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Establishment of research infrastructure for the
functional study of oncogenes and the development of

cancer models using zebrafish
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Project Summary

Establishment of research infrastructure for the functional
Title of Project study of oncogenes and the development of cancer models
using zebrafish

Key Words Zebrafish (Danio rerio), Oncogenes, Animal Cancer Model

Project Leader Young-Ki Bae

Associated Company

€ Aims
Although a number of mouse models has represented genetic and pathological aspects of

human tumor successfully, it is increasing the need for a new type of animal model that
can be used not only as a model for understanding tumorigenesis but also as a tool for
drug discovery. The zebrafish (Danio rerio) has proven to be a useful vertebrate model
system for cancer research and high through-put drug discovery, because they have
several advantages, including transparency of embryos, fecundity, and feasibility for
forward and reverse genetic analyses. In order to develop the zebrafish cancer model that
would be used as the research for cancer pathway and high through-put drug discovery,

we established the research infrastructure in National Cancer Center.

@ Results
1. Establishment of research infrastructure for developing the zebrafish cancer

models
O Construction of zebrafish facility in NCC: 240 fish cages for 35 L
O Microinjection system set up: 2 sets

2. Research Materials for developing the zebrafish cancer models
O Isolation of neural specific promoter/enhancer for Gal4dVP16 expressing transgenic
zebrafish: GFAP genes (for Glioma), NeuroD2 genes (for medulloblastoma)
O Construction of Tol2 mediated trangenes harboring human oncogenes for genetic
modified zebrafish cancer model: EGFRVIII, Kras Akt, etc. (for glioma), N-myc, SmoAl,
PISBKCA, etc. (for medulloblastoma)
O Adoption of GaldVP16-UAS binary transgenic system in which neural progenitor
specific promoters driven GaldVP16 protein can induce and amplify the expression of
UAS controlled oncogenes.

3. Generation of genetic modified zebrafish cancer models
O 2 transgenic lines of GaldVP16 expressing F1 zebrafish: GFAP genes (for Glioma),
NeuroD2 genes (for medulloblastoma)
(O 9 transgenic lines of UAS-oncogenes expressing F1 zebrafish

O 2 lines of mutants for tumor suppressor genes: TP53, Patched?




4. Development of zebrafish tumor xenograft models
O Establishment of cancer cell lines that express fluorescent protein for visualization of
injected cells, and performed transplantation into flk::gfp transgenic zebrafish
- Human lung cancer cell model (H1299::RFP): cancer cell migration into other tissues
at 4 days post transplanation (dpt)
- Human stomach cancer cell model (AGS:RFP/GFP): cancer cell migration into tail
veins at 4 dpt
— Human glioma cell Imodel (US7MG::RFP): tumor cell mass formation at 4 dpt
- Murine melanoma cell model (B16-F10:RFP): tumor cell mass formation and
neovascularization at 4 dpt
(O 9 transgenic lines of UAS-oncogenes expressing F1 zebrafish
5. Application of zebrafish tumor xenograft models
(O Functional analysis of genes that are concerned in cancer migration and metastasis
via vessel using AGS:RFP/GFP model: Gal3. MMP1. Parl
O In vivo validation of anti-cancer drugs using U87/MG:mRFP model: paclitaxol,

cisplatin, gleevec, temozolomide, AMPK inhibitors, etc.

@ Conclusion and achievement

(O Establishment of research infrastructure for developing the zebrafish cancer models

O Isolation of tumor suppressor gene mutants and conctruction of transgenes harboring
human oncogenes for production of genetic modified zebrafish cancer models

O Development of GAL4-UAS mediated transgenic zebrafish cancer models

O Development and application of tumor xenograft models using zebrafish
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2-1. AEFYHE REFEE 3 AT AH 2L AF 7)b =

O ABTA A% AR 7HE: A Anes4l o 5000 sk AAE £8T 5 A AEE
2 AE (B5L $% o 240 ool 4 FY HAE ATE 43 F5 (29 D)
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O A2 shu: @A °F 3200 viel o] 2% ABtals A 2 owjop Abgskal 3l& (2009d 104
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o @A)

- ok Y 2 F (AB, TL)

- EdHolAl (Mutants): 9 &

Tumor suppressor genes: 2 & (7P53 Patched)
Cell polarity genes: 3 % (Crumbles, Nok, Moe)
Non identifications: 4 <& (Cell proliferation, etc)
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a9 Lo ARSEA A% A8 2 SAR mAFEY 717
AR G A ZPE UGN ATE 4% 94, U 24F SdwelA, O A5

b e} =
2AA, 2 oAFY 238717

- A d3A (Transgenic Zebrafish): F 400 =
[Flk-gfp (¥ %), Atohla-gfp (&3 A E71AE), GFAP-gfp (AF=71AE 2 Glia)]
GAL4-UAS transgenic: 24
Cre-lox transgenic: 12%.
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2-2. 327G ABGRIH AFS A% 7|0 75

O GAL4-UAS system?] #&: na& JAAZ Anetu Ao Fystr] 93 A=k a7 29
A B oapel ol A MgfHzle nEas HHES HdlA 24 5o]A<Ql promoterel] %
Hok AN AAR] GAL4AE fr=ste F@ Aol GAL4 G s frx+e

Bty 2do) oA starxl gk

UAS:oncogene ¥ @A gA| o] wujE 53 A3 A

Strategy
GAL4-UAS
Induction System
fﬁ_— Egﬁng (Amplification of target gene) “%
= _ =
Tissue specific promoter i Tol2 transposon system
y 4
ate
Enhancer
eeessssssss——n 1Texon  GALA(EGFF)  p(A) X Tol2 mm UAS w Candidate oncogenes w  Tol2
1up to 20 - 50% efficiency
a9 2. FEAE AR qelA 14 Bt FAAe e T def
el

g §8S o7l YallA Tol2-transposon system= ©o]-&: 99 7+ A A3

FA Al Tol2 transposal elementE A Axd 7IWe ol&sto] LASAAE &
Aol F 15719 FAHE f A transgenes)S A&+ 33l (19 3.)
AARFEDE fste]  AFE FEAAE FdA (T FF): GFAP:GAL4VPIE,
zHer4::GAL4VP16, 10xUASKrasV12G, 10xUAS:"ThEGFRwt, 10xUAShEGFRVIII,
10xUAS:hEGFR-L858R, 10xUAS:G719S.

