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Abstract

With the advantage of rapid growth, transparent embryos, high permeability for
small molecules until 5 dpf and high similarity of hematopoiesis-associated gene
sequences to mammals, zebrafish has been as a powerful animal model to study the
hematopoiesis and hematologic malignancies, and as a suitable platform for large-scale
genetic and drug screening.

Acute myeloid leukemia (AML) is a hematologic malignancy characterized by
uncontrolled proliferation of myeloid progenitor cells. FLT3-ITD mutation at
juxtamembrane domain occurs in 20 ~30% AML patient and is associated with poor
prognosis, low survival time and high frequency of relapse. FLT3 can regulate
proliferation, differentiation and apoptosis of hematopoietic progenitor cells; in
contrast, FLT3-ITD mutation could result in uncontrolled cell proliferation and
suppression of myeloid cell maturation both in vitro and in vivo. Previously, we
established a transgenic zebrafish- Tg(spil:FLT3-1TD-2A-EGFP) and characterized its
leukemia phenotype. In this study, we want to evaluate the feasibility of this transgenic
zebrafish to be an in vivo platform for anti-leukemic drugs screening.

At first, we found that the expressions of the myeloid cell markers, spil, cebpa
and mpo, were increased in 48 hpf fish by using whole-mount in situ hybridization
(WISH); subsequently, the sudan black (SB) staining revealed similar findings. In
addition, we found that the expression of lymphoid cell marker, ragl, was increased in
96 hpf fish, but the expression of erythroid cell marker, hbael, was decreased in 48 hpf
fish. Then, quantitative real-time PCR (Q-PCR) revealed that the expressions of
hemangioblast, myeloid cells and lymphoid cell-related transcription factors were
increased in this zebrafish. There were no significant differences in the expression of

erythroid cell-related transcription factor, gatal; however, significant decreased hbael
XI
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were noted. These results demonstrated decreased mature erythroid cells were
decreased in this transgenic zebrafish. Finally, there were no significant differences in
the expression of macrophage-related and definitive HSC-related transcription factors.

Then, we evaluated the effects of several anti-leukemic drugs on this transgenic
zebrafish Tg(spil:FLT3-ITD-2A-EGFP). Embryos at 6hpf were incubated with
Cytarabine (AraC), Midostaurin (PKC412), Quizartinib (AC220), Cabozantinib
(XL184) or DMSO. The numbers of mpo™ cells and SB™ cells were calculated at 48 hpf.
We found that AraC, PKC412 and AC220 significantly reduced the amount of myeloid
cells in this zebrafish, while 100 nM XL184 had no effects on this zebrafish. Although
XL184 at dosage of 250 nM could reduce the amount of myeloid cells in this zebrafish,
the heart edema was emerged in 20% embryos at the same time.

In conclusion, although the Tg(spil:FLT3-ITD-2A-EGFP) zebrafish only
expressed FLT3-1ITD in myeloid cells, increased myeloid cells and lymphoid cells, as
well as decreased erythroid cells were demonstrated. All compounds we used in this
study could decrease the amount of myeloid cells in this zebrafish; therefore,
Tg(spil:FLT3-ITD-2A-EGFP)  zebrafish would be an appropriate platform for

screening anti-leukemic drugs.

key words : FLT3-ITD -~ spil promoter ~ transgenic zebrafish ~ hematopoiesis ~

hematologic malignancies ~ tyrosine kinase inhibitor
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Ak 3 #4441 0 KUBOTA 1920

£ F A HcE s % 0 Beckman Coulter Microfuge® 16 Microcentrifuge
I 5 2 #F % : Digisystem Labortary Instrument inc. DSR-2100P

w & ;¢ 2 7 % Yihder TS-500 orbital shaker

fede 3p 7 % * JENCO microcomputer pH-VISION 6173

T B8 8 Thermolyne nuova Il stir plate
8
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iz B : Barnstead Thermolyne Type 17600 Dri-Bath

R ELpFa 4~ B ®E : Applied Biosystems Veriti 96 Well Thermal Cycler -
Applied Biosystems GeneAmp® PCR System 2400

TpEE B R LR 4 F R E ¢ Applied Biosystems 7500 Fast Real-Time PCR
System

DNA = 7 : Major Science MP-100

e %« % @ Vilber Lourmat E-Box-1000/20M

Az R A sk kB 2+ @ Thermo Fisher Scientific Nanodrop™ 1000

F G iE 2 A sk - OLYMPUS IX71

%3 &g fcgx © Leica zoom 2000

i+ = Appcdég - OLYMPUS BX51 ~ OLYMPUS DP20

313 # &%
20X SSC (% fr) (HURSSC001)
5X TBE buffer (BIOMAN Scientific) (#TBE05500)
5-bromo 4-chloro 3-indolyl phosphate (BCIP) (Sigma) (#B8503)
Agarose powder (INFINIGEN) (#IN0126)
Albumin from bovine serum (BSA) (Sigma) (#A1933)
Cabozantinib-malate (XL184) (Exelixis) (COMETRIQ®)
Chloroform (Aldrich) (#132950)
Citric acid (v % £ 1 ¥ k3¢ € 4+) (#030-05525)
Cytosine B-D-arabinofuranoside hydrochloride (AraC) (Sigma) (#C1768)
Diethylpyrocarbonate (DEPC) water (Protech) (#P560)
Dimethylsulfoxide (DMSO) (Sigma) (#D2650)
Ethanol - absolute (J.T. Baker) (#8006-05)

