFH F 2 F L Pl (00 1R o %Qifif\ﬁ]wri B FALEET & kE £ 9 6000 F 6|
FHRATRO > H A SR ﬁﬁ*&&m%—woﬁ?*ﬁ*fwzmmamiﬁﬁV@T’ 4= 10
Fir~ A rFiT83 AN T FHEME -+ FHL AP F B (Cervica intragpithelid neoplasia; CIN) & - &
%ﬁ%%’“ﬁ%%?”“”rﬁ%”M*&M°§’?ﬁFﬂﬁﬁﬂﬁﬁﬁﬁmﬁﬁ%%ﬁﬁiﬁ
A e T,;,}%—FE7FF_P+§’PPRP\§F;(}$7$—§F(C|N1)?llk.;\,j{ng H¥ Z 2
e+ ;u AP FBS -#HECIN2 23t =h2-pF QIHELFEFLAPN ’ﬁt«}é’q’%;EP(CIN 3
Qﬂo&&%&h&ﬁﬁﬁ%;%&i?ﬁ%ﬁjAm%%@ﬂbﬂé%i?@Fﬂm%ﬁ¥—ﬂ@W
1) (mild dysplasia) > @ & &+ 7 FaEk L AR HRHSILS) ¢4+ FFL AN FHBF - H(CIN 2)
(moderate dysplasia) fr+ g gt AP 3B/ % = (CIN 3) [# LA 2 7 2 (severe dysplasia) ik
t R R FRMARTARIEHEIR LG AN P VA FESLY 0 AR F AT
PABERREEEYFEES2Y o AR o WA TR LES O L B L
i P R KRR AERE RSB E[456] o T ks S MR ST 0 B S
Hv g 845487 4 5 [- ] Preventing carcinogen metabolic activation ~ [ = ] Anti-proliferation ~
[ = )Cdl cyclearrest ~[ = ] Induction of apoptosis~[ 7 ] Promotion of differentiation~[ = ] Antioxidative
activity ~ [ = ] Inhibition of angiogenic process[7,8,9] -

B3P in

- Eow 7439 fisetin € 34 % HeLawre 4% &= ¥3% 18 ERK1/2 4r caspase-8 i4 /£[10] > % = #
S 7 E R fisetin € Fr4] SiHa{- caski jm e & 4 & 3% iF MKK3/6/INK/NF-KB & #r4] uPA # 3R[11]-
FEM A g T fisetin € #ri|+ § el A A o pon T F SR R S RIS R
g 2 UEd seFrhgme 2 R4 A2 2R Apl P R REPFIER e G 4 o e o
XMy chiGiimr A R E R A A SR Rl RS 6320 K e
o B ik - A o SN TR TR A h s Bl B e 2 )T
+ R e ,i&g HZ Pl 2 B BLREFORE T 52 2y £FE fisstin 2904 B &
Fofoflie B 2 (T L B3 F FK HeLa moe cha 3 3ot 3 A 5o F 2 A Kk fisetin v vz 7 0
Worp R R kRS P H R L PR e £ B A

@ gt

A LA Y Fisetin $3% 4 g W 5 a;]Ug, w2 (LNCap)F £ 5f it L & £ 7% Fisetin ¢ 2 5w
iz ﬁﬁﬁ v 32 prd) PIBK/AKT 3 4 @ yips o> Fla frdlmre 2 £[12,13]; F pF - fisetin » € #r4] PC3
wie A B e R T > 1 & F P INK fo AKT gt iv ke MMP-2IMMP-9 chd %)@ i 3| 3r 4]
”aﬁ%ﬁvau*’% % [14] o I 4%+ » 3 40 be 48 Fdp 01 Fisetin ]+ 5o dofe (HT29 fmie)chim e X P 1%