~FRAZFRDS fste] Az FHAHE {FHx 8 Fi): AtohlaiGAL4VPIS,
zNeuroD1::GAL4VP16, zNeuroD2:GAL4VP16, 10xUAS:Nmyc, 10xUAS:NmycT50A,
10xUAS:Akt, 10xUAS::zSmoAl, 10xUAS::zSmoAl1-W5H14L.

7}

GFAFP Promoter

zHerd Promoter

» Tissue specific Oncogene expression

%% GAL4
i K-RasV12G Py

hEGER wild type [pAl,

oo
> P /|
) BEGFR VII \pa) ‘P
[ Telz

HEGFRLG5ER TBUA) g 0A) T EGEPI|
" HEGFR G7195 P(A) g pUA) | EGFP




Atohla Promoter

zNeuroDI Promoter

zNeuworD2 Promoter

k 5 Tissue specific Oncogene expression

138 3. Tol2-transposon system< ©]&3F & dd3t 4=}
7}‘, /,\_] =
o A FH12 8 F/H)

O Arzgas HFFRLS Mdetr] fs A=k 19 404 B uf
W E(glioma) ¥ XA EF(medulloblastoma)?] eF A F 23
Z}(oncogenes)E ¥ Al - A} (tumor suppressor genes)?] 7]% o] AdAE EHAWA

A vl 7 (genetic background) 91 & Al o ZA] A Zbslaia & 5.

7}.

Medulloblastoma

| Shh pathway |

Oncogene:
Tumor suppressor gene:

mmmm GFAP or Nestin Promoter mm Aras or EGFRVI s

MEAZ7|H = E0/EH2 promoter




MNeuroD2 promoter
k| MHEI|IME &

i}
ol

m SmeAl or N-myc

9 promoter

L= A

i

a & ok Al A 8l PAAS F 4
}oMEGAN FLW NEAYAD D e FA% % dek oAl KA . ARWE W FRAE
T 9dRd PHAAE = ALS % "=
O 34 HIFAAE =2 Eoldo=z Hid A717] 93] genomic DNA, BAC plasimeH/ﬂ
ANAZ7ME EolAH el #dA9 promoter ® enhancer 499 £& HAH3AS. (18 5H)
A ARNFRAS 93 FH2: GFAP (-3.2kb 5'-upstream of ATG + 3kb 1st 1ntror1) Her4
(-4.7kb 5'-upstream of ATG)
~FEAEZFEAS $3 fF-1A Atohla(®f 160kbe] BAC plasmid), NeuroDl1 (-5.1kb

5'-upstream of ATG), NeuroD2 (-4.9kb 5'-upstream of ATQ)

O 9 49 F429 promoter @ enhancer @GP o ZHE GFPY WIE HFE3=
7}
Glioma P T —
SHEHIEE : . -BLBP (51 kb of 5
(Gene cloning) GEAP(180%) Herd(100%) upstream + 3kb 3-
- i g = do-.-l.-l‘strear". )
Promoter 3t& SJL;Sk_bCD:_ -47 kb of _—lNE'SiI_F (2.2 <:J of
b s psiream 5:upstresm 5'-upstream + 1kb
{Construction) + 3kb 1% intron L2 2™ intron)
Specific (100%) | Specific (100%)
Promoter 2%
(in-vivo analysis)
Non-specific
L},
Medulloblastoma o R} Bl ' ) ' I
RS Atohla(100%) | NeuroD1{100%) | NeuroD2({100%)
{Gene cloning)
Promoter =2 | gac recombination S SRS o
(Construction) 5'-upstream S'-upstream
Specific (100%) | Specific (100%) Specific (100%)
Promoter =& { >
(in-vivo analysis)
O™ 5 34 weokgAAe 2REol 4 BHHE 93 promoter L enhancer B9 ¢ e T
A 2 ABgs] AR A T
7h AR AE (glioma) E& AxE g A2 promoterd] 49 9 ABetI Ao FH S,
U, FEAIZZF (medulloblastoma) 22 A2E 918 F329  promoterd] 49 2 A B e} o A
o waEgy
Reporter 4 2} (Promoter::GFP reporter) & A 23k & ABatu4]o] Hjolo] mA|F<¢ate] %24
SolA¢  GFPe S Axagtas A dolx dFdArAE S AHEste] ftow A3
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2-3. GAL4-UAS ¥ 248 AreylH A2

O

1

N

A
RN

9] transgenic constructsE A X235 2] wolo] wAl F=Yste] A founder A H g}
Az 5 wujd & A4 germ-line transmission ¥ &S A= Yste] <kAgE

g ARG AE Ax A4 F1 Ade dddes dolrdes 53 (196, £ 1

Plasmid DNA wuth a
Transposase mRNA transposon construct

Co-injection to

fertilized egas \\'L

oy J || P———

J-5months ¢

=~ =l 4
—_— » —
founder -L Wild type

i FF

a9 6. Tol2 mediated trangenesis in zebrafish

Auz P ol 42 10XUASEGFRVII, 10XUAS::Kras 5 & 9% /i
F Ak 10XUAS:EN-Myc, 10XUAS:SmoAl 5 % 4% 7

