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| SUMMA R|Y

SUMMARY
Reti nal dystrophaerse ancrhodtyess® phi es
(CBDCORDr retinitis apiegmédratrasd efRB)ed by t

|l oss of photoreceptorPatardttshevint hf sevteir@n .

-~

etinal dogisd ptbeogha redsi ng on t he ddwmwhr das,

phot opmodphta, bl i mymrsedsasg mus , c eanntdr ed @ ds cmrt 0 me
absent col dierp f ¥ @&®h i@ldinto T ma | el ectroretinog
indicating the | oss oTheode oirsacrodhaer § umnfctt e
sl owl vy, l eading bno avnids u @V e ndteutael rhilydyrelant i n d n

treat menarepnr emts|l yf eérht@me amt¢ ded fnarletdy st r oph
e. g. uti ¢écombii mant proteinshera@pg@mppul at e
i njections ofFewerabtphtt acpe saspefncv edsbyi d
pati.ent s

One of the mostsofrgatr desadt tfheer m nt r oduc
cytokines or otihretro stmmad |viptrrogceusiscavity of
of direct intravitreal injectiomdaueof he ec
chronic and often progressive natowree off r
mol ecules in the vitreous humour, the appl
repeated regularly, whi cpatciaenntb ea nad I uhred ean
p hysdnaHenc e, a sustained approalchdyotrramlei 4
i Bighly desirabl e

The present t hdei sheamalpy odd c tai vseusé¢ fafi ea
del iogkryi mMfeaarentr op h(iNT Ffsgscu oohr sas ci |l i ary n
factor ,( @QNT FR)I -dereilMedl imeur otrophic factor
inhi bitory factor (LI F), progranul i-n ( PGF
inter6egkhkbh6)Xdegenerating photoreceptors o
retiynsatlr.diplsywyst ai nefd dleé¢ i dieffyement NTFs was
byappli odtiliemtivinauf gl mesdemi edl | s (NSCs)
adeqassociated viruseEBExpAAVseEnNntbkl WétadrkcyhdL
At pthbr2lehock (kuse an novel cmorgeed ddyfstarionpphy,
thedlOnouse a -ewsetlalbl | sieédaoihm ss-oenaéssetvieni ti s

pi gmentosa
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Modi fied NSCs wer eairdikreomt nead har acteri se
potenti al for adeqeaéari makr$or @ahdesernptlés:
NT&Ein sufficiedtcamodnsar ainve for a, prolo
di ffer @amttioataismg oxiys @isl | expressingThene 1 e:
neuroprotective efhectmmwashestmchenhi cally
sectanabydsiifnfger ent par amdtlearmsmats wmh asti neé
and the number of both rod and cone photor
treat mén tp.2hrR ki mi ce all applied neurotrop
GDNF, wer e astutigrabdtee tlooss of photoreceptor
after application otfhdhfeoumsoda irhd deall AN Cmi. mil ¢
both gendtppeeamyppati ents wietcltesan vautf @g or
retinitis piigmedtddslal ieéjuyd idfSiCar olry AAVs, C
pr otfeecotm rod photorecfeprn oup degeBemant be. T
dat a sdl g g ensott il nconsi derabl e I mpact of n
magni budeeuropretaecei bertter effecttsi nhaassve &b
with a higher degree of inflammati on.

Theresent resultbeiasadstat pendetud &ltirverhyi c
factors, such as CNTBy meEBnsPGRNrawdthllab
' entiviralN$@srmoAlAMagi,etdiad | e et op haotttoerlnencaetipt o r
the reAt mhbr2kfi i ceendd 1 i c€he acti vasurowmi voafl p
pat hways such as the JAK/ STAT or tthe RAS/
degree of isnefelna nkmmybidsamat eaonveying the neur

effects observed in both ani mal model s.



|ZUSAMMENFAS$UNG

ZUSAMMENFASSUNG

Retinale DystrophiSer,bclhyesnt e b pwh iogdaepr{ 68 D)
Retinitis pi gsmendduo £ ERMBXnN fortschreiten
Photorezeptdereégmniundonal i t?2tPadharnaketne rmisti e

fortgeschrittenen retinabbftndPygtvophibneer

unterschiedlichst®az8ympt bmen, unter anc
Lichtempfindlichkeit, Nachtblindhend, Ny
reduziertelrdoder Fadebwahrnebhmumegsi gheatti en't
abnor male Elektroretinogramme (ERGs), we | ¢
Ver |l ust der -Plhmoktoirerzalpittodt sind. Retinal e
sich h2ufig | angsam, f¢hrenSallerafztur odvemnr s
voll kommenen Esbdgimtdungur gweéni guent er such

Behandl ungfs¢arn siPitezsee Er kr ankunigemi. e Daweli ge h
I ntr avdatbree arleek ombi nanter Proteine, der Ein
oddarn e | njreakteiromravit i kel

Ei neadeh?2 ufumtsdresnBehtaaad| unegn ept sowoher | i
der Einsatz von Zytokinen oder anderer k
Il njektionen, vor allem in Form rekombinan
h2aufigchhrVenmilaufen und es einen hohen Um
Gl ask®°rperfl ¢ssigkeit dve ® d AuAyepslt iedgciatb i on i <
eie@aget zten Therapeuti ka enoatweinmnegns eDiBeesl a
sowohl fer Patientdflermmde kenadrsztadauamemhegrdar st
Daher IlsonteiimeBehandheng mit dem jeweilig
anzustreben.

