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TKD Tyrosine kinase domain
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Abstract

Internal tandem duplication mutation in FLT3 (FLT3-1TD) represents one of the
most common gene alterations in AML and confers a poor prognosis. FLT3 has
emerged as a promising molecular target in therapy of AML. There are several FLT3
inhibitors have been used in clinical trials including cabozantinib (XL184).

Our previous work demonstrated that cabozantinib potently inhibited the
viability of a FLT3-1TD+ Molm13 cell line also known as Molm13-P in vitro. Also,
cabozantinib significantly delayed the outgrowth of Molm13-P tumor compaired with
vehicle treated mices in vivo. However, drug resistance in patients after target therapy
has become a clinical problem. Therefore, it is necessary to understand the underlying
mechanisms confering drug resistance.

We generated cabozantinib resistant Molm13 cells also known as Molm13-XR
by treating Molm13-P with progressively increasing concentrations of cabozantinib
from 1nM to 1uM for approximately 5 months. Cabozantinib potently decreased the
viability of Molm13-P with a 50% inhibitory concentration (ICsp) of 1.06+0.93 nM,
whereas the resistant strain Molm13-XR was 473.36 +154.73 nM. There was a new
FLT3 D835Y mutation in Molm13-XR screened by RNA-seq and confirmed by
pyrosequencing.

In addition, phosphorylated level of FLT3 and its downstream molecules were
screened by phospho-kinase array and confirmed by western blot. We demonstrated
that there were increased phosphorelated level of FLT3 ~ AKT ~ STAT5 and ERK.
Morever, p-GSK3p-Ser9 had the most increased level among all kinases in
Molm13-XR compared with Molm13-P screened by phospho-kinase array and
confirmed by western blot. Furthermore, there was higher level of Mcl-1, an
anti-apoptotic protein, in Molm13-XR compared with Molm13-P.

By performing cytotoxicity assay in Molm13-XR, our results suggested
Vil
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Molm13-XR exhibited good susceptibility to midosaturin and crenolanib while
remaning resistant to sorafenib and quizartinib. Other than FLT3 inhibitors, we also
tested MEK inhibitor, C1-1040 ~ AKT inhibitor, MK-2206. However, these inhibitors
couldn’t inhibit Molm13-XR at clinically releveant doses.

We found that pyrvinium pamote(PP), an anthelmintic drug approved by FDA,
had a potent cytotoxicity toward Molm13-P and Molm13-XR at a low nanomolar
concentration of 14.81+10.77 and 13.45+6.59 nM. PP would inhibit AKT and STAT5
activities and decrease ATP level in Molm13-XR. Also, PP would downregulate
anti-apoptotic protein Mcl-1 and upregulate cleaved caspase 3 in Molm13-XR.

PP would induce apoptosis and decrease ATP level in Molm13-XR. The AKT
and STATS signaling were downregulated and anti-apoptotic protein Mcl-1 is
decreased by pyrvinium pamote treatment.

Overall, we established a cabozantinib resistant AML cell line Molm13-XR. Our
results show that FLT3 D835Y mutation and upregulation of Mcl-1might contribute to

cabozantinib resistance.

Keywords:

AML ~ cabozantinib-resistance ~ FLT3 D835Y ~ Mcl-1 ~ pyrvinium pamote
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112 AML z A%

B AMLP%"A}&‘F‘;:‘;&.’&\ R A
(French-American British classification - FAB classififcation) > i v =
Fodmre G A AR~ RIRAR 0 A S MO 3| M7 % 9 #(n & - )5
Rl e o 7k su(World Health Organization classification
WHO classification) (%4 % = )*

1.1.3 AML z_ 75 R
AML e = N s B2 2 3 m e #4451 > VB SR A S

B B FEE 0 & B 5 o 45K (induction therapy) 12 2 ik PR 3 fRAR R @ i
{7 eE F45 F (consolidation therapy) o 70 F {275 et A € &4 v R
i %3 8+ 7 p oehcytarabine(Ara-C) & & 3 p enantracycline ¢ 2 4+ (&
4 idarubicin ~ daunorubicin 12 2 mitoxantrone) » i@ ¥ WiE IR A Feips
AERBA G XT3 B AR VW REEDE F BT s
B 18 i 2 71 60~85%:he 2 M 2 5 > @ AL 60 i R R4 >t 40~60% -

FE SR RN & BT R Sk B bl4e 1(8;21) ~ inv(16)
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I3 ## 7% 8 2~4 @ 957k <0 & A £ (1000-1500mg/m?) cytarabine -
SR F TR 6~7 F) R P RS AL ap 4 0 Bl (9;11) -
inv(3) » Bk ¥ B iE {733 & % w2 #% 5 (hematopoietic stem cell
transplantation) » 12 % 4 3 =v g 2 2 o
Cabozantinib (XL184)z_ i 4

Cabozantinib # - f& v JRe7 5 jefis -] A F e &> & 43 €% & MET ~
VEGFR2 ~RET~KIT~TIE-2 2% FLT3 % 4 3+ % £ { & 254 RS
£ (FDA) . 2012 & +% ;& cabozantinib #* %55 45 449 ;}Hrjws‘i%fwa’g
(metastatic medullary thyroid cancer)®»> # # 2016 & f7 4 & * >t gt 8 T
¥ & (advanced renal cell carcinoma, RCC)" - ¢ % % L% 7 7 % % F R
cabozantinib A tw®s § % it 53 &4 5§ FLT3-ITD 7 MV4-11 2 2
Molm13 s Jim#e 2. 4 £ § {*4F crfr ] (5% 5 1Cso -] ** SNM(* ] 1) » 4t
5951 Az mre YR B B2 GO/GL #1121 fmee k= g 4 8o p %
cabozantinib £ ¥4 3 2] AML s & T 238 (7 % — ) Tosk i o™ o 8,
FLT3 2 i 4

FLT3:= 2> % % FMS-like tyrosine kinase 3 » 2L #] <« % 4 chromosome
13912 > 3¢ i 5 - B 7 "ot g PLpT i< F (tyrosine Kinase
receptor) » H = & 7 7w B R F - ¢ Ftextracellular ligand-binding
domain ~ transmembrane domain ~ jaxtamembrane domain -~ intracellular
kinase domain(*4 §12)° o % FLT3 f2t7% it f p& ¢ 12 ¥ 48 (monomeric) ~ A
BEpa v e 38 3 @ 4 FLT3 ligandg & + FLT3pF » ¢ @ FLT3= 5 B4
(dimer)tiid » 4 % 30 Ja 22 BEPN SR VREL opiv € F 2 BRRL T o AR

B

S

» Ik 5] kmPe BN endid B 3-v (adaptor protein) = %k o 5]4-SHC(Src
homology 2 containing protein) ~ GRB2(growth factor receptor bound

protein 2) » i@ fxds T e 4B E @R 0 B - MAPK ~ PISK/AKT %
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WA BT B iy e ez i (survival) ~ 3 4 (proliferation) ~ /& = (apoptosis)
11 2 A i (differentiation) % = &t (B = )™

FLT38 % L enk % 5 frexon 144 4 ) 26 ¢ 2 & 47 (internal tandem
duplication) » f§ £ % FLT3-ITD » 47 30%:nAMLJK % § » %% - £ &
A ehB )R R 4 533 421400 B base pair' ot %% € RFLT3# 44 5
it T #MAPK ~ PIBK/AKT ~ JAK/STAT % 2t 4, (& vEE i (i §12) 1012
¥ - fa ¥ LenFLT30% it R % A_i= >t tyrosine kinase domain(TKD) + &%
Rt BER % 97 5-10%PAML 4 & F 2 R
Tyrosine kinase(TK) 14 % tyrosine kinase inhibitor(TKI)z & 4

F-0 jcps (protein Kinase) crart i & LY BEEL 1Y g A5 0 Kinase i =
FH L3 - ¥ gactivation loop 7 H N#z3 27 Cz3 4 %) d DFG motif
21 APE motif=r i = o 4 kinasefig*t 4 &5k fi ¥ > DFG ¢ §7 » ¢
(DFG-out) » i&m [E4g X B % & = (substrate binding site) » F]p ic 59 F2 ok
AR end 4%, @ § Kinasef>t % 1 fi BF > DFG ¢ %7 & p (DFG-in) » 1
25 2 ATP binding site » ATP. & 15 it 49 a5 & B PFEif L F pen R
Yo % 2775 4 R #tyrosine kinase inhibitor(TKI) A & % — 3] (type 1)1 2

= Al(typell)™ o % - A TKI 5 ATP#5 4] » € r417% 1 1 cikinase » 4o

P % 7“7 * dcrenolanibiz 2 midostaurin ;% = A1 TKI § s 2405
it i e7DFG-out 4 » PR B #5 B+ 32 @ dedlkinase s & & 1t fi 0 G4
quizartinib 4 % sorafenib -
Mcl-1 3% 2_ @ 4

Mcl-1 > > % % myeloid cell leukemia-1 > % fm%s p chawb a7 3 5% F 4%
Fmie k= B4k d > L Bel-2 7 2E¢ - oo B gk Fev
Bax ~ Bak &% & » b 2 4 RS F 34 & & $r4| cytochrome ¢ e

9y F A sadrdl e k= %o Mcl-l chigdkT 5 d FLT3-1TD j& it
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1.7

STAT5 2t & §a = 12 2 PIBK/IAKT /% CREB #4573 i& » fmve 7 18
M F IR ¥ b PIBK/AKT B JEE 1 ¢ Fri] GSK3B 751 » F]t ¢ ¢
Mcl-1 F-v &% 4_% £ % 1* *% f%(ubiquitin-proteasome degradation) #] i
Rt time o g Ay Ml de e § 3538 Ml-1 3-8 chifh # Bde R 4
2 2% Do
Whnt/B-catenin signaling pathway