9
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Ethidium bromide (EtBr) (GeneTex) (#AE0270-0010)

Fetal Bovine Serum (FBS) (Thermo scientific) (#A1933)

Formamide (Merck) (#104008)

Glycerol (AMRESCO) (#56-81-5)

Heparin (Sigma) (#H3393)

Hydrogen chloride (HCI) (Merck) (#100317)

Hydrogen peroxide (H20,) (Nihon shiyaku reagent) (#NS-18304)
Isopropanol (Merck) (#818766)

Levamisole (Sigma) (#L9756)

Magnesium chloride (MgCl,) (Sigma) (#M8266)

Methanol (MACRON) (#3016-68)

Midostaurin (PKC412) (Sigma) (#¥M1323)

Nitro blue tetrazolium (NBT) (Sigma) (#N6639)

Normal goat serum (Jackson ImmunoResearch) (#005-000-121)
Paraformaldehyde (PFA) (v % % 1 ¥ k3% € 4+) (#168-23255)
Phenol (Sigma) (#P1037)

Phosphate buffered saline (PBS) (AMRESCO) (#0780-2PK)
Propidium iodide (PI) (Sigma) (#81845)

Proteinase K (MACHEREY-NAGEL) (#740506)

Potassium hydroxide (KOH) (f=3k & £ 1 ¥ k5% ¢ 4+) (#160-23575)
Quizartinib (AC220) (Selleckchem) (#S1526)

Ribonucleic acid from torula yeast Type VI (Sigma) (#R6625)
Sodium chloride (NaCl) (Merck) (#106404)

Sodium Hydroxide (NaOH) (fr 3k 5 £ 1 ¥ k5% € 4+) (#192-15985)
di-Sodium hydrogen phosphate dodecahydrate (Na,HPO, « 12H,0) (Merck)

10
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(#106579)

Sudan Black B (Sigma) (#86015)
Tricaine (Sigma) (#A-5040)

Tris (BioLink) (#BL0018)

Tween-20 (Merck) (#817072)

3.1.4 A4d

anti-Digoxigenin-AP Fab fragments (Roche) (#11-093-274-910)

3.1.5 pE# g7
6X loading buffer (PRO-TECH) (#915-67-3)
Bio-100bp DNA Ladder (PRO-TECH) (#PT-M1-100)
DIG RNA labeling mix (Roche) (#11-277-073-910)
KOD FX : KFX-101 (TOYOBO) (#KFX-101)
RNase Inhibitor (HT BIOTECHNOLOGY Ltd.) (#R101a)
SYBR Green PCR Master Mix (Applied Biosystems) (#4309155)

TRIzol® reagent (Invitrogen) (#15596-018)

316 2 A
DNA-free™ DNA removal kit (Ambion) (#AM1906)
GenePHlow™ Gel/PCR kit (Geneaid) (#DFH300)
High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems)
(#4368814)
MEGAscript® T7 (Ambion) (#AM1333)
NucleoSpin® Gel and PCR Clean-up (MACHEREY-NAGEL) (#740609.50)