Il n der vorliegenden Ar bteiivie weurfdeek t d edru r |
konti nuApplliikcahtei on neairr 0d hriogpchear e rF aiket ozruenm (D
Bei sfgiéliary neumMpCNORghjial f-detl bvdd neeur ot r
facif ®DNR)eukemi a i nh@WbliA)oqygr @Rc®RAN) und de:
Desi ¢Zrydro khppiemt er-6fie(utkli In6) |, auf di e Degen
Phototeziemwel Mausmede njlagteropmpht ensucht . E |
anhal tende Versorgung der Retina mit den |
di Appl i Keetnitamnvi r al modi fizierter neur al er
intravitreal ecadserikeei oNi Aden¢ AAVsS) (nur h

X1
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Experi mente wélt ¢ &hr2kimo-cdke F(Maiu)s , einem neue
Model ei n8t?2 & alpyesetnr awpnidi e, @-Maus, etabmierten
Model naeurt os-oenaésfRevenitis pigaefegphrotsa, durc
Modi fi zi eviutr @lseddB&ml @l soaocwmiudftr o hr Poten
einad?2qguwaRer f or manz imo d @lelnenTi eirn Dn teer s |
untersuchten Zellen exprimierten die erwg¢gn
und konnten ¢(breern &endmrm aludingen Gl ask®rper ¢
in Astrozyten differenzieren, wobei di e i
expri mDerterauroprotektive Effekt der NTFs
behandel t eanReaevtarnsacehi edener Puacrhat me t eetrw au nd &
Grad der Neuroinfl ammati on, der Retinadi
St 2bchen und Zapfen. Di es geschah zu vV e
erfolgter Applikation von Zellen oder AAVs
Untersuchungen zeigten ei neai mepas otpz tod n
NTFs, auCer GDNF, auf Ai p2WhRdM2ourseezne pd oe re r
mehrere Monate Mil-MvegenAuawlkelicime i n Genotyp
einer humaneneam¢®IsOoORati nitis ,pilgoremtte sali
neur opr otfedkktd wreech Edi e Behamudilclhmeriiete WIANVS
iin bR-Morzaten alten Tieren festgestellt we
|l egen zudem einen groCen Einfluss von Neu
Neuroprotektion durchsdneh8&8ehandl ung mit I
Die anhaltende Behandlung retinaler Dy
neurotropher Faktoren, wie etwas CNTF, LIF
Appl i katiloennt ivwinr al Zreoldliegfn z iodresre@ BAY & n
vielversprechemdSohAnzavenzPhhAtpiti®2dpt or er
M@ useawidd-M usdabi e Akti vi er unSg gvnearlswehg ee d ezn.
des JAK/ STAT Signal weges oder,udder R&EEAMAP
der I nf | smmati chaeme i ei ne Schl ¢ eganirtall luen g

neuroprotekeinrun&EhmeRrt e

X1



[INTRODUCT]|I ON

1INTRODUCTI ON

1. THE MAMMALI AN RETI NA
1. 1REFI NAL CELL D YPHBI RNORGANI SATI ON

The retina issaensesomplvextibsghbhtin the back
the conversi oy oifntloi gehltecemrearc al and chemica
processing in the vVviFsalpl Thetexaonspahentrti
millions of cells categorizedelhsowvleasdad@®9, di
five neuronal cel |l classes and gli al cell s,
cel |l classes Hysseegyewed ailln: (2022) ; Peng (20
Bringmann. (2A02@nsi ddrhaeblve sparlt pafocessing ta
retfGal l i sch & .MeThsd evi,s RaDI109ystem is incred
range of visual stimuli, e. g. being able to
i ntensi tpyl ebystnaugletsi of | i ght & dReopdti aetciko nT ha@mOdB ) i
incoming vVvisual i nformation is typically pro
such as contour s, colour and movemeeretr&nare |
cells in the retina and subseqWessle,i 2004l f

The retina is embedded in the retinal pig
stray photons to i mprove Vvisuamoasei tryatby =
mi ni mise | ight damage to other <cell s. Addi t
segments (0S) o f photoreceptors (PR), 10% o
(Wen et al ., 2012TTheYoRRME , a d®igtéi)tccrsar et yil n a | t o
provide the photorecept o« &rsetwiinal aacrd. eapdy.i s
THEPHOTOTRANSDUCTICAMDECASID THECwCISEIAG) . Mi croglia, as
and Ml ler cells (MCs), the resident glia c
excess neurotransmitters from the retina and
(NTFs) anndf | amimat or (f Reciyd lo&kn maeecsh & Br i Mglmlaenm ,

cells additionally act as | ight cables, guid
to yg@lrleew | ight, directly-coodbsdl€) Ayt er ed e @rhe
2011; Hussey. et al ., 2022)

1. 1.PHOUORECEPTORS

Phot oreceptors can be distinguished into
cones. They mediate scotopic and photopic vi
abo@a7. 2% of photoreceptors, esti mated at ~6.

