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o}, ¥bd, FoxM1 =
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= 19 7} AZo]A GPR119 w3 #AZ3vt. A EFol A,

A e s wls AYEY/GPR119 =S FAIA Y

shle W, A7HA <l A EAAGSA v vebsk e, ShA EAE
AFE X 3E<Ql annexin V A3 cleaved caspase—3/7 2 PARP 7}
wEEAT. E, AAEHS A2t MCF-7 AXoA 22 =-&
A xR LC3B I 2d 2 eEsuE o] Frhskalch whi,
AV EE E5Age] wlal AFEH/GPRII9 HEE SAA

ehlE o, LC3B I 2d 9 JFxA eEduFE Aol fHashsith
GPR119 Z<& MCF-7 AXFA MBX-2982 9 z#p4z-§
AA g o= EbbA] ekSkel dolrk, MBX-2982 & A2 MCF-7
AZA F ATP 7t 9 Abstgdabsiita/sld57he st
GPR119 t=5 Agd MCF-7 HAEEE 9 wjoful=] oA

AFThAre] HEAEQl HAake) H2o] #EEglow, 20 mM § =9
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1. Aok 8L A

Gefitinib (cat. HY—50895), BI2536 (cat. HY—50698),
MBX-2982 (cat. HY—15291) % GSK1292263 (cat. HY—12066)
i Medchemexpress (Monmouth Junction, NJ)olA] Fulja}sitt.
Compound C (cat. P5499) % 7]e} AJeke Almpdk=alx] (St
Louis, MO)ellA s}l th. Anti-E—cadherin, anti-N-cadherin &
A= BD Transdection (San Jose, CA) ellA -1} 8}31 T Anti-LC3B,
anti—ATG7, anti—ATGDH, anti—ATG12, anti-pAMPK, anti-pACC
&A= Cell signaling technology (Danvers, MA) oA -mjl &}t
Anti-MCT1-4 9 7€} &A= AFebA5 % (Dallas, Texas) ol 4] 4]

sheiet.

2. Al XvjF

=
o
M
fol
&l
-
el
|o
fu
-z
)

HCC827-WT/GR AlE& Agu)s
Al grrokeh H292—-WT/GR, H1993-WT/GR 2 71} #H A EE A

& o= WFHOEFE ATttt = FHAEZFE 10%

=
L%
K

fetal bovine serum (FBS) %! 1% penicillin/streptomycing #7}3F

=

RPMI1640 iAol A wiFatoivt. AFEE AFE MEFE= 1 p

AV E S e mjH oA wjE o, AREY ATYHETF=
6

A& gk



1 M 2=ZEH S J7ReE vz oA sjFstalitt. MCF-7 B oAl 2
T+ Dulbecco's modification of Eagle medium (DMEM) 8 %] o] 4
A Fsbaitt. MDA-MB-231 Az 9 t& FEEAESS
RPMI16408]A] | A vl eFstitt. HepG2, HepG2-X % Sk-hep—1 Al

¥+ DMEM-low glucose B Aol A ujF3s}i .

3. Al¥52], 3D spheroid 2] #& 4 Caspase-3/7 &4 &#Z

AT S B8] S1siA 96 well plateo] MES wi st

1 oFES A3k 3 Incucyte® (Essenbio science)ol &&ala Al

a9

IZAS AAgror AFsF T A Zufekuf x| o] Kinetic caspase—
3/7 AN eF (cat. 4440, Essenbio science)S #7}sto] apoptosis7t
g A7 s gds WAkt = shglth. Spheroid 84S BTt

317 ¢l A ultralow attachment (ULA) plateol] A5 #5313

o] &-3}o] spheroid 35 AAHslSt),

4. EGFR #ZA E9Wo] £4

1.5ml EP FXHo| AMEXE A3 0.1 ml genomic DNA &
g 2=H (100 ml & FA: proteinase K, 10 ml 10% SDS, 2 ml 5

M NaCl, 20 ml1 0.5 M EDTA (pH 8.0), 5 ml 1 M Tris—Cl (pH 8.0))
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= A7} % 55 TollA 2AF wieFatitt. 7= 100 wl 5 M NaCl=

o

bl Ao

o}

ol
ru

2] FHE

M

H7Fetal 15000 rpm, 307 44

]_

ol

%713 70 pl isopropanols %7} ¥ 15000 rpm, 30 ¥4 &g
Atk Aeds A Fe EF2 70% ethanol® AlF ki 50

ul BsFr2 AHESHS T EGEFR point mutation primers ©| &

AEE A7k PBSE A#Hsta EBC AlEg3s] &% 9 (50
mM Tris—Cl (pH 8.0), 150 mM NaCl, 0.5% NP-40, 5 mM EDTA,
protease inhibitors, phosphatase inhibitors) & a7} & 1A]ZF # &
SHTE 16000 g, 4 C 4R F Aeds MEE FHE &7
1x promeasure solution®. @ w2z S Attt A3 Fo] o
HAds s st 6x AEIA TS F7F F 100 C, 5%
b oA AN ES FHeith @A ES sodium dodecyl
sulfate polyacrylamide gel electrophoresis(SDS-PAGE)®#H o 2
w23t 21| nitrocellulose membrane©. % trnasfer® ATt 5 %
skim milk blocking, 1% antibody, 2" antibodyZS *glstx
horseradish peroxidase solution® = WA A7l & LAS-mini(GE
Healthcare Life Sciences) & WAL & Aol Aasiivt, w2l

MES] A ES multi gauge wAHZRIHE o] gste] A8kl
8
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6. mRNA FZ 9 G EA

AMZ9] total mRNA:= TRIzol® (Invitrogen, cat. 15596026)
= o]&st EElskalon, AN AEH A AlvE wAE
wskeh. 2153k total mMRNAE RT Premix® (NtRON, cat. 25081)
< o]&3stod cDNAE TAsksitt. Conventional PCR< PCR
Premix® (iNtRON, cat. 25081)& ©]&3at31.2n, T100™ Thermal
Cycler (Bio—Rad) |4l DNAE T3%A713 2% agarose geloll A &
7195417121 5% EtBradA$ ChemiDoc® (Bio—Rad)Z oJvn|A| &
g 539, Real-time PCR<S SYBR master mix(Applied
biosystems, cat. 4309155) & AFE-3F ™, CFX96 Touch™ Real—

Time system (Bio—Rad) & o] &3] AAzro 7 B}

7. A X0)%% (cell migration) H7}

A= ClearView 96 Well Chemotaxis
Plate (Essenbiosceince, cat. 4582)°] &F3+%599™, IncuCyte®

Chemotaxis SoftwareS ©] €3] A E9 ol x5S AANOoE F

ZAsta B4k Platedtd ol 0.25% Zehavu-s ©25a 10%

8. A EEA (flow cytometry)



SHAlzel EsiAle AYst] WEAER WEom, FAE

217171+ FACS calibur (BD science, Franklin Lakes, NJ) & A&

fr

ol

vk 2RvbAEA S 8] flaiM dAE 1:500% 343 9

kH
_|>~

|

=

5l (2.5% FBS, 0.1% NaNs, PBS) oA 153+ f4sta 2

2 & FAsY. AEAVIAPE F4s 87l flsA 1 pg/ml
propidium iodide (PI), anti—annexin—-V-FICT 1:50°.2 343 I

2+ (10 mM HEPES, pH 7.4, 140 mM NaCl, 2.5 mM CaCl.) °| A
1537 dAstar 29 AlE § A Y AT 7124 (cell cycle
analysis) = T3’ 2l MEAEZE 70% ole-1d5 Al st

