ive

creat
commons

)

E D

O N S D

M

O M

C

XN & XHEAl-

)
)
A
5%
<+

ioll
)
10
ak

&l

O

3
<D

0%

W0 s

~U)

<3

oll

RJ 4D oo
oS
”) <+ 1

~ 2 O]

LICk:

El-

ZHE Metor

LICH.

!

MEXE ZEAIGHHOF &

— o
:_CI

t

¢}

MNZERLEAlL A

K4 .
I
[
00 <
S
] =
Ww m
RC o0
= K’
0 oy
RC U
K &
S K
oF
)
J (@)
(o]

3l
ST
- .o
)
o 3 _Eu_JE
00 7 5
(@) LOr _
= 2 ol
o7 2 U

-
0 il
RM 5 O
= = %_”
S 19
JI Ay
5 80 gr
o=
[ ] [ ]

X ESLICH

HOd

HEAH0 2 0l8Ke als 219 ol o

E

ol

I 2

Oloiotol &

S}
=

0l N2 0| =3 & 72 (Legal Code)

Disclaimer |:|._'|

lection

Co


http://creativecommons.org/licenses/by-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-sa/2.0/kr/

Metformin &%

[UCI]1804: 24011- 200000267380

Ml HL156A2] ==

CHAILH S & Al

o
[z
o
o

ﬂ
1o
0z

0z
R

1>

0
0t
0

=

AQHINE HE

FJ
o
o
10



2019 & 8E
S A

o
40
rr
HO

Metformin S &Ml HL156A2| 2=
CHHILHAE 2ME AHI|IE 7

N
[z
L
o
)
o
o
0

bl
1o
0z
02
]
o
[

0z
R
1>

Collection @ chosun



Metformin =X HL156A%| 2=
CIAILH S Ml ZE A 78 3

Metformin derivative HL156A,

reverses multidrug

resistance through inhibiting HOXC6/ERK1/2 signaling
in human multidrug—resistant cancer cells
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ABSTRACT

Metformin derivative HL156A, reverses multidrug resistance
through inhibiting HOXC6/ERK1/2 signaling in human
multidrug-resistant cancer cells

Jeong Yun Soo
Advisor: Prof. Ahn, Sang-gun, PhD

Department of Biodental Engineering,
Graduate School of Chosun University

Mutidrug-resistant is a significant clinical problem in the treatmnet of cancer
and this resistance has been linked to the «cellular expression of
multidrug-efflux transporters. The aim of this study was to examine the effects
and mechanisms of the new metformin derivative HL156A in  human
multidrug-resistant cancer cell lines (FADU/PTX, MCF7/ADR and SNU/CIP). HL156A
significantly  suppressed cell growth and colony  formation in a
concentration-dependent manner and caused G2/M phase arrest by inhibiting the
expression of Cdk1/cyclin B1. HL156A also reduced wound closure/migration and
induced cell death in multidrug-resistant cancer cells. We found that HL156A
inhibited the expression of MDR1 through inhibiting of HOXC6-ERK1/2 signaling
pathway. In addition, treatment of non-lethal dose 20 uM HL156A increased their
sensitivity to paclitaxel or doxorubicin in FADU/PTX and MCF7/ADR. Furthermore,
the anti—angiogenesis activity of HL156A was verified in chicken chorioallantoic
membranes (CAMs). HL156A significantly inhibited angiogenesis in a CAM assay.
These results suggest the potential value of the new metformin derivative HL156A
as a candidate for a therapeutic modality for the treatment of multidrug

resistance cancers.
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A2 =2 AMYEDN Y Soicte MAHECE L8 2Y = otLI0ICH. & Xse
T2 =, YA Y, Sdste @ Y HIASIE QHO A2 = 0l 98
28 otH, S5l & HOl0 &23st QY0 detHoz HNZSHCH, J8E =76t
D EDIZtY] et QEE RE Y20 W82 20IH &3 &85 226 6 &2
o &2 20l= CHAHILEE (MOR)Zt HZZ 0 UA2B, Ol2 Qo M ArZ XISt
SHOFH LA & THEs Sol XIgsl sHHE JtMC [1]. metd CHEILEE (MOR)=2
e Zu gaS st & AP HEst HAH0| E1 UCH

Oied H720IM apoptosis2 A, DNA &4 =5, ME=D|9 BStE ZEst CHAl
L&Dt 2EE 2 OK HIHUSS Metgch [3]. O SHME 428 =5 HeE

(ABC (ATP-binding cassette) transporter)ll S0l MEHXQlI HAHLISOICH
ABCA, ABCB, ABCC, ABCD, ABCE, ABCF, ABCG2| 7 JtXl ol IOt &M S5 SHEA
(ABC transporter)& &= L. O & P-glycoprotein (P-gp, ABCB1)2 multidrug-res
istance 1 (MDR1) ST X0 2o 253 = 170 kDal of SHHEOICH [1]. P-gpOil &
g2 2= €2 XZHe= vinca alkaloids HE2 vinblastinedt vincristine,

taxanes HEZ2l paclitaxel, anthracyclines HZ2| doxorubicinit daunorubicin

1 20l mithramycin 2t mitomycin C & CFst &2 XIZHM=S0l 2BUAEULCH. P-gp=
ATPE 0|26t A4SE ME LHUA ME SHOZ2 HHES6IN ME W 2289 =g o
MStCh. CHAILEE SL0HM P-gp 282 Sitle 238222 ME W 422 s &

A0 SAHE NE S8 SUE AMSHCH [4-6].

NF-kB= MDR-12] X£& HHSHAZ MOR-1 AL Z22H 220 Z &6t MDR-1
L2 SHSHAIZICH [7-8]. S8 PIBK-Akt, Wnt / B- catenin pathway2t MAPK signa
[1ing0l MOR-1 &2 S&ote 22z 2OEUCH [9-10
O

= _leflt MOR1-12] H=tet
JIEE el 2EE JlA

]
£ 200 =sH=2 Z0b JACH MOR-1
fa §

XNO oF
—

A= 5 TE2 ¢
=0l st 42 HES HUHE =25 & = A= IHsSHEE MAE = A2 A0IC.
Homeobox & A (HOX S&AH) = HHOF L0l EH0IC. EZRS=2S HOXA, HOXB
HOXC, HOXD S 412l S A0 39902 HOX REXE AL U220, 2122 HOX
dAEE ME AIZ, AE 23 L MHE S4A2 ZEU 20ct= SACIXOICH
HOX &A= H, 5%, d8d, Ha Y wadH) 22 e S0AM HEAdES
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2 2N [15-19], 3822 42 & Lo 2HscH [11-12]. =2 A0 ©=2
HOXA12l knockdown2 S 0AM AHIE SA A [13] HOXA5 X aH
= Akt / p272 ZEGIH UH=ZRE2 dds