Gal4-UAS construct Generation
4 10XUAS-HRas F1 Homozygous
5 10XUAS-NRas F1 Homozygous
6 10XUAS-KRasG12V F1 Homozygous
7  1OXUAS-NMyc F1 Homozygous
Gal4-UAS construct Generation 8  [LOXUAS-NMycT50A F1 Homozygous
1 | 2GFAP-GalavP16 F1 Homozygous 2F AR REEHEE
10 [OXUAS-PI3KCA Founder fish
2 zNeuroD1-Gal4VP16 F1 Homozygous
11 [10XUAS-zSmoAl Fi Homozygous
3 ZHes5-Gal4VP16 Founder fish
12 [HO0XUAS-zSmoA1WS514L F1
13 [HO0XUAS-hEGFR F1
14 H0XUAS-hEGFR vIII F1
15 [10XUAS-hEGFRL858R F1
16 [10XUAS-hEGFRG719S F1

¥ 1. Gal4-UAS Trangenic zebrafish in NCC




2-4. GAL4-UAS A 2H"& o] 83 3 g {AA @&

Y FEHE A=A Az

O Aze Z7+e] GAL4-driver E 2 4% A
o] wuj2 AAEe] FA wols A}
O WA GAL4-driver FA A% AHaty]4 e 217

B =71AIE
UAS-EGFP 3% Al Heta]4 e}

—
(

28 GFAP:GALAES Tdst= FAlte] ABetdsser FRAES &2
wdst= F2Alg e ARy s= Zzbe] fdake ddEs x4
promoter/enhancer 3 9< 7}A 31 91 UAS-F A A3 ABgw]e
TS ABE7IHNE SolA o st S GAF (2" 7).

O =3 GAL4 2 UAS-oncogenes &2 Agt Bty 4o nluj

7191kl alafel ogk AabE wjole] oncogene o]
hybridization ] = ©] &

So)4

su)ste] EGFPY) e 3

2} 4 ¢} UAS-oncogenes
A% Anee Az

9] RNA probeZ
&to] oncogeneo] £7 SolAHoR FEE= S FAT(ZH 8).

o] 93t trans-induction 2<ls}

A A3te]  in-situ

A

24hr

5days

24hr

S5days

—

% 7. GAL4-driver 8@ A3 A Bty < UAS-EGFP ¥
o] NAE7IAE 50|42 EGFP &d
A. GFAP:GAL4 X UAS-EGFP, B. NeuroD2:GAL4 X UAS-EGFP

X

fs

& Al ves el o}




=< X =<

pGFAP::Gal4VP16 10XUAS::KRas1?V

¥ 8  GAL4-driver ¥dAAZ ArB#y 4o 93  oncogened trans-activation.
pGFAP::GAL4VP16 X 10XUAS-KRasG12V

5. % EIdFE ALS A TAIARFAA 7T EAROIAY &1

O 2849 o mdFE e e das] T 4249 Jgdvtoz s o F
7F FE5HA 25 7hsAdol o] it fdA Bdidd FEASE AHeaHY B fF 2
&S FFErIYete] B A AR (tumor suppressor genes)?l TP53, patched2d] =
AdolA & &R (X 2)

¥ 2. ek oA FA4AF (tumor suppressor genes)e] =¥ ol A
Ut A FHA EARA HuEd
Tp53 (Berghmans et. al. PNAS, 102: 407-412, 2005)
Patched?2 . . ) .
(Shh signal pathway) (Koudijs et. al. PLos Genetics, Aug;1(2):e19. Epub, 2005)

AFAxe] E2dAWolAe 7|5 A TP53 EdWolAe gamma-irradiationo] ¢]3F

Al At AR 2 TP53 antisense morpholino oligonucleotides =12 A B.gk3] ] ¢} o] 7]
A3 (24 9).

Afrdzre] dvolA e FAHEA 4] wfE T3 RdE= AN 5

O
mn‘.
Koo
12

o

573

1ol
=

d ol
m]I 0[‘1
£

O
g ol

0 TP53 (10XUAS:K-ras G12V), patched2 (10XUAS::N-myc T50A)



7}.
TP532dfl y-irradiation (16 Gy)

TP532d1 TP532df1

Cell death type I Cell death type I Un-effect type I Un-effect type 1

0%
5@y 10Gy 125Gy 16Gy

0.5ng 1.0ng 2.0ng

TP53 = y-irradiation P — e
P e ol p53 MO microinjection and y-irradiation
5 Gy 2 3 38 0.5ng 1.0ng 2.0ng
10 Gy 7 22 35
125Gy 5 5 i cell death 29 17 2
16 Gy 22 12 il uneffect 7 14 31
100% — - - Total 36 31 33
80% — — 100% — — = —

B coll death

60% — — ‘
80% — — —— .
Uneffect ‘
40% —— L
B Cell death 60% — — EE— S
o - ‘ uneffect
_— 40% | .
| |

pGFAP:GAL4VP16 X 10XUAS-KRasG12V

¥ 9. GAL4-driver A3 ABgIHd 93 oncogene®] trans-activation.