Aok AA AFN(0.1 % Triton X-100, 0.2 mg/ml RNase A, 1

ug/ml propidium iodide, PBS) oA 104 st #4383t
9. TE 4%

TEATS Mgt sEAFEIALs] ] A uet
AGANE s B Fssich. APF5ES vahuto] 2 HE el A
e, Aty Faokstd s APFE A ALS 3T

]

L BE, FHT RAHL 124

2 F72 HAS vt FAY 1) invivo 48 A Bl (U s

SNU-170724-3): 558 4% BALB/cnu "}$29 oF dtgle] zt
7} HCC827-WT (3}, HCC827-GR()AHNEZE HESL 6F Zo

orE A G2 ghelstgth 2)HCCR27-GR o|FolaAlnd (&M
10



SNU-170724-3): 5% 7% BALB/cnu vH¢29 -2l
5¥10° HCCB827-GR AIZE FY3F3lrh. BI 2536 10 mg/kg, 30
mg/kg FEE F 23] 54T st 3)MCF-7 o]Fo|A el (%
AW S SNU-140106-1): 559 % BALB/cnu w22 &7-¢
of 5%¥10° MCF-7 A¥%E Matrigel®o] #Eso] Fdstdt. 1
nug/kg estrogens A7t HAFFASAY. 5= 53] 10 mg/kg
MBX—-2982, 10 mg/kg gefitinib& ©%5 T WE3sto] HGFo 3
At ) HepG2-X o]Folandl (HAW%: SNU-140106-1): 555

7 BALB/cnu vh¢-29 d7gle] 5¢10° HepG2-X MEE F

o

st F 53] 10 mg/kg MBX—2982, 10 mg/kg sorafenibS ¥

3
iy

W gatol AT%ol s

10. FoxM1 &4y 4 AEAEF &9
FoxM1 #d NEXFE w57 984 otFdigta o 7o)

st BlElE ZFYOERHE FoxMlb ZEAv|=E A g
FoxM1 A<&EAXEFE Y57 984 Crispr—cas9S ©]83F FoxMl1
knockout system: Lipofectamine™ CRISPRMAX™ (Thermofisher,

cat. CMAX00001)& o] &3t cas—9, guideRNA, tracer & =%}

ST

11. Gene Expression Omnibus(GEO) ¥4 % Kaplan—Meier

11



Plotter

GEO #242 National Center for Biotechnology

Information® A A ¥st= FTMAEE o] &35ttt A FHAAES

off

Agt AAARNA actin®F HFHE ST T BAHYT. A

rh
o
ME
1%
flo
=
[oV]
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D
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s
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o
ol
ol

= BAAEE ol gaheth

GPR119% THCYEAMsIa Fedn|dor o|mAE A ¢ GPRI119
e G5 9 Ayt AWA BRI AAAdS SPSSEZ @ o g HA

13. FAAAE v A Y (Transmission electron microscopy)

LEFIFE F2UHES Aeddu F98E77dolA Al
3t FAMAAER AW wel FaEQTE AlEE karnovskys
fixative® T Fom, 0.056 M 7tZLHOIE ehFdoz Az &

2 % osmium tetroxide post—fixation sFFTF MZS Z=F4 7 A F
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S, 0.5 % SEdolAH ol ER A 3 el g 4l Xz adl SALo]
=72 gAY, MZof spur's resing A7FeE & 70 ColA =g+

ok, &£=-& ultramicrotome (EM UC7, Leica, Wetzlar, Germany)

ol

= ARgSke] HbEoR mEglow, FAF AAk |l JEMI1010,

JEOL, Tokyo, Japan) &2 o|u|A| & & 538}S]t}
14. ATG7 siRNA Transfection

siGENOME ATG7 (cat #. MQ-020112-01-0002,
Dharmacon) % scramble (cat #. D-001206-13-05, Dharmacon)
+ FuGENE® HD Transfection Reagent (Promega, Madison, WI)
E ARESko] Ao Zdekit
15. Autophagosome ¥FE4]

GFP-LC3 plasmid+ Z=Z&|th tistw Al n54d e
ZRE AFdtt, mCherry—GFP—-LC3 plasmids A&t gt
W AYHIF FEEl BAbd o2 R E AlFEokth Plasmide
FuGENE® HD Transfection Reagent (Promega, Madison, W) &
Abgete]l  Alze] EQlEglon RIS™M P Fdw A (Logos

Biosystems), £+ Incucyte™& o] &3&}o] ojm| xS HA 59T}

16. Lenti~virus GPR119 knockout system

13



GPR119 (cat #. SHCLNV-NM_178471, Sigma—-Aldrich) %
Nontarget control (cat #. SHV0002, Sigma—-Aldrich) & ©]£-3}%

Al

e

of ZFAAA S ™ puromycin AFFS 7M=& HMEE AESHA

ot

17. CRE-lucifease A &4

CRE—lucifease plasmid+= Lipofectamine 2000 (Invitrogen)
= AFE3Ee] AEo] =] F Tt Luciferase reporter assay Al Z2~Hl
(Promega, Madison, WI) ¥} Tristar LB 941 luminometer (Berthold
tech., Bad Wildbad, Germany)”7]7]& ©]8-3}o] luciferase A&

=4,

18. 1IH-=}7&4

AZE Rge] dgstel w35, wAE T s

o

A7kl Aeddes7I2 ARARY. $F5222 1TH-MNR D20
o (2 mM Na:HPO,, 5 mM NaH:PO4, 0.025 % trimethylsilyl
propionate) ] *9°]3, Bruker 500 MHz #3%7] (Bruker

Coperation, Billerica, MA) & #2435}t AAte] s F42 A&t

1%

w o Easd A7Es stk

19. XFp A ZtjAHEA 7]
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AbstA Ak sl/dld M EUAE XFp  B417]  (Seahorse
Bioscience, North Billerica, MA) A|2~8-& ARE3sto] #zskgitt,

b Ao XFp Hf

a
N
ol
o
El
>,
e
—
>
[-'\l

3%10° M3EZE XFp Zdo|E

=

A2 mpfro] FEAth e Aok W B 22 XFp mitostress test

kit (Seahorse Bioscience) |4 Al ¥sh= X2 EZS F5F% T
20. BAEH

olel= H¢ £ SD. T SE. 2 A Ao &
o] 2 Student's t—test =2 ANOVA F8 & p —value & %A%

ot " p<0.05 =& "p<0.01 B T p<0.005 =AE EA ST
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1. 8 3

D BlE=AEHS AEFN AVEYE AdEd 3 EGFR 84
7%

Bl A 24 YA ZF HCC827-WT Al EGFR 9<% 19
=Rl S 7HXe EGFR A% #opeds Yebdth FBS = H7he
WAl A Al e A2 el whE HCC827-WT Al gl

RS

folr
—E
i
rl;

9

Jo
X
O

AFetls W, AYEd 3 oM FE
AZEAZAAZE debgem 10 nM oA 90% olAF Al A o]
AA A} (Figure 1A, #). ¥k, HCC827-WT A|XZe] 1 nM—-1
uM AFEIHE 6 L7 T4 wfFstel e HCC827—GR Al ¥+=
1-100 nM AFE el 75435 HolA kskth (Figure 1A, ).