% Wnt/B-catenin 3t & B /2 BE BF B> Jn %2 BT c5 AXin~GSK3~APC -
CKlo 3-v § 7= ' & B-catenin c73-v 4§ & - (degradation complex) > #
d ;2% -3F-v fF48 9 >~ (ubiquitin/proteasome processing) @ #- B-catenin "%
f&;@m ¥ Wnt/B-catenin 3t & BT B ExpF > Wit ligand 22 wm¥e %4 & o
Frizzled receptor i & & ¢ £ 4 % X §g(co-receptor) LRP5/6 7} = 4F & 4= >
IR b AF & 4 0 & e F N ch B-catenin it S fE R 0 T
i# O~ vz ¥ 88 TCF/LEF ## 4% %]+ (T-cell factor/lymphoid enhancer factor
transcription factors) £ fe 34 35 #54L Flen4k i > 40 CCND1 ~ MYC (%4
7 4)2 -
Pyrvinium pamote(PP)z_ i 4

Pyrvinium pamote(PP) &_— fErgwf iiv i chif 5 ¢ H L A4 - (75
FDA -G * b 8 4 * & o v JRa* PPHE 35mg/kg ™ 7 ¢ 7
Fp vy Poif 10 & KEF PP HURA LS > ¢ 45 bR
= g p o 1T % (autophagy) sk %] Vps34 4 iE @ drd) MR fw ke chp e
e 2. g4 CKla 75121 Wnt/B-catenin 2t 4 B4 2 & v 2 s desf
AKT/PT0S6K 2t 4 B iz tris i 2 8@ GSK3 gev & 1t 2o drd 4Ry
vt vz (B vE444F &+ T (mitochondria respiratory complex 1)i& %1 ATP &
£ R 5~ B F 1 4 (Reactive oxygen species, ROS) & € 3 4« ~ ¢ active

caspase 3 3-v £ 5 4c~Bcl-2 2 Mcl-1 3v £ 5@ & e k= 54 7o
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Pk F AT T 7 % % B ot cabozantinib(XL184) st 43 - in vitro 2 in vivo $r
#] FLT3-ITD % % e #& % $k Molm13-P- 257 % %gsi i# = 443t cabozantinib £ 7
HPEWAI 2 FL008 K 0 A

FLBE 1 hin e $h MoIm13-XR » & ¥ 4 44
W6 G TR A

# % # & A &k cabozantinib >t i * pEw
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3.1 #
3.1.1. ¥ $k: Molm-13(ATCC :ACC554)
%1995 & 4 MDS(myelodysplastic syndrome)4g % 5 AML M5a 1 45
Lz %@ kenimte ko 4 FLT3-ITD ~ +8 ~ +13 ~ t(9;11) «
312, HRE®E:
TpF T E R 6 frid 40 F & % :Applied Biosystems 7500 Fast Real-Time
PCR System
R Ep=a 4y & & % Applied Biosystems Veriti 96 Well Thermal Cycler
B 714 47 ABI 3730 Genetic Analyzer
# * 3423 BIO-RAD
# % =: BIO-RAD Mini Protein II TM
@ & % BIO-RAD Model 200/2.0 Power Supply
45 Cherng Huei CON 560
T 5 2 ¥ ®:Digisystem Laboratory Instrument inc. DSR-2100P
4 % >3 i 5. Esco Lab culture Class I Type A2 Biological Safety
Cabinet (LA2-4A2)
Ak k Bue 47 ik Fuji LAS 4000
423 & & T %: Hielsher Ultrasonics
AAR R EE -k Hotech 905D
fiédg 4p 7= & JENCO microcomputer pH-VISION 6173
7k 44: King Cool KC-4579B(4°C) ~ Whirlpool Model EVI150F(-20°C) ~
Thermo ULT2586-4-D42(-80°C)
% ¥ 4 o 5 Kubota 1920

e A& % § 4 0k 3 8 Kubota 8800
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T+ % §%= Mettler PJ300

DNA ;¢ 2 7 1 : Mupid-ex

Az -k 8 Milli-ORG

E Fips 2R PyroMark Q24(Qiagen)

= 3§ 3+ #c % Reichert Bright-Line Metalized Haemocytometer
% B ) & Sakula Asv-3023

= § B % 45 Sanyo Mco-18Aic

%] 7k #%: Scotsman AF200; Freser V150

Mg 45 &k Sk iR SpectraMax M5(Molecular Devices)

@ 28+ % Therlyne Nuiva II stir plate

3.1.3. el

E

30% Acrylamide Mix (BIO-RAD)

Agarose Powder (AMRESCO)

Absoluted Ethanol (J.T.Baker)

Ammonium Persulfate (BIO-RAD)
Antibiotic/Antimycotic solution 100X (HYCLONE)
Albumin standard (THERMO SCIENTIFIC)
Cabozantinib-malate (EXELIXIS)
B-Mercaptomethanol (SIGMA)
Bromophenol Blue (BIO-RAD)
Diethylpyrocarbonate (SIGMA)
Diemethylsulfoxide (SIGMA)

EDTA (AMRESCO)

Fetal Bovine Serum (HYCLONE)
Histopaque-1077(SIGMA)

Hydrogen Chloride (MERCK)
7
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Isopropanol (MERCK)
MEM Non Essential Amino Acids Solution 100X (HYCLONE)
Methanol (MACRON)
NaCl (Merck)
NP-40(SIGMA)
Pierce Protein Free Blocking Buffer (THERMO SCIENTIFIC)
Phosphate Buffered Aaline (AMRESCO)
Phosphatase Inhibitor (ROCHE)
Propidium lodide (SIGMA)
Protease Inhibitor (ROCHE)
PVDF Membrane (MILLIPORE)
RNase A (MACHEREY-NAGEL)
RPMI 1640(GIBCO)
RIPA Buffer (HYCELL)
SDS (BIO-RAD)
Sodium Bicarbonate (SIGMA)
Stripping Buffer (THERMO SCIENTIFIC)
SYBR Green PCR Master Mix (ABI)
TBE Buffer 5X (BIOMAN SCIENTIFIC)
TEMED (BIO-RAD)
Tris-Base (OmniPure)
Trypan Blue (MERCK)
Tween-20(MERCK)

3.14. Uy

- BFify:
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p-FLT3(Tyr589/Tyr591) (Cell Signaling # 3464)

FLT3(Santa Cruz #479)

p-STAT5(Tyr694)(Cell Signaling # 4322)

STAT5(Genetex # 61098)

p-AKT(Ser473) (Cell Signaling # 4058)

AKT(Cell Signaling # 9272)

p-ERK(Thr202/Tyr204)(Cell Signaling # 4370)

ERK(Cell Signaling # 4695)

GAPDH(Genetex # 627408)

Tubulin(Genetex # 628802)

Mcl-1(Santa Cruz # 12756)

Bcl-2(Merck Millipore OP60)

Bak(Merck Millipore AMO03)

[B-catenin(Genetex # 101254)

p-GSK3pB(Ser9) (Cell Signaling # 9336)

GSK3p(Cell Signaling # 9315)

Cleaved caspase 3(Cell signaling # 9664)

Caspase 3 (Santa Cruz # 7148)

= BFupy:

Mouse IgG antibody (Cell signaling # 7076)

Rabbit IgG antibody (Cell signaling # 7074)
3.15. A e

Bradford Protein Assay(BIO-RAD # 500-0006)

CellTiter96® Cell Proliferation Assay(Promega # 3581)

DNA-Free(Ambion # 1906)
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High-Capacity cDNA Reverse Transcription Kit (ABI # 4368814)
Human Phospho-Kinase array(R & D System # ARY003B)
Nuclear and cytoplasmic extraction reagent(Thermo # 78833)
PageRuler Prestained Protein Ladder(Thermo # 26616)

Spectra Multicolor High Range Protein Ladder (Thermo # 26625)
TRIzol® reagent(Invitrogen # 15596018)

Western Lightening® Plus-ECL(Perkin ElImer £ WBKLS0500)

3.16. FxaFdpy.

V1.

*+ 4000 ml 2 RPMI-1640 ;3 ;% # 4c »~ 8 g & sodium bicarbonate » 4 % 12
IM HCI # & pH % 7.25~7.35 > £ 4v » 40 ml eh2b F s fl e vt 2 Jod
Fo & 2 045um Eip B £ A KD FF 50ml e e g
fe® = Z 7 10% FBS RPMI-1640 ‘w#2 33 % % o

1X Phosphate Buffer Saline

#-9.88 g phosphate buffer saline 4 » 1000 ml ddH,0 w3 {s 12 % /8 3 &
RECEELRY o

1X Phosphate Buffer Saline- 0.1% Tween 20

W

#-4 ml =7 Tween 20 4 » 1X 1000mI PBS 3 % s iR £353 -

\

10X Running buffer

#-30.2 g Tris-base ~ 144 g Glycine ~ 10 g SDS - 2 800 ml ddH,0 ¥ ;3 &
AEpPH ED 83 & &2 ddH0 4F 7] 1L -

10X Transfer buffer

#- 30 g Tris-base ~ 150 g Glycine 4t » 800 ml ddH,0 # ;% {¢ *2 ddH,0 4
3 1L -

Cell lysis buffer

10
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https://www.thermofisher.com/order/catalog/product/4368814
https://www.thermofisher.com/order/catalog/product/26616
https://www.thermofisher.com/order/catalog/product/26625

#- protease inhibitor 2 phosphatase inhibitor #4z % - * $#~ 1 ml RIPA
buffer gz = 10X lysis buffer {5 > 4 % =& ¢ 100pl * ¥ 75 *-20°C > & * =
£ 4r » 900ul RIPA buffer -

