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Angiogenesis

Bone

Central nervous system
Fin

Gut

Hair cells/lateral line
Heart

Hematopoiesis

Kidney

Liver
Lymphangiogenesis
Muscle
Melanocytes/iridophores

m Wildtype
55 O Transgenic
O Mutant
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Rennekampé&Peterson, 2015 Zhang & Peterson, 2021
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Mational Aguatic Biolog ¢ Center

First screen: Harvard University, Department of Molecular and Cellular Biology, 2000

A

v" Small molecules v' Screen what?

v 1100 synthetic small 8 v Size of the |ibrary?
molecules i v" What phenotype?

v’ early development v Animal ,

v fertilized zebrafish eggs nimat aye:

v Wild type v Animal genotypes?

v 96-well plates = v" Size of screening system?

v 3 embryoz per well (per v Sample size of animal?
compouna) v How to apply chemicals?

v" Molecules were added to PPYY
water

Peterson et al., 2000
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« KBV (FiE2-5EXK, FFEREET105%/L. GR=EVN)

» ZTFE (EAAS, ERERE I, SiFmED)

« XBR (24hptm=pBEIRE. 3 1THAIEARY)

« PUZ==0P, FEOREX (>2008U/33, BERIAHEIP, SEIT51E)
-« MINZRR. ININRE (BT LTSRS F)

- WIgER (ZBTEE, ZTHITEANE)

- SAZERERERES (FITFEUSRAKRFER)
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» IREIN (PE2-5EK,

Plate Format

—
1)

FIEEE105%/L. AR - ]
=S[aJ/\) % z
- ZTFE (REA. K 5.
E,@‘[tlzlj*'m\ SEARED) E 30 o]
Z- - | . . | - . . | I . | : -_|

384-well | 96-well | 48-well 24-well 12-well 6-wel 6 cm 250mi
Rennekamp&Peterson, 2015 - dishes cups
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Zhang & Peterson, 2021
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» KBV (BE2-5EXK. Fr

o
e

Fish tested per compoud

JEEE105/L. GAEE

M2
o

8

« ZT5E (KA. 1K
ﬁ:l JHE. SHEFmED

+ RER (24hpfpFHE
5. 3 THAMERRY)

« POZ=r=0p, ﬁgﬂik

(>200$5£/5d SRR I I ‘ I I
iy 0} &751%) Il =B 0B
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-y
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i
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# of Zebrafish Chemical Screens

on

Rennekamp&Peterson, 2015
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. REM (24hpfme
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o POUZF=0p. 7= gﬂi

(>200ﬁbﬂj
Flr=op, '_Jj_’@)

Zhang & Peterson, 2021
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Library name Number of screens
Prestwick Chemical Library (Prestwick Chemical)® 16
The Spectrum Collection (MicroSource Discovery Systems) 15
LOPAC®1280 (Millipore Sigma) 11 (a) Chemical Concentrations
SCREEN-WELL® ICCB Known Bioactives library (Enzo) 9 30 -
MNINDS Custom Collection 2 8
DIVERSet® Libraries (ChemBridge) 8
SCREEN-WELL® FDA Approved Drug Library (Enzo) 6 2 25 1
NIH Clinical Collection (1 and/or 2) 4 E
EPA ToxCast™ Phase-l Library 3 B 59 B -
SCREEN-WELL® Nuclear Receptor ligand library (Enzo) 3 E
€
4 g 15 4
5
g 10
N
m Commercially available libraries 5
@ NIH/NCI/EPA/academic sources * 5
B Plant/soil extracts I . [
0O Custom libraries o N : . . . .
o Additional pmprietary SOUrces iuM suM iopM 42.5-20uM 24-35pM  40pM 50uM =50uM