S ES E 2

i)

H A EQ H292-WT, H1993—-WT, HCC4006—
WT Al 9 d2¥ds 54 wieFete] &5is H292-ER, H1993—
WR, HCC4006—ER A|¥°] AEAAS vlusRS ), H292-
WT/ER AXE A9sty, dL2REYS A7AH=d AELE
AlsEdzro]l aA F7ks A #ESltr (Figure 1B). HEsh, ULA
HER Alell 1000 7N AIEZE FFskal 96 Algkel Ad % 3D
spheroid AAEE w3 HYS wf, TA¥ v, HCC827—

GR A3z spheroid #37} FoFo=w Fristsion, #|3Ede



Gty aatd (Figure 10). AMEY ugel gow

U

—|~
.
A
2
o
=

EGFR T790M E<IWloly} MET X+ ErbB2 @& ZF717
ATH22]. ol & K] fsiA HCC827-WT/GR Al329
EGFR 9% 18-21 #FAAEA S Fdsidvh. 2 44
HCC827-WT A= & 19 o A< (deletion)o] A O™ o] =
a7 AR Zrh[23]. HCC827—GR AI2ES] EGFR f+HARA Qo]
4% EGFR fFAAAMLET A 359 s & 5 Aot
(Figure 1D). tix AXZE AFE-$ H1975 & <& 20 1 EF 2o
HEledo R &= om ol AFEHe Wy Addo] U=
Aoz HuE wb Qlrh[24]. oY A FdAl =Fd
Ao fA &4 W F 7)ol wolste] kAl WS
M SAETE Ao aebdA ®©E oulsity. ¢,
HCC827-WT 3 u]lwste], HCC827—GR A4 MET 2

ZZ a3t ow, ErbB2 wae A Wyt ¢t (Figure 1E).
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g 6 o Gefitinib 0 nM T 10| —e— Gefifinib0nM
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e —e— H20Z-WT 2 —e— H1G83-WT e —8— HCCA008-WT
@ B0{ —O— H22ER g 4p-| —o- HiessER @ 80+ —O— HCC4006-ER
2 2
e B 5]
g = £ 30 g o
® - 1 -
B 40 B E 40
2 8 £
20 e [
_§ g g
= s =
o 0 go—F—F———— §
0 24 4 72 08 0 24 48 72 98 0 24 48 72 98
Time (h) Time (h) Time (h)
c
E Gefitinib 1 1M Gefitinib 3 nM Gefitinib 10 nM 25
3 = W Hoce27-wT
§ %1 20 9 Onccszr-GR
2 ':‘E 15
-4 Geftinib 1 nM  Gefitnib 3 oM Gefitinib 10 nM = 10
5 =
= 2 05 -
g -
§ 0.0
Gefimio (o) S~ DH SO~V S HS
D E
EGFR (exon18) 1  LVEPLTPSGEAPNOALLR|LKETEFKK|KVLGSGAFGTVYK a
HECE2T-HT 1 LVEPLTPIGEAPNOALLR |LKETEFKIIKVLGSGARGTVYH 4
HECE2T-GR 1 LVEPLTPSGEAPNOALLR ILKETEFHK I KVLGSGAFETVYH e MET EI
EGFR [exon18) 1 GLWI PEGEKWE I PYA | KELREATSPKANKE ILD 3
CCE27-UT 1 GLWIPEGEKVKIPYA| K———TSPHANKE ILD 28 ErbB2 EI
HCCB27-GR 1 GLWIPEREKVKIPVA | KELREATSPKANKE ILD 33
EGFR (exon20) 1  EAYVMABVDHPHVORLLGICLTSTVOLITOLMPFGCLLOY 0 Actin E
HCCE27-IT 1 EAYVMASVDHPHVCRLLG CLTSTVOL | TOLWPFGCLLOY 0
HOGB27-GA 1 EAYVMABVDHPHVORLLGCLTSTVOL I TOLMFFGCLLOY r
o
EGFR (exon21) 1  GUNYLEDRRLVHADLAARNVLVKTPCHYY | TOFGLAKLLOAEEKEVHAEGEK 52 R e
HOGB2TIT 1 GMIYLEDRALVHADLAARNVLVKTPCHYY | TOFBLAKLLBAEEKEVHAZEEK 52
HCCB27-GR 1 GUIYLEDRRLVHADLAARNVLVKTPCHYY | TOFGLAKLLOAEEKEVHAEGBK 52

Figure 1. Gefitinib long—term treated HCC827-GR cells acquired

gefitinib resistance and EGFR mutation in Gefitinib

(A and B) Cell proliferation rate was determined using real time
cell imaging system. (C) Spheroid formations were detected using
real time cell imaging system. (D) Amino acid sequence

alignments of EGFR tyrosine kinase domain. (E) Protein
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expressions of MET, HER2 and Axl were by western blot analysis.
Data represent the mean * S.D. (n=3)""p <0.005, significantly

different from control group.
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2) AIEY WA g AEFN FATHAE Y

kA Ao Holi= EGFR TKI W/dHM*Es 7] LA EZe}

EGFR ¥, AxAddEE 9 o=wksd Sol d8 v=A

et (Figure 2A). FHIEAE, 5 AZeld wazo)s

ged dr)dsS F3sS w, HCC827-WT Alse] ns)
HCC827—GR M xe|x  E-—cadherin 2&7%}49t N—cadherin 4
vimentin HdF77F #AEHYOH o= HY AxE FHAAS
HAeS 9ulsttt  (Figure 2B). X3 o]#st Ay -7HdAMxE
5olA Ao AAME Awishes AARIAMES ERlsgls , snail
2 twist FES7F FEEAD slug B ZEB HE2 f9%9
H3l7 eGR4ttt (Figure 2C). 49 &8 Al Eof Hls] 714413
AEZ= Aol Fsol T7hstvka &l A th[25]. Transwell oJ Aol &

W, AVEY S22 AREY WWAHAHE AHEFSO

o

ke
FoFoR FhRgon ot 19y AR Wd AL ovla

(Figure 2D).
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Figure 2. EMT markers were increased in gefitinib long—term

treated HCC827-GR cells.

(A) RNA sequencing and differential expression gene analysis (B)
Protein expressions of EMT marker were detected by western
blotting analysis (C) Protein expressions of transcription factors
related with EMT were detected by western blotting analysis (D)
Transwell migration assay was determined using real-time cell
imaging system. Data represent the mean = S.D. (n=3) *p <0.05,

xxp <0.01, =x+p <0.005, significantly different from control group.
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3) AAEd W HAG AEFNN dE7AE P57

ULA plate ° 100 ¢ AxE #Fstal 96 AF &<
wloFstalth,  HCC827-WT  A¥xi Hud Joge 2
spheroid & &A391, 100 nM AIFHEHS AHgst HjA=E
wjeFetls W= spheroid 7F ABAEHA &tk (Figure 3A).
HCC827-GR A%+ HCC827-WT AlEo] nls| Fozo=z &
39 spheroid & A3t ow mHel] AE7E #Wouzt E7]7}
FEE ek Egh, 100 oM AFEYE HYA 2d]E folHo=m
23|74 Z7bekieh(Figure 3A). F7H4 02 H1975 AXEE 1000 A
AEY o spheroid & AT AFHIS AHZsAES o
spheroid 3¢ HA47F yEhubA] okt (Figure 3B). &FAWE
100 7 M3 w] spheroid & A/d3kA] ¥gkow AAEHS H7tet
iAo A %= spheroid & AAsHA &ttt (Figure 3B). o]# st
A= HCC827-GR ME7E A& A AlEXz% 3D 344

o}
=]

o

WA e glom AdEdS Agede W o I

olr

o]

o
ﬂ

o FUtetal FEVIAER Vs Te ouletth. B HCC827-
GR AXAgA  IEFI7AE EAEE dEl Cluster  of
differentiation(CD) &g %A}e31S w, CD133"#" population
Z7F 2 CD24°Y population ZFAE sttt (Figure 30).