¥ GO/GL pFip 353 & fwre ip 8 3 8 4([15] - Fisetin P iriwie k= ¥ & 5 & fa /T 1 (1) Fisetin
38R HEOR M e e %= ik /T %1% i DR3receptor % 4] NF-KB i 1 542 [16] ; (2) Fisetin %
EA KA Bk e k= 3 & T4 COX2 3ev 4 e WN/EGFRINF-KB 3t 4 @ i£§:i2[17] - (3) "
> m mxzzr,“lﬂ 3 A e te SK-Hepl e 2 Fisetin € i = DNA %72 R #f > @ 34 # p53 F-v
H4vfo CPP32 E 123 4 [18] - (4) "5 M= o A7 7 :}F] & fisetin ¢ i3 e id 2§ & GO/GL & > &
P mre k= Fv Bax frBak £ P A K2 o Fuk- Hv9 Bal-2 feBel-xL T % o RpEs g E T
P53 frr4] NF-kB &% 12[19] - (5) fisetin ¢t #t » 5 & 3 ¢ 4p &1 Fisetin E¢Rrme ozt o B
b R Fisetin € Frd] A 850 R fo iz (AB49) e B fr xR v 4 A E 4] ERK BRfk it Fla i & uPA
Fr MMP-2 i (27 5 [20] 5 5 /]?v«‘fﬂ & Fisetin ¢ #rd54 % wbe &R 4] 235 6 PKC deltal ERK/AP-1
GrL L @RS > Fla 0 MMP-O A isig & F R R 4 T E[21] o RF 2 6 T 4 )
Fisetin ¢ 7> A &g 5 B(HL-60) e p B F L4 42 2 » jFit p 7 e fodrd] Mcl-1 3-9 £ m[22] 5 ot ¢ >
FAELFF R Fsetin g #rd] TNF 515~ & 4838 {55 o4 47 T4 NF-KB e v 4 & 4] 2
#Edrd) IKKaB 0 E5 NF—kB "% fEfodrd| p6b maps it [23] c FE e - L A AKES F R ImE
Pk 3§58 ERKU2 3 L4 75 1 caspase-8 fr caspase-3 0 it A H K imre k= [10] - A% £ €
2 d ERHmwme gt miea 3{5.@5 REIER I Lk A= [24] o A% & ¥ P04 LMPl-postive #
*EVR fn Pe % & (migration) ~ &% (invasion)fr F A - 5 & i (epithelial-mesenchymal transition ; EMT)
BE% E ¥ Flwre > € ¢ epitheal maker(E-cadherin) + = - mesenchymal maker(vimentin)™ " [25] -
gt Py R Fisetin € drd| & farh g mre it £ - BERa A o Hiwme = %

Sorafenib J§ >t o rph gcfiF e & 0 frd]mre 0 Raf R % RAF/MEK/ERK 3 4, 8 3 g s 27 fmve
# w s (VEGFR-2, VEGFR-3,PDGFR-3) 2 £ iT* » Flpt ¥ M & 2 e 7 = X frg|lm?e o ¢ AT
4 o HivH 8 L frilimre 0 Raf-1 2 piwmiefh B 4 4] B-Raf ehig > &7 8% 30w 4 o B
wE P AREFFELME L2 S TG eE L8 (CKIT cytokinereceptor) % A 1 i viefik e fis 4%
%4 > 374 MEK/ERK Bifie © f5d 1 #F Raf 2 oKIT R8L@ #uk/s » § kid Flrdl s im e & § A7
4 B o R TRk Rk B E T o sorafenib ¥t AL R [26] ~ B lw e g [27] ~ ¢ ;{Miﬂr}%:f,ﬁs 4 [28] &
F o IR oRE Sk o gt b F] sorafebin 5o PR Y d o i o W ORI R op A PREE I 5 Med
3 2 ;1;5 e e férr%" ﬁ\p B ;Z;i%i»,—]-'si‘?‘q: ,;@vpzm};grf 3 _E'_ﬂﬁ gg;g;em»;ie;rg«' y 1B mre iEH 0 @
DE g oerd priplmie B R X RT Ly T sorafebin chif et i o F e k3 SRR 4 D
w2 Koo s T LR sordfebin chE A T P R op L E A -



340

1. Nasiell K, Roger V, Nasiell M (1986) Behavior of mild cervical dysplasia during long-term follow-up.
Obstet Gynecol 67: 665-669.

2. (1989) The 1988 Bethesda System for reporting cervical/vaginal cytological diagnoses. National Cancer
Institute Workshop. JAMA 262: 931-934.

3. Ostor AG (1993) Natural history of cervical intragpithelial neoplasia: a critical review. Int J Gynecol Pathol
12: 186-192.

4. Galisteo M, Garcia-Saura MF, Jimenez R, Villar IC, Wangensteen R, et a. (2004) Effects of quercetin
treatment on vascular function in deoxycorticosterone acetate-salt hypertensive rats. Comparative
study with verapamil. Planta Med 70: 334-341.

5. Hellerstein HK, Orbison JL, Rodbard S, Wilburne M, Katz LN (1951) The effect of rutin in experimental
malignant hypertension. Am Heart J 42: 271-283.

6. Bu-AbbasA, Clifford MN, Walker R, loannides C (1998) Contribution of caffeine and flavanolsin the
induction of hepatic Phase 1 activities by green tea. Food Chem Toxicol 36: 617-621.

7. Weber G, Shen F, PrgjdaN, Yang H, Li W, et al. (1997) Regulation of the signal transduction program by
drugs. Adv Enzyme Regul 37: 35-55.