R K &Pet , 2015
Zhang & Peterson, 2021 ennekampa&reterson
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+ NTRFEIX: Tg(ins:CFP-NTR)




| B R ZH T NABRE

Iﬁ*ii#ﬂ#ﬁﬁﬁ&

A MTZ Drug treatment Analysis
(ablation) (regeneration) J
3 dpf 4 dpf ~ 6dpf

B M1z D™SO | C mMTZ; DMSO D MTZ; NECA |

Tg(ins:CFP-NTR): ede) Tg(ins:CFP-NTR):

Andersson et al., 2012
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NH;
¢ 71'1 86 com pounds 50-N-ethylcarboxamidoadenosine N ),
+ ~100,000 larvae (D <1
H ki "'f
« 5 compounds doubled the number of 3 cells M i
. . . +WTI.NECA
« 4 of 5 converge on the adenosine signaling o B
pathway |

Ablated cells Normal cells 0

dpf
ablation regeneration

Andersson et al., 2012 MTZ DMSO/NECA
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National Agquatic Biological Resource Center

* %
0,004+ 2,0- XX
2
= 0.003- 8 1.5
= 5
2 0.002- = 1.04
+
=
+ 2
2 0.0014 X (.54
F
0.000- 0.0+
vehicle vehicle
B [vehicle C Jvehicle
EENECA B NECA
% & K
5009 o * &k 500m * & ¥
— p
— — =
= 400 3 400-
o o
E 3004 E 300
= =
£ 2004 £ 2004
: g
o 100 o 100+
Andersson et al., 2012 0 0 4 8 0 Fed Fasted
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p53 apc, pten, BRAF
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. ESEFFIAAZSE
Tg(mitfa:BRAF*? BZ5

“d}

Patton et al. 2005
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T, \ i
. 13. % E 15 %glﬂ H@uu WT Tg(mitfa:BRAF(V600E)); p53~

TRTRE. KR, PO P — =
. B4loncogene, BRAF, &  ~ |
AREBEEEPERENRE
- EHEINEEADERER, W:
p53, apc, pten, BRAF
B D & e AR R
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White et al., Nature, 2011

Adult
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ailllneural crest cellBY%R

'La? j(aﬂclk = 100-4, - 50-5.00 | 1.00-1.49 _ 1.50-1.99| 2.00-2.49
- PR, XEAE1-5%
NEE

« 3SRRAE BTN,
RIRHK, SEFRIAEMN

« BEE<2, MIANBEYD,
ﬁg/r{%é%riﬁg?’ %o % of chemicals with indicated phenotype
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DMSO NSC210627 40 um Leflunomide 6.5 um

o o= - o

|
oo 120, = DMSO
2 u [ eflunomide 5 um

DJ\G = NSC210627 = Leflunomide 40 um

-
o
-]

o
o

F

Leflunomide

'I1
Multipotent daughter cells
(% of control group value)

8]

o

Neural crest stem cell self-renewal
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« Microarray (for gene
expression)

« Relative chemicals

« Upstream & downstream
factors

« Function on cultured

melanoma cells | | | PLX/Leflunomide

« Dosage effect

« Test on cancer cell
transplanted mice
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 Neutrophils are highly
evolved at injury site for
host defense

 Neutrophils must be
removed from the site
by either apoptosis or
reverse migration

» Disable to do neutrophil
clearance may rise
persistent inflammation

. Tg(mpx:GFP)

4

AR ISR
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AhpaFFiaFEZ5YIabEE, 4hIE8/\aY
2000 compounds

]