HEo] Fruksse] oHAE HEFAMEFE thEs] she] olAsn



B

Al

HCC827—-GR

el

1<

E
=

9

CSC

it (Figure 3D).

[e:
A

3

HCC827-GR

o
[¢)

] FoxM1, cMyc, Oct4d

H] 3

3o

o] 5] HCC827-WT A

Ay
s i

Al

T J}H(Figure 3E).
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E Gefitinib 100 nM E H1975-ER
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a s w ohsa Gefiii 100 e
s > =
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; cD24 2 cD44 -—-isotype control
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Figure 3. CSC markers were increased in HCC827-GR cells

(A and B) Spheroid formations were detected using real-time cell
imaging system. (C) CD markers related with CSC were detected
by flow cytometry analysis (D) Tumor formation ability of cancer
cells was evaluated in vivo. 4 mice in each group were inoculated
with HCC827-WT cells (left flank) and HCC827-GR cells (right

flank) (E) Protein expressions of transcription factors related
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with CSC were detected by western blotting analysis. Data
represent the mean = S.D. (n=3) =#*xp <0.005, significantly

different from control group.
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4) AFEYE JYA g AEFA PLK1 2 FoxM1l 2dZF7F ¢
U7X B FAl B53A FoxM1 9§ 715

FoxM1 & A¥7tgdstes FQ

o
S,
o
il
m2
v}
N

ArpIzbze] BdS T/ AoR YEision, f4EVAE

ox 4#A gtk [26]. AT 2 AFelr AbgE ATE
A Aol MET & odS F7hebA] ghgkth. HCC827-WT
AEe] FoxMl & A7 AAEHS A3 o izl
vlaiA AEAAZAERE foHer FAse RS
g1kt (Figure 4A and 4B). WHE, HCC827-GR A|EZ A
FoxMl & #d#dcz E8Gs Az o dzxzvel vlsiA
el Al QA mais #Eeksioh(Figure 4C and 4D) . FoxM1 €]
AARIAF A& PLK1 ¥ CDK1 o 9Jsid 2H=E: Aoz U4

olth. HCC827-GR AEZoA HCC827-WT Ao Hla] PLKI1

m

protein @& 2 mRNA 23 =3 =2 7S &3}t (Figure
AE and 4F). GEO #4< %3] human NSCLC AZ°lA PLK1 ¥}
FoxM1 W&Atolo] AP AAZ U= SAsAtt (Figure 4G).

Kaplan-Meier Plotter #4412 &34 PLK1 ¥ FoxMl 9 %<&

o] A7t At AEES dA¢] WEe S sl (Figure



4H). 12 BI2536 & Advanced or Metastatic NSCLC A=
oz A 2 AS JAFo|t. AAZ PLK1/FoxM1l ZZHo|
=2 &yl 98 HCC827-GR A ¥ PLK1  AAS]
BI2563 & 2|3k wl FoxM1 9] w&o] 7a3k3itt (Figure 4J).

CD133%" population 9] 7F4A8AS

o

stol3teitt (Figure 4K).
PLK1/FoxM1 A& xddo] HCC827-GR A|¥XoA Fo3s &

AT
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Figure 4. FoxM1 mediates gefitinib resistance and PLK1 regulates

FoxM]1 expression in HCC827 cells.

(A and B) HCC827-WT cell was transfected with FoxM1

expression vector for 48 h (A) and then treated with gefitinib for

additional 48 h (B). Cell proliferation was determined using real—-

time cell imaging system. ***p <0.005, significantly different from

control group. (C and D) FoxM1 was genetically attenuated in

HCC827-GR cell (C) and then cell proliferation was determined
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using real-time cell imaging system. *x*p <0.005, significantly
different from control group. (E) PLK1 protein expression was
detected by western blotting analysis in HCC827-WT and
HCC827-GR cells. #*xp <0.01, significantly different from control
group. (F) PLK1 mRNA was detected by real-time PCR in
HCCB27-WT and HCC827-GR cells. *xxp <0.005, significantly
different from control group. (H) A correlation between PLK1 and
FoxM1 was determined from GEO analysis of human NSCLC
samples. Pearson correlation coefficient(R) between the two
values was calculated using Sigma plot. (I) Significant correlations
of NSCLC patient survival rate and PLK1 expression(left) or
FoxM1 (right) were accomplished from Kaplan—-Meier Plotter. (J)
Cells were treated with BI2536 for 24 h and then FoxMI1
expression was detected by western blotting analysis. (K) Cells
were treated with BIZ2536 for 36 h and then CD133 marker was

detected by flow cytometry analysis.
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5 AYEY YA #Hg XN2FFHOoEA PLK1/FoxMl A3 A
2

HCC827-WT A AgdAel tigt BI2536 2 1C50 #e
7.0 nM ©°]glom, HCC827-GR A Ee|A IC50 #2 4.0 nM =
B=H9ltt (Figure 5A and 5B). dHx%k, HCC827-GR Al EojA
AW EGH BI2536 2 A7 A AEAFgAETNE AFEA
Fttl  (Figure 5C). HCC827-GR spheroid & 3 nM BI2536
AgstRes W FAHoew V7t Fasklth  (Figure 5D).
AZF715 B23819S o, HCC827-GR Ao BI2536 A A
BI2536 9 #Hgr|doerw ezl G2/M  arrest AEFIHL
B2E Atk (Figure 5E). BI2536 & HCC827-GR Al %4 annexin
V-FITC %A & AxE S7Hxzew (Figure 5F), ¢hHl*Zolss
Al AASA T (Figure 5G). FEuk$-2ef 5#10° HCC827-GR
AEE AFSa BI2636 = F 2 3] HAFY sls w30
mg/kg oA FeA oz o] FHAastglom, kA ol A o)A

Al GAEQ PCNA #ha, AlEARAISER] TUNEL S7F % FoxMl1

3!
o

Fas

B>

= gt (Figure 5H). whaba, PLK1 A#A A4
BI2536 o] AT EY WA HALAELE At 2947 oS & 5

AT,
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Figure 5. PLK1 inhibition suppresses gefitinib—resistant HCC827

(A, B and C) Cell proliferation rate was determined using real time
cell imaging system. (D) Spheroid formations were detected using
real-time cell imaging system. (E) Cell cycle was analyzed by PI
staining in HCC827—GR cells (F) Apoptosis was determined by
PI and annexin V staining. The stained cells were analyzed by flow
cytometry in HCC827—GR cells. Annexin V—positive cells were
counted by BD CellQuest Pro softwere. (G) Transwell migration
assay was determined using real-time cell imaging system. ##*p
<0.005, significantly different from control group. (H, I and J)
Xenograft with HCC827—GR cells. Tumor volumes of mice were
measured by digital caliper. *p <0.05, *xxp <0.005, significantly

different from control group.
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6) el GRP119+&A Zd

© A EA| o)A

o7 ALy

Al A
=171

L 20174 HYge F

A ¥ e
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o]t} (Table 1).