Homeobox HIZ0IAl HOXC6E ME X &, R, ?Y, FEF BELULY S U

(o)1
AOA DS =0l EDNE/UCH [20-22]. HOXC62! knockdown CHZ&E S Xt=2ZEet
2

Jdeln MBE NMZUAM & AZe SAS AMAIZI= 8HH [23-25], HOXC62l 1+e
S22 AL HIELUZH AY ) N=3FY S 0l SHEUA &2 My A
012 FIAIRITH [26-28] HEMI 20l A HOXC6 =& AHoF MD

L2 ARANE FBE

RIOI TAROI ZHO{ES StoiCH [20]. QOIM QIZEO0I HOXCEE 2ol SA, FO| L

%2 LHGU S28 ATS ST Mot 2 HRUAES CHRILKA 2AIEQ! Fabu/PTX
3 |8t HOXCE-MORT BISALIZ O ZHZS SACH

|

=
S
i
\‘
~
P
=)
=
2
x
—
0x
njo
JU
Ju
Q'B
S
40

Metformin (N,N-Dimethylimidodicarbonimidic diamide)2 Ml 2 & && EXHXA
Y LEHEO =2 ALEL/= Biguanide HE XIZHOICH 2HOIAM Z&EY MHS MG
D 2] 39 ZEIXHAM =2 MEgHs JHdotn g€gs REC. S08HE
Sod BX0A Metformin® & LHEES =Y =+ AUS0 2IEAHJUCH [30-32]
Metformin2 &St J|MS &S| 22HGHAICH Akt 2 mTORR 22 0l CHE 0!
ool A =22 Sol Z=Y 2 XE A, 893 2E, MZ sS4 & AMEsS XEo}

= o

target of rapamycin (mMTOR)S LHMECZ A S HEHS AHMSHCH [56]. mTOR F =2
= L2 34, EAMME ZHOIH metformin@Z Qo ANE= N & SHE
JHEICH. S8 Akt 2 mTOR Z=22 ANE =Xote L AMAHC ps3el HFE
FEOH0 MIESl MZEFI| e L NZEAMZE SEEHCH [34-35]. Metformine human

epithelial growth factor—2 (HER-2)2} vascular endothelial cell growth factor (VE

GF)2 YHME SdidE 2o HES AMSCH [57]. Metformin® CHYst J|IES

Soll S¢S 9dHE 4+ ASHE =2Fotl 24 R0 MZE W EE6t= ES
(@] o

Ol SSMZ AL AtZ0il= SHAHDE AUCH [37].

o
0

HL156A= Olcigt EME =5 & = U= Metformin2 Mz gd&d ST

HL156AE == YHO0IEES JHAIL UM L8t metformindt 201 AMPK EHSE R
CEth. JIE HF0AM HLIS6AE =2 2 28 873tE AMols &8 =7s I AL
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[38]. =8, Lipopolysaccharides (LPS) | =0 et B I UTH
HL156A= DEEEXZAHU 2ol &24H3H= Smad3d 2/ H=Z 0 OlLlet EMTE N
2= QUCtD BIAL/JUCH [41]. =29 AHFOAM, OIRZPAHIEZZE(glioblastoma

L156A2t Temozolomide2l Z&2 & ZIIMES SAS Mol 5= 220 A
E2 SIOIAIZCH [40]. DL 22UH4A MOl 8 HL156A2 &= & XX
Ct.

2 UF0M=E 428 MIE (FaDu/PTX % MCF7 / ADR) Al &0l S0
L156A2l H&tS XA otACH. E£8F, HL156A XI= 2+ HOXC6 / MOR
H= HLI56AOF 22U E 2 X222 XZHIt 2 JtsH0l /USS 2 =ALH

OCF,

AcOH

Figure 1. Structure of HL156A
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2.1. Cell culture and reagent

Adriamycin LA S22t MIIE MCF7/ADR 2t Paclitaxel LHA 2 AIZE FaDu/PTX
O NIEZHIZ0l= 10% Fetal bovine serum (FBS)2+ 100 units/mL Penicillindt 100 xg/
mL Streptomycmg &6t Dulbecco’ s modifies Eagle” s medium (Welgene, . Inc, .Kor
ea)=2 AIE5tA 1D, 5% €0, , 37CHA HHLotALCEH.

Adriamycindt Paclitaxel2 Sigma chemical co.(St. Louis, Mo, USA)Sl XS AtES

OO ERK1/2 inhibitor@! U01262 Promega Corporation co.(Madison, WI, USA)E
AEGHACEH. HL156A= Hanall Biopharma Inc. (Seoul, Korea)Jt CIAtQlGt) && &t ph
enyl biguanide2 =SE=MOIN HL156A &2 &Alet EXt= Ol MAAU UL

il

2.2. Cell proliferation assay (MTT assay)

L156A0I 28t MEAE AHSUE 2EotI| 2ol 24 well plate®l FaDu/PTX Al
b MCF7/ADR MIZ x10* cellsE 5% C0, , 37C incubatorOlAl BHGHACE.
24 A2 BHY = 2 wel 10l =2 XISt 22 82 10 uM, 20 uM, 30 uM, 40 u
M, 50 UM 2 Ct2st =& 2 HL156AE Xc2lotCH. 22 24 Al2tDF 48 Al2F S0+ 5% CO
2, 37T incubatorOllA BF2AI21 & HNEZEE AMESHE 3-(4,5-dimethyl thiazol-2

i
N
=

o

-y1)-2,5-diphenyltetrazolium bromide (MTT) assay® =&5IQUCH. BF20] L = PB
S washingS 29 BF=otR1) 500 4g/mL MTT (Sigma-Aldrich, st, Louis, MO, USA)E
28210 wel 10l €01 4 AI2F S0t XM2IotACH. 4 Al2E &= MTT solution2 MIHGHLD PBS
washing 2 & Bt= = 40 uM HCIOl &R & Isopropanol & =0 WA ELISA r

eader (Beckman Coulter,Inc., Wals-Siezenheim, Austria)E ALZ2ot0 570 nmOIlAl &2
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2.3. Soft agar colony formation assay

6 wellOl FabDu/PTX MIEZ2b MCF7/ADR MIEZE 22t 2X10° cells2 seedingdtOd
5% CO, , 37C incubator Ol BHGIACEH. 24 Al2t BHSF = wel [0l 20 uM, 40 uMel =
T2 HL156AE HMelotLCh. 24 A2t & 1% Soft agar®F 10% FBS, 1% Penicillin/Strep
tomycinO| &= DMEM HHXI(Welgene)Oll 1:12 E&I6tH 6 wel 10l 0.5%2 base layer
E 1oL & ZFGHUCEH. B0l 2 MIEZE PBS washing 2 B BtS = Trypsin-0.05
mM EDTA Solution (Welgene,.Inc, .Korea)22 MHIEE =&t MIE %=Z Hemocytomet
er2 HAGHH 0.6% soft agar@ MIZE (1x10* clles)Idt Z&= HHYHE 1:12 EE Al
ZiCH. base layer S0l 0.3% cell layer 1 mL & E0{E = 5% C0, , 37T incubator
O 14 & S¢ Colony g€ds Z&EoALH. Colony ¥ = PBS washingdtOi
4% Paraformaldehyde solution@Z 15 & = A20M DGR LD 20% Methanol Ol

3|4 & 0.005% Crystal violet 1 mLg €0 A20A 20 & St S = HOIF (1X2
-SLP; Olympus)E Ol 235t0f 2EotRAULCE.