2-6. A& E 0|43 tumor xenograft =& 7|2

O Axretas] A delAd FH8 GAxE A%, S, olss HAAew #&e7] flste It 2
I UAEF] mRFP/pcDNA3.1 - AAE transfectionde] G418 selection A4S 73 33t
WAS WdsE stable cell linesE g9

= Q1ZF FH MEF HI1299:mRFPS] &9 (G AALATF S ukakrtele] g5 AT
- #}$2 melanoma: B16-F10:mRFP<] = 2t
- QA 9t M EF AGS:EGFP-Lacze] Az (Y14d 3 A4 sjukatete] &5 dA+)
- QIZE ¥ Sk AES USTMGEmRFPO] A2t (Sl 73} uhFufubatebe] &5 A )
O PFamds Hdst= 2H7te] GAXFE ABgyHe] AT 2423 o] ujole] w3t
< A

AES ok 1009141 200 oA PAFES F 1 FLAA 109 S FFAM S
2o 24, olF 52 BE HAL (29 10)



z : Experimental schemes
Cancer cell lines expressing __

fluorescent protein
Cancer cells were injected into the
perivitelline space of yolk in flki:gfp
embryos at 24-48 hpf.

B16-F10::mRFP

H1299::mRFP

229 10. Tumor xenograft in zebrafish embryo

O H1299 (human lung cancer cell line)::RFP/ Flk::gfp Models: -7} o] o]Fo] 23t <17}k
HLAET} tail vein @ B, & T2 o] ABIFE o] &3 cancer cell migration,

invasion modelE ##H(Z¥ 11).

3 day after TP

Vessel

29 11. H1299 (human lung cancer cell line)::RFP/ Filk g Models




O AGS(human stomach cancer cell line)::RFP(or GFP)/Flk::gfp Models: &7} o] ©]F 9]
21k A GAETL invasion HAS AF F tail veine®E ol Fdhe RYS gy Syt
AY AAs] dalg e F5ATE AA HEx2E IdAxe TE2ES Mg (29 12).

23 12. AGS(human stomach cancer cell line)::RFP(or GFP)/Flk::gfp Models:
17k 919 AEF (AGS:GFP-LacZ)7} invasion 3782 AR 5 tail veinS & o]Fo] #H .

O U8TMG(Human glioma cell lines)::RFP/Flk::igfp Models: &7}ol| o]Fo]2]3 <3ty et
AE7F ARy Bl 543t tumor massE FAsE 9SS FH(1Y 13).

O0day after TP 1 day after TP
U87TMG TP

14

12

10

3 day after TP LY EVE Gl 6

® Mass size

Oday 1day 2day 3day 4day

1 day after tumor
‘hznsplan‘lalion

29 13. USTMG(Human glioma cell lines)::RFP/Flk:gfp Model

O BI16F10(Murine melanoma cell lines):RFP/Flk:gfp Model: &7Fo] o]F o243t nfg~
melanoma”} Al B.etu] 4 o] B4 ol A F218te] tumor massS FA st T3 A H ety 4 <

g #-S FE(neovasculization)dt= 222 & (29 14).



0 day after TP 1 day after TP

B16F10 TP

2 day after TP 4 day after TP 15

]lI

0 day 1 day 2 day 4 day

® Mass size

Transplantationat

219 14. B16F10(Murine melanoma cell lines)::RFP/Flk::gfp Model

2-7. A2 &4 Z o] &3 tumor xenograft g &&

O Mg A A4 AEZF(AGS:mRFP) EE& o] AHE 3 o5l BAGE F4
t s, hAlEES]l o] B o] 4291 galectin3, MMP]I,

Parl 59 71%5<% SiRNAZ A3 9o AEFE Xﬂ E‘r«’lﬁ Hjopol] o] A% mz PO =
| A9 AEHA ol 99 Fdaso]l AdAEY o] H o] s #Holete FHAYS Y

o] 5o
EE2S 0] 839 in vivo validation 3t & (28 15).

AE

= M=

ol

O Al#3E<) paclitaxol, cisplatin, gleevec, temozolomide, AMPK inhibitors®} #Z& &9#|S in
vitro cell culture AFES Estod AEAbe] ol2= wxEE ZAAsta, AZF HG AEF
(USTMG:mRFP)E Flk:gfp @2 d& ABpu Aol o3 T=ELDS A&sto] Al
e A4S Adede. 2 A3 gleevee ¥ AMPK inhibitors 5©] Al H

s}

p==h
S

£

E
=

+od

ol

o £

ol\ mEo

'é‘

TSR0l ol A7 A thal AEdAl adE Hlt= A& in vivo 23
]
]j

=8k l=




C

[ (%) £
= a ] 3
| | | |

Migrated cell number/ embryo
|

Cont scRNA Gal3 PAR1 MMP1
siRNA siRNA siRNA

P . I 26 hrs after transplantation
MMP1siRNA _____ O 50 hrs after transplantation

29 16. USTMG(human glioma cell line)::RFP(or GFP)/Flk::gfp Models
in vivo A|Btu4] BAS o] &3k Z+F A IdAME A A 839 in wivo validation

Control Temozolomide AMPK inhibitor Gleevec

2hrs

24hrs
"2 hrs

H24 hrs
M48 hrs
®72hrs

48hrs

I'm®

Control Temozolomide Gleevec AMPK inhibitor

compound C

72hrs

a9 15, AGS(human stomach cancer cell line)::RFP(or GFP)/Flk::gfp Models
The effect of each galectin—3, PAR-1, or MMP-1 silencing on the migration of gastric
cancer cells 7/n vivo in zebrafish models. (submit <)
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a7 17. ARy fu