Aol AlEEglom
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s
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Identifier Condition Intervention Phase status
NCT02447419 Solid Tc‘;':i‘:;rgB’eaSt Gefitinib Phase 2 Recruiting
Gefitinib
NCT03170180 Stomach Neoplasms Sunitinib Phase 2 Recruiting
Imatinib
NCT02013089 | Gastrointestinal Cancers ?::ittii:iis Recruiting
NCT02723578 Metastatic Colorectal Cancer | Erlotinib,Pemetrexed Phase 2 Active
NCT02788201 Urothelial Carcinoma Gefitinib I;;‘" 75 g Phase 2 Recruiting
NCT02836847 Cholangiocarcinoma Gefitinib =& 87| sHatH| Phase 2 Recruiting
NCT02551718 Acute Leukemia Gefitinib I;;‘" 5070 e ex vivo study Recruiting
= = O 3 o)
Table 1. 2 Yo)A EGFR TKI £5& 718 RAEES
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Figure 6. Expression of GPR119 in human breast cancer.

(A) GEO profiles of GPR119 in human breast cancer. Left, relative
mRNA levels of GPR119 in human cancer cell lines; Middle,
GPR119 mRNA expression in metastatic and primary breast
cancer tissues; Right, GPR119 mRNA expression in triple
negative breast cancer (TNBC) and Non—TNBC tissues. (B)
Expression levels of GPR119 mRNA in various human breast
cancer cell lines were verified by RT—PCR. MCF10A cells were
mRNA levels of

used as normal mammary epithelial cells.

glyceraldehyde—3—phophate dehydrogenase (GAPDH) were
determined as a loading control (C) GPR119 expression was
confirmed by immunohistochemistry in 49 human breast cancer

tissues. Representative images of human breast cancer tissues
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(left). pathological classification tables of GPR119—positive and

—negative breast cancer tissues (right).
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7) FEEAEANM GPR119ZZIES] AAEY A+ S7HER

MCF—7 3z elA AFEHS A & AxAdTS
A2 o], thxTel vl 10 pMeolA 50% AlEA o] ZAE 9
th (Figure 7A, #). ol #HekAEl vlel MCF—-7 +ekAlZ7}
ANEd s 7S gwgit ®bE, GPR119 2=l
MBX2982%5 HAIAMEE 35S w AFE L] AEggAanrt
Z7hshs Bt (Figure 7A, 7F-d). ®uvh& GPR119 #zt=el

GSK1292263< AI9EH} sAAY le o I~

off
o
<
fols
)

2 B9t} (Figure 7A, $). MBX—-2982+ d=xg35t9<S o, 352

At E5e] MDA-MB-231 ¥ g2 4 feka
ZFQ TamR-MCF-7 A3z MXEAEE A3 (Figure 7B

2l C). MBX—-29827F MCF—7 MZF7]o d&& vA=A &7] 9
3l Propidium iodide® ©]&3to] AEF7|RAS S
MBX-2982 w5l s 543 AxF7]l MCF-7 A7}
A5 = d4oly, ps3olut p21¥ £ cyclin—dependent kinase
inhibitor protein® WM sl= HEH A ATt (Figure 7D Y E).
adel= Eteka, AEY @5 el vls) MBX-2982/A4 3 €
W& g sk MCF—7 A2Ee| A &7FARE A 3ER1 annexin v—3 3334
ME, /dcaspase—3 TdH 9 cleaved PARP T&do] F7istdth
(Figure 7F, G % H).
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Figure 7. Enhanced proliferation inhibition by GPR119 agonists.

(A) Effect of GPR119 ligand on cell proliferation of MCF—7 cells.
Cell proliferation of MCF—7 cells was monitored after treatments
with gefitinib or gefitinib with GPR119 ligands. Relative
proliferation rate was calculated by Incucyte® ZOOM basic
analyzer. Data represent the mean = S.D. (n=3) (¢p <0.05, ##x p

<0.005, significant difference versus control group, ##p <0.01,
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significant difference versus gefitinib—treated group). (B and C)
Effect of MBX—2982 on cell proliferation of breast cancer cells.
Data represent the mean = S.D. (n=3) (x¥p <0.05, significant
difference versus control group, ***p <0.005, significant
difference versus control group) (D and E) Cell cycle analysis and
cell cycle—associated protein expression. MCF—7 cells were
treated with MBX—-2982 (MBX) for 24 h and fixed with ethanol.
Cell cycle was analyzed by PI staining in MCF-7 cells. (F)
Apoptosis induction by gefitinib with MBX—2982. Apoptosis was
determined by PI and annexin V staining. The stained cells were
analyzed by flow cytometry in MCF—7 cells. Data represent the
mean = S.D. (n=3) (x* p <0.01, significant difference versus
control group) (G) Caspase3/7 activity. MCF—=7 cells were
preincubated with DEVD—NucViewTM 488, and exposed to
gefitinib and MBX—2982 for 60 h, and caspase—3/7—selective
green fluorescence was monitored. Green fluorescence intensity
was calculated by Incucyte® ZOOM basic analyzer. Data represent
the mean £ S.D. (n=3) (**xp <0.005, significant difference
versus control group) (H) PARP cleavage by gefitinib with MBX—

2982. MCF—7 cells were incubated in the presence of gefitinib or
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gefitinib with MBX—2982 for 48 h. Western blot analyses were

performed to determine PARP cleavage.
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APEAZI71 5 SHAIRE A ZAEYAS SSIAIAAM AT EFo]

i

w1 7)1% stk MCF—-7 4 MDA-MB—231 FHetAZo] Ao el dS

A2)3tdS W LC3B 11 2718t AL E3|4 A¥Aazgo] =7}

rir

S #ASAT (Figure 8A, $1). HepG2 ¥ SK—Hep—1 ZF4AE
Fol by (Nexavar®, UEdarstasolAlaloln] 1kkx 5 A))
& Agsds W AA AEAAZGo] Fhskoitt (Figure 8A, of
). AzEv Ao ® AxiAV|H #4E FIss W AVEdS

A2l MCF—=7 A % AgtodS Aeld HepG2 AXAA &

dnE B4 SIS (Figure 8B). ol A4AZ&o] Shax
gst7] flElA siRNAE =38t ATGY
WAL Aol A4HEE AEHoR AR Al WHL

AAAIZ A thx=atel Hlel MCF—7 A28 d3o] Folxe=w 3

11

B

Fl ok (Figure 8C). olgfst A= ALAE Helst ha|EZoA

O

A4 go] BAsEo] gkl S FETS dFuTt
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Figure 8. Autophagy protects cancer cells against gefitinib

treatments.

(A) Autophagy induction by gefitinib or sorafenib in human breast
cancer and hepatoma cells. LC3B I/II were measured by
immunoblottings in breast cancer cells (MCF—=7 and MDA—MB-—
231 cells) and hepatocellular carcinoma cells (HepG2 and SK—
Hepl cells). All the cell types were incubated with 1-30 puM
gefitinib for 24 h or 1-30 uM sorafenib for 18 h. (B)
Autophagosome formations in gefitinib—treated MCF—-7 and

sorafenib—treated HepGZ2 cells. Autophagosome formation was

42

s A& st



visualized by TEM in MCF—7 and HepG2 cells. Both the cell types
were incubated with 10 uM gefitinib or 10 uM sorafenib for 24 h.
Arrows indicate double lipid layer vesicle structures. (C) Effect
of ATG7 siRNA on anti—proliferative effect of gefitinib or
sorafenib. ATG7 expression was detected by western blotting
after siATG7 transfection (upper) and cell proliferation was
monitored by Incucyte® ZOOM basic analyzer in MCF—7 and
HepG2 cells (lower). Data represent the mean £ S.D. (n=6) (x p

<0.05, significant difference between the indicated two groups).
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9) GPR119 gzt=9] AAAE A&}