9,_

& A
(==}

2.4. Wound healing motility assay

FaDu/PTX MIZ 2t MCF7/ADR MIZE 6 well platedl wel & 2x10° cellsZ 2F&t &
5% C0. , 37C incubatorOllA 24 Al2t BHFOIRACE. 24 AIZ2F = wellOl 200p tipS
2ot AFHXE WA PBSZ 2% washing = 10% FBS, 1% Penicillin/Streptomycin
Ol E&& DMEM BHXI(Welgene)Oll HL156A (0, 20, 40 uM/L) %22 XHcIotALCtH.
24 A2t HHY = &01& (1X2-SLP; Olympus)S OIE36t0d x100 BHEZ 4 random micros
ds per well2 HAHSHALCE.

>

copic fiel
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2.5. Migration assay (Transwel| assay)

MIEZ2| migration2 poreAtOl=JF 8 mm@! 2 chamber migration assay2 &Al&o6tSiCH.
FaDu/PTX MIZ2t MCF7/ADR NIZE 6 well plateOfl BHGHO PBS washing & trypsin-
0.05 mM EDTA solution= AtEotH =&ot) HIE =Z HemocytometerZ H&OHALEH.
12 well Transwell culture chamber 2l upperOl= serumOl &= OMEM BHXI(Welgene) 50
0 uLOll 2x10° celIs& & E0HM EUHE = lowerOl= 10% FBS, 1% Penicillin/Strept
omycinOl ILE&HE DMEM HHXI(Welgene)S 700 uL €0 incubationdtRALCH. Migration Al
2t01 Xt = membranell EHU= HMEE S438HJ| fI6H PBS washing 2 H HHS36IA

1) 4% Paraformaldehyde solutionOl 2 & =02 A20lA DESHUCH. DFHOI 2
PBS washing 2 &1, 20% MethanolOll 3l4= 0.05% Crystal violet &4 10 2 =
A2 M AlHOIF D SA = PBS washing 281 BH=208l0 slide glassOll 2 & 0|

(1X2-SLP; Olympus)S Ol26tH =406IULt.

e o

0

2.6. Cell cycle analysis

MEZFI| 242 Flow cytometry assay= AFZolHCH. Fabu/PTX MIE 2t MCF7/ADR Al
ZE 6 wel 0l HL156AE 20 uMt 40 uMel =& 2 24 Al2b S0 XcelotRULH. 24A12t =
PBS washingSotOd trypsin-EDTA solution22 KMEZE =& 1000 rpme =2
3 & =0 centrifugedtd &ZSHES HAHGHRUCE. PBS washing = 4CHIA 70% OlEt=S
£ 30 2 s DEGIALH. DFO0l Y = cold PBSZ 3 & washingotO®d 50 uL®l
1 mg/mL PI2t 1 unit DNase-free RNaseJt Z&t&E 1 mL PBSOIl 37COIA 302 =2+ Xel
OtACH. PIOI 2o EME  MIE= FACScan analyzer (Beckman coulter Inc.,

Fullerton, LA, USA)Z MIEZFIIE SAoIUL.

nﬁ
0
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2.7. Annexin V-FITC / Propidium iodide (PI) double staining (Flow

cytometry assay)

NZ2 AtE2E =&H3St= Annexin V-FITC / Pl S22 Flow cytometrya assayE Ol
Ot =AGHACH. Fabu/PTX MIEZ2t MCF7/ADR MIEZE 6 wel 0l HL156AE 20 uM 3t
40 UN2l s 24 Al2F SO MelotCh. 24 Al2F = PBS washing, trypsin—-EDTA sol
utionez NEZE =&s = 1000 rpm0l 3 & SO centrifugedtt ASHE MHGIA
Ct. MIZ2l palletOfl 100 uL 1X 5 uL Annexin V-FITC (Thermo Fisher Scientific, mas
sachusetts, USA)2 1 uL 100 #g/mL Pl (Thermo Fisher Scientific, massachusetts, U
SA)E Annexin-binding buffer (10 mM/L HEPES, 140 mM/L NaCl, 2.5 mM/L CaCl. , pH
7.4) (Thermo Fisher Scientific, massachusetts, USA) Ol &&Al21 working solution

[}

= 2S00 222 =0 Mel=HA E2 HMEL =0l Mel=l MEZ0 100 uLE €

F-IH

o E0E F A20AM S22 S0 15 & S0 BHSAIZCH FM0| - = 400 uLsl
1X Annexin-binding buffer& Z=Jt6td Fluorescence 530 nmet >575 nm2| FACScan ana
lyzer (Beckman coulter Inc., Fullerton, LA, USA)S Ar23t0 flow cytometry 2HE
CZ SFotb.

2.8. Annexin V-FITC / Propidium iodide(Pl) double staining

(Fluorescence microscopy assay)

NZAIZ =&dk= Annexin V-FITC/PI S M= Fluorescence microscopy assays Ol
20t =AGIACH. Fabu/PTX MIEZ2F MCF7/ADR MIEZE 4 well glass slide (Thermo
Fisher Scientific, massachusetts, USA)OIl 5x10% cells 2 5% C0, , 37COIA BHSH
O HL156AE 20 uM b 40 uMZ XH™2ISHACH., 2=H™HelIdt Y = PBS washing 18
Annexin-binding buffer (10 mM/L HEPES, 140mM/L NaCl, 2.5mM/L CaCl, , pH 7.4)
(Thermo Fisher Scientific, massachusetts, USA)Z washing & 100 uL 1X 5 uL
Annexin V-FITC (Thermo Fisher Scientific, massachusetts, USA)2t 1 uL 100 4g/mL
Pl (Thermo Fisher Scientific, massachusetts, USA)E Annexin-binding buffer
(10 mM/L HEPES, 140 mM/L NaCl, 2.5 mM/L CaCl, , pH 7.4) (Thermo Fisher

Scientific, massachusetts, USA)Ol E8FAIH working solutionS 2HE0 S0 Ml

_7_
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|ZACH. BS0] 24 = working solution® HIHGH PBS washing &

OFRUCH, HAH0| Lt ML= Fluorescence microscope (I1X=71; Olympus)E 0I5t

2.9. Western blot analysis

Total cell lysate = Protease inhibitor cocktaildt Phosphatase inhibitorJt I
sl RIPA buffer (50 mM/L Tris-Cl (pH 7.5), 150 mM/L NaCl, 0.5% Sodium deoxychol
ate, 1% NP-40, 0.1% SDS, 1 mM/L EDTA)E OIE5t0d MIZUHAN HHAES ZelotRUCH.
Cell lysate (30 48)S SDS-PAGEOI ZDI0fl Wet 2elst =, Nitrocellulose membrane
(Amersham Pharmacia Biotech, Buckinghamshire, UK)Oll OIS AIZiCH. Memebrane 5% S
kimmilkZ 1 Al2t S0 WBtAIZ2I & ZFotd= 1x SME HIL6H0 4CHA overni
ght2 2 BESAIZACH. &Xle pChK1(sc101654), Cyclin B1(sc245), MDR1(sc55510), HOX
C6(sc376330)2 Santacruz & X2t PARP-1(9542S), AIF(5318P), ERK1/2(9102S), P-ERK
1/2(9101S) &l Cell signalling &M E AIZoIR 20 1X+ &Ml 2tS0l 224 = HRP—c
onjugated-linked anti-mouse 1gG = HRP-linked anti-rabbit [1gGE 1:50002 HI=
Z 20 WPGIACH. BtS0l 2 A2 Immobilon™western chemi luminescent HRP
substrate (Millipore)S AF=Z380 Luminescent image analyzer (LAS-1000; Fujifilm,
Tokyo, Japan)2 2 =24 6t%LE.