13
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constituting the remaining QC8rci ese¢ti malt ed &

et al .., 1M9XB)ntrast to the huncaonn creenttirnaat,e di ni n
macul a, in the murine retina cones are rela
photoreceptor mosai c. The murine retina <cor
(revieWwedsen: et al . (20e2t2)al .Kr(i2sOh2n3aymoor t hi

(i )rods, mediating the (mé&rcePd& imm) of cont
(ii pcones, sensitive for sbwm¥it20wmevel engt h
(ii Mcones, sensitive for medemad 3vBanyel engt

Photoreceptors are memiFsdl@G)e.d Tohfe tdhurteeer sseegc

contsati me me mbr anous di sks wi t h t he Vi sual
phototransducti on and part ot f 1vils Tl cyc
PHOTOTRANSDUCTICAMDECAND THECYCISBIAG3) . The inner segme
contain essential organel |l es of the <cell,

reticul um. Numer ous mitochemadriraedprfovi dteh et h
renewall of di sks. The inner segment I's conn
nucl eus. Al Il photoreceptor nuclei RBreEB)l.ocat e

1. 1.INNB2 RETI NAL CELLS
Vi sual signals generated by photoremeptor

which three classes of ihmtrezmeuradnseddes [ rHe:
(BPs) and amacr FincdA)c.el Tlsei(rACsgma(ta are | oca
nucl ear | afy®@ iB) Thael )inferneurons transmit %

photoreceptors to retinatprgaegbiaog thkel si ¢F

redve in the process.

Hori zont al cell s provi de l ater al proce
photoreceptors through negMaslVandeéedbaczk; (W
(20Pp4)Due to the interconnectnican omfs, hdriez mret
feedback can be averaged over a | arge area,

signal s from the photorecepMacaeskw tédti nalope
Masl|l and, rRetent messengesequemaniurcg ef DR At a

1 maximum of light absorption spectrum
14
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supports the notion that mice, in contrast t
horizon¢(®Macoekdbset al ., 2015)

The adjusted visual information fra@am phot
cells. Rod bipolar cells innervate rod photo
cells innervate all/l cone photoreceptors witt
medi ate sdmd kcwiddMastaadsd, ThOl2per vati on patte
the tuning-bofpothe cehé synapse output, and
signal s from multiople cone photoreceptors
processing of visual informatai cugigre sttise thet ie
of 15 different bipolar <cell types with dis
ret(Mas!l and, 2012; Shekhar et al., 2016)

Spati otempor al processing of the Wwilgual [
i nterconnected, mostl y( Dinsanmdnd,ory0lafnacYda meet
They process signals coming from bipolar <ce
feedback to their input cel halagdnfhbéedhocwat
amacrine cells process very specific informa
which respond specifically to input encodir
amacrine <cell types are broaldeamaecnritnteeicrelil
example, respond to signals from all ON and
cells respond to the input of mul tiple inne

RGCs (reviDewemdndn( 20nld7 )(;9dQOMaZE\d adat e 63 di ffer
amacrine cells h@avVvanbetnal den2020)ed

15
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[]_]\]~ —— Bruch‘s membrane (BM)
; J)— Retinal pigment epithelium (RPE)

" Photoreceptors (PRs)

Outer segments (0OS) — y & — Rods

Inner segments (IS) — % X
Horizontal cells (HCs)

Bipolar cells (BPs)
Amacrine cells (ACs)

Miiller cells (MCs)

Retinal ganglion cells (RGCs)

Nerve fibre layer (nfl)

processing in
visual cortex

. | Retinal pigment epithelium (RPE) C
—discs

A 0S \opsins
| Outer segments (OS)
= Outer limiting membrane (olm)

conneting
.. cilium
Outer nuclear layer (onl) is <" basal body
)~ E
> L ‘i\ MT
$3 | Outer plexiform layer (opl) SGRia _‘ @_\ ER
. ks nucleus
Inner nuclear layer (inl) B
Inner plexform layer (ipl)
| Ganglion cell layer (gcl) synaptic
terminal =
Rod S-cone M-cone