MCF=7 A3 MBX-2982 & Ha3s w AIEd
Az ¥ LC3B 119 A/do] 748t om (Figure 9A), EHE
GPR119 27F=Ql GSK1292263 <Al AFEY HZ=2 fx¥
LC3B II 9 AL A&t (Figure 9B). F22 AL golaF 9
71sS AsA7] L EEFo] 4F (autolysosome) B S A5}
SEFIE FAE FEITH31]. MBX-2982 & AHss o
MCF—-7 AlZox Zrzdox FE® LC3B I AAo
743t (Figure 9C). LC3—GFP ZEfAvu| =5 Ao TQlA17]d
eEIFIFO AAENS W HMHEP puncta = 7HAStE UL
A9E g Agstge W MCF-7 AZelAd %A% puncta
Aol F7kekelal MBX—-2982 & FAIAE siels Wl Ao
Aotk (Figure 9D). 7] A3E FFed, MBX-2982 &
MCF—=7 AZolx AMEY Az 8 4488 dAdS &
9tk d yoprh, FEmpese] MCF-7 AXE o]Aeta
AAR e Frredv AFEY 52 MBX—-2982 W@5Fo ol A
gAY BEHA kot AVEH MBX-2982 &
SAFS FolA fodom dAFol AH Ak (Figure 9E).

HepG2-X & o]&3t Fonbe2o] Agteda MBX-2982 &
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(Figure 9F).
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Figure 9. Inhibition of gefitinib—induced autophagy by GPR119

ligand in vitro and in vivo

(A) Inhibition of gefitinib—induced autophagy formation by MBX—
2982. LC3B I/II were measured by western blotting in MCF—7
cells (B) Inhibition of gefitinib—induced autophagy formation by
GSK1292263. LC3B I/II were measured by western blotting in
MCF—=7 cells (C and D) Inhibition of autophagosome puncture
formation by MBX—-2982. Green fluorescence puncta were
detected by fluorescence microscopy after LC3—GFP transfection

in MCF—7 cells. Red fluorescence was calculated in MCF—7 cells
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after mCherry—GFP—LC3 plasmid transfection. Data represent
the mean = S.D. (n=3) (*p <0.05, significant difference between
the indicated two groups, #p <0.05, significant difference versus
gefitinib—treated group). (E) Xenograft analysis. Tumor growth
of MCF—7 xenograft was monitored for 40 days. Balb/c—nu mice
were orally administered with gefitinib (10 mg/kg), MBX—2982
(10 mg/kg) or gefitinib with MBX—2982 (5 times a week). Data
represent the mean £ S.E. (n=5) (+ p <0.05, significant
difference between the indicated two groups). (F) HepG2—X
xenograft. Sorafenib (10 mg/kg), MBX—-2982 (10 mg/kg) or
Sorafenib with MBX—2982 were orally administered (5 times a
week) and tumor growth was monitored for 18 days. Data
represent the mean £ S.E. (n=6) (*p < .05, significant difference

versus vehicle—treated control group).
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10) GPR119 S|t =9} A4 &4 dEXEAS
MBX—-2982 ¢ =AA#FE&AAEH7F GPR119 FEAE=

F=A €71 falA MCEF-7 AM2Ee] shGPR119 lentivirus &

o,
Jo
ol

HAANAA FEAE AEAAT (Figure 10B). tizxdtelA H
MBX—-2982 9] A&7 as}= GPR119 FE&A A+ MCF-
7 AEAN BEEHA vt (Figure 10C). wehd MBX—-2982 ¢
A @Al gvt= GPR119 &4 oEFolzta & 4 Slth

71Eel ezl wte] 98k GPR119 &A= Gas & 74 Hr3ho]

Ir

Az PKA EAsH/cAMP S7HE izttt AlZu cAMP =
cAMP—-response element(CRE) @42 Z7MA7]|22 CRE-
luciferase &S 57439 cAMP <71E Mg F oz Hrts 4
Atk MCF—=7 AXeA MBX-2982 & &3S W CRE-
luciferase &4do] F7skith. kAR PKA oAAlE A 2lshd

PKA/cAMP = 2tel R = uf MBX—2982 9]

3
S gojupx] ktt (Figure 10D, E 2 F).

A ZL-S Aojete thEAQ A15¢ mTORC 2 &AL MBX-—
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nEZEg ol oz A ZaAseE 283 4 v} (Figure 10J).

MBX-2982 A+ LEFIEFS A= ATA+4de ATGS,

ATG7 2 ATG12 9 T3 &S =4 &skth(Figure 100).
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Figure 10. No involvement of Gas or mTOR signaling in autophagy

inhibition by MBX—2982.

(A) GPR119 mRNA expression in GPR119 shRNA—infected cells.
MCF-=7 cells were infected with shGPR119 or shNonTarget
lentivirus particle, and GPR119 mRNA expression was determined
by real—time qPCR. Data represent the mean £ S.D. (n=3) (x*x p
<0.005, significant difference versus shNonTarget—infected
control). (B) Reversal of MBX—-2982-induced autophagy

inhibition in GPR119 knock—down cells. LC3B I/II were measured

50



by western blotting in shGPR119 or shNonTarget—infected MCF—
7 cells. (C) CRE reporter activity. MCF—7 cells were transiently
transfected with CRE —luciferase reporter plasmid (CRE—luc) and
its reporter activity was measured using luminometer. MCF—7
cells were treated with 3 uM forskolin as positive control. Data
represent the mean £ S.D. (n=3) (xp < 0.05, #xp < 0.01, significant
difference versus control group). (D) Effect of PKA inhibitor on
autophagy inhibition by MBX—-2982. MCF-7 cells were
preincubated with 10 uM of TK5720, a PKA inhibitor for 30 min
and then treated with 3 uM chloroquine in the presence or absence
of 10 uM MBX—2982. (E) AMPK activation by MBX—2982. AMPK
activity was determined by immunoblottings for phosphorylated
AMPXK and phosphorylated ACC proteins in MCF—7 cells treated
with 10 uM MBX-2982. (F) Effect of AMPK inhibitor on
autophagy inhibition by MBX—-2982. MCF-7 cells were
preincubated with 3 uM compound C, an AMPK inhibitor for 30
min and then treated with 3 uM chloroquine in the presence or
absence of 10 uM MBX—-2982. (G) Effect of MBX—2982 on mTOR
signaling pathway. mTOR signaling pathway was determined by

immunoblottings for phosphorylated p70S6 kinase,
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phosphorylated 4EBP1 and phosphorylated ULK1 proteins in
MCF =7 cells treated with 10 pM MBX—-2982. (H) AKT activation
by MBX—-2982. (I) Effects of MBX—2982 on the protein levels of
ATGS, ATG7 and ATG12. MCF—7 cells were treated with MBX—

2982 (1—-10 pM) for 24 h (J) ERK suppression by MBX—2982.
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11) GPR119 =7t GAI XA} vX]&= I

GPR119 #zt=7} dxd x5 A= 7k Ao

D

et sfol

OFA|EThALeY] PGS = Aolgta 7HAES A$1, MBX-2982 =

il

Aglst MCF—7 Al3zolA thabAl #41S T3t (A v ).