2.10. BNA isolation and RT-PCR analysis

S& KX LSS ZOtE2AX 6 well platedl FaDu/PTX MIZ 2t MCF7/ADR MIEE
2X10°% cells& 5% C0, , 37C incubatorlAl BHGIACE. 24 AI2E SOF By = 22
O wellOfl HL156AZ 0 - 40 uMe =% =2 HMelotCt. BrS0l &t = PBS washing ot
Of Trizol reagent (Invitrogen) 500 uLE AF20t0 E-tubeOl S CH. Tubell 100 uL
9l Chloroform& €1 15 = =0t Vortex & &20lA 5 & =©t incubation ot LCH
IncubationO| 2t = 4TCOHA 12,000 rpm@2 10 & =2+ centrifuge oFALE.

=
ASHS MZES E-tubelll 4 isopropanollt EEGIH A20MH 10 & SO

o

—

Ol

_8_
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[o]

=

Ol

incubation & =&t £H2Z centrifugeE otULCH. Centrifugedt &t =0 &
2 2l RANA palletOl 70% HIEFE2Z 2 B washingt &S HXM total RNAS
Ct. =2clel RNAZE BE = cONA HE =S ol 0ligo dT primer2t Moloney-Murine Leu
kemia virus (M-MLV) reverse transcriptase, RNase inhibitor, dNTP, 5X bufferE Ol
20t0 2 182 RNAOIA cONAZ S AGHACE. Ol cDNAZE templateZ2 AFEGHA Table 10il
LIZE REXNE SALZ RT-PCRES =oAL, 8IS
94T 30 =, 60C 30 =, 72C 1 222 30 cycles=
agarose gelS 01206t &IIE=6t1D UVolOIA &Qldt

OH
=0t

2.11. Quantitative real-time PCR

A==S Melotkl 22 S0 HL156AE 20 uMt 40 uMZ Xelst MIEZE 0l&3dHN
RNAGIA cONAZ XI&&t = SYBR Premix Ex Tag Il (T1l RNaseH Plus)E O|&dt0
Real-time PCR2 Al SIS CH. PCRS qTOWER® Real-Time PCR Thermal Cycler (Analyti
k Jena AG, Thuringia, Germany)Z =46t CH. DEPC-treated water 2t cONAQF 10 uL
Power SYBR® Green PCR Master Mix (2x; Applied Biosystems), Gene-specific primer
E FJlolH B2 20 uLZ BHSAIZLCH. Table 10l LIEE SAEXE SH2Z BIEX
22 Denaturation 95C 10 & BFESAIZI = 95T 20 =, 58C 20 =, 70C 20 =2

40 cycles= =&HotULt.

ron

Table 1.

GENE Sense Antisense
HOXC6 | CACCGCCTATGATCCAGTGAGGCA | GCTGGAACTGAACACGACATTCTC
MDR1 GACTGTCAGCTGCTGTCTGGGCAA GCCAAGACCTCTTCAGCTACTGC
GAPDH | AGCCAAAAGGGTCATCATCTCTGC GCATTGGGATGATCTTGAGGCTG
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2.12. HOXC6 Transfection

6 well plateOl MBI 24 A2t = E-tubeOil opti-MEM serum medium (Gibco)
100 uLOl 2 48 pcDNA4/myc—his-HOXC62t 4 ulL FUGENE HD Transfection reagent (Promeg
a Corporation, Madison, WI, USA)E Z&otH &&0AM 15 & S¢ incubation &t
Ct. IncubationOl 2ttt & 220 wel [0l €10 5% C0, , 37°C incubatorOfl Al 48 Al2t
H Ot RCH.  Transfection = total cell lysateotd SDS-PAGEZ FcIot(

Western-blot22 2M3ISC.
2.13. siBNA interference assay

6 well plate®il MIZUIZ 24 A2t = E-tube 2 JHOIl opti-MEM serum medium (Gibco)
150 uL®y 20 & JHQl tubeOl HOXC6 siRNA= AccuTarget ™Genome-wide predesigned
SiRNA (Bioneer, Korea)Z2 Y1 U2 otLQ tubelll Lipofectamine 2000 RNAiMAX
transfection reagent (Invitrogen)2 20 A2 & A20 A 5 & S2F incubationdl
KLt Incubation = S JHS solutionS & JHSl tubelll E&0otH A20AM
15 & =0t incubation SFCH. Incubation =0 2122l wel 0l 20 48 AlZ2t =S¢t
5% C0. , 37C incubatorOilAl 48 AlZ2t =0QF BESAIZCH 48 Al2b = total cell
lysatedotOd SDS-PAGEZ =c2Idt(d Western-blot2Z EABIRULEH.

2.14. Rhodamine accumulation assay

o

12 well plateOll FaDu/PTX MIZ2t MCF7/ADR MIZE 24 Al2F S0t HH 2820 w
ell0fl HL156AE 0-40 uMll =%2 XclotK 24A12t SOF BHLSHCEH. PBS 2 &
washing & 12 uM2 Rhodamine123(Rho123)2 wel 1€ €1 5% C0, , 37°C incubator Ol
M 30 & S MeIotALCH. ice-cold PBSZ 2 1 washingdtO n-butanolZ =0{LHO
ELISA reader (Beckman Coulter,Inc., Wals-Siezenheim, Austria)E AIZ5H0

fluorescenceE =AGISUCH.