8. Choi JA, Kim JY, Lee JY, Kang CM, Kwon HJ, et a. (2001) Induction of cell cycle arrest and apoptosisin
human breast cancer cells by quercetin. Int JOncol 19: 837-844.

9. Casagrande F, Darbon JM (2001) Effects of structurally related flavonoids on cell cycle progression of
human melanoma cells: regulation of cyclin-dependent kinases CDK2 and CDK 1. Biochem
Pharmacol 61: 1205-1215.

10.Ying TH, Yang SF, Tsai SJ, Hsieh SC, Huang YC, et a. (2012) Fisetin induces apoptosis in human
cervica cancer HelLa cells through ERK 1/2-mediated activation of caspase-8-/caspase-3-dependent
pathway. Arch Toxicol 86: 263-273.

11. Chou RH, Hsieh SC, Yu YL, Huang MH, Huang YC, et al. (2013) Fisetin inhibits migration and invasion
of human cervical cancer cells by down-regulating urokinase plasminogen activator expression
through suppressing the p38 MAPK -dependent NF-kappaB signaling pathway. PLoS One 8: €71983.

12. Khan N, Afag F, Syed DN, Mukhtar H (2008) Fisetin, anovel dietary flavonoid, causes apoptosis and cell
cycle arrest in human prostate cancer LNCaP cells. Carcinogenesis 29: 1049-1056.

13. Haddad AQ, Fleshner N, Nelson C, Saour B, Musquera M, et a. (2010) Antiproliferative mechanisms of
the flavonoids 2,2'-dihydroxychal cone and fisetin in human prostate cancer cells. Nutr Cancer 62:
668-681.

14. Chien CS, Shen KH, Huang JS, Ko SC, Shih YW (2010) Antimetastatic potential of fisetin involves
inactivation of the PI3K/Akt and JNK signaling pathways with downregulation of MM P-2/9
expressions in prostate cancer PC-3 cells. Mol Cell Biochem 333: 169-180.

15. Lu X, Jung J, Cho HJ, Lim DY, Lee HS, et a. (2005) Fisetin inhibits the activities of cyclin-dependent
kinases leading to cell cycle arrest in HT-29 human colon cancer cells. J Nutr 135: 2884-2890.

16. Murtazal, Adhami VM, Hafeez BB, Saleem M, Mukhtar H (2009) Fisetin, a natural flavonoid, targets
chemoresistant human pancreatic cancer AsPC-1 cells through DR3-mediated inhibition of
NF-kappaB. Int J Cancer 125: 2465-2473.



17. SuhY, Afag F, Johnson JJ, Mukhtar H (2009) A plant flavonoid fisetin induces apoptosis in colon cancer
cells by inhibition of COX2 and Wnt/EGFR/NF-kappaB-signaling pathways. Carcinogenesis 30:
300-307.

18. Chen YC, Shen SC, Lee WR, Lin HY, Ko CH, et a. (2002) Wogonin and fisetin induction of apoptosis
through activation of caspase 3 cascade and alternative expression of p21 protein in hepatocel lular
carcinoma cells SK-HEP-1. Arch Toxicol 76: 351-359.

19.Li J, Cheng Y, QuW, SunY, Wang Z, et d. (2011) Fisetin, adietary flavonoid, induces cell cycle arrest
and apoptosis through activation of p53 and inhibition of NF-kappa B pathways in bladder cancer cells.
Basic Clin Pharmacol Toxicol 108: 84-93.

20. Liao YC, Shih YW, Chao CH, Lee XY, Chiang TA (2009) Involvement of the ERK signaling pathway in
fisetin reduces invasion and migration in the human lung cancer cell line A549. J Agric Food Chem 57:
8933-8941.

21. Lin CW, Hou WC, Shen SC, Juan SH, Ko CH, et al. (2008) Quercetin inhibition of tumor invasion via
suppressing PKC delta/ERK/AP-1-dependent matrix metalloproteinase-9 activation in breast
carcinoma cells. Carcinogenesis 29: 1807-1815.

22. Lee WR, Shen SC, Lin HY, HouWC, Yang LL, et a. (2002) Wogonin and fisetin induce apoptosisin
human promyel oleukemic cells, accompanied by a decrease of reactive oxygen species, and activation
of caspase 3 and Ca(2+)-dependent endonuclease. Biochem Pharmacol 63: 225-236.

23. de SousaRR, Queiroz KC, SouzaAC, Gurgueira SA, Augusto AC, et al. (2007) Phosphoprotein levels,
MAPK activities and NFkappaB expression are affected by fisetin. J Enzyme Inhib Med Chem 22:
439-444.