W thAbA S oA Wy #EEQlon 53] ATP 9] ZAtdst
da7b SEJAEJY. A EUARE @l (glycolysis) 2 4Fsh# 148}
(Oxidative phosphorylation) & &4 ATP oUX|9 HUALrE
Fwoted e SR wie] B duyAel vt eaqE
mebA, FAEYARE ARAIES gE B[] AEYANE
A Bkl A EZeUX & &aetth[32]. MBX—-2982 & A& a3l d
MCF=7 AEelA A&Aoln] F&w oJEzHow AxEd ATP 7}
Hask3lvh (Figure 11A). AlEAIS 72 MBX-2982 & A 2]%
MCF—=7 A¥oA OXPHOS A 3% (Oxidative phosphorylation rate,
OCR)S #4A W sdAE (Extracellular acidification rate,
ECAR) 9 S7He ##atqlth(Figure 11B). sldagelA A==
gakol MBX-2982 & A MCF-7 Al 2 wfekui=] oA

FoHoz  Frbekdtt (Figure  110). #ake A

e
2
lo

Monocarboxylate transporter (MCT) s{dg]o] 9oJa|A FEEtt
[33, 34]. MBX-2982 & 8]t MCF-7 A¥ oA ZAAiL9]

HelFEAS MCT1 I MCT2 Wdolu =544 MCT4
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sl AEEA Zdth(Figure 11E). MBX—2982 & 2|3
MCF-=7 AXEofA, ZAAYPAEA<Q  Lactate dehydrogenase
(LDH)A Y ZAAAA&Z2Q LDHB 9o @3wis: #zEEA
oekom (Figure 11F), LDHA &42E49 #Fo¥ wgs #z2d

T 91tk (Figure 11G).
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Figure 11. Decrease in cellular ATP content and increase in lactate

production by MBX—2982 in MCF—7 cells.

(A) Cellular ATP content. Total ATP content was determined by
ATP assay kit in MCF—7 cells. Cells were treated with MBX—
2982 (1—10 uM) and harvested at 6, 12 and 24 h. Data represent
the mean = S.D. (n=3) (xp <0.05, =xp <0.01, significant
difference versus control group). (B) Effects of MBX—-2982 on

mitochondrial OXPHOS and glycolysis in MCF—=7 cells. MCF—7
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cells were treated with MBX for 30 min, 2 h or 6 h, and OCR and
ECAR were determined by XFp analyzer. Data represent the mean
+ S.D. (n=3) (xxxp <0.005, significant difference between the
indicated two groups). (C and D) Lactate production by MBX—
2982. Lactate concentration was assessed by 1IH-NMR in MCF—
7 cell lysates and culture media. (C) MCF—7 cells were incubated
with 10 uM MBX—-2982 for 24 h. (D) MCF—7 cells were treated
with 10 uM gefitinib in the presence or absence of MBX—2982
(1-10 uM) for 24 h. Data represent the mean £ S.D. (n=3) (s#*
p <0.005, significant difference versus control group, ###p
<0.005 significant difference versus gefitinib—treated group). (E)
Effects of MBX—2982 on lactate transporter expression. MCF—7
cells were treated with MBX—-2982 for 24 h and protein
expression of lactate transporters (MCT1, MCT2 and MCT4) was
determined by western blottings. (F) Effects of MBX—2982 on
the expression of lactate converting enzymes. MCF—7 cells were
treated with MBX—2982 for 24 h and protein expression of lactate
converting enzymes (LDHA, lactate producing enzyme and LDHB,
pyruvate producing enzyme) was determined by western blottings.

(G) LDHA enzyme activity. MCF—7 cells were treated with MBX—
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2982 for 24 h and LDHA activity was determined by LDH assay
kit in cell lysates and culture media. Data represent the mean =

S.D. (n=3).
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A Qlatet W s g iiAbe A R Fgste How
A A A, FAAQ #FE AL oA AAE] LA A gkt
[35—37]. GPR119 =3t=o] &35t 4kshAIAks} ZH4-9) s uiAt &
7kl 71dE qtisky]l fElA, siduiAbe AAlEl Bokth MCE—7
AEA HFFA ] AAAN 2-DG D LDHIAAS AAe 33
S, MBX-2982¢°] 93 F7}3t ECAR: ddlFTo=2 3553
ARk, OCR ¥H2 ##w#] eFkvh(Figure 12A and 12B). dolr},
MCF-7 AZ&8 9 wjfuAelr SFas s55 SHeAS o,
ATEHL 2FIAE T/ S MBX-2982% 4 A&kl
S o) oA AT (Figure 12C). |d3E A ¢ = Q381A 1t
olmtiz olzfgt A= AFEHS A AxE Aol oAHo

g Abgo] thashw, MBX-2082¢ AlFtiAbE /A 2

TE J|Eo® do], MCF-7 AHXeol| A|3edz}

2.5—20 mM 2k AHEsteS wl, LC3B II &ao] 7H4shslal,

cleaved caspase—3/7 &Ao] =78ttt (Figure 12D 4 E). o]+
o] Ayb= MBX-2982¢] o&l sidirtrt &3t ZAke] ot
2ol dojur 20 mM ool TEet A dAMEAE 4

Fg-

o
ol

1 At

2

(e}
1>
N

o} Al

Far @Al FHpAdol S7rE e Sl
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Figure 12. Autophagy inhibition via glycolysis—mediated excessive

lactate production.

(A and B) OCR and ECAR were measured by XFp analyzer in
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MCF—=7 cells. (A) Effect of glycolysis inhibitor on OCR and ECAR
in MBX-2982—treated MCF—=7 cells. MCF-=7 cells were
pretreated with or without 2—deoxyglucose (2—DG, 50 mM) for
30 min and incubated with 10 uM MBX—-2982 for the indicated
time. Data represent the mean = S.D. (n=3) (xp <0.05, significant
difference between control and MBX—2982 treated group, #p
<0.05, significant difference between MBX—-2982 treated group
and 2—DG pretreated group). (B) Effect of LDH inhibitor on OCR
and ECAR in MBX—-2982—treated MCF—7 cells. MCF—7 cells
were pretreated with or without GSK2837808 (LDH inhibitor, 10
uM) for 30 min and incubated with 10 pM MBX-—2982. Data
represent the mean =+ S.D. (n=3)(p <0.05, significant
difference between control and MBX—2982 treated group, #p
<0.05, significant difference between MBX—2982 treated group
and GSK2837808 pretreated group). (C) Glucose change by
MBX—-2982. Concentration of glucose was measured by 1TH-NMR
in cell lysates and culture media. MCF—7 cells were treated with
10 uM gefitinib in the presence or absence of MBX—2982 for 24
h. Data represent the mean £ S.D. (n=3) (* p <0.05, ** p <0.01

significant difference versus control group, #p <0.05, ##p <0.01
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significant difference versus gefitinib—treated group). (D)
Inhibition of gefitinib—induced autophagy by lactate. MCF—7 cells
were treated with 10 uM gefitinib in the presence or absence of
lactate (2.5—20 mM) for 24 h, and LC3B I/IIl were measured by
immunoblottings. Data represent the mean = S.D. (n=3) (xx%p
<0.005, significant difference versus control group; ##p <0.01,
significant difference versus gefitinib—treated group). (E)
Caspase3/7 activation by gefitinib with lactate. MCF—7 cells were
treated gefitinib (10 uM) with or without lactate (5—20 mM) for
72 h. Caspase—3/7 selective green fluorescence intensity was
calculated by Incucyte® ZOOM basic analyzer as described in the
legend of Fig. 2E. Data represent the mean = S.D. (n=3) (xx%p

<0.005 significant difference versus gefitinib—treated group).
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13) GPR119 HtEs} W EZEE} 75784

MBX—-2982 ° 9] OCR %47} GRR119 &A=
Bfrshe AAA &QlEr] fEiA GPR119 AEAEFA
ECAR & 3743t MBX—-2982 o 23 OCR #ZAat Agsxol

webd v gdFS Brh 3 pM MBX-2982 3@l OCR

2
B>
~

| S = AARE 10 pM el A= o d3] OCR 7H47F #& =ik
(Figure 13A). F7FHo=, MBX-2982 7} vwEZ=go}
abstAQlAbgl AR A Bl A FES sk HUbeksith
oA st nEZEetE AFEstel OXPHOS complex 1 %}
MBX-2982 & A4 Agules Adsilem, MBX-2982 1
uM oA complex I &4S 20%71F AT (Figure 13 B).
tol7k, MCF—-7 Ao MBX-2982 & AHglsta v|EZ=glo}
S wEste] MBX-2982 & AEelaS w, At F ZF o]

6.6%7F A=At (Figure 130).
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Figure 13. Mitochondrial distribution of MBX—2982 and complex I
inhibition.

