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Abstract

There are many different kinds of breast cancer treatments, such as
radiation therapy, hormonal therapy, and targeted drug therapy.
Triple-negative breast cancer cells have no estrogen receptor, progesterone
receptor, and HER-2 receptor on the surface of cell membranes. Therefore,
targeted drugs or hormone therapy are not applicable, and only traditional
chemotherapy drugs can be applied. The first line of chemotherapy drug for
treating breast cancer 18 pac/itaxel. The mechanism of paclitaxe/1s to inhibit
cell division through tubulin disruption, and the cancer cell will be inhibited
to grow. However, the side effect will affect the normal cell too. Ion channel
receptor such as sodium channel has been shown to be expressed on the
triple-negative breast cancer cells; and 18 associated with cell motility. Other
studies show the result about inhibiting the sodium channel and the ability of
triple negative cancer cell migration will reduce. Therefore, this study 1s to
investigate whether low dose paclitaxe/ combined with phenytoin, a sodium
channel hibitor, can be a potential treatment for triple-negative breast cancer.
Cell viability and migration were monitored for the drug efficacy; signal

protein expressions and patch clamp experiment were used to investigate the



mechanism of paclitaxel and phenytorn. The results demonstrated that
phenytorn has no effect on cell growth 1n triple negative breast cancer cells;
however, and that low dose paclitaxe/ combined with phenytoin can inhibit
cell migration. The signal transduction of pFAK, pAKT, and pMAPK do not
show the relevance of phenytoin treatment. This study demonstrated that
paclitaxel combined with phenytoin can suppress cell migration 1n triple
negative breast cancer cells, however, whether the efficacy of phenyroin s

through others signaling pathway requires further study.
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B ARREEEY R - i =Rt A AR R I 2 R R R =
5~ Efe 22 A8 HER-2 288 FT M A E B S a R ey
e A HREDMEE AFE R/ EEAAFR T - HATSE—4RF HE L
FREEY Ry Paclitaxel » BRI Rl HIAHAE X EE B B o T GRELE
S e o H S i o SRt S - BT L G T
S H SR =M R R o B BRI e TRE
THEE - AT AHYBHFEEEER, - AR sl T IR (R m] R =2 ALY
TETTRE ST NI AT 72 R0 e 58 (RO ERY Paclitaxel &5¢ Phenytoin
R EERE =2 A2 G B A 6B - BT E el &
FINETTRE I ARERHIEEY B B2 - (Al 5 1 FIET YRy F AR - 1
AHAEAYEHE E RIS DR 2 dHHEHA = FR IR o ny 45 58 iliE2  PRET 4%
VI R AR » BEER&S SRR Phenytom ¥t =2 A 4HAEA
E3M: - mahe HRIRFERY Paclitaxel BE T #E— L HIHTEIATIEIEST -
MY THEHIE B RTESREE R - IO Phenytoin #1 Paclitaxel 1& 4]
BT pMAPK ~ pFAK 1 pAKT EAAHAENETTRE JJ 2 2 A B Bt -
KIRFECEEREEUT Paclitaxel B1 Phenytoin &5 & A A RGNS = F2 M # 4
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L WV U

— > HIE
=2 % (Triple-negative breast cancer ; TNBC)

FEARREAY A £ 75 AR MY RSO (R B4R 3 e E R 5 ER
BAERKET  AAMIEIERTA B R4 R A REE—RRAVRNEORR - 5
& =P MR A LA R R R R MR 2T I 525286 (ER * estrogen receptor
BB TE G PR * progesterone receptor =AMz~ 520 ) S AH
RREATHEZEE (HER2) & Rfatt - NRELAIEE - H4fpad:
RAVE(LEHT BRCAL (FERHIHIER ) 288 (Y Miki, T, 1994) » 1
HEEEIEA - =[RS LIS 10% —25% (Seung Taek Lim,
2018 ) » LR A 1B W AL B A2 R B S S 4]
JEFNIE R S EEY AT - R R SR AR AR B2 RE A -