_']0_
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2.15. Chorioal lantoic membrane(CAM) assay
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2.16. Statistical analysis

t-testE 0O|5l¢
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3.1.HL156AS MIES4A! HAXl=t

U= WY MIIESl SA0 st HL156A2] S tE X AMGH)| o, paclitaxelOff L&
£ Jt& P22 ANE FabDu/PTX MIEZ2t doxorubicin®l WHEZ & S M
MCF7/ADR MIXE, cisplatin®l LHEZ Jt& 21 AIE SNU/CIS MIZO0IA HL156A2l =%
(0 - 50 uM)& 24 AI2tDt 48 Al2tS0OH Helot L. HL156A= FaDu/PTX MIZL, MCF7/ADR
NIZ2t SNU/CIS MIZE R2F0M HES SAS =52 A SIE6HH ZAAI = A
2 EQIGHAUCH. 24 A2 M2l Al FabDu/PTX MIEZ 2t MCF7/ADR MIZOIM HL156A= 40 uM
O SSUHA BSA0 ANES SCISHACH. SNU/CIS MIEOIA HL156A X2l Al FaDu/PTX
NI 2t MCF7/ADR MIE 2C =2 =50 50 uMilA S4101 A MIE 2 &IatALH (Fig.
2A). Metformine &2 UWAEMZONAM %S9 SUHE =I5t Ao 1 - 50 M2 s&

Z

£ 24 At 48 AlZ2tsSOH MelotCH. O Z3F Metformin® |SEXME! HL156AE T

=2 sZ0AM S0l AHEE=E 28 =IGHACH (Fig. 28B).

Lot 22 NIEQI FaDu MIXE2F MCF7 AIZE Z12|1) SNU MIZEO0 HL156AE HMc2lst 21t
k2 UWAEMIEZECE otLiet 22 MIEQ! Fabu MIZE, MCF7 MIZE, SNU MIZOIA AIZES
ZSAME SHMol ZAaAINeE AE HOIGHULH Metformin® 22 MHIZQl Fabu M,
MCF7 MIZE 2l SNU MIZEOA HLI56AEL =2 sZ0lA AIZS sS40 dMES
SOIGHACH (Fig. 2C). WetA HL156A= SE=MQl Metformin2CH ¥ sZ0A 42
L& MIZo SA2 AMdl= XS 2EOIRULE.

_']2_
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Figure 2. Effects of HL156A and Metformin on cell viability of human multidrug

resistant cancer cell lines with time— and concentration—dependent manners.

(A) Cell proliferation of the human multidrug-resistant cancer cell Ilines
FaDu/PTX, MCF7/ADR and SNU/Cis after treatment with HL156A (10-50 uM) for 24 hrs
and 48 hrs. (B) Cell proliferation of the human multidrug-resistant cancer cell
lines FaDu/PTX, MCF7/ADR and SNU/Cis after treatment with Metformin (1-50 mM)
for 24 hrs and 48 hrs. (C) Cell proliferation of Fadu, MCF7 and SNU cancer cell
lines after treatment with HL156A (10-50 uM) or Metformin (1-50 mM) for 24hrs
and 48 hrs. Cell proliferation was analyzed by MTT assay system. The data are
compared as the means +-SD of the results from three separate experiments
(*P<0.05 and **P<0.01).

_']6_
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3.2. HL156ADL MIEZ=D|0ll O0IXl=s &E&

HL156A0F MIZ=D10l OIXl= F&S T AGH)| <ol Flow cytometryE AFE6HH 24
OtACH. Fig. 3A0 LIEFH BE2E 2¢0], HL156A XM2le= Fabu/PTX AIZ2b MCF7/ADR Al
2% G2 / M phasetiid ZItE &b gt G1 SOIOIN &dURS=Z 2A5HRUCEH
FaDu/PTX MIZE 2t MCF7/ADR MIZEUIAl 24 Al2F SOt 20-40 uMel =& 2 HL156AE X el
4 phospho—-COK11t cyclin B2l &= &olst 2 =50 2EGHH Aot A
EHOIGIACH (Fig. 3B).

SA0 OISt HL156A2I F&F2 ot E0l6t)| <o, soft agar colony format

i1
_|_

Qﬂ—v—

o

oll

Al
ion assayE =&otALCt. colonyll === HLI56AE XcIotAl &2& E=Z Hlwoto
40 uMel =52 XMcelotREs M HL156A= olonogenioity% FaDu/PTX MIZEOIA 34%,
MCF7/ADR MIZOIA 48%2 S XMSHAH ZAAIZS SHOIGHACH (Fig. 3C). TetA G2 / M
NIZ=D12] NH0l CHSt HL156A2l S It MIE H&EO| AXt 20l USS AlALE
Ct.

H

_']7_

Collection @ chosun



FaDu/PTX MCF7/ADR

Con HL15%A  Con HL156A FaDu/PTX BLEIADE
: : S HL156A C 20 40 (pm)  HL156A C 20 40 (uM)

| ‘

A Ak = =-

60 60
@ Con 0 Con

0 m HL156A 4, g

20 20

~ 0

Gl § GIM Gl S GZ/M
C
FaDulPTX MCF7/ADR
Con 20ult 40uM 50ult

-4 [ ol 1 . 120 - a0 -
o (5 gt £ L i ¢
o ' ey s : v 100 4 -
5 v ' S e in i - B 6D e
a . Kl £ 804 £
w Lo T | T o ] d " = o i
u-l'-.ri 'I-‘l:. i 3 .. J I" . = 60' =% £ 4{}

| N SR, g TR 3 40 B
o BT G R RS BT g 3 -
2 B 0 B N, R e d 204 0
S A e 8 '-..:-.-. Bl 1% S e gy 04 g
il TN R IR C 2040 (pm) C 20 40 50 (uM)
=h ".'-'" p Gl 1 Stk R ) X

= e 'QL\- ‘;l:‘.‘ “‘ " .‘,'.

_‘]8_

Collection @ chosun



Figure 3. HL156A inhibited colony formation and induced cell cycle arrest at

G2/M phase in multidrug resistant cancer cell lines.

(A) Cell cycle assessed by flow cytometry after cells were exposed with 40 uM of
HL156A for 24 hrs. (Flow cytometry evaluated cell cycle distribution after cells
were exposed with HL156A 40 uM concentration for 24 hrs). (B) Immunoblotting of
cell cycle-related protein in Fadu/PTX, MCF7/ADR cells after treatment with
20 uM or 40 uM of for 24 hrs. Whole cell lysates were subjected to western
blotting and detected with phosphorylated COK1 and cyclin B antibodies. B-actin
was used as an internal control.(C and D) Effects of HL156A on colony formation
of Fadu/PTX and MCF7/ADR cell lines. The number of colonies was determined after
14 days treatment with HL156A at indicated concentration cells were fixed and
stained by crystal violet at the end of the experiment. Colony images were taken
by an inverted microscope at 40X magnification. Microplate area scan at

0D 550 nm was used for determining of colony quantification.
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3.3. HL156A2| migrationdt invasion & Xl= 1t

o

2o =Rs E4 T otLk= migrationdt invasionOICh. HL156AJF AIX 2| migration
S X& ol=XIE XZAGHI| 2ol wound healing assayS #=&ot Ch. FaDu/PTX M2}
MCF7/ADR MIZ 0l HL156AE 24 Al2t =t XM2Iot MIES| migration=S &felst Z 1t
40 uMel ST O0IA MIESl 010l S5l ZAdts H2 EOIGIALCH (Fig. 4A).