24. Syed DN, Lall RK, Chamcheu JC, Haidar O, Mukhtar H (2014) Involvement of ER stress and activation
of apoptotic pathways in fisetin induced cytotoxicity in human melanoma. Arch Biochem Biophys.

25.Li R, Zhao Y, Chen J, Shao S, Zhang X (2014) Fisetin inhibits migration, invasion and
epithelial-mesenchymal transition of LM P1-positive nasopharyngeal carcinomacells. Mol Med Rep 9:
413-418.

26. Llovet IM, Ricci S, Mazzaferro V, Hilgard P, Gane E, et al. (2008) Sorafenib in advanced hepatocel lular
carcinoma. N Engl J Med 359: 378-390.

27. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, et a. (2007) Sorafenib in advanced clear-cell
rena-cell carcinoma. N Engl JMed 356: 125-134.

28. Duntas LH, Bernardini R (2010) Sorafenib: rays of hope in thyroid cancer. Thyroid 20: 1351-1358.

29. Torres F, Quintana J, Diaz JG, CarmonaAJ, Estevez F (2008) Trifolin acetate-induced cell death in human
leukemia cells is dependent on caspase-6 and activates the MAPK pathway. Apoptosis 13: 716-728.

30. Shin GC, Kim C, Lee IM, Cho WS, Lee SG, et a. (2009) Apigenin-induced apoptosis is mediated by
reactive oxygen species and activation of ERK1/2 in rheumatoid fibroblast-like synoviocytes. Chem
Biol Interact 182: 29-36.

31. Wang X, Martindale JL, Holbrook NJ (2000) Requirement for ERK activation in cisplatin-induced
apoptosis. J Biol Chem 275: 39435-39443.

32. Cagnol S, Van Obberghen-Schilling E, Chambard JC (2006) Prolonged activation of ERK1,2 induces
FADD-independent caspase 8 activation and cell death. Apoptosis 11: 337-346.

33. Snyder A, Alsauskas ZC, Leventhal JS, Rosenstiel PE, Gong P, et al. (2010) HIV-1 vira protein r induces
ERK and caspase-8-dependent apoptosisin renal tubular epithelial cells. AIDS 24: 1107-1119.

9



34. Wilson DJ, Alessandrini A, Budd RC (1999) MEK1 activation rescues Jurkat T cells from Fas-induced
apoptosis. Cel Immunol 194: 67-77.

gk

1. mre s % 2 EJR:A K13 7 ok wee bk HeLa 2 DMEM 3 % &3 % 40 » i§ £ antibiotics 2 10%
heat-inactivated FBS -

2. MTT (Microculturetetrazolium) 4 47: A3 2% 2 * RPlFRwie £ F 3 FEME L F FiEa> 2 %
o lm ¥z 11 3~5x104 fmiz B 3 24 well ¢ > 37 T4 16 PFis > AUT 7 ik B Fisetin AJ2 24 0]
1= 'f,f e MR R L e Iml im0 10 B HROMTT reagent(final concentration
0.5 mg/ml) » #pt 5% 4 ppF2 (2L R F AR KB D 0 3 OD. 565 nm TR RF Rk o d
kR RV Fogisaimielik s & oo

3. AmnexinV/Pl #4249 % : »F % &1/ * % ® BD Biosciences = 2 77 Apoptosis Detection kit » 7 £ &

LTS R im0 A WAL kR GBS > 24 ] PELE > 0 PBS ik i8R 4 r 10X
Trypsin-EDTA i£% 5 245> 2 {84 » 5ml 2 % £ &2 ¢ fo Lx Trypsin-EDTA &% > #t.w 1000 rpm
SROE: R ik ¥ IxPBS kS & o g 4~ 100 ¢l binding buffer (10 mM HEPES/ NaOH -
140 mM NaCl ~ 25 mM CaCl2~pH 7.4) ~5 gl AnnexinV 4= 5 p| Pl (50 pg/ml)*t % 8 €% 30
kBT ks 82w 4~ 400 | binding buffer JR £ 353 £ 51 iE filter 2 4 e $pE < 1
FRE O B (st lwrz ik (FACSCalibur flow cytometer ) s 47 0§ 2 Bicdg 14 Cellquest #it 88 & s
17 - Cel cycle 4 47:72 60 mm 3% % x 33 %zm’?éif]: e ik R Fisdtin ¥ /a2 7 b R (s Biwme
F T oder 1 ml 270 % cold ethanol 2 & 7 m?e » 53 4C P Ik o # "fj g A W e x 1 ml
2_ propidium iodide mixture(Pl stain)# ¥ % /8 30 4 4& - * 40um nylon mesh i /g > 7w 3" fmbe ik (¥
A4 o