FEERIER A ED 2 ST R E VA YIRS ED » TR AR B
A RRYEEZ 2510 HOR RSy B AR - fE7L b S i 4Re
Y ER ¢ PR [51% - FEE G EIRSEZEEIS M - BN R DU R S5
a5 e HER2 AIHRERE - AR HER2 P51 - KA RAY
anti-HER? fZEHIZEY)) » 41 J&E~ (Trastuzumab ) ~ Z=5a5¢ (Lapatinib ) °
WY EMER B AER) ) T ER ~ PR ~ K HER2 B 2 HHfaME » #ifE 5
=PI - IR SRR R R S & HYFa R E 78 & ER<1% ° PR<1% °
HER?2/0 =, HER2/1+ ( Brian D. Lehmann, 2011 ) = &M A @&IEFTE A
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FEHY 10-25% 745 » MR RTRT R - =P aFEmEE AR -
P ERELMER AL -
=M AR RS S RS (VN 40 %) B - B 23R
ErE Mt S A SRS - HE AR B SRR K N
(JFsshERE AT e R/ - AIE R EMR NRESS ) - BLEA A FEfEE
MHEE - B aRER S - EEER ALt S - —HEREES - i
L R] Ry ERY) e s L AR A e /) - IR TR -

ARV RS- RA282 (Paclitaxel)

A Paclitaxel TEGERN-AEAZ ( Taxus brevifolia) 1ot ZFielR
MEERYZEEY) (B— -~ A) - HEAERIIERIRE - ] 240
NHITUE 2571 » 4R 4 SHTR - & 4R 2 &P R ERY
e - RS A S W BRI #ESR - — M S e R i 2
W T-AHHE B TE RFE LT 0% - SERidlE 2 » & Paclitaxel
AR m[f - fRE Y o i iR  REAHA S (B AR RREE Ry G2 Bl M 1
HEMEZIET. (Weimin Fan, 1999 ) o Paclitaxel H BiAEREIE G AVEEIR
b ZER AL VR ARE o [EEE AT - 22t
B+ DIURREEEY I & & BGsr YD1 HER2 255 > rhuMAb HER2 » E
B Paclitaxel 485G (5 F 7] LIS NI Paclitaxel £ A4 EAVEERGSER (Jose
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Baselga, 1998 ) » Trastuzumab 2 Paciitaxel $:[EI{EF - £/ HER2 FEEAY
FLAEE B AR AREEREAIRBER (Andrew D. Seidman, 2001 ) <
REHCEEEY) e E(L NF- £ B B > BEEIEATIEEN: - 1
Curcumin 7] AHIE — P& [RIHERF Paciitaxel 82 Curcumin FE[EI A -
A& Paclitaxel 5 [%1) NF- £ B 1% ( Bharat B. Aggarwa, 2005) °
R Paclitaxel I EEEAIATT - BIZEEE & HAMEEYE & n] DI
HilEE Paclitaxel Bt [35HPLEE: 5 B & FFEEYIE H AL EAER
WHRE A EEFIEGER -

T8 A B AR5

HHAEAR R T BRIV B RAHRERYREZ 2591 HEEAIER 20
ZERASE H o MR AR b > BEiE TimiE S - FEAT AR ST T
SR BT A ELE AR T R R VIR (% G s T o
N EAREEITC TR I A FTeZ 2 (Xi Huang, 2014) ~ $58k T8 EAYHT
FEET SRR IS JE AT ~ AR RIBHRARE ( Gregory R. Monteith, 2012) ~
S A A T LR FE R A R A T 2 A FrHRARY (Ming
Yang, 2012 ) » £ 5 - di BT E 2 A B R M EEEERR N A R X
TR R EIR R 1 W B A IR KA ] a8 KA SE i & e o



FRETEmAY o (EEATRIIFEEE R 383 > B ramE A i - UE L EEERE
27 BRI ET I - th BRIy A= A AH R g - B AR AR
REJT ~ ¥EEAE ST ~ AR A RBEIIA A AR R - (HEE D
T3 EIITZE 1o AE A BRSBTS S T i A B A A P AR B R 1R 2
YR ME A EANE > BT RUE — S R R(ER- BT FERIHI -