VII. SDS-PAGE(2 )
T & 7} (8% Resolving gel)
r29.3ml ddH,0 ~ 5.3ml 30% acrylamide mix ~ 5.0ml 1.5M Tris(pH8.8) ~
0.2ml 10% SDS & & {3 » & {s 4 » 0.2ml 10% ammonium persulphate -
0.012ml TEMED - ;& fr323 {572 » "B 441 ¢ > 12 isopropanol /& %% -
% 30 & 4B5E F] {5 12 1 M3 3 isopropanol -
+ & "3 (5 % stacking gel)
12 5.5ml ddH,0~1.3ml 30% acrylamide mix~1.0ml 1M Tris(pH6.8)~0.08ml
10% SDS ;& & {& » B 14 4 » 0.08ml 10% ammonium persulphate ~0.008ml
TEMED > R {ra3 (471 » M3 % > 546~ &fn o

3.2. =

321 mERE
1§ 4 10% FBS ¢ RPMI-1640 #1532 % » & % »t 5% CO; ~ 37°C#: %
HEAE > FZ BN o

322, mrefriiEz (MTS assay)
-t ve B Rk fe & 10°ml > 3550l v R dk ~ 96 3L 4 ¢ 5 24 o) pE
BRSSP ERERDEY > 27 €47 > SH T2 | 1> &I
4~ 20ul CellTiter 96@ AQueous One Solution £ 35 % 2 /| P » jpl 2
490nm *x sk {7 o

3.2.3. e 4 Ed R
M-t ve Rk fe & 4x 10Yml > 8- 100pl v R R4k ~ 96 3L ¢ 5 &

BPRFREE T €48 c 2218 > % 244872 ] & 3440~ 20ul

11
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CellTiter 96® AQueous One Solution - £ ¥ & 2 -] FF {3 ] 2 490nm #x &
B o Bfs® » ODA90 4% & ‘m e Hcp il 0 4 2 30 o

324, v g Tdoe MY kR
FEER 10° B fm%% o 4o » AR A ey Sk B dRFR 0 R WL E R
20 A48 > Nl iR AT 0 E B RFUEE T § & p ocfisotype control o

3.25. v E il @
42 x 10° @ sm¥e 12 1500 rpm > 4°C > s 5 TR R K 1Lk e
PBS jjixif (s 4 A AR > e~ 35l cell lysis buffer » # 10 4 45 v
ARFI0OF  £23F 2 *RFARTENE L0 RT > » 10
itk 0 X 3 X e a‘iz‘e—fﬁ 12 14000 rpm - 4°C > #res 10 & 45 0 -t iR
‘AT E P 0 PlERAR S A KT 35080 o

326. v FEARTE
BARE 39 EREEY A > #-bovine serum albumin stock 2pg/ul 12
ddH,0 ﬁr%ﬁ WP~ 0~1~2~4~8~10~12ul 7 ddHO # = 388 F
5 800ul; ‘¥ 3B BB~ 2ul 40 b 798ul ddH,0 o 4 » w iE i ¢ 200ul
Bradford Protein assay :# &2 fr323 - B~ 200ul 3 96 344 ¢ » & - & &
20z FAF 0 2 18R %_5950m kB 0 R R o G EREEY R T
EhRAY s ER O RS ERAT F32-80C

3.2.7.

3

P~% & 3¢ 142 3.5ul protein marker ;3 :& SDS-PAGE  #; » 2 80V i&
FaAl s 22100V 267 15 [ PF o Tk = (8 RN
30 #F 2 PVDF %t > 2 F 2 ik 4F 100V ~ SEH T on 380mA > i 2
e EFRAE UMM R T LT marker A F B =% 0 L ik F0 =

% #*» PVDF %{¢ 12 blocking buffer »* % B # 4% 1 -] p%> £ 12 PBS-T

ok

e & 10 24— Ptk 0 £ 3 o 2 18 #-PVDF g2 11 PBS-T i

12
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e e M3 iR 4CH5 & 8 ko #-PVDF %12 PBS-T * 3 8 it
& 10 48— JFTR 0 % 3 o LR 0 PBS-T AR (8 6= bz %
FRFEA L& BfSPBS- TRk = 1044 Ak &
= o E & £ 12 Western Lightening® Plus-ECL = oxidizing reagent v
luminol reagent % € ;2 {v > #- PVDF %z i (& £ 2 LAS-4000 /4 & »
1R T A kB o

3.2.8. RNA % B~
-5 x 10° 1 fm#& 12 1500 rpm > 4°C » 3t 5 A 48 #5355 % 0 1 ken
PBS e {5 2 K,ért 7% 5 gk 0 4o~ 1 ml TRIZol® reagent & Hvx 8
IRxF v d mre B> B 3-80°Ci & o 4r » 200ul Chloroform * & %
i 15 F &8 20-20°CF & 40 4 48> 12 12000 9> 4°Cat< 15 4 43 »
BB~ 400pl + F iR 3]  F 400ul Isopropanol &t g R e 15 B 3k
15 4~ 48 » 12 12000 g » 4°CH 15 & 48 o 3 ik {8 4 » DEPC <o
0 T5% I - s ik 47 0 11 12000 g0 4°Cajres 15 4 480 imlH b Gk o
EEFMYF Fdch 57F I RNA TS T IRL B P > 4 » 20ul DEPC
kw A B 60°Cic# f# 1544508 2 RNA % 23 f2- 8% 74 DNA
# i%:4c » 3ul 10X DNase buffer ¥2 1ul DNasel > 14 parafilm ¢ % {& ¥ %
37°C-kigth & & 30 ~ 48 > 2 {2 4r » 4pl DNase inactivation reagent » 12
12000 g > 4°Cags 2 & dd » P01 i o RNA R A& mAgpcd & %
KRR CEREE-B0CHT -

329.  F &R &y~ B(RT-PCR)
F1# 2 A e R 5 CDNA-# — £ J3# ¢ ¢ 7 3.7ul DEPC -k ~2ul 10X RT
buffer ~ 0.8ul 25X dNTP mix(100mM) ~ 2ul 10X random primer ~ 1ul
MultiScribe ™ reverse transcriptase~0.5ul RNase inhibitor(40 units/ul) 2 %

10pul RNA(100ng/pl) - %48 4% 5 20ul > »+ 25°Cie* 10 4 48 ~ 37°Cie* 2

13
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] P~ 85°CTiE* b o ds 0 B 5 4°C > A 4 £ 3 %15 30-20°C o
3.210. PCRE &gl F &
513 3K3 5 195 NCBI F 4L £ > 2 Primer 33k 34513 0 B 74k — #77% o
# - F kg ¢ 7 1ul cDNA -~ 1ul forward primer(10uM) ~ 1 reverse
primer(10uM) ~ 0.3ul Tag polymerase ~ 2ul dNTP(2.5mM) ~ 3ul 10X PCR
buffer ~ 1.8ul MgCl; ~ 19.9ul ddH,0 - & 88 4% 5 30ul - B & i 4 & o
95°Ci®* 10 4~ 48 ~ 2. {612 95°Ci®* 1 4~ 45 ~58°Cit* 1 445 ~ 72°Ci¥
1S A AL - AT LT 35 BUATR > Bl at W R 1 72°CTE* 10
Lhl o BB AP 2%IEE R T AR o
3211, 1% alag e i
P~ 0.25 suenEE s k4o » 26mIIXTBE 2% P » T » FERE 4 H T

B GL e MR R ERE WL o tip ef e IR 1 2 R 0 R

ERAPNRBEEER S B AT FBEY Rk IX TBE B 0 %

3.5ul s DNA marker ;3 » # # p > & & P22 12 1ul & 5ul 576X loading

dye JR{r3og sk Bt » & » 12 50V i § 15 A48 > Frddk & ¢ » %

{57 12 100V i F 5 20 A 4B o 5 & 15 39 ¥k~ 3 F EtBrig i enddn

Bk 15 S48 2 1500 p kokikiTh 15 A4k o BRI o

UV kA 4558 % o

3212, BAFERAF AP 2 1

B-R G P4 F 2 A 42 X 14 0 binding solution B & > 2 {8 > 3%
%~ spincolumn @ - 12 13000 rpm » F § 4o 1 A4 4d o B iR iE) !r‘ (s

4v » 500ul wash buffer » 12 13000rpm » % JF 4~ 3 A48 > £ £ 4 - i

/kmdﬁ;ﬂ?.; » #-spin column ¥ *tATe0 1.5ml s g b oo 4o » 25p] £

elution buffer 3 8% % 5 4~ 45 > 2 {512 13000 rpm B &< 2 & 48 > 97

14
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T ¥ g § ¢ T L B i {5 PCR A 4 o

3.213. B A7
% 145 PCR A 47 B %0k B % 14 12 1~2 ng/100bp P~if & £ 4c » 1pl %
B primer(5uM) > 2 ddH,0 # I 484 5 6ule ¥ 3 5= %51‘%?)’3: £
3 %87 R 7|4 17(Big Dye terminator v3.1 Cycles sequencing kit > ABI
3730 Genetic Analyzer) -

3214, W T iR & FFd 45 (Q-RT-PCR)
513 3K3 2 19 NCBI F 4L 2> 2 Primer 33k 345313 0 B 7 (4o — #7F o
- 170ul £ ddH O 4e » & fdseis e CDNA # p » & — F s ¢ 3
12.5ul 2X SYBR Green PCR Master Mix ~ 1.5 forward primer(5 uM) ~ 1.5ul
reverse primer(5uM)~9.5ul cDNA > 3 88 4 5 25ul> ** 50°Cie* 2 4 45 -
95°C% 110 A 48 ~ 2 t8 12 95°Cie* 15 4) ~ 60°Civ* 1 4 43 > & {7 40
BUHE - F SR ERBI BCER T 60°C #pAfF D
Tm(melting temperature) » Fx:u A+ = H - P &4 & > 12 7500 Software
V2.0.4 2 45 0 3 d 2°C g g A Flep it AR H P
- A Ct=Ct(target gene)- Ct(HPRT) -