4. Western blotting: 4 * western blotting 2~ ;% ip| €, caspase-3. caspase-9, PARP, Bcl-2,Bax, Bim, Bad,
Bid, DR4, DR5, CHOP, ERK1/2, pERK1/2 % B-actin ch3-v & -7 L4 % 125% SDS-PAGE 7 4% & >
140V B R A A e x K 3 (e 0 BT T (BT Fv @?i*“ ACT™, 1 100V ieidF 1
| BE2 18 > B~y NC paper 4c ~ blocking buffer, & %8 T ## — B ] BF o X184 » — S ddli > TBS
buffer, % 4C™ & J&overnight, 2 & washing buffer 7% = =t o3& % £ 4v » = =34 > TBS buffer, »*
3R 1F% = B FF{s 2 washing buffer 7# ez =X e Bfs e~ 25ml substrate buffer &7 & ¢ & Ji 0 F
NC paper + 7 P Bgcnband J1 3R, Frou-R % b £ R pr gz

5. Cell migration/invasion assay:{! * 48 well Boyden chamber 4 473 /% > lower chamber % 7 7 10%
FBS 7 DMEM > #-'w 2 2 Fisetin 24 -] pF{s > 12 0.05% trypsin-EDTA =T #73 ‘% 3 * trypan
blue 3+ & s #ic » K141 » B2 B ehiwme (1.5x10% cell/well 2x10* cell/well) *+ upper chamber & :#-
cellulose nitrate filters 3§ £ coating + 100 g/cm® Marix gel (0.5mg/ml) » » & fm®e #% # 8 -] P12 {5 »
BTN, NP REE T me 10 0480 h i 5482 18 0 2 Giemsa(l:20) %4 1P Bis B R
A Eead R P K e > B AOOXEE s A T & B owell SEHE P 3 BALTY > B 5 B well -

T4 & ‘e fez_ seit o

6. RT-PCR 4 15:RT : B~ 5 ug 7 RNA 4t » DEPC-H20 17.75 ul » 14 70°C A2 5 4 46 » 4 » 0.25 pl RNase
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inhibitor ( Promega; 40 U/ul )> 10 ul 5% RT buffer (Promega; 50 mM Tris-HCI - 75 mM KCl > 3 mM MgCI2
= 10mM DTT) ™ 2 4 ul dNTP (Promega ; 25 mM) » f= 5pl Oligo dT & » *+ i & 7R $$I2 42C » 5 4
dis4e » F ekt 2 (Promega) 1l » 3 4 42CF s 1 P2 {8 21 99CiF* 5048 4C %
i o 51+ dnkt R4 %4 Biology Workbench 3.2 4= - Polymerase Chain Reaction : 8 & 75 % 1% % Je
94T -5~ 4 ma ErH I BHERGIZLOAC 1A ZEER LA T T2CF B2 4540 2
1Tk AL A fe primer @ ¥ B BRI T2CF i 20 A 480 4C %35 DNA T % 4c » DNA marker
FeB~10ml s PCR A4 4 » 2ml 96 & loadingdye > se 3| AT - TR 100V > a7 A% 5 30+
48 > UV kT @ DNAmarker =% > i A *r& chiz ¥ £.F 3 #4233 o

17 Fisetin 4 853 § 5% dmre m 8 (in vivo) 2 & fedg £ 5750 & B 4 1] B{(BALB/C nu/nu
mice)&Fd X XF+ § 5 )% HelLa-~ CaSki 4w SiHa fm®2 » #-1x107/100 | PBS & ch X §gfgpmPe > 37 »
EERALERBIRZHITA T o 7T A R RERE e RS o - BN AST T FIER
Fisetin» & 2 PR 2 RIE B E T 0 1 UXEXEXE 7 E B 7 TRELER > 0%
Bk WERUBERR B R UERRY IV T o

SR A AT TG Bp - R G S #c8 SigmaStat (Jandel Scientific Software, USA):E 7 one-way
analysis of variance(one-way ANOVA) 4 37
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LR