S TR NEIRAZ L (Phenytoin) SAFEARARATRISE

Phenytoin ([&l— ~ B ) » & HYEAREER o EIEE0E S A 2P
AV ENGE - EEEERThRE R - A RRER - BE2iEE
TEAR & DA EAYIEIR S 2 58 A0 R BB © FRRY Phenytorn W] PHEr $/yit
TIE AT » MESA Phenytoin BEVNHERAT—E RIS
15 A DA St - RSN B Sy e R B R ER AL I T -
Phenytoin & RAVERRUTEUEAE H CAREGEHAO T 54 ©

ATHIE S I TEEEE - B A 1 B 0 i A A A v
TR E R HERT - SRRV  TRE TS IRl T % - AR diRb 72 ip s |l
PAEFE AR EZ Tetrodotoxin (TTX ) 1E Fyu@RRHY S+ i/ iEfH Er
FETER - MHEERGS R AP N TTX 21% > BlEH
Phenytoin 17 Fy Bl EERT ERRAVEE R AR FZAMERY (Ming Yang,
2012) - EREAER > FERE4NRE MDA-MB-231 4fifEik ( =FettrleE)
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AT P PR O A SR - ST TRE D NI T
M MCE-7 4ifgfr (ER 1% ) SHAERAR A B2 A RE T4
B M AR (% - S HEITRE IR A& - (Bl
TTX Z{E5871555E - [ Phenytoin TEREPRIGHRE L PTG 5 A LARCETRY
BIE ISR SO - NICE SRRV E L& m m 2.2 DL Phenytoin
1 Ry a iR iEn B i I 2E -

iEAELY
HS =Pt AL AR R 2R T B2 A R H LAY ER ~ PR Al

HER2 f5H - AARHD G AR - NIEb s A AR R i
HAEVETIHT GFEERT S F BURy G rY E Aty B2 - iR
HAE S TR RR - B2 RE R (T
PR ) ~ LA e (858 iEE ) ~ SN2 ERSE - e —(E
H] DS B2 SRS EE ) H R - TS SRR > ST SN
JEATBEERSAE T A MR (Ming Yang,2012) > B HIHIAHIEIE THYAE
1> ABALZH M Paclitaxel EHFHEREIIAZE (Fabiola M, 2015) « HIFA
WRPR _EAEHE T =2 M AL BT A & & OF(E ] Paclitaxel> INIEEASHASE
Y H VAR BRET & W # ZE Y[R /R R - 2 B S O I ETRCER
BN B LRI N AR EFAVRER - Y M-8 2R HI4S
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S LB B A AR P A R TR B S (IR KA AL RE
M AT R H = S BRET SR « Phenytoin 12 (EEEY A B R I8
T o HE R ] DRI ETHIRE S - (ERZ A 5 i
B SRS LR ESARAYE 77 o IR A SR /Y S5 —(E B W2 2R Sl 2
H SRR TS AR A A Bl e (el —) -

B oRHE

fMI[EIRFE I & 8 2 12 B I S By B 1  AHREAVIE  TAE
17~ BEVIRIRIEEE  DUR Paclitaxel /&5 & 5/ B8Nk E © HIR
Phenytorn WIS Ry g7 - H A HIRIAREIET THYCR - 1
Paclitaxel WAHIHIAHREIET THYRCER - ArEARMIE S & Paclitaxel
RIS T AR R - BeMIE ] T IURESE 0% - B e ST
> SG(E MDA-MB-231 AHAEPREZH EEY) 24 /NEr - 2H ARy Phenyrom ¥2
Paclitaxel NN &G & 2812 (3 AR T REs B Ta T - AHIARE  TRE
[E e HHEEY) — (BAH 5125 24 /NI R - FR(E A B R & Wound healing )
BRI TR B R - HA g (o I P9 7 R A A e
YRR S AR ES 1S o B A IET TAH ARV & B E 2 & I B2 E 1k - 55
S Paclitaxel A RETIHNFIAHARIETT » Al & & sl A pE T

Paclitaxel WA EAHRERSA R AVRIR S S/ Phenyroim #H[E] -
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o~ PPEETTA
il 27 Seeg=
MDA-MB-231 & * S8 4w i AL e IR 55 P s e A e %
EHEs - MDA-MB-231 4R R E2H S%/ NMEIMUE FBS Bt
DMEM #£2&% (Dulbecco's modified eagle medium, Gibco ) | » BF &R