3.2.15. Pyrosequencing
FiplHk A2 cDNA R L prd 4 7 (3.2.10)% + Fipl L F] > #7# * 2
513 dedo o 90F 0 201802 1% FRAEI(3.2.11) 0 3t 0.2ml il @ 4
» 18ul ddH20 ~ 40yl binding buffer ~ 2ul beads 14 2 20ul PCR 2 # - %,
B 5 80ule + FiS AT 10 ~48 > 2% > PyroMark Q24 Vacuum
workstation PCR plate > §]#* vacuum w2~ 51 & B 10 70%FpE
denaturing buffer ~ wash buffer ~ ddH20 73 /% i 7% - 2 { #-vacuum t =h
Ped&4r 2 7 5 25ul sequencing primer <2 Q24 plate 4p $t == % + > *t 80°C

Q24 plate holder 4c 41 2 4 48 > "4 ;8 {5 & * PyroMark Q24 ik B} F J& >

15
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% 14 1 PyromMark Q24 software 4 45 P & £ %] = 8L ATCG ] » 2]
Y70 L B R RARR o

3.2.16. GeneScan
#-1% P sm Pz e cDNA 12 AmpliTag Gold® DNA polymerase & {7 PCR» **
95°C% 1+ 10 4 43 > 2 {511 95°Cie* 30 #y ~ 58°Cie* 30 ) ~ 72°Ci® *
30 F) > &7 35 B ATk > B RAiL A4 1804 ddH0 FF 2x~ 4x~ 8x >
A 5 F sk R 7 30-20°C o B~ 0.5pl & 5-2 9.5ul formaldehyde 12
AR e~ 9B IV TR & 5 3 O5°Che A 2 A B2 S L g AL
217

3.2.17. i = ¥} cabozantinib £ &4 2. Molm13-XR
B A e prHGE SR A 47 Molm13 #3+ cabozantinib 5 1C50 % 1.06+0.93
nM > >t g2 & -2 32 £ A& 1nM cabozantinib 2 £ % » Flw
et ERETILMN 2 BRABFERS KA M > St pI o -
AR Mimre o S 5B (s M E B 2. Molm13-XR - # IC50 2
473.36 +154.73 nM -

3.2.18. Human phospho-kinase array

%

#-107 {# w72 12 1500 rpm » 4°C » s 5 4 4515 454 5 % it » 12k e PBS
Feilis 2 BT DR Ao Iml Lysis buffer 17(z 7 10upg/ul
aprotinin ~ leupeptin ~ pepstatin) 2 353 > Bl T v kRS BFE AR
FEER > B lug kv fe ¥ >t array buffer 1 & gl & o B30 s
voarray buffer 1 2z 8 # 5 1) P 2 (5 8-F R A4 » > & 4°Cie &
BTk o MRk fS Rk A% 0 21X wash buffer 84 % 10 #45 > £ 3
FaTk o 218 fer4 1:2000 -8 v &) #-anti-HRP detection antibody 7% >+
1X array buffer 2> #-3-v w2 B> H ¢ 3R E 20 Proz {8 AR R

121X wash buffer % 2 # % 10 # 48> & 3 Ja3k » & (& £ #- chemi reagent

16
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mix 1&2 & € R v #-F-v W% Z ks {8 11 LAS-4000 /4 &~ 15 ik T
FAkME o

3219. P R AT %
2 Nuclear and cytoplasmic extraction reagent(Thermo # 78833):& {7 # &% >
#-10° 13 5wz 12 1500 rpm 4°C» 3w 5 & 4518 45 ",4rt ¥ &% ke PBS
FeilBis 2 % 7 g R o 4rr 100ul CERT & &2 15 4) » 2 {8 B %
kP #FE 10448 4 » SH5UCERTIZ R F S > 2t B3kt #E 1
A48 11160009 4Cas 5 4 48 3 LT T AR S 3 Bt iR R BT
Frefges o gt W L e BT 30 3B~ (cytoplasmic extract) o AR K
g ser ImlikenPBS > 2 16000 g > 4Cas 5 4 4 o %%“,f%ii i
e gheh BREAF 250 o 4o~ B0 pl NER # 27 16 §18 B vkt #
¥ 10 A48 £ £4F 40 0 Bf512 1600090 4CHs 10 A 48 B
BB FIRTEOYLG B o0 # T 5 dn e 1% Ged X B4 (nuclear extract) 0 2 {5 -
PEFERF 2 E 0 kRZ A KT F3F3-80C -

3.2.20. RNA-seq
#dh B4 cnRNA i 10 pg >t 243958 50 274 450 #1409 RNA > # 5 cDNA >
2. (8§ 200 %5 o REA T A IGV R iE 7 0 K NCBI & 34 #14c
% 37 48 ¥12_ NM accession number » ﬁ%l »3 GV 18 B HR A R R
7lig 7 4 47 o ¥ ¢b > 12 DAVID(Database for Annotation, Visualization and
Integrated Discovery) » 47 #x#8 » 47 £ B 1 £ A F]1 & KEGG (Kyoto
Encyclopedia of Genes and Genomes database) #7 % chim?e 4 31 4, @
YRR T 11 p<0.05 # 5 threshold -

3221, k3t gz
4% Microsoft Excel 3+ 8 > 7 gk t & 2B d| 200 2 9 % it

AR@E > F pE 0058 s reankpFELR o

17
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4.1.

4.2.

Fr¥ RAREE
Cabozantinib #>* Molm13-P 2 2 Molm13-XR z_ #r4] 5 %

B R R Frp 32 % (MTS assay)#]:# Molm13-P #+t cabozantinib
R X M (B R X drd]k B 1Cs (half maximal inhibitory concentration) 5 1.06
+0.93 nM(B] 1) - ,{ﬁrj 1#F 4§ %5 Z 4 (continual drug selection) e 3¢ » 424~ 4
#- Molm13-P £ % 4k & 5 1nM < cabozantinib 32 % % p > F e (ki & 1
FHOEIPEF QRBEFER ERNS B 42 BAREEZ 5B
2 = 2% cabozantinib & @ M enimrz k> B4 B LA E Molm13-XR -
Molm13-XR #+*+ cabozantinib 7 1Cso % 473.36 +154.73nM (%] 1) - {5 F=*

‘o TR P e ks & W R £ F 4 9 RPMI+10% FBS

Molm13-P 12 2 Molm13-XR z_ FLT3 #7;

Molm13 E_4*" FLT3-ITD £ & 3 (heterozygous) ® % eim*2 $k > ¥ FLT3
“rfeen® 1354 ¢ 482 4 3 15 (+13)% - 54 i 12 GeneScan # i) Molm13-P 12
% Molm13-XR 7 FLT3-ITD % % = % % &+ Molm13-P 2. FLT3-ITD &
FLT3 wild-type 72 5@ ## 5 40346 : 23295 ; Molm13-XR % 175363:104253 »
AEEANE 201 B % 1354 MW A G s FLT3-ITD 2% > 3 - i3
FLT3-wild type (1] 2A) - %cj RNA-seq 4 7 Molm13-P 12 2 Molm13-XR
MRNA > & FLT3 MRNA 05 7 F 5 2 % 2524 1 +% 4 & =2 » Molm13-P 4
B3 100% 0 G @ fe f e B 0 B & Molm13-XR i i3] 69% 1 G 14 2
31% = T(® 2B) » % 835 B %45+ d GAT(Aspartic acid) % %37 =
TAT(Tyrosine) » # #- % D835Y o 2\ ie» 12 Sanger sequencing(® %)Fes%
Molm13-P #. % 835 i %45+ &= 5 ATC > Molm13-XR "f T3 ATC 12 ehiR
3 ATA s 5L (8 2C) » £ _Molm13-XR #* 11 5536 & single clone(C1-C6)~ 7
10 I el 5 (i R 6)

18
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4.3.

F . 1% Sanger sequencing #_F (& ") genomic DNA » Molm13-XR
£ 5 GAT 112 TAT 2 3 5.(F] 2D) - ¥ ¢t 12 Pyrosequencing & #| X % g 4~
v > MoIm13-XR it ¥ %/ 3 GAT ¢ 7 65%° % % %45+ TAT 7 35%(H
2E) > B4 5 2:1 o

&1 > Molml13-XR &5 2 i 4 ¢ 8> FLT3 D835 wild-type > @

kN

1% ¢ 24 FLT3-D835Y % % -

FI R R G fRa 4 K B4 17 Molm13-P 12 2 Molm13-XR ¢
FLT3MRNA £ & 2 % &7 & thime ¥ 02 3 B ¥ ch £ B 14 (p=0.38)(® 3A)
¥ ¢t RNA-seq # t7enipk fpt > 5 F 3 @ ¥ 4 R (p=0.99)(R 3B) - 1 &

S BEE A 47 FLT3 Bk it cnd2 & » FLT3 3-v A =5 f82)5% - fEA
(glycosylation)(160kDa) 12 % 2t4E £k i (130kDa) - % % &1 Molm13-XR =4

Fi v 422 5 4c (] 3C) ©

Molm13-P 12 2 Molm13-XR 4 £ & #1712 P2 F 8 525

M me H A R A PR SR B R L EE G LR 0 B

|

MoIm13-XR 7 $ap-cn2 L B (B 4A) @ %873 % 48 | L 5 ¥
#£ B (p=0.0008) 4 7 tm*z i 3 HpF & (doubling time) » Molm13-P 5 17.77
| B > Molm13-XR % 15.81 /| p# o 12 RNA-seq 4# 7 PIM1 A 71 & & >
Molm13-XR £ 4 & % |4 3 4c (] 4B) -

B imPe FH IR A > Molm13-P 12 2 Molm13-XR enim e ik 8 & F 5 T &
% 4 B (sub-G1 phase:5.52+2,18 v.5.4.44+1.0 ~ G1 phase: 48.47+6.36% Vv.s.
49.63+£2.4% ~ S phase: 18.26+13.04% v.s. 25.73£1.62% ~ G2/M phase:

26.2+5.62% v.s. 17.9+1.01%) (M 4C) -

. % - 312 % = A4 FLT3 #r41 & ¥4t Molm13-P 12 2 Molm13-XR 2 #r+#]2% %

19
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4.5.

4.6.

4.7.