[1] : @Pis2@cefrrig®yh 280" £33 HlLlam® 3= > A Hela '
4v ~ fisetin (40 uM) ~ =] £2 cisplatin (10 and 50 uM) ~ 5-Fu (50 and 100 pM) ~ sorafebin (2.5 and 5 uM) v
Taxol (10 and 50 pM) * f= (% 24 h.z {502 MTT = 8% H - gJ2 fisetin ¢ Frilimre 4 £ > Ra &
e 2 cisplatin (10 and 50 uM), 5-Fu (50 and 100 puM)-e sorafebin (2.5 and 5 uM) 24 ] P {8 38 G ¥
cisplatin (10 and 50 uM) ~ 5-Fu (50 and 100 uM) 4= sorafebin (2.5and 5 uM)k & 3 4x > € 4 5 fisetin ¢
#] HeLam?e 4 £ I % > fe B ¥ Taxol ek & 3 4 £ 7 ¢ 4o 3 fisetin 4] HeLaw?e 2 £ Ik % o
PR BRSSP IEF & it E 4 cisplatin ~ 5-Fu - sorafebin £ § 15 #r ]S § IR A K Il
%

120 12
1005 e 100
= =
o ==
a“:" 0 4 = §0
o
2 = o= = =
B - E 0
= [} :
> a4 e~ 2=
T 0- = 4 '
3 8 ]
20 - T =
o ’ : - | o . T :
Fisetin (pA) - 40 - - a0 40 Fisetin (pAl) : a0 a0 40
Cisplatin (uM) - & 10 so 10 50 S.FU(uAD - . 30 100 50 100
130 129
100 =t e 100 .
ey - = =
- o . =
o ag e a‘: - e -
& > i
P et
B 604 = el
8 _% 83
> . = = =
% A0 4 ﬁ 40 1
O e (5]
20 4 ’_‘_‘ a0 4
] - " T 0
Fiea () - a0 : - 40 40 Fisetin (uM) s a0 - . 40 20
Sorafenin (uh) - . 25 5 2.5 5 Taxol (nM) N N 1 10 10 s0

[2) 51 &P fisetin &t B B drdlmee 2 L L FEwree k= %/ AP * flow cytometry 12

Annexin-V/Pl % ¢ % gz, 4Bl = 77 H - 4~ fisetin 3 Ewmre = G 17.1%~24.9% - fisetin %
1

sorafebin (2.5 uM sorafebin: 57.1 uM sorafebin: 64.2%)%% % | £ 3 4v im e k= AXP A e fisetin % & taxol
(1 nM Taxol: 28.9%; 10 nM Taxol: 37.5%). s & 1+ % % wp fisetin £ f % & cisplatin-sorafebin - Taxol
4R e S LR
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A

Fisetin (M) -

Cisplatin (uM) -

Fisetin (uM) =
Sorafenib (M)

C

Fisetin (uM) -

5-Fu (uM) -

Al e

5 2.5 5

Iuélz%' NsT.M? ‘64.2%

n

=
Fisetin (uM) -
Taxol (nM) -

34%) |

........

- 20 20
100 50 100
" hozw ﬂ 16.3%
7/ ; "L’-f o ?L
- 20 20
10 1 10
7o% | |as.o|| [s8.5%

i

..............

[3)71 #7753 * sorafebin % 2 & #7558 k£ 34 fisetin & & sorafebin #r4] % = 4]0 2 ¢ fisetin

% & cisplatin e 3 ©

3 40 M F 7 # 7 [Mol Cancer Ther. 2011 Feb;10(2):255-68] « & F S+ * MTT = 3¢

#FH - ¥ fisetin {v sorafebin 3% § Frijmie 2 £ (¥)$r4] 52%f- 38%) - fisetin &2 sorafebin § +c 5 v
#limre 4 £ F 2_ 4 » pan-caspase :}»’P#dé?l]iiﬁg F 5 fisetin &2 sorafebin v fmPe 4 £ o 4 o3P fisetin
fr sorafebin & e Frig|imre 4 £ § 5 W mbe = BT o

120
ek

%k

100

m
(o
L

3

Cell viability (%)
&

Fisetin (40p)\) =
Sorafenib (3 pM) =
Z-VAD(20 p?) =

m | 1
0 T T
_|_

+ 1+
FFE]



(4] &~ k473 BL2#ET fiselin fv sorafebin & o £ % L7 § B PLMMWET 2R o A7 RER Y
flow cytometry * %12 JC-1 5% ¢ RiFEF - WS %0p H - @ * fisetin {r sorafebin 37 ¢ & = i
R Y e (%) 8.5%7 13.2%) 0 - L fisetin {r sorafebin £ 4r » § iE & 4e SR SRMET i ()
38.4%) o d -7 L - fisetin {- sorafebin § #2 F RSP R > E P ww S BT