PHERF SOy — & fbhik K 37 C HYERSE -

Paclitaxel P PBS FCBIRY 1pg/ml FRAEZDR § @ fEHIEA R
RMRE R P ARAVIRIE © Phenytoin My R7ER: 0.1M #Y NaOH /& - fic
BURCRIE 180mM PrFIL-20 C KFaH (5 AR S E R i 2 P
FRHVIRE o HIY Phenytoin A s 7KH » RIFERCE R EE |

ot 5
LAk B o

MRS R

LL0.05%10° {E4HARFELE 24 FLARREE ML £F— K 2 4HAERS i
ML{&FFLA Phenytoin BEFR 24 /INIF > SH AR B A22/4H ~ 10uM ~ 50uM ~
150uM s Paclitaxel Fa ¥ 24 /INEF > SH AR B2 #2140 ~ 10ng/ml > 20ng/ml ~

SOng/ml ; W EEY & GREE FEHE 24 /NI > 4HA1ST BIREE Paclitaxel
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JRTEAE 20ng/ml 1 Ing/ml (R HIEK Phenytoin HEYIRRIE OuM ~ 10uM ~
SOuM ~ 150uM = ZEVIEREE 24 /NRF 12 DL trypsin RFAHRE (e B I EHC T
A > AR EC Basac 8 - FEAH R = B — A - SRS

B= o

BORES (Wound healing) B
¥ 0.6% 10" (E4HFEFEZ 35mm BEE ML » 24 /NI 1% R T 224

Phenytoin 24 /s » &H AP EZERI4H ~ 10uM ~ SOuM ~ 150uM © /i

Y E O E R 24 /N SHRR [EE Paclitaxel FRIE Ing/ml fRFFHI
st Phenytoin SEYIERE OuM ~ 10uM ~ SOUM ~ 150puM ° BEWIEEER 24 /)N

& F A & — R UEI T A0 EE (ZEISS Axiovert 200MAT »
AxioVision LE) #i#&I8R » 24 /NFIEFFHA—2C < 1 24 /NIF I AR ]
BE 2 oL A AHREAY SRR DLgIaGTa < RS R T B TEIRE - LA 1K
Z R B NFTHYEERE -

[iEPak it Vs
{85 RAPI lysis buffer (25mM Tris-base, 150mM NaCl, 1%NP-40,
5%Glycerol, ImM EDTA, 100uM sodium orthovanadate, 200uM PMSEF,

protease inhibitor cocktail ) ZEEVANREANEH @ IHFE AEH 30ug EEHHY
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RIPA lysis buffer {8/ SDS-PAGE &k H#EI TR - BERRGS A2 A DR
OS5 E N EUE 2 PVDF B E o (EHEH S%HIRAE4- U EC B
—f%HY PBST 21 blocking —{lE/ N JF 58 & A —4RPUAS pFAK,
pMAPK, pAKT, (1:1000, Cell signaling ) A1 GAPDH (1 : 1000, SANTA
CRUZ) » fEFITE 4 C overnight - FH# A8 HRP 45 &6 —4kiAe
anti-rabbit (1 : 10000, Jackson ) ZE B{EFH—{E/NEF o K[ ECL 4%
(enhanced chemiluminescence, Millipore ) {EE2 )4 YR FEMETTRAE » B

FIIFH MultiGel-21 ( Topbio ) {014 Y¢ERE% » B LA GAPDH & & H I -

SAHARRE R FEHIEAT (whole-cell patch-clamp )

Nav1.5 Gy 75 B A= 4IRS 5 FRIRCirEC ik (Hamill et al, 1981.
Brackenbury et al., 2010) 3% ( Borosilicate ) ZEAM /K =125
Model P-97 (Sutter Instruments, Novato, CA, USA ) ZL/E LA Narishige
MF830 $BJsE amier 2t i i K BKBDRE LU AGFR iR diRe iR |
HHRESNE 2 B 53 By 97.75 mM NaCl, SmM KCl, 2 mM MgCL, 2 mM CaCl,
10 mM HEPES, and 10 mM glucose (pH 7.3) °
HHAEPR 2 B53 By © 94.25 mM CsCl, 2.5 mM MgCl, 2.5 mM EGTA, 10
mM Hepes, 10 mM sucrose (pH 7.3) °