MTS assay 1.5 % &1 Molm13-XR ¥+3t % — A e FLT3 Fr 4] |
midostaurin 4 2 crenolanib iz & 3 & = H; @ $3% % = 3] FLT3 $e 41 8]
sorafenib 14 2 quizartinib B] i 2% 15 3 $L% 2 4 %] % sorafenib e % 42 &

B = (B 5) -

Molm13-P 12 2 Molm13-XR e it iv f2 B 2. £ B

41 * phospho-kinase array 4 +7 Molm13-P 12 2 Molm13-XR i fis fi fix
CenZ B AT A HRimte gL LTS TS o & % B > Molm13-XR
BT P PR i 1 A28 # MoIm13-P % 5 & 35 STATSa/b 2 Tyr694/Tyr699
(normalized to control:1.06 vs. 1.35) ~ AKT z Ser473(0.83 vs. 1.05) ~ ERK1/2
2_ Thr185/Tyr187, Thr202/Tyr204(0.7 vs. 1.0)~CREB 2 Ser133(1.44 vs. 2.16) -
1% GSK3o/P 2. Ser21/S9(1.67 vs. 2.67) (W 6) - #% 11* & = & Bk Faint
tenE % % F & Molml13-XR ¥ STAT5a 2. Tyr694~AKT 2. Ser473~-ERK1/2

2 Thr202/Tyr204~CREB 2 Ser133: 11 2 GSK3P 2 S9 chghfit it 4 4c (B 7)

oz %= (apoptosis)4p B F-v % Molm13-P 12 2 Molm13-XR % £
S EBLE TR PR e = Fev AIRE B Mcl-l Rd B

Molm13-XR 7 F* &g 3 4 > @ Bcl-2 ~Bak |7 £ 5 P &g £ £ (/] 8A) »
BFUTEDIREMFRY F RS BB T S Rz g Mcl-1

mMRNA % 78 ¥ & %8 % £ B (p=0.28)(/® 8B) > RNA-seq 1. % [ +

(p=0.94)(®] 8C) -

PIK3CA : PTEN -~ AKT 2. % %4123 Molm13-P 2 2 Molm13-XR -3
d 2B 3] Molm13-XR 7 AKT 2 Serd73 gipa it 3 4e > Fpt L F 5 &
H A AKT F i g 3 AKT 237 5 4 £ 13 & % B(growth factor receptor)
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4.8.

SR NPIBK 2T A S o @ gy O PIK3CA - # ¢ 81 PIBK i i 54
it EEOEF A4 S 1Y R 8 (activating mutation) pF > # 4& 23 exon9 1 E542K -
E545K » 11 2 (=3t exon20 1 H1047R » '+ + i & AKT B 4 &1 2.
¥ b s PIBK & v AKT i 42 ¢ 5 3378 39 PTEN #7 £ :342 - PTEN
T G BApepe e A T 0 B MRS ch -0 i 594 PIP3 3 & PIP2
@ drd] AKT G5 v > F]pt > PTEN e 4 55 50 2 % (loss of function mutation)
@ 44 R130~R173: 122 R233: ¢ & PIBK/AKT 2 L paic? £ e o ¥
o f e pkdn &) AKTL A B A & hELTK 2 Bh R 4 7 AKT £ 455 1t
o4 RNA-seq 4 7 Molm13-P 12 2 Molm13-XR =1+ i PIK3CA( 9A) -
PTEN(®] 9B) *AKTL1(®] 9C)z #1 B % % > S % A7 & thimie cht i =2y

ELE ) = 35| B

Molm13-P 2 2 Molm13-XR ¢ K-ras » N-ras % % |+2

d A ELE T Molm13-XR 1 ERK1/2 2. Thr202/Tyr204 ik i 34 4c > 7]t
AL PEE 576 ERK an LEAJTA F o % dy 31 RAS A FIeh R % 4 i &
Raf/MEK/ERK 12 %2 PI3K/PTEN/AKt/MTOR it 4 BT en® § /5 i %,

%‘gc} pyrosequence 4 7 Molm13-P 12 2 Molm13-XR =7 K-ras 14 2 N-ras
R e ¢ 5 codonl2 ~ 1359~ 61~ 117 ~ 146 ¥ o & % kg7 A K-ras
gcodon 117 38 4 »Molm13-P 12 2 Molm13-XR % 5 TTT(Lys)>ATT(Asn)(~
B)ehZR %> BRI HIF A d Molml3-P 7 36% > = Molm13-XR &»
19%(M@) 10) » 4c F A2 w2 Tz A R % 0 F]Mtde s RAS ehcodon 117 % %

2t Molm13-XR =7 ERK~ AKT Bifs it 3 4c e/ Flo ¥ ¢k > & N-ras 7 codon
146 3%~ > Ffeen > 3 R ¥ 5 GCC(Ala)>ACC(Thr)(& %) R % > = 7
F R ot 51415 (19% vs 20%) (@] 11) > F1 ke 423k N-ras 0 codon 146 %

g2 ERKYAKT Eit 5 £ 8 g 5] o
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4.9. Molm13-P 12 2 Molm13-XR 0 B-catenin~ T 54 ¥] MYC -CCND1 % £ o
d 3t GSK3pB 2 Ser9 mifiz it {5 € £ 2 /& » GSK3B 7 L33 47
Whnt/B-catenin 3t & B2 S cha + 2. - > §F B 2 5 EpF € &2 APC ~ CK1~ Axin
v & =+ % = destruction complex - & B-catenin Fipk it {5 & f2 o F]L
Wnt/B-catenin 3t L33 #8205 € M B, F 2 F BZR FopE > B-catenin ¢ i~ fw
¢ % it = TCF/LEF(T cell factor/ lymphoid enhancer factor-1)#& 45 %]+ e 2%
7% 1© ¥]3 (co-activator) » &_i¢ T 4 F] )4 MYC ~ CCND1 th# & 2 o
o e Ui i A dend B 0 A 45 Molm13-P 12 2 Molm13-XR
B-catenin 4 %] & fm¥e B4 & fnz frihded 0 5% % Br 9 R %7 o B-catenin
Smre FY R PRELE > hweedrd Bl E_Molml3-P i B-catenin -
@ Molm13-XR 5 &g % o ¢ %% &+ Molml3-P & & % % B-catenin ¢ /& it
ehim #2 A (18] 12A) °
Fef A 17 AUF Molm13-XR § 42 % chB-catenin i& » ‘¥ 1% ¢ H 4 T 5
A FlendiE o d RNA-seq ~ 178 %83 3 iz cna MYCond EE 7 &
£ $(p=0.99) - @ CCND1 R| % 7 % % £  (p=0.02)(® 12B) > fe 2 FrpFr z &
HEpRgF a1 3 F S CONDL & g sigh b enkp ¥ £ 3 (p=0.07)(H

12C) -

4.10. Molm13-P & Molm13-XR £ % £ |+ £ 7.2 1057 i & #]*+ KEGG database
EHFLARZAL BRI -
= RNA-seq 4 +7 Molm13-P 12 2 Molm13-XR z_ # & 4 L A 5] » 1Y
p<0.05 $*i% 41 1057 B & #] » &4 DAVID(Database for Annotation,
Visualization and Integrated Discovery) 4 7 $ic %8 ~ +7 1057 B & 713t KEGG

(Kyoto Encyclopedia of Genes and Genomes database)3t i ke 54 % ¢ £ 3 &7

¥R A2 BD o ¥ p<0.05 i s $HiE 2 threshold » % % & 5+ proteoglycan in
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cancer(hsa05205) £ £ + & ¥ |+ &, & (@ 13)> & 7] 1 MoIm13-P £ Molm13-XR

SEH? B AL RM2Z AF(HE 3o

4.11. 1CG-001 #** Molm13-P 12 2 Molm13-XR z_ 4+
2 MTSassay Bl:# ICG-001(B-catenin 4| #)) >+ & kw2 2_ 442 R >
F %% ko ICG-001 ¥ Molm13-P 2. ICsp 5 2.09+0.32uM > %
MoIm13-XR 2 ICso % Molm13-XR:3.35+1uM)(H] 14A) o 14§ 3w A 4z
& F7 1ICG-001 *t 2 ~ 4uM EJE & kw2 5 24 - P& {8 2. B-catenin F-v & >
%% &7 ICG-001 &c 59 &) £ i 3144 & ° Molm13-P & Molm13-XR ‘¥z H

2 'm¥e 4% ¢ en B-catenin (5] 14B) -

4.12. & FaFr4 B 3 Molm13-P 12 2 MoIlm13-XR e 7 %

F% 2 MTSassay 4 47 1 MK-2206(AKT #r414]) « CI-1040(MEK 4|
) ~ LY294002(PI3K #r#]4]) » 12 % pyrvinium pamote(Wnt e+ 3]) %>+
Molm13-P 12 2 Molm13-XR edrd]s2% o F %2 % &1 > Molm13-P 12 2
Molm13-XR #43t % 4 (71 1C50 4 %] % : MK-2206: 0.95+0.36uM ~1.41+0.40uM ;
Cl1-1040:1.8840.25uM ~ 3.16+0.28uM ; LY294002:7.05+2.49uM ~ 7.66+2.75uM ;
pyrvinium pamote: 14.81+10.77nM -~ 13.45+6.59nM (] 15) -

MoIm13-P £ Molm13-XR $t3t F it w fE & 40 chl £ (2302 P REeh L
£ > & pyrvinium pamote ¥+t & & fm e dfrd] 2% B 2 0 ¥ 12 £ nanomolar

SRR T Frd) e ehiE M T B F A 47 pyrvinium pamote sniE * 5] o

4.13. Pyrvinium pamote 1i® * %41
< ;;H;] &) pyrvinium pamote(f§ £ PP) ¢ #r#] JAK/STATS 12 2 AKT 3
s im 7 3 5 it GSK3B® ~ i S Fk < 39 Bel-2 o Mcl-1 @ ¢ e 4
23
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B mie k= 2 dedl e SRl en T 3 @ yE4Rig & 1 (electron-transport chain
complex I)i¢ & ;% #liz ATP -