11
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317 Brfrid ek

A. 1XPBS 3%
B~ 9.88 g phosphate buffered saline # % w3 > 1 L ddH,0 > & 8 % &2
Ffs > dRip T Qg

B. &= 2 % 4¢ (Sudan black stain)
® Sudan black B stock solution: 2~ 0.15 g Sudan black > % 4 ~ 50 mL

GHIPW T 0 RIEWE- TR 3T°C ki Y B PR 2GR

® Stock buffer solution : 2~ 4 g phenol 4c » 7.5 mL 3 $iFpd @ - ¥

P~ 0.075 g Na;HPO4 « 12H,0 7% *+ 25 mL ddH,0 ¢ » #-m3 &5 %

o

mEEH
B b AR L3I 2 0 IR £ (8 R & 20 um filter Bk
C. R =< (Whole-mount in situ hybridization - WISH)
® HYB 3%
» P~ 25 mL formamide ~ 12.5 mL 20X SSC % 0.5 mL 10%
Tween-20 & > 2 1M Citricacid 2 pH % 6°4F ddH,O = 50 mL
L HYB 3% 0 %5 3-20°C
» #-0.1 g yeast torula RNA /3 1 mLHYB%3 /% > ¥ 2 0.01¢
heparin ;3 >+ 2 mL HYB™% /% » & %] B~ 250 UL yeast torula RNA
7% % % 500 pL heparin /% /% 4c » 7 5 25 mL formamide ~ 12.5
mL 20X SSC % 0.5 mL 10% Tween-20 7% ;% {s > 2 1M Citric
acid 3 pH % 6 4 ddH,O % 50 mL 2 3 HYB" /4% » %3¢
%+-20°C
®  Staining buffer ("2 10 mL 3 & » Jfe)
P~ 1 mL 1M Tris-HCI pH9.5~ 0.5 mL 1M MgCl,~ 0.2 mL NaCl ~ 0.1
mL 10% Tween-20 ~ 10 uL 1M levamisole ¢ » 4 ddH,O % 10 mL

12
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© R4 (12mL i b

B~ 2 mL staining buffer 4c ~ 9 uL NBT % 7 uL BCIP

3.2
321 =5 A
A. 5 g faE
% RIRIT ] B 28+2°Co A EE p 14 pERRE 10 PR 2 TR

BoEpARGEPALEE (NRFRKEEI S 2)2~8% o

B. %=
s = 2 %% The Zebrafish Book *° » 22 g 4 | m £ » %nT 1 > 48 4

g o PEA AR P REIRELE MY B4 o Afei - X FA&E R
B #0A §012:2-2:38 33 bkt R L kDA
P 0 T UEP ORI RN IR R CERF S R R
B HEEIR  F20~30 A EXHFNL0 2L TR P oo
C. * gtk
ZAFEP 0 ddH O Fikfie=t 15 8 0 28°C MR H s A 0 Y5 X Bk
» a1 T5x18 ar e r T RHFRIKIT G 0 F 16~20
x fs b P EEA T o
D. ATz 42 &:E (o' Bl>)
ATHAE 4 & 5d Multisite Gateway® (4o B - )% & Tol2 30 i
pEeppE R T TR SR R T oHE - AR
e cmlc2 (cardiac myosin light chain 2)gzc# =+ i€ {6 * EGFP # 3 > F|pt
o B g 16~24 hpf < pFre od F LR EZICHF 7 S F
W Fo g F L PE AT G DR 0 A S AT S PE e
BRh 7SN k% 4o 5 FO (Founder) -

13
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® LT b Fl2 &%
BFOAZEIPESRE > AREHL A wms b 1181025
WHE i RACERNFOL A A TR BT - Rag s o
PIF e B & 16 hpf 8wk S ken3 & 5 Floa 3 252
T HFRNFORF AEF o d 2 Flehd w82 F ¢ ki
7 L F] > * ¥ L% stable line o

® JAFEa g F22 iiE
DOOBREAFLAR] R B ] FATFEAL > FIMLE FI
AR IMIRE S AuBEHS S g0 128202 ant e
#7016 hpf s w5 S8 L RPIFLE F2o

AT U F3 2 FAche %5 S & $ g o

322 > RNA §3
#8 TP RNA i s & § B 7 e ghesr ddH0 ¥ B 307kt > 12 ddH,0
el s % 24 % ddH,0 i 4r » 100 mL TRIZol" reagent » 12 £ 5 -

fs

B

BRI & 40 » 400 mL TRIzol® reagent i & #55 15 3 i # % 544
15 22-80°C ¢ o 5% 2Nk f2k {8 0 4 ~ 0.1 mL chloroform * 4 Z i
154y » 7k # 3 10 » 4815 > 2 4°C & 13000 rpm &< 30 4 48 o v B}
kX280 L 2 AT 15 mL e g ¢ 0 I 4e » X AEAE Isopropanol 45 5 35
31583 0-20°C 20 30 A 4N PR & o EF 2 4°C d i 13000 rpm g 15
Y R ﬂéfj it is v » 1 mL & 75% ethanol(in DEPC) - =58 i pellet &
Az > 02 4°C fkiE 13000 rpm &t 15 A 46 o iz b iR 1 0 M-l F i
ER TR 20 3 30 A~ 45 RNA tlikd 8 LF Pk i o 4~ DEPC -k
20 UL > % ** 60°C § 41 B ¢ o4t 15 A 457 RNA 3 2 o 4% 40 » 3L 10X
DNase | buffer ~ 6 uL Nuclease-free water ~ 1 uL DNase | &2 RNA ;& & 353

14
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1822 37°C ks fh F 30 4 48> £ 4c » 4 pL 10X DNase inactivation reagent
6 UL Nuclease-free water # i+ & i o #% 12 4°C #:% 10000 g &~ 1 2 4 -
bR A ¥ enRNA > 7 % Nanodrop™ 1000 % 8 ~ g HAzias i

#% cDNA & % »+-80°C %% °

323 F &R EFF 4 F & (Reverse transcription PCR » RT-PCR)
1 #* &) 2 High-Capacity cDNA Reverse Transcription Kits :#- RNA & #& 4
= complementary DNA (cDNA) -