SO ERHR - SRR PR T R B B A R B A s I e 2R AR N T
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POEEPH Ry 2 - 3 MQ - IHEBiE DL DIGIDATA 1322A( Molecular Devices )
F0 Axopatch 200A BUKES ( Molecular Devices, Union City, CA, USA ) Eid
BRI AC 5% 40 BEAF 8-pole Bessel JERz e ENY 2 kHz, HUEMHE R 20
kHz HIZ A5 MHEER - B4 siAs (Clampex9.2, Molecular
Devices ) #URE MNEEL =702 —IF (BEMCLEEAHRAERE ) - R
4T B AR AL AR > BEFH A 10°0hm B » (R4 ELES
R AR EHIRG & o FEH4E T B EI 8 Y s B A i i U A A R I Bz -
T — {1l e B A A i (L EAL 5/ P SR 4R Y F LT - FHHRAS I e 2Ep BB FH B 4]
FEE 1% - #EfTHEIE (R-C compensation ) » [HEH 45 T 88 BRI (4Rl
RE St s ZE BRI W EC R AR BRI - ARFR BE BR4EFFAF - 100m V (holding
potential ) > 45 T — &% H-100mV ZE+50mV AYFFHEEER (REFE A 10mV ) -
Mm% &R Clampfit 10.6 #cES ( Molecular Devices ) SAFEIHY =
FERR A TP E R R B o
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Bt

I A S 4TIRRRE 5 F a0 (whole-cell patch-clamp ) EC8% > 4HAREE
58 Clampfit 10.6 #E& 537 (Molecular Devices ) © FEHUAN [F] 5 25 BE
FiTf3 < 38 7 BRI BRI 2 AR A RS < BB E - B E SR T E R
w1 BLER R (B (IV curve )  $2-20mV Z B8R ZE > PA two sample
t-test ELERTZE fIAH Y Sl 7 1B R EE MR BREEY) Paclitaxel 40 RIS
THBEREMERRGAER  EREE R NRR I RINAFEE
HEAEAEFRR
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= &R
Phenytoin ¥F17> FL I 4HARE fEAH B =1
B oalBa DA BRI A S S AR A S R B —2EY)
IRIEEE » Phenytoin HIEZEYRIEEH A Ry OuM ~ 10uM ~ SOpM ~ 150puM
(E=~ A) - HEYRERCE SN i B E TR - S2Y)0E
I HOREEZR 2 10uM —20uM - T AE R EUR Y R A R LY R S0uM

B

DU LEEA oK (FERZRE 150uM DL ERFEEYIHE =00 &
Ghiom ) o SR A UBZT] > dIHE SRA G Phenytom HIEEY)RRE
A A2 - BE & SEY Sy BT SRR E R SR A AR
BAESCAI 2 R TP RS 2 —FRAVEE R -

Paclitaxel BRI ARERY SR (E T

Paclitaxel BV S A AEREE AT & 0 ng/ml ~ 10ng/ml ~ 20ng/ml ~
SOng/ml ([E= - B ) H&ERBEZEYIREHS - MHIEAEERR
& HARELYFy 10ng/ml FF4HAEFEE(E(KTL 50% © BN Paclitaxel
SEYIR B EEEIRE o R T AN B P T IS SIHVEE R

-

aTaf -
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Phenytoin FY BRI R €A Paclitaxel B4 PEAT AR RS

B E G EAE RS - Jell Ing/ml #Y Paclitaxel JEJSHEATE
B > Ry MDA-MB-231 dHARPRATE B — St TR & S E Bl -
B EEYIREAE 10ng/ml FEELASETY [Co VBRI E » 5591 Paclitaxel BEY) A
SN EAIGIAHRIE  THYRE ) - IRIELAE S & Wi & SE A TA e T
By Ry oK R A 2L Phenytom fIIHRIEA THIRUR. » Bl IR E
WY Paclitaxel JErE R FRAHRE  1EEIE Paclitaxel J2FE By Ing/ml BYARE T
i1 Phenytom LR FHAET RS - v LB AT & 0F i #E 24/ NG BEY) (% -
MR E R A TR By Phenytom BRI bMAFTZE (B~ A)
Hozedls A Paclitaxel o SSANLERE 20ng/ml B Paclitaxel 45E
Phenytoin #ETEES » A ERIKEN GRSy Phenytom HISEY) RS
mAaFEeE: (B~ B) » HEFFZEREEANA Paclitaxel - HE4SERE
NI EE S E AR B By Phenytoin FirigRk > KRIIEL Phenytoin ¥17>