Fisetin (ul) - 40 40
Sorafenib (uM) - - 2.5

i

40 =

3 T
o 30
E %* %
= 204 I
[T
(o]
§ 101 —_
gl 1 1 8 m—
Fisetin (uM) - 40 40 40
Sorafenib (uM) - - 2.5 5

[5): % % - & 597 7 % F fisetin € % % Hela w® 4_+ &= F.35 6 ERKVU2 Bifit i # e (Arch Toxicol.
2012 Feb;86(2):263-73) = Flpt » 4 § & % F - fisetin fr sorefebin £ Fe iv* HelLaiwm® 4 % %= £ 34 ¢
g ERKVZ gipa i 5 4e o o B3 L R AAEAP B By frimie 7= e Bipil o PR S FET H -
AR fisetin ¢ 3% % ERKL/2 gk v 5 4 > fisetin v sorafebin £ 5% { 4c 3% # ERKL2 gipk 1 5 4 o 2
b H - EJE fisetin ¢ 3% % DR5 v Bax % 3L# 4c » #4] BAD ~ BAK ~ Bcl-xL ~ Bid v Bim 34 %31 ; F
P 2 fisetin e sorafebin # Fe 3% % DR5 fr Bax # L { B FH 4 » F 2. » { 474 Bd-2 ~ Bid §- Bim
3¢9 43> BAD ~ BAK ~ Bel-xL P& 8248 o 4+ 58 % % 3P fisetin {- sorafebin & Fe 3% w2z 3= ¢ 5o
FRAE AP M 39 (Bax fr Bcl-2) fr7 = &% Fi2 /2 (DRS) -

Fisetin = + - +
Sorafenib = - + +

| — === | P-ERK1/2
| e e s a | T-ERK
———[eX
e | ORS
R ——— Y

|- — — _‘ BAD

— o s BAK

I Ro
T N |
Bl -T-X o

ettt L

PR ~ | Rid

@B S8 &= | Bim
D S P W octin
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[6) 2% % - #awry %7 fisetin € 34 HeLaiw®e 4% &= > F)t AT 7 & &7 fisetin £_F Fr4 %

A
—a—DMSO
120+ —e—Fisetin (2mg/kg)
—a—Fisetin (4mg/kq)
"E  90-
E
o
£ 601
-
° * *%
; 30_ k%
E *k el
=
- 01 %
5 10 15 20 25

Tumor progression times, day

. 20- o
K2 -
= 154
= 10
[e}] -
=
S 5-
o
= 0
0 2 4

Fisetin (mg/kg)
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[7) 5 7 #%F fisetin & sorafebin 7 = F#r4] HeLaim®e " 4 = (8% » AFT 7 4% 5x10%ml 1 HelLa

bR BT FIAR BLA %> 4 W] - & P i3 844 =X fisetin/sorafebin (100ul/=k )fe £ Fe ;1 &4 fisetin/sorafebin(100ul/
F)FAREUE Y s B X BIE - ML) 0 B 28 % ﬁ‘?ﬁ.éﬁ% < RIP £ 284 fisetin/sorafebin
girdlHelam®e 2 £ > BHBEVFRO L FHFLR LAV ARFHRESCFENMET - 0 { v
%_fisetin &2 sorafebin £ fr iv* € £ 3| 04 sorafebin chiT* > i 43§ it E et EF 5 o

1 2 3
] 1500~
4 —M— Control
Control -
& ——&— Fisetin (4 mg/kg)
. ’ ~— M~ Sorafebin (5§ malkg)
. 1000 —w— Fisetin (4 mglkg)+

Fisetin (4 mg/kg)

Sorafebin (5 mg/kg)

Sorafebin (5 mg/kg)

Tumor volume (mm )

Fisetin (4 mg/kg)+
Sorafebin (5 mg/kg)

[8) 478 & % 4= 4 229 A W] ¥ — ;1 54 fisetin/sorafebin & % I ;1 54 fisetin/sorafebin 4+ % ¢ £ & & &
S pE ¥ - 15t fisetin/sorafebin & 458 4 £ (Fig8A) » & £.2 i1 54 fisatin/sorafebin { i & ¥ v

"R 4 & (Fig 8B)