-k P oo

Component Volume (uL)
10X RT buffer 2

25X dNTP Mix (100 mM) 0.8

10X RT random primer 2
MultiScribe™ Reverse Transcriptase 1

RNase inhibitor (40 U/uL) 0.5

DEPC water 13.7-X

RNA sample (1 pg) X

Total 20

F OB R ER S 25°C 1% 10 4 48-37°C 17 % 120 4 45-85°C 7% 5 4 4% ~

BB R L AC, AT E P i%R53-20°C o

324 RLpsdd 5 & (PCR)
41 % 24| % KOD kit #- DNA % % o

F-F g e g

15
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Component Volume (uL)

2X PCR buffer for KOD FX 25
2 mM dNTPs 10
10 uM Primer (F/R) 3
ddH,0 10
KOD FX (1.0 U/pL) 1
Template DNA 1
Total 50

F}@/ﬂ_}il'}:l 'lI\_"—r .

1 cycle 30~35 cycle 1 cycle
94°C 98°C 58°C 68°C 68°C 4°C
20k 10 # 30 4/ X 11 o0
(1kb=1min)

A $ v £ HiE33-20°C o

325 AL
B~ 1X TBE buffer {- agarose #; % fie & = Jk & 1% agarose gel > # agarose gel
#LF 15 0 #-agarose gel *= » 7 3 1X TBE buffer (h /A4 ? » % DNA 2 4
4v 6X loading buffer ;& & 323 » ¥ 2z » agarose gel cawell ¢ - 3% 2§ /& 50
R4F 10 » 454 + 100 R4F 20 ~ 4838 7 7 74 0 #-agarose gel 2z » EtBr # &

B15 448 FkiT4 15548 0 & 7 [ BATIE G 1 -

326 BReprgF RAF S
41 # 2% 2 GenePHlow™ Gel/PCR kit % it PCR & 4+ » #-PCR & 4 4r 5 1
88 #% 5 Gel/PCR buffer & 1.5 mL g g ¢ R £353 > #2303 7% 4 1 DFH

16
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column @ > r2 15000 rpm &t 30 ) i ®|H-J< & F * Ao 4 » 600 uL Wash
buffer # ¥ 1 4 4& s 2 15000 rpm < 30 #) > 2 f}%,,’% s 4 12 15000 rpm
CGRNICIVAN BRI % column F &% #7% 7% o #-column # |37 1.5 mL 3.« ¢
¢ 5 4v » 20~50 pL Elution buffer # & = > 2 4~ 45¢5 » 12 15000 rpm & 2

NhE o WL BV PCR AP o

327 T E TR &4 F & (Quantitative real-time PCR » Q-PCR)
f1* SYBR Green @ pl4F = mRNA % 3 > # 11 B-actin i 5 p RiEdr 415
Flo 5l + &K 4295 NCBI #r o # m;u FLE B 71 91 % 513 B 74k 1o

F-F fE e b g

Component Volume (uL)
2X SYBR Green PCR Master Mix 12.5
5 uM Primer (F/R) 3

18 i 5 CDNA (20 UL cDNA + 170 uL ddH,0) 9.5

Total 25

#-F JisF 14 1000 rpm des 30 £518 F He F i 2 5 50°C 1% 2 4 48595°C
4210 A 450 2 1512 95°C iF % 15 5~60°C v * 1 A 480 it (7 40 B Ik -
1 SYBR Green i jp|pF & fe pFiE {7 4 3o 1 (dissociation curve)fgz¢ >
WE R R Y O5°C B 5 60°C W BlAY Tm & » FEnd
P i H - PRS0 5% 04048 7500 Software v2.0.4 A 45 0 ] # 2492k B
MR EAT A EARE > E 25 -ACt = Ct(Target gene) —

Ct(R-actin) -

3.2.8 R =2 (Whole-mount in situ hybridization » WISH)

A. P EEPpa#E 4 (RNA probe)sns

17
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L P AT R K7 7 £ T7 polymerase y#3aen # B e | 5 (Ao
~)» B~ 24~ 48~ 72 hpf 2 5dpf %2750 cDNA & Hor R L vl 4f &
Meic L o g% i s g R o AL A S 0 et A 17 4 template DNA -

4e ™ 7| MEGAscript® T7 34| & ang st 0.2 mL g § ¢

Component Volume (uL)
10X transcription buffer 2

DIG-RNA labeling mix (UTP) 2

T7 RNA polymerase (20 U/uL) 2

RNase inhibiter (40 U/uL) 1
Nuclease-free water 13-X
Template DNA (1 pg) X

Total 20

% 37°C F Ji5 3.5 ] ¥ » 4c » 1 uL TURBO DNase (40 U/pL)i % 37°C
TERIS A4 2 K,% DNA #4% o £ 4 » 30 uL DEPC -k ~ 30 pL
Lithium Chloride Precipitation Solution »-20°C #% % 30 4 4812 } 14 % 1k
RNA 4545 & = F Jio 1 4°C &3¢ 13000 rpm g 15 ~ 4154+ iR o
4c 1 mL 70% ethanol(in DEPC){s #=3& ¢ pellet B4z » £ 12 4°C ¢
14000 rpm &< 15 & 48 {8 2 ¢ ik 0§k §oo & {6 ¥ 4 100 uL DEPC
-k 2 1 pL RNase inhibiter (40 U/pL)t &) fie 7% % B~ 57 uL w73 itk 4~
LR AERAS ~ ) 0 AF ERFI-20C P .