A, 443 nm A 535 nm

light

FI G1: SCHEMATI C OF TAIEI MAMRETI NA
(A) Schematic of retinal celflretypas 4BYJ Nhest bkoaahisg

retina with indication of the retinal |aaxermaxi(mMmum Sct
of l'ight absorption spectrumé mMMEmbramarr BRPes: céli pes] atE
endopiasmeticulum; gcl: ganglion cell |l ayer ; HCs: hor
plexiform |l ayer; MCs: M¢ller cells; MT: mitochondri a;
onl : outer nuclear | ayer; ©epRb: obhoeorpteptdosm RGCs:
RPE: retinal pigment epithelium. Scale bar in B: 25 C

(A) Retina schem@hasemidaet,edlf f20®®0,18Neprinted by perm
UK Limited, Ttaryddirng &htatnpgd s/ /Gwww.pt,amdf enkiuaéi csami on o
cortex addptndd (rRPd@Erl)Creati ve Commons At(tC) bAdamthe Li
frddmssey et ualder( Z02a)i ve Commons Attribution Licens

1. 1.RETIBNAL GANGLISON CELL
Retinal ganglion cells, the |l ast cells t.

ret@d@ narojecting nnesumiotn st. h eT hwiys utarla i nf or mati o
di encephal on and subsequent!| yFtchA)Sheepgr amdr y

Masl and r(ez®lgm)i sed 10 subcl assedb6o0ti RGEsenhn
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pes characterised i n Ttrraeen murdalre ,re2t@lIrpa nios
ese subcl asses, Il dentified according to m
iteria include:

(i)directionallyg 6-ORBand VENGEG(]

(i i YJRGCs

(it i phtrinsically photosensitive RGCs (i pR
(i vphocal edge detectors (LEDs) and
(v)Junctional adhesi-Bk xmaleescu lneR@GFEAN J
The somata of RGCs are wusually | oreated i
B) , although the cell bodies of about 2%
splaced( Orn* gtehre & nQl sen, 1981)

The different RGC subclasses fobfftomothe

tection of speci fURGCsmoti onedd®S@@s ecti on
trainment of the circadian clock (i pRGCs).
put they receive from the retinal i nterneu
ecifically. RGCs cma sptulsy gpernd jceud ta t(tuwdoh GdN) & s o |
cated in the dorcsoall itchualdyassn@gsy, p dargicdartt encde on t
e mammalian midbrain and( Kdéres aeersso&yFelt
24)However, projections to at | east 20 di
RGCs pronpecltet® $hper  SICiNg s hatciacdwesd i n the h

nchronising the(lSamesaddéndvasa@l®oadabhl at or

. 1THEPHOTOTRANSDUCTICANDECA®ID THECWCISEJAL

Phototransduction in the retina begins wi
e. This induces the photoi s-oimeertiiznaatli,o m ovfi 1
deri vattirvaenest t nalal i n the phot drHaucsepetyoreto uatl
22)The conformational c hangse nali lt-g weet edbhn 0 |
upl ed receptor (GPCR), covalently bound tc

i gtghee phototransd(Eubbar dca&cakdreopPptr i nlgd58Mh

ototransdupriooe nthepGsdwciact(i@at ed and

change of guanosine diphosphate (GDP) and

anistleabunUYal(s® known as g ubainndiien gn upcrl oetoetiin

bulnlf GNAT1) and the subsequent bhinmsobiuaiion
17
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(6of)rom the noGF-GTcR i vamfld®dxTwo FGre required
activate phosphodiesterase 6 (PDE6), allevia
subunit, and allowing for the hydrolysis of
by guanylyl cyclase (GC). Hyddolbpysib$ e¢GMEPGME

i n t he cytopl as-matceadu seen cGMBNnNnel s t o cl os

hyperpol arisation of the <cell me mbr ane and
released towards downstream i nter neHursosnesy, pr
et al .,r ¢ 20 w®¢rds hhan.s ky et al . (2002); Arshavsk

et al.).(2022)

hv PDE6 GC

(I

(NN R NN RN
(I I

11 = I R*"!I\IIHIIIIIIIIIII\\II\IIII\II\IHII\II\II\IIHHIIIIIIIIII\IHI\\I

I | 1011 I SUCII DI (I T
\ / GTP

ﬁ & GTP ¢ GTP \ '

GTP ¢ GTP
+ GDP D GDP /\
GMP cGMP —mmm ‘
G G*-GTP

FI G2: SCHEMATI C OF DHRAMIBOUCT!I ONMAMMAILHEAN RETI NA

The phatnoduction takes place in the outer segments of
monophosphate; USttbumict i 8@t &duanyl yl cycl ase; GDP: gu
GMP: guanosi ne moanegprhootsepihnatter;an& duci mni; phGarsPp h agtuea;n olsv :n ¢
energy,; PDE6: phosphodiesterase 6; R: rhodopsin; R*:

Grossni kl ausurderal Cr  2t0i1\68d ComiB&Ans | i cense 3.0 AT
Sever al mechani sms ealrlad wiormg-redftoirlnlda lh eh avwe el
proposed (rSewiigerwesd eijn:aThe (a@82bGmdepéndeémnghvi
cyckFie3al) involves the recovercyi-reotfi ntahl e bpyh orteodius
of the phot ot samsriinsaddat@estia h b | by retinol de
( RDHS8) , and subsequent transfer to the RPE.
acyltransferase (LRAT)rsamnidnaatldrndynesr sri eotni ntyol 1lils
(RPE65), the mol eccuidsetii $1ad xiachids ¢ d ancfer red t
outer segment s. Her e, the chromophore is bo
forming, for esxpeencp Ifei,c trhheodKWpese m &tRHO) . , 201
Kefalov, 2024; Travis et al., 2007; Tsin et

18
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A separate conendceprenderct Micgual hasych ee n(
proposed as well ,| yt aki ndg eplneecue adf Mietta nat, alo.
2002; Tsin et al ., 2088chWangoatt slpeci 2009 )V
explain the fast regeneration of cone visual
~2000@1l ghéri in cone photoreceptors than in r
domi nant , priMahatae etetaillna 2002, KHBacwenaerf, erte cad
Bassetto ehawaé¢.dé¢@dO0R2d4)r at ed-aind -dTCeei Wi-t h Kk RBE
out (ko) of <celbiundairng eptriontae idre h(yGIRRALBP) , a r
in the regewenrsati momlcodsadilndl dehyde, that t hi
only of Il imited i mport awxcereetfiomalt hien reegree eghad:

in the murine retina.

a Enzymatic retinoid isomerization b Photic retinoid isomerization
RBP4
y e atROL (:) RGR RPE
' RPE PN it o
alROLGIaRAL VL f11oRAL
STRA6 " RPES5 RPE [ == "*r" ’1?):-5 fo o] :
[-= (o / atRDH CRALBP)
k“a‘ROL " =\t wo¥ IRep rep icral
"11cRAL a L o M1
RBP1 &4 i ] - b
CRALBP e {._? * pigment opsin
w >y p - @MR/\L s'j i -« - g 11cRAL
RO % Rot D ') (Cone }! S atRAL 11cRAL) %
tROL) W7 ¢
«Q Pty a ¥ ' o :
tRDH
. os L a
atROL \ RDH8/12 YISU8| 0 P bisretinoids e .o
N g L . alROLF_ |RBP IRBP _11cRAL/OL
S ) g =\ \ €9 Bw
z&" S @F f
tRAL c! € S - { -
3 4 o}sm L 3 \ P b S U8 pec o (L 11CRAL/OD
ABC'M / = ‘) ,E | gatRAl;.._\'% - §J1cRAL' C;ALBP
bisretinoids) «—" 7= & o= ‘ & R
d= atRDH 11cRDH
] [ Muller cell

FI c3: CANONI CAL ANDEPVTAUIAL CYOIDESNDNCRNE PHPTOREC

Schematic representati oni mdeptehned e(na) vd asruar i ccaytlc,| el iogrht
i somerization and (b) a putative photic ret-isetoiimal som
11cRDHcirselt i nol dehydrogemniasees nollc RBI@ALILIfi et iprhals phol
transporting ATRasme#ll n ad tRRRMreatdillh ol hydr ogetnraasness; at |
retinyl ested sarnesati ROL ; LIRIALBP: cdlilndli arg mpetoit malndeh
interphotoredemtdomgr e@trion @ii d ; LRAT: l ecithin oretinol

outer segment shi MRBiIPg predti emion 1:bi RRIPA:g erovddei me s iRMDAHIS5 :
retinol hydrogethraarests ;n oRDH8 :d raolgle i a amesBi; n RDHU Rdr aggénas
RGR: reproali 8 coupl ed triemad ptpoirgimeRRE:e pri-drhaensi umet i RPyE
i somer ase; STRAG: st-bmulexteepd or et Booapteshcétdtwmder (202
Creative Commons Attri bNG)ion License 4.0 (CC BY
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1. RETI NAL DI SEASES

|l nheretiedalr dystrophies (1 RDs) ar e a h e

monogeneti c, progressive neurodegenerative r
photoreceptors and the RPE and often | ead t .
Bedroef (2022); Nebbi)osoTheet naols.t (c200n2nmbo)n | RD

pigmentosa (RP), rbdt dyesne ophi esn¢ COD or COR
and Stargardt disease (STGD1) are al so commo

mut ati ons cauwiengbeleRDsi dlreaat i fi ed (>330 di

https:/ /,rertenterti,eoregd 17.01.2026), which can b
e. g. i n both RP and CORDs. The manifesting f
mutaon. Neverthel ess, due to the heterogene

the diseases (up taoBmDfMardtor RRJut bobBemaleneti c

unknown.