FrA 2AFHOR vhE FA}

neurofibroma squamous ceH carcmoma

ZEBRAFISH

Mol Cancer Res 2008;6(5)
- rntestmaf adenoma

3-2. AU EAFEZAY AEZIH F8A F GRIAFTEZS &

O ABeI S (Zebrafish, Danio rerio)= < AAH SR HFFEo TA A4 31 At A
AT gL FHS VAL dE T8 B $ER 53 5040 F FPFs Uy
8t transgenic fishE o]&3tH 574 AE9 oo} S AbE 23t }4S A WA
dobdle= AEdlA BEE 5 s B_fi ABeta] s = 25709 dAAE AL Jenw <
Al ARt A7l 7k vt fdA 9 g Aol FEdo] wlg =an, 3k A
ooyl ZF 7Bdd Aol A wlg FALsHz ol AR e AFE Fske] o
A AREL vtz A3t A%y AW Al T8 ARE 289 F Ue

O 53 Aretyss Ao And # ofyel 2o TgolA Hi=nksh o] ¢ho] by =
A= Bk =ATH Fx7F AbgE fAbstH (" 17), A4F oF i dE fAAEY 2
o 71de] A A FdI Aow o] HT B AFAE fste] dEerdRE
A Sh Aatel &8H (" 19). =3 ARSI HE 4F carcinogendl] g wES-Ad o]
ARbA QL QFAEFof Wz, 58] TS o 5-7TAdA7IA= 96 well platecll Al wjgo] 7t
sotne Aende Syg ARty HAE ARESto] dige] A eF "ol e d 18).

a3 18 AlB& a4 9 carcinogene] ™3 #1842 96 well plateite] vjok o

[ 7 ebrafish

I Tumor cell line

IC 50

Stasn ENU Trichos HU

Zebraflsh in 96 well plate




29 19. ARG HS o] &3k ot

Myc-induced T cell leukemia in
transgenic zebrafish

(Langenau et. al. Science 299:
887-890, 2003)

AB I Hol A thymus Eo] 4
promoter®l] 2|3 Zokf-A =}
W8S %3 T cell leukemia 24,
P dol FA B o3|
Aol Q= JNA WA & 34

2 Holg fA #F

Adenomatous polyposis coli
-deficient zebrafish as
cololectal cancer model
(Haramis et. al. EMBO Rep 7-
444-449, 2006)

Fish model for melanoma
(Patton et. al. Curr Biol 15:
249-254, 2005)

po3 Aol EAR |7 dojut
Al B2} 3] 4] ol human BRAF
FAAE o] FHAZ FAAS

zd

Transplantable tumor lines in
clonal zebrafish

(Mizgireuv et. al. Cancer res 66:
3120-3125, 2006)

F: Hepatoma

G Pancreas acinar cell carcinoma

10 mm




3-3. FHA =& Ay qELFE ML

O HT B2 A4AEd 98N HE:d 24 2 gy dAXFERY T4 2 A 4%
S sdold 93t FTAFAA] A8 AE AN AGA AL o] T o3t A TY
st v)Hoe] Z4zhe] T FH we EoldQl Aol wrElAal S.(3& 3)

O dA7NA ¥ & Aot F& Edo &gk AFE A MAHeR g St A P H 3
g, I gFEES AARZIY (7 4). HYg FEEY Y Bgye fFRHdoer ddFARE
N7AE7| Mz HFdIdd A7 AY, LA AFHAATE FRAAATYHE ALt 75 s o
Ag Aoz A diFFe] Rde A 54 ¥ A Ao #g AoE o] A4S
54 mdle Ao Foln7] J&H.

O ArZHI4= A 5o 54 A5A4 /s s @3¢ d FEZ 73y iy, 53
Argd4s RdsEaE ¥t HARDL /IAFAH T AAH R E Ao AR AAHo
2 gAAcRE 89 T v 9Hd 7 GEE AR S e Bg o] AlEsted]
2 AFHAE Fal 2 AF 7N 75 ARG S A EE A S

% 3. 9T i A gxdl A Az
ket f-d =) gkol oA {7}
(Oncogene) (Tumor suppressor gene)
EGF receptor: EGFRvVIII (Wong | PTEN
et. al. PNAS 89: 2965-2969, (Li DM, Sun H. PNAS 95:
1992) 1540615411, 1998)
NAWE Kras pl6INK4a/CDKN2A
(Glioblast ) (Holland et. al. Nature (Arap et. al. Oncogene 14:
loblastoma Genetics 25 55-57, 2000) 603-609, 1997)
Akt pb3
(Holland et. al. Nature (van Meyel et. al. JNCI &6:
Genetics 25: 55-57, 2000) 1011-1017, 1994)
SmoAl (Shh signaling) Patched
(Hallahan et. al. Cancer Res 64: | (Vorechovsky et. al. Oncogene
77947800, 2004) 15: 361-366, 1997)
2EAEE N-Myc SuFu (Shh signaling)
(Medullobl ) (Browd et. al. Cancer Res 66: (Taylor et. al. Nature Genetics
edulloblastoma) | o556 o670 2006) 31: 306-310, 2002)
Kras Axinl (Wnt signaling)
(Thomas et. al. Nature (Dahmen et. al. Cancer Res 61:
Genetics 39: 347-351, 2007) 7039-7043, 2001)

O FAAzZ FERI 72 oz wekdx] FHAA 7|5o]d Aol Ao HdFAx FA

A FAARE AHAE71HAE (neural stem cell) Eold oz @wdst= FAAEA ] AHIHE

wujstes AgFFe B2 A (29 20, 21)
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4. o

i
ofN
0,
g

F B =229 (Genes Dev. 2007 21 2683-2710)