AR

Bip a3t 28°C EiE AR T B A I PEEP RS D BEART AR ACET
ﬁ:z—ﬁv’%,fnlj"f » 11 PBST /i #ic=x {8 » 4c » 4% PFA/PBST(in DEPC) % **

4°C I e »

18

doi:10.6342/NTU201702943



33 2555 -k (Dehydration) £2 4 -k (Rehydration)

#3150 PBST(in DEPC)iFi% 4 = » % % 5 A48 B ¥ 1 25%
methanol/75% PBST(in DEPC) ~ 50% methanol/50% PBST(in DEPC) ~
75% methanol/25% PBST(in DEPC) &2 & 5 4 45 > & {8 ™2 100%
methanol a2 10 4 48 2 =t 15 %1% & 100% methanol i% 7% *+-20°C ¢ -
#-20°C ¢ eripRhik T 51]#53?5;5???}1 -k 1 75% methanol/25% PBST(in
DEPC) ~ 50% methanol/50% PBST(in DEPC) ~ 25% methanol/75%
PBST(in DEPC)AUR £ 5 A 45 > 4% 17 1% H,0, + 1% KOH(R:R) % 38
#3 15444 %2 ¢ % $is* PBST(in DEPC)iFik 5 4 4.4 = « 4
3 12 10 pg/mL Proteinase K % /8 & & (48 hpf % 20 » 45 ~ 96 hpf
30 4 48) %15 * PBST(in DEPC)i#i% 2 = » 11 4% PFA/PBST(in DEPC)
FEFE 20441 F T L * PBST(in DEPC)ifie 5=t & =t 5~ 4 o
ip s & Ji(Prehybridization)

#9125t 65°C cH HYB 3 & Js 5 A 48 » £ 4% 3 65°C 3 4 45 oh
HYB" 3% *® »65°C F g 2 /] ¥ -

2% & J&(Hybridization)

B 300 UL eh HYB™ 3% ® 4c » 454+ 3 > 150 ng » % 68°C © & Ji; 10
AAETS > BNk 20 5 A4 FOMIRIREIRR 2 65°C &
60°C(i& probe # I¢)F JEIE & ©

FL4Y 3¢ ©% vif(Preabsorption)

B~ 30~50 &2 7n(® = * e F i 1] BF) > * PBST(in DEPC)iii% 3
Z & 5 44 f4erigd 1 omL blocking buffer 1 : 100 ###
anti-DIG-AP Fab #ukf » > 4°C 4% % 1g & » £ 2 4°C #:¢ 13000 rpm &t

SELPY TSN

19
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G. %%ﬁ&
3 65°C T ik B B T3 tHYBA R 5 A 45 75% HYB + 25% 2X
SSC 10 4 45 ~ 50% HYB™ + 50% 2X SSC 10 4 45 ~ 25% HYB + 75% 2X
SSC 10 4 45 ~ 2X SSC 1 /|- p& » # 70°C T 4= 0.2X SSC/0.1% Tween-20
F 4=t =30 ~48 5153 PBST(inDEPC)* & 5 ~ 45 -

H. Blocking £ 48 v '}
#-33 #52 Blocking buffer (2% normal goat serum + 2 mg/mL BSA(in
PBST))i# % 2 = » 4« » 1 mL Blocking buffer 8 # % 2 /] P - ¥ %
3 77 % i 2 448 12 Blocking buffer - = 1 : 5000 > B~ 500 pL iz e
i3 P53 4°C TRRE TR o

R
v PBST(in DEPC)i#i% 8 = » & = 15 A 4 » % §z PBST(in DEPC) {5 4
~ staining buffer £2-:# ;&% 1 =t » £ 12 staining buffer &2 3 =t » = = 5
Ak Bfste » 00 UL R AR Z R Y K 0 &R 30 A daE R -
FEPgpd B G ok o 2 PBST(in DEPC)iF% 3= » # X 5~ dh > ¢
12 100% methanol % 2 = » & = 20 4 4& > 5 PBST(in DEPC)E i 2
= 14 & 40 ~ 4% PFA/PBST(in DEPC) % ;§ # % 20 A 45 %] %> 12 PBST(in