1. 2CoONEROD DYSTROPHI ES

As revi éleemé | by 200D Hdstdiyophi es armsgnmdootmliy n
di sorders with an estimated prevalence of 1/
i nherited i n-dami naauntto,s craead eosssoimvad n&ed Xr ecess
pattern.

CORDs are characterised byompéegreatdoak an

photoreceptors, followed by a -slyonsdsr oonfii cr oQGGR D ¢
include |l oss of visual acuity, wusually becom
dyschromatopsia and a devi at e de ng alzees,s ad al noawgi e
parafoveal regions for vision. Although nig
prominent than the decrease in visual acui t)
more prominent with increasing i nwoliwmame nth ec
progression of the peripheral vision | oss al

di fficult for patients to safely move around

i n vi sual acuity, reading becomes sneomrte. di f
Furthermore, with increasing -wewenamm@lti tound eod
photopic and | ater scotopic electroretinogr e
val uabl e di(@Harossgu aochit oeotl al ., 2023)

The aetifolColORDs i s highly compl ex-:1080st ¢
of aut-dsmmahnt cases, are caus erdodbyh omuetoabtoi xo

20
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protein ( CRX; CeRnXc, 0 d avch i cbhy I s i mportant f o
di ffer énamat j.orkMUWt7a)tCRXta ni ml so provoke Leber
amaurosis (LCA) and in rare cases ret4dnitis
domi nant CORDs are associated with guanyl yl
encodeGUOA) A 60 of auvudowmesxnsnale cases of CORDs
by truncating nruet tagt g aoknisf i icn pthioasnpshpod ritpiindg AT
subfamil y M QAydp)e, 4al so associatedliwktedd EEORDg:
are mostly associated- wintkkend muitesa tipgioghmse notfo stah e

regul ator (RPGR). CORDs as part of syndromic
ot hers, -BinedBlargdetdr ome (BBS), spinocerebel | ¢
ectoder mal di seases.

1. 2REZ | NIPTIGMENTOSA

Retinitisapigmerhtaoc acteri sed, i n contrast
degenerati on of rod phot oreceptor s, result
subsequent symptoms | i ke-cal ijkthntell do(rrderwai sesw eadn d

imHamel06§)2,0 Hartong .efTha!l | o620@6) rod photorec

t he secondary degenerati on of cone photor
di sturbances in the <central Vision as we | |
sympt oms, such aas dpyhsocthaphmaktiopsi a, particu
perception of blue and yellow hues, macul ar
cataract mi ght occur . With increasing phot

eventually photopic ERGs betc o R @ mr enc o rtdhaeb
degenerati on of rod phot oreceptors preced
photoreceptors, however, RP cases in which t
types occurs nearly simultaneously have beer

wh ch gave the disease its name, are a resulf
RPE cells as a resultHamelpho200@&xeptor death

To date, more than 100 gene | oci carrying
i dendt(iGfoipeal akri shnan et al ., .2MH2>3%eviEhapahee me
of cases iIis correlated to only a | imited nun
the signal transduction pathwayshei nr hrooddo psh ;m

genkRH® caus25 % 105f a wtoards mmanlt RP, whereas mut al

USH2A are Ilinked to Usher syrdrescme \(ahadr acaatse r
21
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et al .., MuG ;GRIPd&Msr ei nassoci-lateseddl R talc cXounti ng f
of al | RP <c as elsi naknedd 8ROPawecafgeXet . alTakef@0R2bpget
these genes account for ~30% of al |l RP cas

causative gene (itbarsttoinigl eun k@dmverr a21010y6,) due t ¢

-

egul ation of the rod environment any mutat.

(i )the rod signal transduction (e.g. RHO
( PDEG6 A, PDE6B), subunits of NG)e rod cG
(iigytoskeleton proteins (e.g. peripherin

segment membrane protein 1 (ROM1))
(iipyotein traffickiwmgg(ud.ag.edRPGR,t eoxy dler
RP2))

(i vphotoreceptor di fferenti astp eocnie u(ce.ng. C

zi pper protein (NRL))
(v)the composition of extracellular matr.i
(vi)he composition of |ipids (e.g. ABCA4)

among others, can ndeauwmletl ,.i 20®d6HHorm of RP

Retinitis pigmentosal daHdmelt,s 2RI 69,a0n0 0o cpceu
either 4syndr cmminc form or as part of a synd
syndromic di seases are Usganoerbigdyndr ome,urisn bwl
and neurosensory deaf nerssi,d BIBiSp o fours cnienuorsoinsa | (
retinal degeneration i s associated( Wambal ment
200.6)

1. BHERAPI ES

To dat e, although <countl ess research eff
dystrophieedelen undertaken, only few therape
clinical trials. This is not only due to the
| RDs, but also due to the | ow prevalence of

t he exiaomn nat r el evant therapeutics are the |
ret-bamari er (BRB), which makes a systemic admi
and the rel altiifvee tsihnoer tofh athafny t herapeuti cs wi