St HL156ADE MIZS| invasion2 S XSt=Xl HEE X AGH| <Iol, AIE 2ty
Matrigel Transwell chamber assayS £85I CH. FaDu/PTX MIZ2F MCF7/ADR Al Of
HL156AE 20 uMdb 40 pMe &2 24 AlZt &9 X2l Al, HL156AE Xc2let M2
invasion0l S25tH AHE= XS ECIGHACH (Fig. 4B). HL156AE 40 uMel =& =2
Xelst ZDt Fabu/PTX MIZ2F MCF7/ADR MIZZOIA < 34%2t 43%= 2FAGHACH (Fig.
4C). WetM HL156A= 242 WA MIZZQl FaDu/PTX 2F MCF7/ADR OIA MIZESl OlS1t &

AL,

I

iy

OlIE dHMeEgs &#2lo

_20_
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Figure 4. HL156A suppressed cell migration and invasion in Fadu/PTX, MCF7/ADR
cell lines.

(A) Wound-healing assay demonstrates the closure rate of cells exposed with
HL156A. Image of wound-closure ratio at indicated concentrations and
time—points. (B and C) Effects of HL156A on cell invasion ability using
Transwel| assay as described in Materials and Methods section. Cells were
treated with 20 uM or 40 uM of HL156A and incubated for 24 hrs. The charts gave
the quantitative measurement of migration percentage. The results represented
the average of three independent experiments.
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3.4. HL156AS A AIZE &1t

HL156AJt FaDu/PTX MIZE 2t MCF7/ADR MIZEOIA apoptosisE FEot=Xl ZALGH| €
o Annexin V-FITC / Pl Ol= ZHA=2 Gt0 Flow cytometry@ MIES2| AIZ2ES 240X
Ct. Fig. 5A0 LIEFH HE2F 20[, HL156A (20 uM = 40 uM)E 24 A2 SOt Xe2l&t
Z 1, FaDu/PTX MIZ2t MCF7/ADR MIZEOIAM 222l CHEZOIA 94%%t 87%2 AIZEIt A4
Eote A0S EOIGIACH. Fabu/PTX MIEOIA 20 uM2l =& & HL156AE X2l Al 90%<2
liveAdI 22t 7.2%2] AtZ HIEZE EOIGHALMH 40 uMe === HL156AE X2l Al 65%2
livedI 2t 25%2] AtZ MIEZE QIGHAUCH. MCF7/ADR MIZEUIA 20 uMel =% 2 HL156A
el Al 81%2] liveM 2t 8.3%2 AMZNEZE &QISHA2H 40 uMS =S =2 HL156A
el Al 71%2 lTiveMIZ2F 20.4%2] AtZE NIZE =CIGHRICEH.
8t Annexin v—=FITC / Pl 0= @MZS St fluorescence microscopeE O|Z5HN
FAGIACH, O Z2W A=SS HMelothl 22 UHEZD HIWSHH 40 uM HL156AE
el Al AFZEE MO Botote XS EeIotRULH (Fig. 58).

LT 11

Western blot 240 M the inactive form poly (ADP-ribose) polymerase (PARP)Jt
HL156AZ X2l & NMZNM sZ0 2/E6t0 240t HE2 HOIGIRH AlIFS ¢S
OlEM AIZ S EOIGHARLH (Fig. 5C).

Ol HL156A2 =0l ek 2222 M AlF i
(et HL156A= 22 WA MIZEQ! FaDu/PTX MIZE2F MCF7/ADR MIZEOIA MZSl AIES

ot NS 2 EOIRUL.

ol
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Figure 5. Induced-apoptosis in human multidrug resistant cancer cell by HL156A.

(A)cell apoptosis assessed by flow cytometry analysis in Fadu/PTX and MCF7/ADR
cell lines after incubated with HL156A (20 uM or 40 uM) for 24 hrs (B) Detection
of Anexin V/PI positive apoptotic cells under fluorescence microscope. (C) Total
cell Ilysates were subjected to western blotting using antibodies against
Pro-PARP and AlF.
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S ERKE 22 d&ut

A
g0t HES0A MOR1S
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OI0I 2t HL156AJE HOXCOS:
s =0
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= =
J(_Dl_8 (=]
ZAGHRALH. RT-PCR 242 S
| ZA0h=

Ol 2f=ot

ol &
HAE ZTHEGHH <
Jelld AFEol 2046t
O MAPK HZ =0l ENZAUCH [9-10,28]
Jlel1) phospho-ERK1/22] &0l DIXl= Z&
/PTX NIZE 2} MCF7/ADR MIZOIA HL156AS] =& 0 21 &6t0 MOR12l E&
ZAUME MOR1S Z&0l HL156A Melol 2ol s&
Western blotE& UM% FaDu/PTX AMIXE 2t
STH 2=t ZAotH20 HOXCE2
3“ ig. 6B).

ST &
gt

FOIGHRACH. aRT-PCR
Ae EOIGHACH (Fig. 6A).
22 HL516AS

fob

ISE

A
Fote
MCF7/ADR MIZZOIA MOR1S

8t phospho-ERK1/22]
MOR12t HOXC6 12l phospho-ERK1/2

2 Mo
Ol

AT EOIBHALCEH.
phospho—

MetA HL156A=

HOXC62t MOR1 12l phosph-ERK1/22] Z& 0| ANE S
ZAFGHI| 2Ioi HOXC62
el

SQlotALH.
HL156A0I < oH
HOXC6, MOR1 Zlc2l1) ERKSl 24 sS
FaDu/PTX MIZE 2t MCF7/ADR AMIZZOI A HOXC6 s Z 0t HOXC62H MDR1
ERK1/22] 280l 25 SItes &QIGtACH (Fig.6D). [HetAM HOXCeIH MDR1Zt ERK1/2
2= EelotL.

of &€&l 20ot=s
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Figure 6. Suppression of MDR1 expression by HL156A in FaDu/PTX and MCF7ADR
cells.

(A and B) The mRNA expression levels in FaDu/PTX and MCF7/ADR cells was
determined by gRT-PCR analysis. Cell were treated with HL156A (0, 20, 40 and 50
uM) for 24 h. (C) The effect of HL156A on MDR1, Hoxc6 and p—-ERK1/2 expression of
FaDu/PTX and MCF7/ADR cells after treatment with HL156A at indicated
concentration for 24 h. (D) The effect of Hoxc6 overexpression on Hoxc6, MDR1
and phospho—-ERK1/2 expression. Hoxc6 was overexpressed in Fadu/PTX and MCF7/ADR
cell by using pcONA3-Hoxc6 vector. Total cell lysates were immunoblotted with
antibodies against MDR1, Hoxc6 and phospho—-ERK1/2.
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3.6. HOXC62t MDR1 ERK1/22 B = &0l

HOXC62l 1t2fs 2t MOR1L ERK1/22] Z& 0l SJtots 2US =elst L. HOXC62

SiRNAZ 0IE0ot0d HOXC62t MDR1 el ERK1/22] HIHQl HZHE ZAGHYA
(]

FaDu/PTX MIZE 2} MCF7/ADR MIZEOI M HOXC62| siRNAZ BF HOXC62l 2HA-2F MDR1
T2l phospho-ERK1/22] 2ZtA S ECIBHACH (Fig.7A).