DEPC)iE % 2 =t {8 % 4°C T sk (5 N PR AP o

329 &2 2 4 ¢ (Sudan black stain)
#- 48 hpf %272 11 4% PFA/PBST(in DEPC) % 8 #% % 2 /| B¥ ] %> 1 PBST(in
DEPC)E % 1 =t {4 » 4r » 200~400 pL Sudan black % #| % ;8 i** 30~40 &
4 > 11 70% ethanol(in DEPC) % i§ 4% % 15~ 453 > 2= » £ 12 PBST(in DEPC)
B 1=t {s > 4 200~400 pL 1% H,0, + 1% KOH(GRR) 3 B # % 16 ~ 453
F R #% » B.{4* PBST(in DEPC)iF % 2 = 15 4°C 35 & PR 4p ©

20
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3210 iR E it
#-6 hpf %2752+ 2.5 uM AC220 ~ 100 nM XL184 ~ 100 nM PKC412 # 10°
mg/L AraC # > # 12 0.025% DMSO-~0.001% DMSO 2% ddH,0 &5 #dl ke

w9 s 24 hpf ~ PE3e 8 — =% » Jc b 48 hpf "Lrs e 24 4 % WISH -

3.2.11 sz Bigkae
iz * OLYMPUS BX51 e OLYMPUS IX71 gz 12 OLYMPUS DP71 & 4p >

12 Helicon Focus 5.3 2 Adobe Photoshop CS6 & {7 &7 Bl 2 8% i o

3.2.12 (3t 3
i# * Microsoft Excel ¢ GraphPad Prism 6 & {735 22 i@ » & gL tik
Tfet 2 T RGHT R e B AleaL B o F p e 3 0.05 pF o kit
FrFBEFLAR 47 p<005 * 47 p<0.0l>**4 7 p<0.001,***=*

#5+ p<0.0001ns %7 & %3+ F LR o

21
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Yr®d FEHEBES
4.1 FH P Rio oY L - PR 2R FLTFITD ehfFin ™ $ o 3w i’
¥F
4.1.1 ¥ 8 %6 &3k
d 3t spil o cebpa & F WLk 0w A SpwE & LR OEE TS > @
mpo(# #E 4 ¥ pF) L & LM RS HAOFREL G LY > Sp Y e a
P hE RAEE 2 - o F AR RF TR RE A Y L TR eiRike A )% WISH
77 % > Uk - % & spil ~cebpa fr mpo 7 RNA #4538 7 i ] P %A Fl2
2% 2 B o BXET 0 148 hpf pF 5 spil fr cebpo s ARET ] w0
23 FRH (oWl - ) T mpo s T F P& R e el (Aol D) -
Ay BRI A kI P R FRE 2 Rd ARG PP
AN B EEE 0 VA IR ddr R SRR TR AR T
VIR LB A F T g > TP RRF - L F R A9 3
2 EBEvEime am Bplme o BEX KT 0 PRI 2w ki R EP A CHT
i E o AP > 5P R A DR (B Z) o
4.1.2 %% v n 3%
T MY L IRePE T AmE 47 Acde3t g 3 dpf o FlptiE 4 dpf (96
hpf)ehse B 4 5 Wipl% % > @ % WISH e 38245 = v o SR g4k 75
ragl e R o S & BIm 0 & 96 hpf pe o s B g ey ragl i IR o 4R
PN 0 3 B A A (ARl ) o
4.1.3 s=x 3
hbael 228 4 ¥ 4w 2 Fv al 2754898 %> ¥ i A7 3k
BB eihih e BEMT 0 AR oL R o AR E > § P HR S D
F25 (4Bl T ) -

FRE v £ Th? B ¥ A AR FLT3-ITD ehiin™
22
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FRERE L R X PP REREA > BB EA AR FLT3-ITD g Bl

H

EBN %Elj%i@,v]-&rﬂﬁzwr’}n J]_I]‘:i%'éf’ "'JLI]‘:EIJ )\g\. o

4.2 Fit4hd i dp B TSl

5 RESRT G WISH eh % 1 f24F 8 # 3 o Ap M &3 B8 A
* Q-PCR % 4 15 48 hpf pF & #4x )+ 2 2 B/ o« B 57 » b R § 2 M
e ARRE 2 AT P oscl ATRE G Ao > A Imo2 A MER (e RS A)
ARk 6w hAp B 2 4 F) 5 ¢ cebpa fr mpo hE RE F X B FLT3-ITD e’
Fop HFAeospil 2REET e B L L (Bl B)S Tt LafAp M
2 faF)F ¢ ragl 2 ILE B 4o AR (el C) 5 Gz IpAp M 2 iS¢
gatal 2R E Ll r m LB A fhbael PIAMER S BT 3R on IRipH
B0 (el D) wH /B iwre 4p b 2 45 %]+ ¢ csflr ~ mpegl ~ I-plastin f-
mfapd 35 & & % 3 4o & 55 (o B~ E); Bt g & ¥ S HSC 4p B 2. # 45+ F]1+ c-myb
Frrunxl 358 B F 58 4o R D (Aol - ) o