A 051 uM e PP iE* 3t Molm13-XR 51 4 - pF - & ATP assay

#3]5 A & &5 (dose-dependent) i b fmre e ATP(HB] 16A) o i&— # 12

S EBLE A e eiE 2T A 45 STATS ~ AKT ~ GSK3B 4 F ehfi25 » ik

Br

|5 PP i * # > p-STATS ~ p-AKT ~ p-GSK3B-Ser9 & 5 i > » » ya{g i
AKT ~ STATS jgps 4 2 =1 > @ p-GSK3B-Ser9 g > » 3&9« # ¥ GSK3p
15 4o IR % (1] 16B) -

Mo imRE k= A5 37 > 2 5-26nM i * 3t Molm13-XR 54 24 -
48 ~ 72 -] p# > 12 Annexin V - Propidium lodide % ¢ {8 12538 P2 i A 47 o d
>t pyrvinium pamote * ¥ & - fEiE 4 hF e Rk o Hodo S goif kE S
A77Tnm > F~ fck 3 L 579nm > 2 (7 AV-PL 4 8 PR € T s B sk eh
WE FIPMEF B R R B A iRm0 F R Y RWELD v ik
# (B 17A) o 7 i > v RBELE T e k= ant bl(Annexin V + %) F PF R ik 5
1+ (time-dependent) =138 % (8] 17B ~ C) » >* ¥ 35— #H 11 & > & 82 & 47 & PP
FdR (s ek = v Mcl-1-Bcl-20 17 2 e & = 3 4 gk 2k cleaved caspase
3ehd MR %% Bor PP ¢ ¢ cleaved caspase 3 3 4c ~Mcl-1 & > >
R e k= g4 (R 17D) -

& 1 F R Bk % 0 pyrvinium pamote ¢ F#r4] Molm13-XR 3 STATS ~

EiN

AKT 075 44 ~ # 4r GSK3P eriafe » & fmve en ATP 5 » 11 2 1858 k= B

v Mcl-1 j > ~ cleaved caspase 3 #f 4v » & iz = F 4 o

4.14. Molm13-P ¥ Molm13-XR 74 & 3o £ £

FI# iV dmre R A TS PRimre chdk m FUR 0 5 5% Ko Molm13-P 3 93.8

9% % CD56" ~6.296 % CD56 > @ Molm13-XR R|F 99.9% % CD56" ~0.1% %
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CD56 (%] 18) -

4.15. Molm13-P & MoIm13-XR 51 ABC @ #i; 3 :mRNA £ £
ABC @i 3d 5 hlwie it ih- BT E- o RSy dhd ATP A E
ﬁ%%:‘ﬁm’?é Pk [;J&;}F—, I we g 4 % & 4 (Multidrug Resistance, MDR)
22 ABC 39 i & % LG M -2 pu {2 4p M P ABC #1539 ¢ 42 ABCBL™:
ABCC1¥ - ABCC2% « ABCG2* - % 5 % % %5+ Molm13-P 2 2 Molm13-XR

1 ABCC1(p=0.27) - ABCC2(p=0.11)2- MRNA 4 .8 + & &% £ B (% 19) -
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P14 Wk

FLT3 X %8 &4 4t e oo afph L ¥ LhR % -~ N kg
30~40%> B o = 5 B D3F § R 49 454 FLT3 endwe & > &4 cabozantinib -
tandutinib -~ lestaurtinib ~ midostaurin ~ sorafenib ~ quizartinib ~ crenolanib % *

A2 97 * ghcabozantinib £ - f& v PR 5 jgcpE 24 A (multikinase
inhibitor) » # $r4] & s4 VEGFR2 ~ RET ~KIT ~ MET ~FLT3~TIE2 % ° -
himbe g Bk b oo 5 aviE cabozantinib it 49 At 5nM ek R TE e P
#] FLT3-1TD % % :h MVA4-11 12 2 Molm13® o & % — # e 225 467 £ 3%
HEBAHE 175mg- &4 i ]1% P ek B kR 5 1.08+0.51uM > fw
R B ek B MO o B F % F T M-FLT-ITD & & ¥ &
Molml3-P B 4 4 » B A T » F¥g 4 £ 3 200mm® > B 4av RIS
vehicle 2 cabozantinib > /&% 4 L B7 L > & a2 L FREFL
2 ("4 B I > p=0.0031) - £_* if invitro 2 invivo § % & -+ cabozantinib 7 &
4R EEEE RS O [}iim— okt B d e B P F
Roe Fpt o & 8 {7 cabozantinib i 4R 3 o

AP R-AFFE M S R hee R Molm13-P 32 & & 7 7 cabozantinib 3% &
Rpood MOER B4 A BERMAGHEFEPFRFE R AEF PN 0 73] ICs
% 473.36+154.73 nM » 3£ = 11 5% w2 $k Molm13-XR - i3 ~ ﬁLa‘F] L 4
A FLT3-ITD £4F /& 5] chk RASE - 5 ¢ chE 48 7% 7% 39 (overall survival) 1z 2
& 7 ¥ 7% 99 (relapse-free survival)i&@ * » ¢ GeneScan 4 47 % % & 7
Molm13-P 12 2 Molm13-XR 7 ITD €4F A 7| £ B2 & L R (W 1) ¥ * » 7
e %% 5% &5 Molm13-XR 7 FLT3 TKD 4 2 heterozygous D835Y % % (&) 2) -
W3 3 77 BIR - Molml13 & pF R 3 & & FLT3 #74 % MLN518 » #1i2
=g etk P tee B IR 3 heterozygous D835Y % 92, B R %
BE - R o

26

doi:10.6342/NTU201702820



D835Y % %+ fH 8 FLT3Hr4| %] sl 12 % 43 I » ) 4o Sorafenib™ -
mmwmwhg’+g@&ﬁ@mﬁﬂ%ﬁﬂFuanDhﬂAML@&:
sorafenib jo {6 DI E M A LR F K e e D Aish T 4 2
?ﬁﬁﬂ?%%Yi%“Moﬁéﬁﬁﬁéﬁﬁﬁﬁ&ﬂ{é*}ééﬁﬁ
P FLT3 enTKD % 2 BL% % ¢ @ Kinase S H:c %> Fla B R EH g &
B ek R Y o ¥ G vk B FLT3 5 Ba/F3 & Riwee b A
FLE N QU 7 Pie-FLT3-1TD 2 2 & 48 FLT3-ITD-TKD % %% » Ba/F3
fn¥% > &% &F FLT3-ITD-D835Y #p it £ 4 FLT3-ITD thim® £ 5
quizartinib #2# 1 © > @ Nguyen % % %7 7 ¢ * | e0 ;522 = Ba/F3
oSS x s T ooba 4t B FLT3 #rd @ cnp £ S % M7
FLT3-ITD-D835Y ¢ 4314 FLT3#r| 4> £ i 2, )4 AG1295~Sorafenib
KW2449 ~ Quizartinib* o s i 9 2% % % &7+ Molm13-XR 4% sorafenib -
quizarinib X £ § B (R 5) 0 # & kv prenig Sk o @ 5 - AFedA]
(midostaurin ~ crenolanib) it 43 & i<k & T i Flardlsc sk o Flt % - Fldrd]H|
3t Molm13-XR % R 5 sxerio
w3 [];Jc:t&g#f‘ﬁfé it e mutant STATS # 78 » IL3 z¥g 4] 2 &

(IL3-dependently growth) 7 Ba/F3 % ®¢ {5 & % IL3-independent eim?e » . ©
% R4 I PIML 12 2 BCL-XL » o1 STATS 3 4 B /s z B - 3 mre 4 £ B
tEEREY . AP %2 %S MoIm13-XR 1 p-STAT5 2 2 PIML 4 3%
B FH 4 (Bl 4B-B 7) &7 & £ MoIm13-XR 2 £ i# A& #Pch? i B F|(H
4A)

~ );?Hﬂ 21 PI3K 77 i+ % % (activating mutation) 4 2 PTEN 7 5¢ 4% %
% % (loss of function mutation) ¢ 1% &7 it PISK/AKT 3t 4 BT 8 @ AR fw

vt Kot s 2%, ¥ 4hy 4 FIPIK3CA 22 PTEN % % @ # B m % $1&

"rﬁ

de A 4 FE M dp B AR B0 o A e Bk 2 % BE 7 Molm13-P i 2
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Molm13-XR #PI3K 7% i* & % (activating mutation) =2L% 2 & & & #[(89) -
% frdp 31 LY294002(PI3K $r4#) % mutant PIK3CA fn % ch? & § g2+ 0
FrdlF2 R (A +- >t wild type dm#e )0 5 st @ 5 S % BT LY294002 443t A
Ranre chdr|i2 R ¥ 3 L 5 ¥ 4 R (B 15) o &b i % % 4273 Molm13-XR
A4 B hR F)F 2 d 2t PIK3CA 1 2 PTEN % %33 =& o

2 § A7 7 #-Molmld fmvz 4k b 5 02 £ FERY 32 % & FLT3 #r 44 CEP701
i 2 NP ek MI4(R)701 B B 38R F 5 # e $h 91l § 9 N-RAS
GI2V -~ Q61K % % » & &* % f7i » } i e 8154 § 4 CEPT0L & ¥
1% Molm14 & Molm13 ‘m#e tx £.d F— = FAB Mba ey 4 % iff s 74
etk LB AN e LG RRT G R 2o R TR SR EHA R
o AR E R G aE 7 A 4 0 Keras o N-ras R % 4 e
* BN e A M P22 o Neras 12 2 Keras diE 1t R % € i@ PISK/IAKT
122 RAS/RAFIMEK/ERK 2t & 5 j3 g v 2o A fpend sb & % BT 7 % 3% 4
K-ras £ N-ras ¥ i 3 L% 3| Molm13-XR £ 5 #7 4 a0k % (%) 10 ~ 11) -
JE_F it & % 420p) Molm13-XR i (4 #1272 N-ras ~K-ras 2 7 # jphd -