21 positive hits

-

00000000

00000000
°

2 shared close structural similarity
3

00000000-
00000000"
00000000
Q0000000
00000000
00000000-

Negative control
Positive control

Score

5

0.33
0.67
1.00

DMSO SP600125




Tanshinone llA

H,C CH,

Cryptotanshinone

Robertson et al., 2014

DMSO bright field DMSO TSA

— —

DMSO TUNEL DMSO merge

Pl AE P ERL
MIBHYB TR R4

3 TIIA bright field

THA TUNEL

FHEERIIA
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NABREC
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 Dravet syndrome: autosomal
dominant genetic disorder,
prolonged seizure, delayed

language/motor development,

sleeping difficulties, cognitive
deficit and ASD

* linked to >600 de novo
mutations in SCN1A, nearly
85% of patients

« Zebrafish homolog: scn7/ab

Baraban et al., 2013

. Dravet syndro

WT sibling
F M 1 L L

TTCATGATTTTACTC |

scnilab mutant

F R I L L
TTCAGGATTTTACTC

c

1"]1
3 dpf

.
lﬁmixmwmﬁﬁﬁ
e Biolog ¢ Cente

Mational Aquatic Bic

5.0 M sib

B mut
4.0 4

3.0

2.0 1

Relative expression
(log2 (ratio})

1.04

0.0-

3 dpf 5 dpf 7 dpf

e

6 dpf

5 dpf | ‘ L i Control




N5 %F15E . Dravet syndre

Sibling control I Navi mutant c Sﬂﬁ’m

pnpda
plgx
apn imw2
asmb
pmchl
hpx
caspb
Ins
entpd8
akd
Insb
516
efbi1
ngv.f
chp2
nargil
nanos3

i Ga
s
ugtsc3
cchblt
slc16ag9b
oo
nmed
Irrn 1

F L] L3 L] LJ T L] T T mIEb

-0 -9 -8 -7 6 -5 -4 -3 -2 -1 0

All: Nav1 versus Sib Cirl (fold change)

-3 -25-2-15-1-05 0 05 1 15 2 25 3 35

Log2 fold change

s

halis
lypde

J!rc&'-::
accn2a
sgcg
mybbpia
atfe
fam46a
lelp1
cyfipd
fcta
thoc2
shgt
f20b
slc9al3.2
abl2
rhcg2a
rnssk
noslapa
slc24a5
ubtf
rheglt
anxale
colt 1ala
psmb9b
h2
cypsala
atplaila.s

0
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2 3 4 5

All: Mav1 versus Sib Ctrl (fold change)

Baraban et al.,

2013

Center
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« swim activity 350 | MicroSource Intenational Drug Collection .
» 320 compounds ,: %
« 5dpf larvae 5
+ 6-12 larvae/compound  £% o

« Tested at 667uM 100 :
« 18 significantly inhibit
spontaneous seizures

+ Retested at 667, 67,
6.7uM

« 4 |left for 3rd round test senfLab mutant (Zox)

- only clemizole picked Sib ctr Nav1.1 mut | T | |

Baraban et al., 2013

scnilab mutant (Clem)




1TAF4FMERSI%: Dravet syndro

« compound libraries
modulating ion
channels

368 compounds
 trazodone and
lorcaserin

Griffin et al., 2017

Agonist radicligands

{1;
e
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¥
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e=E0Ex

=
.

% Inhibition of control specific binding

W Velocity (mm s7) =
% change from baseline

Velocity (mm s™)
% change from baseline

9]

Velocity (mm s™)
% change from baseline
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Mational Aguatic Biological Resource Center
lon channel library
250
O
200 o
150 o
100 o
50 B mGG % ®o
o
o ®0
0o d,i? o . 6 o 8
vﬁﬂo L] ' (8]
a0 o e e %% cem o
=150
GPCR library

5HT library
250
200
150 o
100
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0 8 o]
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trazodone @ H@C lorcaserin
Q\J‘W"\/J \

baseline @ O O O O (: baseline

IO O O O O

Griffin et al., 2017

30 min




Patient

2

3

4

5

Age (years)
Weight (kg)

Dose (mglkg'day)
Prior treatments

. Dra

T4

M T17G

- Belvig® (lorcaserin) -
« Children’ s Hospital Colorado o
(Aurora, CO) e
5 children (7-18 year old)
- All exhibited a reduction in the total
number of seizures o
3: 1-2 seizure-free days per week g™