AR A FERRR - AN RS BIME58 Paclitaxel 55

17



Phenytoin S I 4HAETEITHE /T

{35 Phenytoin TEAHBEAF G REEBRANT 0 < SEVRIE - #E1T4HRA
TEITEER o JeLlS—8EY) Phenyiom #E(TEER (B~ A) > AIEZEE
e 2 B R T SR T HII R TS THYRE S TERSF - S HLAEJRE 150uM HYfR
N TR BRI 22 B (R EI B ER PRV IR R TR DUA %
IR 0 AR 150uM BRI TG E AN RS NS (B B) -
Al AR REE A 5 1 FR i Ay B th B L H At 4B 1D -

Phenytoin $5& 1R Paclitaxel B A XH] 4R TETTRE 1

GEEFEF Phenytoin 81 Paclitaxel S89)45 & FMEFTE B ([EI7S
A) o (i Paclitaxel BEYIIETE Fy Ing/ml B EZRZELEN » Paclitaxel &
VIR B A HI AR IC  THVRE ) B e - B e sRe
Paclitaxel #EATE ST - FrAHARVAREOMEE N G2 8) - & T L E R
1 Phenytoin WNEERY - T Paclitaxel WA EIEAK - & W& EEY)[EIG-fE
FHA S SRR A eT DAE 51 - 4HA T TAE J745 58 A S C el s
B) o FEHISHAR S AN Paclitaxel 299 1 ng/ml > Hh4HEAITEI THE
TELHHHNE] > THIA Phenytomn SE¥)1% AHEAYTET THE JIRE B

HYEE4F- £ Phenytoin 78 10uM HYGRFERRIE T ERZERIHMH LI E A BE
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Y72 - SSyME Al DI M TR id 7 s > A fEe

TTHYRT RS H B EAH e R ) -

Phenytoin ¥}> 40 pFAK ~ pAKT HHAEIETTHHRA Z SR EIBEQ 2 &
EATEE] Phenytoin RIHTIHISHAENIE  TRETING - S iE—20HY
IR HAEEE R - 275 Phenytoin 1B EEY)HL T3 B HIRRE A M
BT 2 BT AT R SR B 2 T AR T8 pFAK ~ pAKT
Ay ([T ) - RERVRE RS RS B e R AR e TR & S
HAESCADUBM A T 2 g7 18 Al R & 1A 8 —aR S (F Ik 15
Src ZE AR (Sébastien Roger, 2015) - [E R 45 R A LIBRZE - 22V
B2 1% AR HC ER AR e T AH BE sHUS BE 2R B pFAK ~ pAKT W24
RS HEAIA R B B N AVE S AR E A A - H RUshEET

i i L S A 2 ] O ] SR L - R AT DA A B LA

rN

lly

HYEHEEIREE - 40 Src & H L EAKHAIET TAHRES -

C
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BRIEEY)) Paclitaxel % > MDA-MB-231 4HHERRIYSAEE TR

SE RN E TR S s A AR IS TRYRBARR 4 (Ming
Yang, 2012 )  Phenytoin W] PHE$NEtE 1 & A M HNHIGHREIES T - 1429
Paclitaxe] A ERZZEHIHISHRRIEr THYRCR - NIEARERZR Paclitaxel
i enEE B RS S A E - FOERM AR R F R ik
AETER (B - DERB(LE AR EEEE (B A) f£-20mV
15 o Bt Paclitaxel 1% ARG RS Sy BEm HY 26 15 B4 A EE A TR D
AR, - P {EFEEIR 4.5057pA/pF [ % 1.0876pA/pF » &iat4ER b
R =5 ([8/\ - B)  (HHEEASE D (BRAEURIY) » RIEAR

AEZEWIN o IR BRG] > SR RE g E A -
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Vd ~ &t

ABHZERY £ 5 H WS A S AeSFE FH i+l S R e 22y 5
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