. \

e e ol e _A0p o
- -~

 FOITV TR Y T T e

a sle s s
i

Immunohistochemical and electrophysiological characterization
of the mouse model for Retinitis Pigmentosa, rd70

Sonia Biswas

Member of the Helmholtz Association

#) JULICH

FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Institute of Complex Systems
Zellulére Biophysik (ICS-4)

Immunohistochemical and electrophysiological
characterization of the mouse model for Retinitis
Pigmentosa, rd710

Sonia Biswas

Schriften des Forschungszentrums Jilich
Reihe Schlisseltechnologien / Key Technologies Band / Volume 96

ISSN 1866-1807 ISBN 978-3-95806-011-1



Contents

Table of Contents

AABSEFACT. ...t e Rt e e |
ZUSAMMENTASSUNG. ..v vttt ettt ettt r s b b st h e bbbt bbbttt n s e 1
CONTBNTS. ... b e e s v
ADDIEVIALIONS. ...ttt et e en s VI
L INEFOTUCTION .o s 1
1.1 ANALOMY OF TNE BYE ...ttt sttt sttt ste e e stesre e e eneane 1
1.2 THE FEEINA ...ttt bbb bbbttt bbbt 2
B 10 (o <ot o | (o £ SRS P PSPPI 3
200 0 R = (oo USSP PR PRSPPI 4

L1202 CONES ..t e 4

1.2.2 HOFIZONEAI CEIIS ... e 4
L.2.3 BIPOIAI CEIIS ..ottt peere 5
1.2.4 AMACTINE CEIIS ..o e 5
1.2.5 GaANGIION CEIIS. ... e 6
1.2.6 MUIIEE CEIIS ..o e 6

1.3 ViSION QNG AISBASES .....vcvveviviriiee ettt 7
1.3.1 Retinal degenerative QISEASES. .........vvviieirtiiirieiceeese et 7
1.3.1.1 Aged Related Macular Degeneration (AMD)..........cocoiiiiiiiienieieseeie e 7
1.3.1.2 Retinitis pigmentosa (RP) .......ccoeieiiiiiiieieesse s 8

1.4 Animal models for retinal degeneration ..o 8
1.4.1 Genetic animal MOTEIS .........cveiiiiiirie e 8
1.4.2 Inducible, acute animal models of retinal degeneration ...........c.cccevvevevieiiieieiiieieie e 10

1.5 POtential treatMENTS .......ccvoiiiiirieieceie s 10
1.5.1 ProsthetiC @PPrOaCh .......oouiiiiieieiee ettt 11

15 L1 EPIretinal IMPIANtS......c..coviiiiiiieiie ittt 11
1.5.1.2 Subretinal IMPIANtS ..........ooiiiiie e e 12



Contents

1.6 The aim 0f the CUrTeNTt STUAY ........cvoiiiiie e 13
1.7 Motivation and approach of the STUAY ...........ccccieiiiiiiic e 14
1.7.1 Morphological characterization of the rd10 mouse model ...........cccovvvviviieniieniiesiie e 15
1.7.2 Functional characterization of the degenerated retina by electrophysiology ............cc.cc.e... 15

2. Materials and MELNOGS ..o 17
2L MAEEITAIS ...t 17
211 ANIMAIS ... 17
2.1.2 INSEIUMENTS USE........viiiiiiiiiiiiii i 17
2.1.3 S0IUtioNS aNd DUTFEIS ... 18
2.2 MBENODS ...t 20
2.2.1 IMMUNONISLOCNEMISIIY . vviiiiiiiic et ae e saeennae e 20
2.2.1.1 Retinal tiSSUE PreParation ...........cooueieeieeieiieiie sttt se e sne e 20
2.2.1.2 SECHIOMING ...tttk bbbttt bbbt bbbttt eb b 20
2.2.1.3 Immunohistochemistry PrOCEAUNE ..........oiiiiirieiiiie et 20
2.2.1.3.1 Primary antiDOGIES ........ccoviiriirieieiiiieseee s 22
2.2.1.3.2 Secondary antiDOGIeS . ........c.ueieiiiiiiie i e 23
2.2.1.3.3 Confocal Laser SCanning MiCrOSCOPY .......ccueiuerreereereaeerieaeeniesieaeeseesneeseeseeaneees 23
2.2.1.3.4 Image acquisition and ProCESSING ........eiervirieiriiiirerieeeese et 24

2.2.2 Multi electrode array (MEA) ......ccvviiiiiie ittt ae e snee e 25
2.2.2.1 Background of extracellular reCordings ..........ccooerveiiiiiniienceeseseeese e 25
2.2.2.2 In-Vitro retinal Preparation .........ccocvveiieiieeiiieie e 26
2.2.2.3 Setup for retinal reCOMAINGS ......c.eeuiieieeie ettt 28
2.2.2.3. 1 MEA SYSTEM .ttt e 28
2.2.2.3.2 Multi electrode arrays (MEAS) .....ccoveiiiiieeiie et te et 30
2.2.2.3.3C0ating OF the MEAS ...ttt s 31
2.2.2.4 Pharmacological StIMUIAtION ........cccviiiiiiiiiiicic e 31
2.2.2.5 Data ACGUISTLION ...ttt bbbt sb et sbe e 32