(A) GPR119-independent inhibition of OCR by 10 M MBX-—
2982. OCR and ECAR were measured by XFp analyzer in both
non—target shRNA— or GPR119 shRNA-—infected MCF—7 cells.
Both the cell types were treated with MBX—2982 (1-10 g M).
(B) Mitochondrial complex I inhibition by MBX—2982. Complex I
inhibition by MBX—-2982 (10—10, 10—8 and 10—6 M) was tested
by mitostress test kit. Rotenone (100 nM) was used as a positive
control of complex I inhibition. (C) Relative amounts of MBX-—
2982 were determined by LC/Ms/Ms. MCF-7 cells were
incubated with MBX-2982 (10 M) for 6 h and then
homogenized. Cellular component fraction was isolated by sucrose

gradient method.
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14) N1& ANFEA g F38 GPR119 =9 A4 FE A&7

FHe] Aol AaggAlZ GPR81 ¥ NDRG3 7}
waEglom, ehAxe] opdgle] 7lefsttta AGEdTh [38—-40].
o7 GPR119 #zt=9] HuzxgS AF3st7] 984 Lenti—
virus & °]€3l9] GPR81 A& MCF-7 AEE +533tt (Figure
14A).  3MA%E, GPR81 Z$ MCF-7 AXolA MBX-2982 ¢
A2 A LA G WPAEA] ohopth(Figure 14B). A9 E]Holu
MBX-2982 & @& &2 W¥E&x2s MCF-7 Al¥°|4 NDRG3
o] WsheE AEEA gkt mpxuo® MBX-2982 & A e
MCF-7 A2 3D spheroid A& B7FstS o, el v]s)

239 (Figure 140).
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Figure 14. Roles of GPR81 and NDRG3 in autophagy inhibition by

MBX—-2982.

(A) GPR81 mRNA expression in GPR81 shRNA—infected cells.
MCF—-7 cells were infected with shGPR81 or shNonTarget
lentivirus particle, and GPR81 mRNA expression was determined
by real—time qPCR. (B) Effect of GPR81 shRNA on autophagy
inhibition by MBX—2982. (C) MCF—7 cells were treated with 10
uM gefitinib in the presence or absence of 10 uM MBX—-2982 for
24 h, and protein level of NDRG3 was monitored by
immunoblotting. (D) Spheroid formation assay. 10° MCF—7 cells
were incubated with indicated compounds for 96 h on ULA plate.
Left, Representative images of obtained using Incucyte Zoom

system. Right, quantification of tumor spheroid. Data represent
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the mean £ S.D. (n=3) *p < 0.05%*%, p<0.01, significant difference

between the indicated two groups.
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Abstract

Enhanced gefitinib sensitivity via the
inhibition of polo—like kinase 1/FoxM1

signaling and autophagy

Im, Ji Hye
Department of Pharmacy

The Graduate School

Seoul National University

Epithermal Growth Factor Receptor—Tyrosine Kinase Inhibitor
(EGFR—-TKI)s have varied benefits such as higher potency and
efficacy, relatively low cytotoxicity, and availability to oral
administration compared to cytotoxic reagents. However, some of
patients who received EGFR—TKIs remain on disease progression
or relapse after archiving remission. Therefore, scrutiny of the

mechanism and treatment for overcoming chemotherapy
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resistance is necessary. This dissertation deliberated on the
elucidation of EGFR—TKIs resistance and the suggestion for
amelioration of EGFR—TKIs sensitivity in non—small—cell lung
cancer (NSCLC) and breast cancer. First of all, 4 NSCLC cell lines
were cultured with gradually increasing concentration of either
gefitinib or erlotinib supplements for 6 months. These cell lines
acquired the resistance against either gefitinib or erlotinib in cell
proliferation, and increased expressions of proteins which
coordinate epithelial-mesenchymal transition (EMT) and cancer
stemness phenotype. Gefitinib— resistant HCC827 (HCC827—-GR)
cells were shown to increase in cell migration, 3D spheroid
formation, and tumor formation in nude mice compared to HCC827
parental cells. Moreover, both polo—like kinase (PLK) 1 and
FoxM1 expression, which are essential for maintenance of cancer
stemness, were increased. Genetic deletion of FoxM1 using
siRNA transfection reduced cell proliferation, transwell migration,
and 3D spheroid formation in HCC827—-GR cells, while FoxM1
overexpression obtained gefitinib resistance in wild type HCC827
cells. BI2536 (a PLK1 specific inhibitor) reduced cell proliferation,

3D spheroid formation, and transwell migration in HCC827—GR
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cells. In HCC827—GR xenograft model, intraperitoneal injection of
10—30 mg/kg BI2536 twice a week suppressed both tumor growth
and FoxM1 expression from immunohistochemistry compared to

vehicle injection.

G protein—coupled receptor 119 (GPR119) is responsible
to secretion of incretin from small intestine and insulin from
pancreas, but its role in cancer biology has not been investigated.
Above all, GPR119 mRNA expression was detected in 8 breast
cancer cell lines and protein expression was evaluated in 19
human  breast tissues of 49 investigated samples.
Gefitinib/GPR119 ligand treatment reduced both cell proliferation
and in vivo tumor formation compared to gefitinib single treatment
in MCF—7 cells. Besides, apoptosis markers, such as annexin—V
positive cells or cleaved caspase—3/7 and PARP, were increased
by Gefitinib/GPR119 compared to gefitinib alone. Furthermore,
both LC3B II expression and autophagosome formation which are
markers of functional autophagy induction were increased by
gefitinib, but the cotreatment with GPR119 ligand inhibited
autophagy in MCF—7 cells. This autophagy inhibition of GPR119

ligand was not observed in GPR119 knockout MCF—-7 cells.
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Moreover, MBX—-2982 (a GPR119 ligand) reduced total ATP
amount and OXPHOS, but raised glycolysis in MCF—=7 cells.
Lactate which is a final product of glycolysis was accumulated in
both cell lysate and medium incubated with MBX—-2982, 20 mM
of lactate decreased LC3B II expression and facilitated cleaved
caspase—3/7 activity in MCF—7 cells. In conclusion, long—term
treatment of EGFR—TKIs promoted EMT/cancer stemness and
resulted in the resistance, hence an approach via PLK1/FoxM1
signaling inhibition could dismiss the acquired EGFR—-TKI
resistance in NSCLC. Whereas, autophagy is facilitated against
gefitinib, thus lactate produced by GPR119 ligand—stimulated

glycolysis could enhance gefitinib sensitivity.

Keywords: EMT, Cancer stemness, PLK1, Autophagy, GPR119,

Lactate
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