22
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1. 3THE. BLOPONIABARRI ER AND IICIAST IIOWSL FORDHIARGERY

A major disadvantage in the treatment of
status of Dbrain and retina due to their isol
bl olmdabianr ri er (BBBr)esgpreact BR&I| vy, complicating

neurodegenerat({Bwvend] s¢#¢8a9@s Streil ein, Tih%9 9;
BRB consi sts of tight junctions bet ween en
junctionalofcotmpd eRRE and the pigment epithel

i s selectively per meabl e for ' i pophilic m ¢
substances from entering the eye, it also i mj
Ham et al . Themnefdgr e, a | ocal administration
necessary for the delivery of therapeutics f

administration can be achieved by eiigammeaof th
di fferent drugs, such as recombinant prot ei

adenoviruses f(asB)ocorat adewor ulsoeasd e(dAAVaN 0 padarru g

(NP) or hydrogel s, or using encapsul ated cel
rel atively | ow risk profile and the possibild@i
projects presented in this thesis focused c

applicat roovne roefx pNTeFs si nge ncceddisnga nAJAVWNTVR ct or s .

1. SENZAPSULATED CEARY THE

The encapsul ated cell therapy uses small
senmier meabl e pol ymer me mbsreacreest icrogn tcad Inli sn gt Hda tu
to the pars pl anFagdfag itlhleu sRervaatke dd ampgeyn eE CtTar o
device (ENCELTOt ech Pharmaceuti cal s,Chlemc . |, C
et al ). (Zh25)ECT device has been recently app
Admini stratbpont¢(EBRAMent of patients with ma
(MacTel ). MacTel is characterised by capill at
l eading to | oss of photoreceptor nucl ei | aye

The capsul e contains s cyaeftf hoyl Idei neg  tmeardeep h
filaments whi ch all ow for genetically mo d
neurotrophic factor (CNTF)pentnmeabltachmemlor aié)]
are provided with nutrients and hexyNEmR. fTrhoen
i mpl ants stably secrete therapeutically rele

with an es4+imatéedmbalhe CkKalpenfetd. 5. yead 52
23
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al ., .20h%) therapeuti ¢ amat dratsi all sof bteleer iem@ mi
with retinitis pigmentosa &NCAOUSBOBG59yndid cmd
optic neuropathy (NCT01411657) anduachprhameat c
trials were not successf uwl .t elshe di mml agnta uico M
(NCT04577300) .

A
capsule\ b o

titanium Ioop—/ [ \ |

membrane /" Capsule sutured
N to pars plana

scaffold

NTC-201-6A cells

FI G4: THEREVAKI NAGENE TEROWE¥EC DEVI.CE .
(A Schematic of a Relva&ky nagpepsel & afdenNgetEnc:E Oc a . 6.5 mm i

titanium | oop) |Ilcsa doevde rveixtplr eBRBE ngge ICNTF. A titanium | o
of the capsule in the pars plana. (B) Theercrmagpahlulle i s
pol ymer membrane, allowing for the supplycoktibe oéll
CNTF. The capsule contains scaffolding made from poly
the cells to attach to. CNTF: <ciliary neurotrophic f e
Kauper et)aadeda2D28BttiunederalCr gatli2v2Zee Commons Attri buti

1. 3USAGE OF VI RALESARRDREATMENT

Gene therapies usually denote methods to
of cells. ®Sheseomptasesdthe gene replacement
editing u€liingt, Reg .dd dnrtleyr s pShoeRa | i ndrReme at s
(CRI SPR) /I-&R¢$d &SPIRat ed endonucl ease 9 (Cas?9) t o

silencing to downregilleatmosde ce menomr it @m.s |
therapy are viral wvectors, such as Il entivir.u
met hods such as chemical transfection, el ec

suitable to transfer deokpPohbohacteiacidci RN/
(Khaparde et Tahle.s,e 2nPe2tdh)ods of <causative gene
knowl edge on-cabei dgsmasati on, or at |l east o

hence, genetic anal ysi s.
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't ss,s ppdssi bl e to express biological ther:
tissues wusing viral particl eisnj doudiomeg AA¥Se
vectors enciordti emrgb en(ylpier6) was performed to an:
desiggéonkine on the progressionaomuphotomede
of autwosomabkive retinitias muirgdg men tnoosdag loadnodf ian
dystrophy.

Setbmpl ementary AAVs with a shH10 serot.
tropism el MMgaher to a | ower degree, for phc
and with a high transdu(c®ao romn@ obeefdfeircoi eentc ya lw.e,r
Kl'i mczak et al., 2009; Pellissier et al., 20

A Iimiting factiog tme grealeattihwealaypys mal | p ¢
AAVs (~4.7 kiH oehasés Q@Qkbep)lically modified AA
and capsid (cap) genes of the viralpl a@emomde a

to allow for bigger inserts of target protei

Viral genome ~4.7 kb

promotor Cal:'-_U

5'1TR Rep 3‘1ITR

FI G5:SCHEMATI C REPREGENORTAN-AMSIBEOND ATED (VARVY S .

