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Using zebrafish as a model animal for hair cell
and ototoxin studies
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Kamel M, Ninov N. (2017) Curr Opin Pharmacol. 37:41-50
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Traumatic brain injury (TBI)JE{EIET
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Function of lateral line in social behavior
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Bite/nudge

Fish orient in front of each other and
push foward and back to delineate the
borders of their territory.

Fish orient parallel to each other, erect
fins, distend jaws and shake their bodies.

Fish distend jaws and flare opercula.
Often accompanied by a lunge at
another fish.

Fish grasp jaws and push/pull each other.

One fish rams opponent typically on
the trunk with an open mouth (bite)
or closed mouth (nudge).

JEB. 2016. 219: 2781-2789



Neuromast hair cells of posterior lateral line of zebrafish larvae
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Bnerior lateral line  Posterior lateral line |€
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Kinocilium

Stereocilia

Hair cell

Monroe JD, et aI Front. Cell. Neurosci. 2015
* Hair cell morphology is similar between species* w* 3| i p$ fAF & %= |+
« Zebrafish hair cells are sensitive to damage from ototoxic drugs .5 4. £ fm?z 3+ A

WEIEFFEIRRARL

Ex. Gentamicin, quinine, aspirin
Control

v
4 hrs post Neo

Mouse Vestlbute Mouse cochlear
hair cell hair cell Harris JA, JARO2003
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https://v.qq.com/x/page/m0831jdi6aa.html
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(Essential neuroscience, 2011)/

« Hair bundle

« stereocilia are lined up
Increasing height

« Kinocilium, the tallest

« MET channel on the tip of

stereocilia
(mechanoelectrical transduction (MET)

channels) S ML L AEZ 2 H

 Permeability of MET channel:
PCa > PLi > PNa = PK >PRb

 |dentity of MET channel?
ENaC? TRP channel? TMC1/2?



Neuron

TMC1 Forms the Pore of Mechanosensory Transduction
Channels in Vertebrate Inner Ear Hair Cells

Highlights Authors
e TMC1 assembles as a dimer and resembles TMEM16 ion Bifeng Pan, Nurunisa Akyuz,
channels Xiao-Ping Liu, ..., Marcos Sotomayor,

David P. Corey, Jeffrey R. Holt
e Cysteine modification with MTS reagents alters hair cell

sensory transduction Correspondence

dcorey@hms.harvard.edu (D.P.C.),
jeffrey.holt@childrens.
harvard.edu (J.R.H.)

e The data support a revised topology of TMC1 with
10 transmembrane domains

transmembrane channel-like
protein (TMC) = NHEs

- NHE9

NHERF 1
- GAPDH
== (Creatine kinase B 4
= TIM ’
== ATP synthase
e THMS

Nat Commun. 2011. 2:523.
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List of Known Ototoxic Substances

Antibiotics Miscellaneous Drugs Environmental Chemicals
Aminoglycoside antibiotics Salicylates Butyl nitrite
Streptomycin Acetylsalicylic acid (aspirin) Nicotine
Dihydrostreptomycin Nicotine Mercury

Kanamycin - Quinine Carbon disulfide
Gentan);lcm — @kfﬁ% Loop diuretics Styrene

Neomycin <= 3.fiaf 25 Furosemide Carbon monoxide
Tobramycin Ethacrynic acid Tin

Netilmicin Bumetanide Hexane

Amikacin Platinum-based antineoplastic agents Toluene

Macrolide antibiotics Carboplatin Lead

Erythromycin Cisplatin S AR
Clindamycin %2 : WY)S|EMNEBITHE

Azithromycin ki l ESims
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Amikacin 0-285% >35-40mg/L >10mg/L
Gentamicin 0-63% > 12 mg/L >2mg/L
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Kanamycin  5-26.9% il L o B
Booeytin UP 0 60 % %gg% EREERE BERNEE®RNE
Streptomycin 4-75% Gentamicin oph 0.3% FEREEEE
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"=+ Aminoglycoside

Known aminoglycoside
pathway in vitro

Endolymph trafficking

Cochlear capillary, with
O tight junction-coupled
endothelial cells
Tight junction coupling
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Li H, Steyger PS. Systemic aminoglycosides are trafficked via endolymph into cochlear hair cells. Sci Rep.