B
A 30' - 3_
— 2
m et
e 201 = S 2{ =
2 g %* %*
£
=
0 F
Fisetin - + - + Fisetin - + - +
Sorafebin - - + + Sorafebin - - + +
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WEREFFL D e f EF i 2 SUEd s Rme R F 2N 2 &R AR
P o RFrFER e R A fofds o B A INA G ime d I B LR B ¥ S A - v
Brimre 2 BRI aBE o RS § BT FIE e FR Rk - R o F S RN T
o OPEH A rT"_F_‘T‘; s bde B w e 2 it b A e s ,T‘ g- BRIl d BNk ESF
S e P TR B cisplatin~5—Fu$rTaxol ERCRLE SEE.3- ST m}%ur THERERL
L 50 g 5 Tkt hplivr o B34 S dcifie o F5 D 3 ot Sabip it o iT
RoFifhe Ry e SHRYP Foe R EFEFRARBHR -BRTF2TF BF L2 04 > LipH
CELRP RN N AFETHRY R AD R iR E S Sordfenib (7 & £ Nexavar® ~ F
TA®) K F pr.,r.}%—r FSERDiEY > B AL E -85 L ppEiry R 6 e R 2 n ? N A m
A B oMo L AR A B 4RSI TR e chiw e k= (apoptosis) b FERT TR R A F H 2
%’ﬁ LR R BES S 2 R RmE S £ oo A A * fisetin 22 sorafebin & e (T * £ i D] e
A K e B > F %R EF fisetin &7 sorafebin £ F 1T ¢ 3% ¥ HeLaw® 4w 5= i
0 P g e b= -0 (caspase-3, caspase-9, PARP)siE it 4 & B SR M T e T i
Fh B SRR R0 Bel-24p B R0 end IR b Az g T 3 R fisetin 3 ¥ HeLa e &
= A FEE T ERKU2 25 0 rikeni % & s fisetin &2 sorafebin & F (5% & ¢ 3 % ERK1/2 i2 /&
At e 87 2 it H - e fisetin 7§ BB AR IS e caspase-9 iR T 0 AT R R R ETF
fisetin &2 sorafebin & I 1T % € 3 fp A T frimre 7~ = X BT > ¥y fisetin 4 24 sorafebin B
Pwmie k= LEFA PRI P AEFP IR Q‘);Jezﬂ;f%';i%?r L3RRI B oo
TE KT éﬁ%zfﬁ%%;;‘:&i % %1 MAPK 6Pt S #7242 e k= I % fo— R4 F TR IGE
4 SABF w}g\,zﬁ BEE g S [23] 0 fAFEA ma-ﬁg@;»aﬂ‘z«m ¥ %5851 ERKU2 > p384r
INKL/2 p] & 32 58 & jy 4 IFQE‘@,,AMEK Fr4| 3 PDO8059 ¥ M F A F & i W iwre k- §.i5 16 ERK1/2
CF A AR 0 MR R R B AR R P RS (Quercetm> AEES R S R AR 01 D
:EE F & (Trifolin) [29]4=F % % (apigenin) [30] ¢ # * MEK #ri|# PD98059 i jg i /% = Ik %
ApEE 0L o FRm ERKL/2 ¥7 caspase 2. F craff % v 85 L3k eho L - géxgug 41 ERK1/2 &3t 4,
L] 5 T Do = (3] 0 B - v feaga ERKL2 s it 2 caspase-8 e it
7 m@%m[szss] i Jurkat sme ¢ 5 i fk D ERKL2 § drd] Fasi&m 4 24 e k= [34] 4R F 0 3
L ERKY2 » ¥ joig & fmPe k= > x‘gf ?}‘kfﬁ%:’. caspase-8 e7E 1 § i = mﬁe,%« T v
FADD % Fas t145 % » gt ] e = ¥ % #ﬁ caspase-9 %82[32) » e 4§ @ eh% ey 210 HIV-L
HrFd AETLE A e {2@ caspase—8\caspase-9$rt-BlD[34] %R E
caspase-8 {r caspase-3 # - imiz k= LA 0 4 ?il?va‘ﬂ B ] e 4 caspase9 h % o @
A A= B AR E AT RS B R TV A we R o gt ot ERK1/2 &2
caspase-8 2. Y §.E A AR E 4]0 % & AP B Tt A i) ERKL2 7% 1 {r caspase-8 2. ' 7
o A5 Fv Fiodky F2 A3 % (protein-proteininteraction) &k Fimre k= o P IEIRP| T &
{ 5@ B3 sk R kA P 15 21 fisetin ¥ sorafebin 3 % chimre 3= iEA2 4 7 %3 ERK1/2
caspase-8 & DR5 2. FF erjp 3 17 % 22 40 3 {54 o
AP AHEE LA BTG A géﬁ»qj\,k 9 =it bt Hela fw?e chficp % % i3
SHRBEAEBEELL DY P XELRET N RE R PGS L TR L R H -
FJ2 fisetin it* . HeLlafwm® e &5 HN e %5 P AEZ L - ¥ - AR 7> H Hag? sorafebin 4k & ©
Fl- 2> ﬁewrse FE o TR RAFIEAE LG o med o L E Ay i fisetin & sorafebin
£ e (8% g f T o Prdlak BUR R 00 0 Bt A ] fisetin A k¥ o4 1% sorafebin engf B4 X SR e
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