Mcl-1 3-6 & £ & erdna > 4 27 § 4 9 FLT3-ITD it 47% * STATS

Beds o H 4 Mcl-1 cndgdsr 2 #5380 7 ob PIBK/AKT 20 4 B o i it T

W43 4E #4-F)5 CREB 3 43 Mcl-1 i 5 Bo hipmend s s > g2 R
MoIm13-XR £ p-STAT5 ~ p-AKT ~p-CREB F! g i 4¢ » & & ;2 § g2 3] Mcl-1
SIMRNA 22 w2 5% £ B (§) 8B) > 1= ¥_3v £ 47 & Molm13-XR P %
H 4o (B 8A) > gl ¥ s AL Bt E S o ﬁ!;y;v‘),;k#ﬁ A
¥ GSK3B 4 2 i P iz pspe t Mcl-1 > 5% Mcl-1 &2 4% 5% i+ %
2@ @Ml AT T AR
ABT-737(BCL2/BCL-XL #r#4|3)) it (7 $L8 M cfF 24 & w2 @ Mcl-1 3o

WA AME FlL S e L Bax/Bak 39 4F & 4 0 3Rk ABT-737 #73% H ehlmre
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A= mEHA s #we NRAER ™ 54 H ey 4R 2 £ flavopiridol
* K 4] Molm13 s Mcl-1 £ 38 » & & ABT-737 & * (S| wbe k=

w4 Do s & ) i 48] Molm13-XR £ Mcl-1 3-v 4p # Molm13-P # ¢

d)

c B HFEM G M A KT i~ 352 Molm13-P i & 4 iE Mcl-1 gL 2
% 7r 413 cabozantinib F [ i E R 2 o

P-GSK3pB-Ser9 & £ & «3n o > § GSK3PB 2 Ser9 # # mifk i ¢ 2 3 F 12
oo miriE ¢ % GSK3P 2 Serd Aifik 1t ¢A 3§ AKT-p90™*-p70 SEK>38
p90rSk ¥_MEK/ERK &7 #4543 5 p70 S6K £_PI3K/AKT/MTOR T 354
F 00 S i e gk % LR T p-AKT 122 p-ERK 3 4 (] 7) 0 & 48]
o AF R 47 AKT 12 ERK 2 4 s enis i 0 8 Molm13-XR &
p-GSK3B-Ser9 i 4 o

GSK3p Z_Wnt/B-catenin 3 LB/ » cha F 22— > F A2 B E 1R
B-catenin ii 4& 273 a3t sz ¢ ®U%%. Bocatenin & it 4 & & » fm%z P Tcf/Lef
#4555 3 CCNDL » MYC s > 0 enife 2 £ &8 17 o
F-v & 37 % & Molm13-XR 1 B-catenin & fm 2 §% 0 & &2 Molm13-P 4p vt

3 PR 4 (B 12A)> 14 ICG-001(B-catenin 3+ &) ¥ * {5 i 43 & Molm13-XR

¢ B-catenin ¥ 4 1 £ MoIm13-P 4215 <hE (B 14) > 62 § ~ jrdp Har ]
Wnt/B-catenin 3t &, i i< &0 43 3 4c sorafenib ¥4+ g chie* »c% ® A k7
MiE- HIEEIF L E @+ ICG-001 ¥ cabozantinib #+* Molm13-XR 4] o

EF 11 MTS assay # 7 7 MK-2206(Akt #+ 41 3) ~CI-1040(MEK #1] 3]) ~
LY294002(PI3K #r4]4])~pyrvinium pamote(\Wnt #r+41 %)) ¥+>+ Molm13-P 12 2
Molm13-XR Rt % 14 o F % 5% % B+ Molm13-P &2 Molm13-XR 3t F it w
B Feng L5 G PR L B (B 15)° & MK-2206 % — 8 Tk ik -
B AREEEE 60 HE R s Y R R FIRA G 163+73.6nM®>

¥ ¢k CI-1040 % — P Tk 385 565 % 38 F 800mg % £ 18 #rid ehd § IR &
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£ 5 44TnM®  LY294002 Bl H_d v 4 % B iR R L FU KGR~ TRA 3
S ld B o R % % % 5 3 pyrvinium pamote $13¢ A 4k fm # e pc Sk B i
¥ 14 fnanomolar (AR & T e e e i s F et 3 F A 7 pyrvinium pamote
e w 4] o

Pyrvinium pamote >+ Molm13-XR eni® % 4]+ » @2 5] PP i 43 & 'm
w2 s ATP £ ~ 8 AKT ~ STATS jjirfis 4 4 514 » 3 4c GSK3P 7% 14 (R] 16)
i k= F-9 Mcl-1 5 > -~ cleaved caspase 3 3 4v @ 514 w2 &~ (B 17) -
AARF R T R ATP £ ap b 12 2 AKT ~ STATS 3 4, B8 andrd] » &
Fl BT RR e T * 2 AKT ~ STATS 3 L B S rp B fE o 5 ?/,%
Ap PP ¥ au A4 7§ ® AKT 2 gipk it i phosphatase 2. /& 14 » &% A ]
AKT 30 # 2 mreiim @ B @2 s 20 5 s 5| p-AKT B 5 i
Wgeo ¥ebo 3 WEAR G AKT BB ¢ #6 3 f RA HATP £ &
fis (ATP synthase protein) & #-H gips it > 3 4o 8 0¥ F ) 4£ 5 (oxygen
consumption rate, OCR)**™ » #]pt PP 4 ¥ it F]1 4 #r4] 3 AKT ehjg i » m ¥
B R et (B s F LR D] ATP £ b o ik end 8RR
> PP %‘gr} Frd 7 AKT 34 B T m 32 B m i et ek (5% o

e £ bt PP R feoh bt A E 4 ¥ R AR KA ¥ M

RN %@mﬁympw”?%w%%aaojéﬁ%éﬁéi%iﬁﬁ%
DNA r2 33t @2 gLivdied s @848 v hp0 i > ARG T BLE TSR
B enF Sk 0 P PP g ke EN R R B A B & 9 |
(respiratory chain complex 1) 272 o & p0 in (5 PP AJ® {4 T % Fle ex (F
BRI g o it },?Jcm;%% RIE 3t PP € B 4187 Ao SR 5§
Foo 3B @ e im e ek e TR o

Gl a0 PR PP e r 8] G AKT UL B 1L 2 RS e

-~

i

Gifads Pyl EEAE X G - BPASE S BT R HIFEHAY
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A 1974 & e )EJ:# s % é% P 5mg/kg pyrvinium pamote =1 JR

FRA LB ¢ R A DR 0B (F Y o MRl 4 S i R R
¥R ¥om o B gy Ao B2 pyrvinium pamote ¥ i A4 R e o ©
ot 1976 & = g&@f = ;é—*ﬁ 250mg =7 pyrvinium pamote /7 i 4~
-pyrvinium chloride » |35 2 ¥ 17 BB 9 17.7nM¥ o & d 3 530
Bd o g e P B Y UK n e th HCTLL6 4 » Ak BS99 5 p 63 ¥ R
= @t 2. pyrvinium pamote # & 1mg/kg > i 4§ scdr R e i A e &
Kk F 7 & PIFE pyrvinium pamote £ £_pyrvinium chloride % 4+ 7 2 &% ¥
W R end RS w0 g % st (intravenous) e 3N R & R B
Ja FEs 5k B

B i > s 37 Molm13-P 12 2 Molm13-XR e & fuhp £ £ pF » A g
. MoIlm13-P 3 93.8% = CD56" ~ 6.29% 5 CD56  » Molm13-XR 7 99.9
9% cimie 5 CD56" ~0.19 5 CD56 (M) 16) - & cabozantinib £ pFfF 32 % T »
Wl gk CD56 enim®e - CD56 € - f84Y 5 hm?2 4kt %]+ (neural cell
adhesion molecule, NCAM) » = i & 3t e 2 [ chpbsig 0 of 0 20l g
gatp mge B T R B E R A b g AL R kY B
£ e (NKcell)r 2 T = smve (Tcell)” > NKcell 4 ¢ % 3% 5 CD56 i
—~ 3% 207z (CD56™M NK cell)#; %3 lid 41 8 % ehim¥e e (cytokine) -
IFN-y ~ TNF-a ~ GM-CSF ~ 1L-10 2 2 |L-13"% -

oy ko b i wmre L CD56" ek LHFRMY & FiJp A » 4B >t CD56

~=\
(“'\}

s 40 B 5 F JB 4 4L 5] PGP (p-glycoprotein, ABCB1) % i & ™ g ~ i
Bk s Pl = > ¥ f2(complete remission) s 5 g <0 ¥ My S S5
F]p- CD56 #4305 £- BIE1 7 Lefpdh 7o & 40 § 50 Molm13-XR

B ARPET BF v b ehimre 5 CD56 H o e 2 # iz Molm13-P = >+ CD56

31

doi:10.6342/NTU201702820



B 1 chimss $h 0 F]pt e CD56 & 25 f LB enR B o B2 ARG AT L BE A
CD56 s 4 § #e# 5 € FiB5 F] PGP & g £ » {2 2P 12 g-PCR 11 2
RNA-seq 4 5 Molm13-P 12 2 Molm13-XR 7 PGP ‘¥ &_i& ;¢ i ip 3|
(undetectable) 5 % ; ¥ § #7745 1) CD56 e I E 2 PGP 2 £ £ ¥ 7 4B >
BAPFHFREE R E T

FE R %% 2 4% > Molm13-XR #74 men FLT3 D835Y % % >
MR FUES B9 Mcl-1 O 4e 0 7 oA g & Molm13-XR & f#E Mk T o
¥ ¢k > pyrvinium pamote B2 X B owh e fE* ] 2 AR Fif £ i E S N
FRERF o B RRELEET RN b s AT L - BATHE