2011;1:159




Using NMT to analyze function of zebrafish
neuromast hair cell

 Non-invasive Micro-test Technology
« SIET (noninvasive electrophysiological scanning ion-electrode technique )

- Ca? probe==

Kinocilium

DC | Monitor stereocilia

A
- | Microscope
= .
. fu
. ¥
4 b

Ca?* influx detected

Controller — Computer
]

- Main amplifier (Lin LY, et al. AJP 2013)




Using NMT to detect Ca?* influx of
zebrafish neuromast hair cell

https://www.youtube.com/watch?v=j5gw8mlJraxl



https://www.youtube.com/watch?v=j5gw8mJraxI
https://v.qq.com/x/page/a0831pi97tp.html

Detection of Ca?* flux in neuromasts of zebrafish embryos
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(Lin LY, et al. AJP 2013)



MET channel blockers inhibit MET channel
mediated Ca2* influx

A c
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The MET channel mediates Ca?* influx during embryonic

development

2 dpf
N 0+ ND
H 5
1 B
S8BT 0] 1A
Gl 3 (8)
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b B 1 1
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v Functions of MI1, L1 and L3 were begin at 2 dpf

(Lin LY, et al. AJP 2013)



Neomycin(Gh#Z) suppress MET channel mediated Ca?* influx

A B Neuromast
g 10 uM Neomycin 0 1
NN - % 5
E 5] &
2 10 E -10-
o o
g -15 1 = -15-
£ 20 | E
5 25 S -20-
£ 230 x
W 10 0 10 20 30 40 (min) = -251
O ) . + A
Time (min) & A
S -30 0.2 mM Ca?*
_35- 1 2 mm ca?t
neomycin Con 1 10 100 1000
. . Neomycin (uM)
. . Neomycin 10 M 24h
. 50, 100, 150, 200, 400 pM 1h
10, 50, 100, 125, 250, 300, 500 p.M 1h
10 pM 1,5h
100 pM 1h
25,50, 75, 100, 200, 400 pM 30 min
¥V MET channel 25, 50, 100, 200, 400 LM 1h

RN

(Lin LY, et al. AJP 2013)
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Addition of Ca?* neutralized the Ca?* concentration (mM)
inhibition of neomycin g
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V MET channel
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(Lin LY, et al. AJP 2013)
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FW E3 embryo | SW endolymph plasma
medium
Na+ (mM) 0.5 5 500 1.3 145
K+ (mM) 0.2 0.13 10
Ca2+ (mM) | 02 | o5 10
Cl- (mM) 0.5 5 500 132 106
HCO3- (mM) 0.2 1.6 31 18
pH 7 7 8 7.4 7.3




PLoS Genet. 2012;8(10):e1002971. doi: 10.1371/journal.pgen.1002971. Epub 2012 Oct 11.

Loss of Silc4a1b chloride/bicarbonate exchanger function protects
mechanosensory hair cells from aminoglycoside damage in the zebrafish
mutant persephone.

Hailey DW1, Roberts B, Owens KN, Stewart AK, Linbo T, Pujol R, Alper SL, Rubel EW, Raible DW.

wWT WT + neomycin

o-parvalbumin

Anion exchanger (AElb)
[+ P F-P

HCO3-

sibling
mock treated

Cl-

persephone
200uM neomycin

AE1b mutant + neomycin




Expression of AE1b in stereocilia of hair cell

\
RS 2
stereocilia

AE1lb inhibitor, DIDS, supresses hair cell Ca* influx

- 10 300 uM DIDS DIDS DIDS
o control 200 pM 300 uM
3 07
; ¥ : F A T 5
LE’ "TI"“J' H“’u"‘rh f’l.i' T I g >
g -10 o | (6)
& E -10 c
= =
E. -20 | §-15 (B)

& = b

kS
S =30 r"ﬂ i) | .,—? -201
'M ! M 3 min &
HII} — 8-251 2
-40
-30-

(Lin LY, et al. PONE 2015)
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Addition of Ca?* neutralized the
Inhibition of DIDS