HOXC62t MDR1 112l ERK1/22] B2 E
o1 U01262 AtEotH HAZHZ T AIGHACEH. FaDu/PTX AIZE 2 MCF7/ADR Al ZE I A
o HAH=2 U0126 X2l Al 2 Hal=

ot HIWGHH BItoles HE S = A HOXCEIH ERK1/22] =& 0l 20{ot1
SOIotACH. MOR1Sl 21t U0126 XMel Al ZAE =QIotA20H HOXC62l WS
(=]

=
o
=
Lo
us
ral
ro
Ol
N
9_

4%
[w
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$0

. U01261t HOXC62l MBS &M X2l Al HOXC62l W&

E0I5H)| <ol HOXC6 s 1t ERK inhibitor

HOXC6

AU2M HOXCe a1t UO126= &M Xl of
£ [ HOXC62l &€& 2 SIict= XS =CIGHRULCE. phospho-ERK1/2= HOXC6 1tEs
21 6 LS M XMl Al U01268H X clot

oH=2
=

=
=

0[0
nio

ro
=2
e =

A AE OISO ZM ERKI/2JF MOR1Sl 280 MNEFHEC=Z
D UASS EelotUCH (Fig 78B). MetA Fabu/PTX AIZE2F MCF7/ADR AIIE
HOZ XBSOZA MORIS ZE0 2SS AIALSHCE.
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Figure 7. Hoxc6—ERK1/2-MDR1 pathway in FaDu/PTX and MCF7ADR cells.

(A) The effect of Hoxc6-siRNA transfection on Hoxc6, MDR1 and phospho-ERK1/2
expression. FaDu/PTX and MCF7/ADR cells were Hoxc6-siRNA transfection for 48 h.

(B) The effect of Hoxc6 overexpression or ERK1/2 inhibitor on Hoxc6, MDR1 and

phospho—ERK1/2 expression.
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3.7. HL156AS HIZLH ==

P-gp= ME S22 A== REAIIe BEZZ & LM U220 HU156A0 28t
MOR1 Z& o] AXIL NXE Hezo A= RES HHot=Xl ZTAGHI| <Ich Rhodamine
123 accumulation assayS AISSICH. FaDu/PTX MIZE2F MCF7/ADR MIZZOIA HL156AS
X2l Al Rhodamine1232] =X 0| =422 Xcelotkl L2 WA Bl WdtH <& 15% 3%
QF 50% = ZIIotUCH (Fig 8A). 1 Z1F HL156A0 2Ist MDR1Sl 2 Ml= MIXE U
%20 FEXHS REote A2 EHOIOHALE.

FaDu/PTX MIZZ2t MCF7/ADR AIZEO0il A

Hsk=2

NI & 2] =
EOIGIALCH. Colony
MCF7/ADR Al

colony ==

—
W og sxg

S0

Ol XI K]
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o
LS

formation assaysS
SOlA HL156ALIF Paclitaxel
AGHCH (Fig 8B).

OfLI2} %29l BIZES

2t289 MIZ 0
20 uM2l HL156A%t €& XclotH «A22 = UtE
MG ZAtSt Z b FaDu/PTX AIZE 2t
£ = Doxorubicin2 Y& Xl Al
CekA HL156A0 SISt MOR12l S Hl= MIE
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Figure 8. Accumulation of rhodamine 123 in FADU/PTX and MCF7/ADR cells.

(A) FaDu/PTX and MCF7/ADR cells were treated with HL156A at indicated
concentrations for 24 hrs before incubated with 12 uM Rhnodamine 123 for 30
minnutes. Data are expressed as % of fluorescent dye accumulation in control
cells exposed only to rhodamine 123, arbitrarily set at 100%, and are the means
+ SEM of three independent assays. *, p < 0.05 when compared to control cells.
(C-D) Evaluation of the colony formation of HL156A and paclitaxel or doxorubicin
treated cells. Colony formation was assessed 14 days after treatment at various
concentrations, and cells were stained with crystal violet at the end of the
experiment. Images were taken with an inverted microscope at x40 magnification.

Colony quantification was determined by microplate area scan at 0D 550 nm.
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3.8. HL156AD} angiogenesisOl O|Xl= H&F

Angiogenesis= &9 £4& = otU0IH DES

L156AJt angiogenesisOll OIXl= Q&= =ZAtotdl ol Chick Chorioallantoic
Membrane (CAM) assayE AIZGIRUCEH. 40 uMll HL156AE 24 Al2t St X2Ist MEE
SN €10 3 & HHYSHe EolE £2 Motk 22 tWEZ W BlWdtH
tumor =2l angiogenesisIt =2IGHH 2Adte= HE EHQIGHALH (Fig 9A).
FaDu/PTX MIZOIA 2F 30% 8= 2AGHA2M MCF7/ADR MIZUIA & 45% B & 246t
= FACH (Fig 9B). [hetAl FabDu/PTX MIZZ2F MCF7/ADR MIZEOIA HL156A=

= 22 =05
SE ROIGHH 2AMGHs 212 HOIGHUCH.

2 (B2 SHZAIMY S =F0|C}.

[ [

I
B
Q

—

angiogenesis
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Figure 9. HL156A inhibits angiogenesis in CAM model .

(A) The fertilized eggs were implanted with 40 uM HL156A- treated FaDu/PTX or
MCF7/ADR (1x107cells) cells and incubated in a humidified incubator at 37 ° C
for an additional of 3 days. (B) The graphs show the quantitative evaluation of

the angiogenesis.
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AASUHA Metformin2 8 SNS0HA & LEHE0 Z4g &8 oL =
A

=2
CHIEY, Hay, dEgdy, 22y S Ugdst 72 A

0%
02

>

o

oon

0 BONEA2LE [30-32], Metformin2 &
HStC. Metformin2 &=xH2= QaH AHE WO SOHIX R&Il W2
metformin® X& ME2 KHEHOIH SHSMEZAE At =

Metformin &M Q! HL156A= 0Ol2st HHEE =
=1 AL, Metformin2 Ol™ O HAFUA RLS 2
mM/L), B (5 - 50 mM/L), &2 (5 - 20 mM/L)S sEUHAM AIES B4 AME
SEOIA2LE [44-47], HLI56AE 22 (<40 uM/L)OIA metformin=2Ch 125-5008H
Z2 sSZ0M HE SAS AHMAIUCH [42]. Ot AMES(glioblastoma)HAM S
HL156A= metformin2C0 2 sZ0HM 3SAS AHNABR2H 01 0AZZ0A
HL156A2 30 mg/kgll S22 metformin 500 mg/kgt HIwWSH 28t MAl L S
AN SWE BUCH [40]. 2 HFOUAME HL156AI FALHME SYAHE el

2

AL HMIEZUA Metfotmin2Ct SSHCZ 2 HIE SAS Mot XS =oAL

M
AL

2 AN Metformin2 CHIUE SELSMZEN M doxorubicin dt SEX 2| Al
PN

NE & Ao AIUXSUE =eIotRALH, Lo =22 MEZA 2t MZ0IA
22t 2-deoxyglucose 2+ 5-Fu 2to] Hal X2l AT SAFSH SOt EDEACH [48-5
0]. Ol= MetforminOl %S WAEAMIZONAM LM CHE SAEE SIAHA F1
ASS FEH = = UL. Ietd = g+= 22d e AZ0A MZ22

metformin 2 RS HL156A 2 SE =QIGt DA SHALE.