# o
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B 10 Molm13-P 2 2 Molm13-XR z. K-ras % % #.2LF2;

r2 pyrosequencing 4 5 Molm13-P 12 2 Molm13-XR 7 K-ras % % # 8 » >* codon

59~ 61 ~ 117 ~ 146 -7 » % codon 117 4 . k% ' 3 TTT(Lys)

DATT(Asn)(F %)% % > Molm13-P 3 63% = lysine » 3 36% = asparagine;

Molm13-XR 7 79% % lysine » 19% % asparagine e
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Invoved gene numbers:

Cytokine-cytokine receptor interaction
Fatty acid metabolism

Lysosome

Basal cell carcinoma

pS3 signaling pathway

Pathways in cancer

HTLV-I infection

Transcriptional misregulation in cancer
Hippo signaling pathway

Bladder cancer

Signaling pathways regulating pluripotency of stem cells
Proteoglycans in cancer

-log, (P value)
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and Integrated Discovery) » 47 #x %8 » 17 £ 2 £ & L A& ] & KEGG (Kyoto
Encyclopedia of Genes and Genomes database) #1422 cnim®e 4 2 4 @ LR T >

12 p<0.05 & $i% 2. threshold »
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*t B 1 Cabozantinib st 3 »zdr|+ 5 FLT3-ITD x J ke th2 2 &

lﬁ- m

—o—MV4-11
—o—MOLM-13
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Cabozantinib

OCI-AML3
—o—THP-1

RS4;11
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—e—HL60
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Reference:Wang A N, Cabozantinib is selectively cytotoxicity in acute myeloid

leukemia cells with internal tandem duplication of FLT3(FLT3-1TD)

Master thesis, National Taiwan university, 2014.
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Extracellular ligand-
binding domain

Transmembrane domain
Juxtamembrane domain

ITD mutations

Tyrosine kinase domain

Cytoplasmic domain
Tyrosine kinase domain

D835
COOH
B 2FLT3 oo B

Reference:

FLT3 mutations: biology and treatment. Hematology Am Soc Hematol Educ Program,

2006, 178-184
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' B] 3 FLT3 wild type r4 2 FLT3-ITD ¢ &, @ 1 ic

Reference:

An overview on the role of FLT3-tyrosine kinase receptor in acute myeloid leukemia:

Biology and treatment. Oncol Rev, 2012; 6(1): e8
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= % 3

'+ B 4 Wnt/B-catenin 3t 4, & vE§5 T
Reference:
MacDonald, B. T., et al. (2009). "Wnt/beta-Catenin Signaling: Components,

Mechanisms, and Diseases." Developmental Cell 17(1): 9-26.
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Reference: Zheng-Hau Liu, In vitro and in vivo study of the Efficacy of Cabozantinib

on various FLT3 mutations, Master thesis, National Taiwan university, 2016.
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GRS

Table 2 | French-American—British (FAB) classification of AML

FAB subtype Description Comments

MO Undifferentiated Myeloperoxidase negative; myeloid markers positive
M1 Myeloblastic without maturation Some evidence of granulocytic differentiation

M2 Myeloblastic with maturation Maturation at or beyond the promyelocytic stage of

differentiation; can be divided into those with (8;21)
AML1-ETO fusion and those without

M3 Promyelocytic APL; most cases have t(15;17) PML-RAR« or another
translocation involving RAR«.

M4 Myelomonocytic

M4, Myelomonocytic with bone-marrow  Characterized by inversion of chomosome 16 involving
eosinophilia CBFp, which normally forms a heterodimer with AML1

M5 Monocytic

M6 Erythroleukaemia

M7 Megakaryoblastic GATA1 mutations in those associated with Down'’s syndrome

AML1, acute myeloid leukaemia 1; APL, acute promyelocytic leukaemia; PML, promyelocytic leukaemia; RARa, retinoic-acid receptor-o.
Modified from REF. 65.

W& 172 w48k 2u(FAB classification)
Reference: Tenen, D. G. (2003). "Disruption of differentiation in human cancer: AML

shows the way." Nature Reviews Cancer 3(2): 89-101.
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Acute myeloid leukemia (AML) and related neoplasms

AML with recurrent genetic abnormalities

AML with 1(8;21)(q22;922.1); RUNX1-RUNX1T1

AML with inv(16)(p13.1922) or t(16;16)(p13.1;q22);CBFB-MYH11
APL with PML-RARA

AML with (9;11)(p21.3;q23.3);MLLT3-KMT2A

AML with t(6;9)(p23;q34.1); DEK-NUP214

AML with inv(3)(g21.3926.2) or 1(3;3)(q21.3;926.2); GATA2, MECOM
AML (megakaryoblastic) with t(1;22)(p13.83;q13.3);RBM15-MKL 1
Provisional entity: AML with BCR-ABL1

AML with mutated NPM1

AML with biallelic mutations of CEBPA

Provisional entity: AML with mutated RUNX1

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS

AML with minimal differentiation

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic/monocytic leukemia
Pure erythroid leukemia

Acute megakaryoblastic leukemia
Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid sarcoma
Myeloid proliferations related to Down syndrome

Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome

sd 28 R 2 et 2016 E 38 % AML 2 A %

Reference:

Arber, D. A, etal. (2016). "The 2016 revision to the World Health Organization

classification of myeloid neoplasms and acute leukemia.” Blood 127(20):

2391-2405.4
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Category | Gene name | Discription Category | Gene name | Discription

hsa: 857 CAV1 caveolin 1 hsa:3480 IGF1R insulin like growth factor 1 receptor
hsa: 595 CCND1 cyclin D1 hsa: 3693 | ITGB5 integrin subunit beta 5

hsa:1026 | CDKN1A cyclin dependent kinase inhibitor 1A hsa:4313 MMP2 matrix metallopeptidase 2

hsa:1514 | CTSk cathepsin L hsa:22808 | MRAS muscle RAS oncogene homolog
hsa:2002 | ELK1 ETS transcription factor hsa:5328 PLAU plasminogen activator, urokinase
hsa:7430 | EZR ezrin hsa:6383 | SDC2 syndecan 2

hsa:2260 | FGFR1 fibroblast growth factor receptor 1 hsa:6469 SHH sonic hedgehog

hsa:2318 | FLNC filamin C hsa:7099 TLR4 toll like receptor 4

hsa:7976 | FZD3 frizzled class receptor 3 hsa:7124 | TNF tumor necrosis factor

hsa:8323 | FZD6 frizzled class receptor 6 hsa:7291 TWIST1 twist family bHLH transcription factor 1
hsa:8324 | FZD7 frizzled class receptor 7 hsa:7481 | WNT11 Whnt family member 11

hsa:2719 | GPC3 glypican 3 hsa:7475 WNT6 Wnt family member 6

hsa:1839 | HBEGF heparin binding EGF like growth factor | hsa:7477 | WNT7B Whnt family member 7B

it 4 3 Molm13-P 12 2 Molm13-XR ** proteoglycans in cancer(hsa 05205) 3t 4, § i

PEXRMARZ AT
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%

4 1R &g F BR(PCR)Z 513 B 7|

Gene

Primer sequence(5’=2>3’)

Description

FLT3

F-TCCCTTGGCACATCTTGTGA
R-GGAATGCCAGGGTAAGGAT

Annealing temp:
58C

e 2 wREET R 6 pri4) & &(Real-time PCR)Z 313 B 7]

Gene Primer sequence(5’>3’) Description

CCND1 F-GCATGTTCGTGGCCTCTAAG Annealing temp:
R-CGTGTTTGCGGATGATCTGT 60°C

HPRT F-TGACACTGGCAAAACAATGCA Annealing temp:
R-GGTCCTTTTCACCAGCAAGCT 60°C

ABCC1 F-AGGTCAAGCTTTTCCGTGTACTG Annealing temp:
R-GGACTTTCGTGTGCTCCTGA 60°C

ABCC2 F-CTGCGTGGATCTAGAGACAGA Annealing temp:
R-TGCCGCACTCTATAATCTTCCC 60°C

FLT3-ITD F-GTGACCGGCTCCTCAGATAA Annealing temp:
R-TGGAAAAGTGATGAACGCAA 60°C

MCL1 F-AAGAGGCTGGGATGGGTTTGTG Annealing temp:

R-TTGGTGGTGGTGGTGGTTGG

60°C

4. 3 Pyrosequencing 2. 3!+ & 7|

Gene Primer sequence(5’=2>3’) Description

FLT3 F-CCTTCCATCACCGGTACCTC Annealing temp:
R-Biotin-GCAGACTGCTGTGAGGGTTTT 58°C

FLT3 D835Y F-GATATGTGACTTTGGATTGGC Sequence primer

K-ras F-CTTGTGGTAGTTGGAGCTGGT Annealing temp:
R-Biotin -ACAGGGTGTTGATGATGCCT 58°C

K-ras ¢.59 ~ 61 F-TTGGATATTCTCGACACA Sequence primer

K-ras c.117 R-GTTCTAGAAGGCAAATCA Sequence primer

K-ras c.146 FAATTCCTTTTATTGAAACAT Sequence primer

N-ras F-GGTGGGTTTTCTTTTATGTAGGG Annealing temp:
R-Biotin-CGCAAATGACTTGCTATTATTGAT 58C

N-rasc.12 ~ 13 F-GTGGTGGTTGGAGCA Sequence primer

N-ras c.59 ~ 61 F-TCATGGCACTGTACTCTT Sequence primer

N-ras ¢.117 F-TGGTGCTAGTGGGAAA Sequence primer

N-ras c.146 F-TCCATTCATTGAAACCT Sequence primer
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# 4 GeneScan z_ 513 & 7

Gene Primer sequence(5’—>3’) Description
FLT3 F-CAAATCTCAGGGCTTCATGG Annealing temp:
R-FAM-GGAATGCCAGGGTAAGGAT 58T
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