F_WISH 2 Q-PCR %% v maapld e F 8 kv w3k L - " HR AR
FLT3-ITD shfiR ™ » g3 & B 8Lk 6w 33 4 = 16 o 33 40 3 8 ot 28
RS BEegmie 2 St s n 2 HSC B2 £ 48 o
4.3 =t hitsi AILEH HET L ehv 714

d 3 FLT3-ITD 2 AML % L FIL 2 8 - Bd b N B T 5
FIP L TGN A FLESGET SV A AP T Z % L TKI
Ffo- BRI EP > ARBN S AR FR SR E PRk e L
0¥ B e DA o

3% i 44 6 hpf 32752 % 10° mg/L AraC® ~ 100 nM PKC412%2 ~ 2.5 uM AC220°
1100 nM XL184™ ¢ (£ E4 kR $¥ 2 w7y » I8 Spradmb 4 & Ry

23

doi:10.6342/NTU201702943



F58) » £ 11 0.025% DMSO - 0.001% DMSO 2 ddH,0 # % #7412 » ++ 48 hpf i<
Boiniagit 244 2 WISH - 2% 57 » AML % &4 AraC /g v 1 it i &
% 7] FLT3-ITD §2 587 s secnpe S RF Bk v IRt frdlm T » L A2 2 4
JAPEFE AR E BN ) e T bRy g MRk AML § - 4] TKI 4
PKCA12 % B4t e » /Eznit oo 4% PKCAI2 B 58m i & F 48k v o 5h & 4
Fla THERE LA S feh Rk v b P (B4 ) # ¥ - A TKI #
P AC220 % R Jr & 2 3| FLT3-ITD §: 557 H e chh &k 6 o ZRFr g < Pldrdla T
oo R Arg IS A B by R EL PR G AFRES LIRS (e B L)
% ¥ — f& 4 FLT3-ITD shfiins § »cen® = 3] TKI # 4 XL184» % 1 A 100 nM
JERT o i & 2 ¥ Tg(spil:FLT3-ITD-2A-EGFP) & # " i % &8 % v w Jhficp amk

EGErBL-)e

24
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¥IF

ML % # F 20~30% ¢ % 4 FLT3-ITD %% > 2 i@ ¥ § FRL I >
MFEFERRFIOF G FIALLFLTS-ITD 2 2 7 $# % 4£31 2 &2 AML 2
L Eaa e e A 5 AF * chFLT3-ITD B 3] £ 3 2 % MUTZ-11
fr MVA4-11 % 2 £ 3] & 3 3 % 0 MOLM-13 4 PL-21 % > o & % Q47 ¢ >
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W= ~ 1% Q-PCR irl % 48 hpf 52754~ % i$ & 4p M #4713 thi R

(A) hemangioblast 4p B 2_ #& 45 %]+ > scl (p = 0.051) % I & 3 *v cd& %t @ Imo2 (p =
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W~ ~ AraC $# Tg(spil:FLT3-1TD-2A-EGFP) e

(A) 748 hpf pF¥ »> AGM 2 CHT i3 B2 3| mpo & e @ o o 3 » 4o d
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(B) t 48hpf pr7 * AGM 2 CHT =% BB FIAL ML 24} h 3 o d f22 3
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(C) #*#B A ¥ = d =4 ¢ mpo'enEh ¥ Mk tH T8 (T AL A o B R
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(D) 4B B ¥ o d 4247 § 4 b RS 2 enmh > 3 1Rt R (7 A A 4T o
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TE

‘7-\7

2% % 10°mg/L AraC #4585 T " (H0 @ #7412 33.4 + 134> 9 5% % 40.6 +
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P& — g4 - & 4 eni % o #icdp 2 mean + standard deviation % 77 o * 4 7 p<
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+2E
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A. WISH

oy B 7(5°23)

spil Forward AATTAACCCTCACTAAAGGGAGAACAACGTCCAGCC
T3-spil ATCTCCTCT
Reverse TAATACGACTCACTATAGGGAGACTTCTCCCGTCTTT
T7-spil CCGTAGTTIC

cebpa Forward AATTAACCCTCACTAAAGGGAGAGGAGCAAGCAAAC
T3-cebpa | CTCTACG
Reverse TAATACGACTCACTATAGGGAGAAGCCTGTACTCGGT
T7-cebpa | GCTGTT

mpo Forward AATTAACCCTCACTAAAGGGAGATTTCTCAGCCAAA
13- mpo AGGATGG
Reverse TAATACGACTCACTATAGGGAGAAAGACGTTCGCAAT

T7-mpo

ragl Forward AATTAACCCTCACTAAAGGGAGAGATGTGCCTTACGC
T3-ragl AGGATGGGC
Reverse TAATACGACTCACTATAGGGAGAGATGAGCTTAGTGC
T7-ragl TCAGATGGTC