H

2 AF0M Metformin RS HL156A = 22 MIIE Fabu MIE2F S Al
MCF7 AIZ el f1e MIE SNU MIZO0IM MES 8%, SAS AMote HS =0
UCH. &St HL156A = Paclitaxel Off WWAES Jt& 22 M FabDu/PTX MIZE 2t
Doxorubicin Off WS I8 S MI MCF7/ADR MIZOIA 1Cs €1 40 uM/L Ol A
SEXNOZ MIZo BAZ2 AMGIA2H Cisplatin Ol LHEAZS Jt& 212 MIZ SNU/CIS
NIZO0IA HL156A = 50 uM/L 2 SZ0IA S4S F2AGHH ARMGHACH Eat 22 SR

o]

= O

OU

_34_

Collection @ chosun



gt E40 0lst MO0IE =olst Z1 HL156A = CHHIUE 222l SYS0A A
Olst H0IE =oIotH HHMOIRAL0, colony &S L8 =2lotH A XMGHALEH.
=

fl

HL156A Ot XclE MZO0AM MIE =II1E 248t 2Dt G2/M phase 0lA S X GHAH S XIGH
[, 0l ZUA SLotA HL156A= G2 phase 2f E&HQIXQ! Cyclin B 2
Cyclin-dependent kinase 1(CD
2 MIIEZOIAM HL156A Ot MIEZFDI0 OIXle S0l NE SA 0 AFZ0 2
AAFStCH, HL156A = =%0 2/&ESHH AXE = .
A= HL156A Off 2l8t MIZAL JI&ES XZ&Eot= HE0M HL156A Ol 2IGH AlF Ot
oz 4 O0IE2Ecl0toll E=XHotCHot
MIEAZO0l LA HEEH He=2 0l=, Caspase 0l Hl 2AEHZ ONA 2 &It
USt0! caspase Hl SIEXOZ AIEE |RESHCH [51]. 2 AR M= CHAIUL
H UL YN ALl HL156A JF Pro- Poly (ADP-ribose) polymerase (PARP)2 <
SIS EOIotUCH [MetA HL156A = THHIE 2220 220l A caspase 2A&=H
H SIEHCZ MEAM RE00 20eS =H0g = JUJUCH. DAL HL156A &
CIHMILEE 20IAS A AFED|IE A0 O ERE A2 AR
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= Alfel == Z20ltt. MR1=2 CHMl WE
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S0l BT [29] SO0IBAHE 2 HA0AE HL156AJF HOXC6 E AME Sof
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HOXC6 @t MOR1 Ze2ld ERK1/2 2tel XFAQI HA2ALZS Z0Iot)| <ol HOXCE &
NS FEOH0 MDRT Bt ERK1/2 2] ZE S &QIGHRUCH. 222 L0 HOXCE
O WMES Al MOR1 It ERK1/22 &2
knock-down Al MOR1 2t ERK1/2 2] && 0| XIS
ERK inhibitor & AIEolH 0l SHEHA2H =
inhibitor S Xe2lol 2o MDR 2l 280l 2AGHA
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FRLCEH. B, HOXCE 2

e
ol

LIEFLAl 2 S22 M, ERKJE MDR1 2l 230 20gs =

S ERK inhibitor 2 #& X2l Al ERK1/2 2t MOR1OlM ERK inhibitor &=
el Al 2O «42te] 240t el tEZ0 dlol SotgsS #elotch. 1 21t
HOXC6 JF ERK 2| 2SS ANENCOZ ZXHEOZM MOR1 S LSS ZEEES EHOIGHA
Ct. OIOf (Ctek HL156A Ol 2/8F MDRT 2l MOt MIZW 4= X2 |R&ot=Xl 6L
S SOIGHAL. O Z HL156A = =0 2ESHH CHAILEE 22Dt S22 0lA
U= EHE FEOIU2M Paclitaxel Bt doxorubiciin O &= SIZ2EE SIHAIDI=
RE LHGIACH. MetM HL156A & MORT A= ME W 222 SHE RLolH 4=
o DIZEE BItAIIIB Olefst MOR1 2 Z&E HOXC6 2 ERK1/22] Z=Z20 JIele=2
AlALSHCH

C5t E&4alM(angiogenesis)E MZE 22 40t 329 4&, &, MOl
LAl ol 3 = StUOICH. D8 B2(Solid tumor)ll SAI2 E2AMH o
HOICH 244401 A= Al 2mm Ol & = QB2 1 0l& &G M=
G AUE2ES Aol ME22 E24IM2 BHO|CE. E£8F angiogenesis = & &0t
OtLIch HOINAME SR8 &S ole 21292 FLH Ol ARUHAMN SS2LlA
O angiogenesis 2 Hle ZLS ZAW HOIE AMAZ0O EIEJCH [54]
(t2k M Angiogenesis 2 M= & XS0 U SHLSUE H=2 SIAZ IisH=2

g0l 0IXle &= ZAtotJl 2ol
Ol=otCh. 1 Z1 HL156A Xel
MO 2420 30% 24 45% =

HE Soi g2elds ANotH =

XD UL 2 HANA= HL156 2of S2talM
Chick Chorioallantoic Membrane (CAM) y
OtAl 22 X220 dlof L2 AJIet g
SXol 2A0HACH. WekA HL156A JF ERK1/2 2

9ol ZAl EB GFE & USS 2OIFD UCH

Metformin 2t HL156A = AMPK 2l EHSHZ & LHAM U2 HL156AL E=2

Metformin E2Ct O =2 AWK <2 = A0l BAEAUCH [38-43].
|23 2Z0 OHUWAE SZL0AM Metformin & doxorubicint HE Xl Al
AMPK 2| EMd3t= mTOR2l AME JINMES Sol U2 WE2 =56t 322 Xl
20otn /USO0 2R ASLt [60] £ O <

Metformin 2 AWPK 2| 432t L2560 A=UHE
2 = P

iy
0z

iy

=1 oCE
= R&0

val

CH&t metformin o & & St
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NZol SAEA HHZol et Zetd & JCH [55]. 2 HAFPX= Fabu/PTX AMIEZ2t
MCF7/ADR MIZOA <=2 WAEES ==0ctJ| <ol 0ld AZSUHAM LHE HOXC6 E
S RS =0otdn 1O 2D HL156A = Fabu/PTX M2t

AS=S LAGATH. el

SHZ 2= Ud=S
MCF7/ADR HIZOIAM A=UHdE sz M &
CHAILh S & 0IA 2l HL156 4

0 JU

>
1o

ESetdo=z 2 AR 2 Metformin & HL156A JF paclitaxel WA 22 AHIE
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o
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