>

DIDS DIDS

control  400uM 100 uM

« Extracellular Ca?t is

Ca?* flux(pmol em? sec)
)
(=]

. . =30 ;

Important for function of MET ) a 6)a

channel
B DIDS DIDS

. — . control 500 uyM 500 pM
» How are hair cells sense 7’

~ 10

environmental Ca2+? S ©)c
5 20
E -30 . ] 2 mMm Cca?+
& 0.2 mM Caz*
S a0

(6)a
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Kinase phosphorylation

Inhibits PTH
secretion
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S S

gland

neuron

Goltzman et al. Nature Re. 2015




Expression of Ca?* sensing receptor in zebrafish
hair cell S

]
neuromast

'stereocilia

e 4

B CaSR sense

basolateral

I'4

V MET channel

@ cCaSR
A Lin LY, et al. Frontier Physiol 2018



R-568 (CaSR agonist) suppress Ca?* influx of neuromasts.

A

Ca?t influx

v MET channel

@ caSR
VRN

70+
0 uM R568

o

70

2 M R568

0 3 10 15 20 25 30 35
Time (min)

B
70
= Recording Medium
35 == Recoding Medium + 4 pM R568
0 8 S RWTTRVI ey
3% 5 10 15
Time (min)
Cc
a (5)
- 50
3]
?
~ 40
E b (6)
o 30
E .
—20 3 c (6) c (8)
5 . .

L)
£10 4 ¥
c&u .
oo . y .

2 4 8

Treatment of R568 (uM)



CaSR protein expression in neuromast hair cell is
reduced in CaSR morphant

o,
Pt

C Control-MO D Control-MO /| Control-MO 1J Control-MO

Phi

CaSR Apical CaSR Basolateral

CaSR Basolateral

Initiation complex
/ ) protein coding region

§'-cap
Injection of optimal l./’——\_/ Augv
concentration of the — N

morpholino / AN
antisense oligo Translation

(only transient knock-down) blocks progression start site
of initiation complex

1-cell stage

Lin LY, et al. Frontier Physiol 2018



Ca?* influx ( pmol cm2sec)

)

Ca?* influx ( pmol cm-2 sec!

[3)]
o

I
S

(6)

D—

30- @ Effects of R-568 and HCa (0.2>2
o } mM) on MET channel mediated
Ca?* influx are neutralized in

10- CaSR MO larvae.

0 -R568 +R568 | -R568 +R568 Ca2+ ;gz; Ca2+ ::z;
Control-MO | CaSR-MO R568 -

60y (6) J

o ]

40+

301 0 V¥ MET channel V MET channel

201 I 0 casr 0 casr

10~

0

NW HCa NW HCa

L | |
Control-MO CaSR-MO Lin LY, et al. Frontier Physiol 2018




Neo 10 uM

R568 16 uM R568 16 uM
R568 16 uM R568 16 uM

| .

101
= L ® )
5 8 g24
.og £ 2
1 b 10 25°]
il b (10) b (10) g% = 9
° o [* ' O en 41
0? o
= T
£z 22
&’ P—
8 68 0 16 R568
n) M) (M)

Neo 10 uM
Lin LY, et al. Frontier Physiol 2018




FRHBERE

TAIPEI MEDICAL UNIVERSITY

Summary

o 3= NMT i B|* P2 MET channel ezt 5¢
o ¥z ih4TapS ¥ L EEMET channel# &t
« CaSRi pIFE 45k R T 4 & MET channel 74 #¢

HCO, Ca?t

MET channel
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Control CDDP 1 CDDP 10 CDDP 100

a(12)
el ] o= Effects of cisplatin on the
£ .. i hair cell number and
g . function in zebrafish
g2 =  embryos
’ 0 | 1 10 100

Cisplatin (uM)
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Effects of cisplatin on the hair cell number ant
function in zebrafish embryos

Ca?* influx (pmol cm=2 sec™)
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Displacement

Superficial neuromasts
marked by DASPEI

)

-
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Afferents

Neuronal response

Biology 8t Cambell and Reece, 2008