1: 3 seizure-free week
1: 2 seizure-free week

« common side effect was decreased
appetite

Duration treat
ment (months)

Side effects

10

28

0.5

CLZ CIP KD LMT
YT FRM QXC
RUF TEX VPA

CLB 5TP VPA

FS: S0/day

GTC dusters
1 manth

Seizure free inital 3
weeks, duster of
seizures then
again seizure free
for 1 weeks

Cluster of seizures
once a month
with (F5, GTC)

Gradual increase in
seizures with
raturn to baseline
frequency

12 months, still
taking

LiLe o]

I8

46

0.27

CBZ CBD CLZ
CLE CIF FEM
LMT LVT PRM
FHE TPM VPA
CC KD VM5

CIP 5TP ZMM

MS: numercus daily

F5 + GTC: 1O/
month {requires
rescue
medications)

Saizure free for
Dereeks

M5: occasional

S + GTC: limanth
(o rescue
redications)

M5: clusters 1-2f
Wik

F5 + GTC 1=
month and {no
rescue medica
tons required)

12 manths, still
taking

none

!

13

019

E5M FBM LMT VT
MsM YPA  VMP
ZNM KD

KD TPM VPA

MS: daily

GTC seizures: 100/
manth (clusters
=10y

GTC seizures: 46/
manth (GTC
clusters of 1-3
seizures)

M5: daily

Seirures gradually
decreased to |6
maonth with some
seizure free nighes
then seizures
increased to
baseline

|4 months

Reswarted due tw
increased seizures
treated for 2
menths, stopped
o participate in
other drug stdy

Vomiting and
decreased
appetite

7
4
0.32

CZP BESM VT LZP
5TP TPM ZNM
KD

BRO CBD CLB
VPA
AS: 12

FS: 3-5 | week

MCE: IV manth
|=1 seizure free
days/ week

AS or F5: 3 month

GTC 1-2 fday

NCS If manth
Gradual increase in
seizures, seizure
free days stopped
9 months after

reatment

Mo increase in seiz-
ure when medica-
tion stopped

13 months

Decreased appetite

14

35

031

CEZ FBM GBP
LCM LMT LvT
CRC PHE
PRED RUF STP
WMS VPM ZMM

KD
CLB TPX VPA

MS: constant
throughout the
day

GTC seizures:
=11 woeek

M5: inicially
reduced in the
rnurning then
increases o
COnsGant
throughout the

kte afternoon
QTC: =1 week

Unchanged.
Belviq tapered
off with no
change in seizx-
ure frequency

9 mionths

Decreased
Appetite
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1ITAFRMEI%: Dravet syndro

clemizole Table 2 Individual patent therapeutic information
Ci
O Most recent FFA
!r"' Initial FFA dosc dose Major motor seimures ' month®

N Treaiment
/>__\ Patient mg'day  mg/kg/day mgday mgkgday  duration (vears) 3-month baseline period  FFA treatment”  Percent reduction®
N

N 1 i 0,29 20 0,44 506 1504 4.5¢ 0%

b 5 .50 125 1,68 470 2.5 04" g4%

3 5 024 10 0.62 0.78 0.4 o 100%

Clemizole 4 1] 025 15 0,36 1.50 10,74 734 8%

5 5 1,10 15 0,25 1,64 200 0.7¢ 8%

analog library 6 10 021 10 0.19 1.57 234 .54 —37%

7 10 0.17 15 0.27 1.02 18.3 13.2 B

-] 5 0 5 017 063 20.4 (| %] i
4 i 0.6 10 016 0,30 218 6.0 T5%
Mean 1. 024 12.5 0.35 1.9 138 ig - %
Median 10 0.23 125 019 1.5 150 1.5 15%
Receptor Antiseizure -
identification screening
16
m

Fenfluramine j = -

Electrophysiology F = -
F T i1 %

E \"‘v""" 'EI_ 0 :
H ¢

4 F]

) X ..—I.._\_;_\_\_. . s —a -
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