Tumor classification Genetic pathway/method Promoter Study
Transgenic and Low-grade astrocytoma Ras/tg GFAP Ding et al. 2001
knockout GEMs Srcftg GFAP Weissenberger
et al. 1997
Nf1 + p53/ko — Reilly et al. 2000
floxNf1 + p53/ko GFAP-Cre Zhu et al. 2005
Anaplastic astrocytoma Ras/tg GFAP Ding et al. 2001
Nf1 + p53/ko — Reilly et al. 2000
Srcftg GFAP Weissenberger
et al. 1997
Rb/SV40 lg T PTEN/ko GFAP Xiao et al. 2002
floxNf1 + p53/ko GFAP-Cre Zhu et al. 2005
Glioblastoma Nf1 + p53/ko —_ Reilly et al. 2000
floxNf1 + p53/ko GFAP-Cre Zhu et al. 2005
FIG-ROS + Ink4aArf ko Ad-Cre Charest et al. 2006
Low-grade Arflko — Kamijo et al. 1999
oligodendroglioma
v-erbB/tg S100@ Weiss et al. 2003
Ras + EGFRvIIIftg GFAP Ding et al. 2003
High-grade v-erbB/tg + Inka/Arf ko S100p Weiss et al. 2003
oligodendroglioma
RCAS virus Glioblastoma Ras + Akt Nestin Holland et al. 2000
Ink4aArf ko + Ras RCAS GFAP/Nestin Uhrbom et al. 2002
Low-grade PDGFB Nestin Dai et al. 2001
oligodendroglioma
Ink4a, Arf, InkdaArf ko GFAP/Nestin Tchougounova
+ PDGFB RCAS et al. 2007
Anaplastic Ink4gArf ko + PDGFB RCAS Nestin Dai et al. 2001
oligodendroglioma
Inkda, Arf, InkdaArf ko GFAP/Nestin Tchougounova
+ PDGFB RCAS et al. 2007
Mixed oligoastrocytoma InkdaArf ko + PDGFB RCAS GFAP Dai et al. 2001
Glioblastoma Tet-off KRAS + Akt Nestin Holmen and
Williams 2005
Retroviral Glioblastoma PDGFB Mixed Uhrbom et al. 1998
Astrocyte and High-grade gliomas Inka/Arf ko/EGFRVII retrovirus ~ GFAP and Nestin =~ Bachoo et al. 2002
NSC transgenesis
NHA transformation  Anaplastic astrocytoma hTERT, H-ras, HPV Eé and E7 — Sonoda et al. 2001
Anaplastic hTERT, H-ras, SV40 T/t-Ag —_ Rich et al. 2001

astrocytoma-glioblastoma

Oncogene:

Tur

genetic background

¥ Oncogene over expression in tumor suppressor gene knock-out

mmmm  GFAP or Nestin Promoter mm Kras or EGFRVI/I ne—
MAS7| M= E0[X2! promoter

LU 7T =E (100%)

¥'Hras, Kras
vdelPH-Akt

v"Human EGFR-wt, EGFRyll, EGFR-L858R, EGFR-G719S

HEGFR wild type
EGFR VI
HEGFR LASER
hEGFR 67155

a9 20. Stratedy for development of zebrafish glioma model




O 3188 JAAS ArzgaHey g9 e 279 transgenic constructsE A 22k 4 9] )
ofel  wmAl FYstel A founder ABEIFE Az F wHlst $ HA germ-line

transmissiono] ¥ &S AP dEte] MAZ FAAS ABGAIAE A SGYstar, 24 T
[e)

ARl ngs HdS HelA A"Ee dAF &4 AdAQl GAL49] transcriptional activator
domainol| #FeW AL §33 GAL4-UAS systemS 2 -&332 (Scheer et. al. Mech Dev 80:

153-158, 1999). Eo P G28&S Fol7] A Tol2-transposon system= ©]-83F &
(Kawakami et. al. Dev Cell 7: 133-144, 2004).

2 aélﬂiiiﬂgl AB Gy E A 267
A AMaPAFo A GFAP L HeSBJ il X}«] e 249 (Promoter/enhancer)S 23 & )
AEAE s, ZHE oncogened % Y F ‘Z‘i ABea s AAete], 24 5ol
o7 GAL4AE 21d 7153 Driver & A3E ABga4vk v d ojw3 el ofnd a8
s A% 7hes s ud] dERAFE FolBFHYE 53

+'Oncogene over expression in tumor suppressor gene knock-out
genetic background

— NeuroD2 promoter = SmoAl or N-myc
k| AHE7HE =0|X 2l promoter
wot oxix} Bt (100%) LA 7HA SAHHO|
o (100%)
¥'SmoAl, Shh TPS3
SN 53
N-mye v Patched

AtohIa Promoter.

UL

szaumm GAL‘WP‘I& (FT)
v'zNeuroD2::GAL4VP16 (F1)

"\ Multlple Cross «\’

cogenes zebrafish

v 10xUAS:KrasV1 v’ XUAS:Nmye (F1)
-hEGF} AS::NmycT50A (F1)
v10xUAS:hEG| ¥ 10xUAS Akt (F1)
v 10xUAS::hEGFR- OxUAS:2SmoA1 (F1)
v 10xUAS::hEGFR: 0xUAS:zSmoA1W514L (F1)
vEfc.

Tumor suppressor gene mutant
(TP53, PTEN, Patched, etc.)