Contents

2.2.2.5.1 SpONtANEOUS CLIVILY ..viivviiiieiieiiiiiie ettt 32
2.2.2.5.2 Spike Waveform analysis ........ ..ot 32
2.2.2.5.3 Fast Fourier Transforms (FFTS)......ccueiiuiiiiiiieiieiieenie e 33

2.3 SOTIWAIE USEO.......evieiececeer et 35
BURESUIES .. 36
3.1 Immunohistochemical characterization of the rd10 retina.............cccocvvvreiiiiininieen, 36
3.1.1 Development of rd10 retina over time (P6 t0 MB) .........coovviiriniciinneee e 36
3.1.2 Photoreceptors and type 2 cone bipolar cells in rd10 retina ..........cccocvvvieiieenieiiiciieiiens 38
3.1.2.1 Both types of photoreceptors and type 2 cone bipolar cells ............ccooeviniiiiiienns 38
3.1.2.2 The remaining photoreceptors in rd10 retind are CONES ..........coveverveeierienesiienieseenens 40
3.1.3 Bipolar Cells in Fd10 retiNa.........ccviiiieeiieiii et sreeanne e 42
3.1.3.1 Type 3a bipolar cells in rd10 FetiNa .........ccoieiieiirieiee e 43
3.1.3.2 Rod hipolar cells persist even after months of degeneration in rd10 retina................... 44
3.1.4 Horizontal cells in rd10 FetiNa...........ccoiiririerieiiinine e 46
3.1.5 mGIuR®6 receptors in the ON pathway in rd10 retina..........cocooevereeiiniineniees e 50
3.1.6 TRPML1 in the ON pathway in rd10 FetiNA........ccccviivieriieiiieiiie e 51
3.1.7 GlOSIS 1N FALO FELNA ... e 53
3.2 Functional electrophysiological characterization of the rd10 retina..........c..cccoceevvvveieennnnn. 56
3.2.1 MEA recording from Wild type FEtiNa ..........coveiieiiieiiee i 56
3.2.2 Functional characterization of rd10 retina using multi electrode arrays (MEAS) ................ 57
3.2.2.1 rd10 retina shows spontaneous rhythmic aCtivity..........cccccovverieiieiiiie i, 57
3.2.2.2 Spikes from different ganglion cells can be SOrted ............cooeiiiieiiiieienieeiceeee 59
3.2.2.3 Spikes can be locked to different components of the LFP oscillations in rd10............. 59
3.2.2.4 Different frequencies in LFP oscillations can be observed in rd10............ccccoeveiveennen. 60
3.2.2.5 Spontaneous rhythmic activity changes temporally in rd10 .........ccccoceviiviincnciene, 61
3.2.2.6 Effect of age on the frequency of oscillations in rd10..........ccccevvieiiiienienieenee e, 66
3.2.2.7 Rhythmic electrical activity depends on glutamatergic input............cccccoevirieiciiennens 67

Vi



Contents

3.2.2.8 The contribution of the ON-pathway to rhythmic electrical activity is unclear ............ 69
3.2.2.9 Rhythmic electrical activity is shaped by inhibitory input.............ccooiiiiiiiiis 71
3.2.2.10 Blockage of glutamate receptors abolishes the effect of inhibition blockers .............. 74
3.2.2.11 Rhythmic electrical activity in rd10 depends on gap junctions............ccccceeveercreennns 75
3.2.2.12 Rhythmic electrical activity in rd10 is modulated by HCN channels..............ccc.c..... 76
3.2.3 Rhythmic electrical activity in MNU treated retinae..........ccccevvvevieenieiine s 79

3.2.3.1 Rhythmic electrical activity in MNU injected retina may depend on the ON-pathway 80

3.2.3.2 Rhythmic electrical activity in MNU treated retina depends on inhibitory pathways ...81

4. DISCUSSTION ...ttt b e h e b et bbbt b st b b e bt ekt et ekt s e bt et e b e bttt nes 83
4.1 Retinal degeneration and remodelling progresses in the retina of rd10 mouse.................... 83
4.2 OsCillations iN FAL0 FELING ......oiveiiiieiiiie et 85

4.3 Why does spontaneous rhythmical activity originate in the retina of rd1 and rd10 mice?..88

4.4 How does rhythmic activity in rd10 retina compare to that observed in other parts of the

N S ettt bttt R Rt E e R et AR e R e R bt e bt b e e R e be e h e e b ere s 89
4.5 Therapeutic approaches for RP ..........cccooiiiiics e 90
4.5.1 ProSthetiC @PPrOACK ......covviiiiiiiecie ettt rae e anee e 90
4.5.2 OptogenetiC aPPIOACK ... ..cui ittt ettt ae e 91

A8 OULIOOK ...t ettt 92

5. RETEIEINCES. ...t s 94
ACKNOWIBAGIMENT. ...ttt ettt et eb et e st e s bbb sa e s et e e e e saebsanesbanben 117
CUITICUIUIM VITBE. ...ttt bbbttt e 118

Vil



Schliisseltechnologien / Key Technologies

Band/ Volume 96 ’J JULICH

ISBN 978-3-95806-011-1 FORSCHUNGSZENTRUM




	Leere Seite
	Leere Seite
	Leere Seite