hbael Forward AATTAACCCTCACTAAAGGGAGACCACAATGAGTCT
T3-hbael | CTCTGCCAA
Reverse TAATACGACTCACTATAGGGAGACTGAGAGGAACTT
T7-hbael | GTCCATTGC
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B. Q-PCR

oy B 7(5°23)

scl Forward AGCCATAAGGTGCAGACCAC
Reverse CGTTGAGGAGCTTAGCCAGA

Imo2 Forward TCTTTCTGAAGGCCATCGAGCAGT
Reverse GCACAGCTTTCTGCCGAGTTTGTA

spil Forward GTTCCTGCTTGACCTTCTGCGAAA
Reverse TCAGTGCTCTTGCCATCTTCTGGT

cebpa Forward AACGGAGCGAGCTTGACTT
Reverse AAATCATGCCCATTAGCTGC

mpo Forward CCGTGGATTGATTGGTCGTC
Reverse CACCACAGCCAATTCTTGCT

ragl Forward CATGGTGCTGCATTCCATCACA
Reverse TCACGCAGTTCGTCTGCTGACT

gatal Forward ATGAACCTTTCTACTCAAGCT
Reverse GCTGCTTCCACTTCCACTCAT

hbael Forward CCAGGATGTTGATTGTCTAC
Reverse CAGTCTTGCCGTGTTTC

csflr Forward TTCGCGCTCTTATTCCTCAT
Reverse TTGGAAATGTAGCGCTTGTG

mpeg1l Forward ACTGCCATTCCTGTGGTTTC
Reverse GGACAACTGCTGGATTTGGT

I-plastin | Forward GCCCTTCACCATACAGGAGA
Reverse AGCAGAGCGATCAGAGCTTC
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mfap4 Forward GGATGGACGGTGATTCAGAG
Reverse CAGATAAAGAGTCGCCTGCT
runxl Forward TTGGGACGCCAAATACGAACC
Reverse ATATCACCAAGGGCAACCACC
c-myb Forward GCTGACTAGCTCTGTGCTGATG
Reverse GCTGAGGTATTTGTGCGTGG
R-actin Forward CTCCATCATGAAGTGCGACGT

Reverse

CAGACGGAGTATTTGCGCTCA

- s REL R 31T R
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Jing L, Zon LI. Zebrafish as a model for normal and malignant hematopoiesis. Dis
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Kelli J. Carroll and Trista E. North. Oceans of Opportunity: Exploring Vertebrate
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Table 52 Morphological analysis of blood cell types in the kidney marrow from 9 months old FLT3-ITD and NPMI-Mut transgenic fish compared with

wild-type

Myeloid progenitors Myelomonocyte/ Lymphocyte Immature Mature i i

(blasts/blast-like; %) Neutrophil (3) (%) ervthroid (%) erythroid (38 o
oM-wild-type #1 533 3567 1767 13.00 28.33 315:1
OM-wild-type #2 6.00 33.00 11.30 12.00 37.67 3.25:1
oM-wild-type #3 6.67 4433 12.00 12.33 2467 4.14:1
oM-wild-type #4 5.67 42.33 17.33 13.00 2167 3.69:1
GM-wild-type #5 5.00 43.00 1367 11.00 2733 436:1
oM-wild-type (n=5) 5.73+0.64 30.6745.01 14.39+2.97 12.27+0.83 27.9336.03 3.72:1+0.53
SM-NPAII-Mut #1 767 4433 10.33 10.00 2767 5.20:1
SM-NPAI-Mut #2 6.00 4400 12.33 12.00 25.67 417:1
SM-NPAI-Mut #3 433 44 67 10.67 10.00 3033 490:1
SM-NPAI-Mut #4 5.00 43.33 12.67 12.33 26.67 3.92:1
SM-NPAI-Mut #5 B8.33 3367 533 8.00 39.67 467:1
OM-NPMI-Mut (n=5) 6.27+1.71 42.00+4.68 11.07+1.40 10.67+1.43 30.0045.68 4.57:1+0.52
SM-FLT3-ITD #1 7.33 38.67 18.67 11.00 2433 4.18:1
SM-FLT3-ITD #2 21.00 35.00 13.00 5.00 22.00 6.22:1
SM-FLT3-ITD #3 1567 38.33 1233 10.00 2367 5.40:1
SM-FLT3-ITD #4 16.33 3867 1367 9.33 22.00 550:1
SM-FLT3-ITD #5 18.00 43.00 15.00 8.00 15.00 6.78:1
SM-FLT3-TD #6 37.33 30.67 13.33 6.00 12.67 11.33:1
9M-FLT3-TD (n=6) 19.28+9.95%% 37.39+4.16 14.33+2.30 0.06+1.68* 19.95+4 BE* 6.57:1+2 40%%
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