19 22, Multiple cross of trans—oncogenic zebrafish in tumor suppressor gene mutation
backgrounds

3 L
v'zHer4: GAL4VP1 6(F1)




3-4. GAE] A 9 o5 FAV|H H I JAYES AT I ABEIH o]F o4

¢l 29 (zebrafish xenograft cancer model)9 7|

O A ge TR AN AnebnAE olg5te]l FAZ o Fo N AR, AYYRAR
Al HsHe ATeta 9E (E 5)
E 5. Anet)d olFeld ey A

=
o1 %014 o

Tumorigenic FGF2-overexpressiong MAE
(murine aortic endothelial) model

Cancer Research 67: 2927-2931
(2007)

Human metastatic melanoma (WM-266-4) model

Angiogenesis 9: 139-151 (2006)

Transplantable Tumor Lines Generated in Clonal

Zebrafish

Cancer Research 66: 3120-3125
(2006)

1. Human endometrial adenocarcinoma Tet-FGF2 cells

2. Murine melanoma B16-BL16 cells

Nature Protocols 2: 2918 - 2923
(2007)

Human glioma (U251-RFP) model

Cancer Res 68: 3396-3404 (2008)

Human adonocarcinoma (MDA-MB-435) model

PNAS 104(44) 17406-17411 (2007)

Cancer Cell
-y, injection
e - : T
Migration and -
invasion model e

H1299 (human lung cancer cell
line)::RFP/ Flk::gfp Models:

AGS (human stomach cancer
cell line)::RFP/ Flk::gfo Models:

St/

Proliferation
mode]

H1299 (human lung cancer cell
line)::RFP/ Fik::gfp Models:

0 day after TP 4 day after TP

H1299 (human lung cancer cell
line)::RFP/ Fik::gfp Models:

TP at24 hpf™

219 18. Transplantation of fluorescent labeled cancer cell into the yolk of zebrafish embryo
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5t & in vivo AAIZF #ES
lo] 429 &3 rwlad B8 stable cell linesE A|&ste] AB a4 A ol A
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4, ATHH 2 FEDA

(1) -4

7k 2 A AR =R AN 9 2%

oo q 2 - Year; w2 | AUAARS
11]_:1_ 4] (Zi X}':FLT'E_LU Z'] =2 o(IF) Vol(NO)IPage :TLL 4“)517
Notch-regulation of perineurial glia e Neuroscience 2008;
development from radial glia in the (]%_‘%7)] Letters 448: S’SLCQ% 0810060-1
spinal cord of zebrafish embryos (2.085) 240-244
Biochemical and

Her4 is necessary for establishing Biophysical 2009;

. . j &3 7] T 9
peripheral projections of the A1) Research 448: SO
trigeminal ganglia in zebrafish Communication | 240-244

(2.749)
Anatomy of zebrafish cerebellum and e Developmental 2009;
screen for mutations affecting its (Hzﬁ’f)] Biology 448: jgé% 0810060-2
development (4.714) 240-244
Proneural gene-linked neurogenesis Hj & 7] Developmental =)
[} : /\‘I = = _
in zebrafish cerebellum (A1 Biology s scr | 0810060-2
(4.714)

1) AAFE - 0, Al F5
2) 78 U, =3 SCI, = SCIE, =79, =59SCI, 5+9]SCIE &
3) A YA H 5 (Acknowledgement)
- JAUSE AxF B, -2, -3 B)E st A2 VA, Ao #AHAdL o

E719) 814 Acknowledgement”} &8 73l

e

. 5l 2 54 SEthd =1

= g’z 71A)

=5 A2 gt 3 AV A LAAHNE
Genetic and histological analysis of ezl | SR AetE] 20089 | = | 0810060-1
cerebellum development in zebrafish 2 7] 841 3
Cerebellum development in zebrafish g7 | Al 208 = EAAEZA| Idl | 0810060-1
LRI MEESE
Development of brain tumor models s, | A 203 SR AAEA | S | 0810060-1
in zebrafish weds] | 233 7)1 3]
Genetic and histological analysis of g 7] | 8th International = 9]
cerebellar neurogenesis Conference on
Zebrafish
Development and
Genetics




Polarization and dendritic o3 7] | 8th International = 9]

morphogenesis of cerebellar purkinje Conference on
cells Zebrafish
Development and
Genetics
Development of genetic engineered Uds, | A 218 sRAAEA | Fu | 08100602
cancer models in zebrafish w7 | 2383 A7) e

Development of genetic engineered uds, | A66x stAsteEAA | Ul | 0810060-2
cancer models in zebrafish wed7) | 2383 A7) 83
Development of tumor model using w3 7] | 2009 Asia-Oceania| =ul | 0810060-2
zebrafish: genetic engineered brain Zebrafish ~ Meeting  in

Jeju

tumor models and xenograft models

for preclinical trials

Development of tumor model using wjd 7] | dargAAsks] 20099 | = | 0810060-2
zebrafish: genetic engineered brain 718 =d 8
tumor models and xenograft models

for preclinical trials.

Anatomy of zebrafish cerebellum and | #|%7] | Ed%5E A3 2009 4| = | 0810060-2
screen for mutations affecting its A9
development v
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=

44 = (%)

SRR
A2 A =g
A% AN 5

S|
O ZAENAHoE GALLE %

T4z 5FF
v A
%

GAL4-UAS kA A 1058 A2
system % Tol2 O Aztd FAAS FAAd
transposon AA Az 7IHeZE Tol2
systeme] 7| 2 transposal elementZE ©]-8 3}
ogx A

O Axrgss AAelA o] 43t

ABetd s o] &3
tumor xenograft
2l A%E 919

AT S 5

AT 9 B AL wolalv]
faM FAENEE dFHeR

Hdsks QIR B Xii GAEF

3] 4 o A 9] tumor

xenograft AAl 2 QFAES] A,

HETER A E R G & S EREE
O ArgIq] A A 75 2
7V 35 L % 2507 FRe 8
A B a5 A = dF A FF,
A 7 2 F42 | O DNA/RNA 53 morpholino
ul A F4 A¥ 7]dk | oligonucleotides®] A A WA F
T35 d APES 8 FHFA9A,
microinjector ¢ A+ 7|¥F -
=
O  Genomic DNA, BAC
kol G zte] %2 | plasimdol Al & 5% AAE7]
Sol4 Hddds AE 5ol4d FHA¢] enhancer
2] 3 promoter % g9 28 A
enhancer %< ¢] O AZ=E promoter:GFP reporter
v sA4Y Fx FHAAE A Beaae] ufolo] m
A R AlB g | AFYste] 22 50]AQl  GFPE
ARG A TE s ABetn ] A A
4 AFAn A S ALE3te] Seto=
9 P 100 | 80

°ols T& dFdAvAE AL}

o fetow 24

O A AFHAe] FAH] A
JmEED us 9] & 2% &H: TP53, patched?
;iifofoqxaa O LA AFHAFe] FAWol A
AR e o o 7% @A TP53 ZeAmol )
AR 715 ol R D o5 A
Ao 2] 9] gamrr{aflrradlatlonoil-JT?_ 1
SomolAg Aw m | b AR A % TP
;EZL = 7| antisense morpholino
- oligonucleotides #2] Al B.g}3]

Astel 7% BEA e




O HIAAFHALe] EAdH ] A
of FHAASA L} wwjE F3+
RAFE AR F5

TP53 (10XUAS:K-ras GI12V),
patched2 (10XUAS::N-myc T50A)
O AR5 AAZ7HME 5ol
HqoB GALAE wdsl= A%
F2A41f ¢ Al B2} 4 A
GFAP::GAL4, NeuroD2::GAL4
O 7Zt& ¥ 445 F=gd
s el s ol A o 3 i FAAG Ang4e A
o ZF 13% N
O GAL4-UAS system® ==
a4 AA aE B9 44%
AAE  Bold wel f1R
2 o4 wdd FAAT Avars | 100 | 100
2 grmdel A
O ABZGIHE o] &3 A
s B Ho] e s
‘H1299:mRFP ,AGS:mRFP
O ABgGIAHE o] &3 AAE A
o 2d it
= _ ((U8TMG::mRFP),(B16-F10::mRFP)
AnetdAE o8 O AB2I4 tumor xenograft
tumor xenograft =2 9 o] ed o8
Mt S8 ~ AGS:mRFP ZdlS o] &3k

GAE dH o5 Fofst=
Ax 71 AAE
- USTMG:mRFP 2 2& o]&
sk 2+ ggAlel in vivo
validation

b

o]

o
T

ARATEE Bkl Ad 2 Aw A A B 7

AEstE AV Aol &
A EHL 9, okd 2%,

H 3] & o W AlF
AB a4 AMS 9 AY =ddolx 9%, FAATNA 3%

ABS A AM KE 9§ | RSN, uA Amm | Coo AA 33
’ = J=m 3}
A% wA F9 A9 7E | Abs o (A B, O 1200 mrEe] REsE S

o
Wod dA 7E A4H ddol
&

ZEA A8 FolmE XA

ol BEE JdAEAS
ol fAAbe] 24 Eold | 1. 24 EolAQ FHA | 1 AANFT BEE 2T FEAX
gBHAS 93 promoter L | 9 promoter FH AL, | F RU§ 3T AAESV|AE
enhancer 4 9< #2 TR | [A(=3), B(=2), C(<2)] Eold F429] promoterE &




2. AE=IH AUl

2. AZE promoter::GFP reporter

Tx2 A E AR s] AAY | A 2d 8 v B4 | FHA 58S AlEetse wjol
oA =y A oF. [84 & A(=3), | o "AFdsd A2y A
B(=2), C(<2)] Al Wl dgdndS AHE3H
o] Setor EBEXM3le] Ex o

s 3=
% 15%9 Tol2 transposable

FAAL A

Ha4 AL 9

H
EI Rl

A% 447 A% )

element’} £°17F A= GAL4 ¥

%
system 2 Tol2 Gtg;iigii 7. [A(z5), B(=4),| 24 42 55, UAS 944
v tem Y;Hm - e ’ M Ja Ao
syste Sl 2 & A3 ste] 3R
134T ds Mo wds
1 849wde 2ds) | = A7 2 EHF HAEF 3%
B ) = dHEF FE | 7FE ¥
ABesss o] &3 . -
RS ! tumor [A(=3), B(=2), C(<2)] 2. A0 2 X HF SHEFT 3FTFH

xenograft &2 AZE 3 A
7S A5

2. tumor xenograft AA|
[+4 4+ A=

L |

3), B(=2, ), C(<2)]

=]
E)

Hjolell  tumor
xenograft AAJste] AL A}
%, ol YA A AL
&3ato] Hetom 74

dlol oAz f#42 7]% o] | 1. tp533 patched? #FotolA] H4
JRLEE LS AW WY oA | 4 Anehd BaAwoeld] | A Jsoly AvetslAE dug
§4% 715 o4 ABATL B | o A% 2 B 4w [B | 2 2479 Avelsd SdvelA
WolAle) A 2 sn QuviclAel Bu & (A| of BAAD AuedAs e
(23), B(=2), C(<2))] of Rl Azt
= 112 —dri SRR
Faae Angag A | 5 11F8 GALiddver AdE
B wet fA4 wHY FAA| 29 A A [Fl x| Ao i 2% UAS a0

Aolz AT A 5
(A(=3), B(=2), C(<2))

Zﬂﬂﬂ'-‘ﬂﬁ 9%"% hOl’l’lOZygouS
F2 Ath7tA A zsto]
g3lsto] i

BEA &

A B e2ta) 5 & o] &3t
xenograft =4 7feta} $-&
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