AAVare comprised of an icosahedr al capsid containing
genonmensc sts of ar pgmndnog®mes,t hfefl anked on either side
repeats (I TRs) . In gerphdeat eyombdnf dedpAAYed in a di
all ow for bigger inserts obbnabhr ARY, preodled dhesh 0 d-wirg e é 1
in a helper plasmid are needed cap: capsid gene; I TR
replication gene.

Al t hough the out eccoomensi caafl maemye prheer apy st
ani malel modwer e promising, and many clinical
(reviewedrgnou et al. (2021),; tKoh adpaatred,e oentl ya l
therapy (Voreti-gayle; Nepratrwrowval, Novartis Pha

Gag many) has been approved for the treat ment

25
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Medi cines Agency (EMA) and the FDA. The gene
(AAV2) encRBRBE®G® nfferct ippmuo e abl owing to expr
functi onldlr arnestaplay mi t at e hydrol ase i n

(https:// www. ema. europa.eu/en/,medicines/ humanpr

https:// www. fddoaool vac ceeehmahlelrppipoyduct s,/ | uxt u
retrieved on 17.01.2026) .
Studies have shown RRE6bSver eappessioogedf pe

an i mprovement i n amoleinltist wnafert deoavt éd gpwt cor
|l nterestingly, the best corrected visual aclt
three year s, before revertingO9@bayisnjleeaftoroan
treat mM@aguetr eal .,, &t0 lyOehaer 4dexami nati on. Luxt
anticipated to affect cone photoreceptors i
affectMagdisre et al ., 2021IheRusmpelolv earte nal .i ,n :
be tatt butable to the i mprovement in rod pho

i mprovement of cone photoreceptor health anc

the presence odirseuifKoinonal2015,; RuBd)seThe et
observed decline-yiemrB@wAamamnat hen4was attrilk
detachment in one patient, whereas the i mpr.

remai ned Matgaublree et Qfl .not2e0,2lr)epentkyofsameor

of the retinal degeneration and neuroinflam
have been( Gepgogeted al ., 2022; Kessel et al .,
Sengillo et al., 2022)

1. THEATHB2A" ™8l K| MOUSE MODEQNE®RBPDADYSTROPHY
1. 4THE . SOD-POWMASS+tAIIMRSE

1. 4.SUBUNITS OF TMPRPOSABBUAIMRSE
The sopdotuans-ATRans e -ATNRig Ke oF GBNKA;ji s a member

the $damed-yype RTPases. The heterodimeric ion
UsubunWld4encodedt poyatlpla4 112 Kk D&Y u bau(ndi-fit 3 ;

encodeAdt ppipbotlp 133 kDa) , which functions as a
matur ati onalof NKADbmsalfhwenn t al so medi ates the i

and integr disiudbmunof t heo t h(eBlaealclo e nierracneer ,
Contreras et Falr.t,he2Go2zedld ,eda FXO¥D s uFbXuYnD7t; ( F X
encodely b ~10 kDa), modul ates the Kkinetic
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associ at edbhwit eh odMieselhrr a et THBhe ,NRAM1Hds a St oi
oftUrtB : LFXYD, if present) (Gerdes mdO0 K| ,condit

Glycosylations
Beta

3 Digoxin
FXYD
Cholesterols
‘/‘/ AlphaTM1-2
y AlphaTM3-4

Alpha TM5-10

D369

phosphorylated

| \-dom
Alpha P-domain

Alpha N-domain
180°

FI G6: STRUCTURE OF TNPOSABBtAUIMRSH N, KAT RsE OKA) .

The heterodimeric ion pump UNKuAb U rsi tc oonprrsissetdi md a@f ctad m
(TM) domaibssbamdtangf asctai chaperone, consisting of a t
extracellular domai n. Al t hough the modul ating FXYD
mandatory for proper f unc tdsuwbnumigt oof tthHeeudakny;meBeftAdt:phhe
NKA; D369: aspartic -poi ds-8b6Bans &N;KAT M:s otdri aarms membr ane do
NKA subunits and subunit domains are represented in
digoxin, cholesterols and phosphor yAldatpe EldRIGD Ma red raé
(20MWi)t h surface represenlisutbiuonn tofstdiugduigen f g toma l (2
under Creative Commons Attribution License (CC BY).

NKAs are ubi quad oaunsd ys eerxwe ecsrsi ti cal functi
cell s, such as the transmembr afe ainan ptort arssp ¢
i ons) H(K7) and, as a result, the maintenance
potefCpobpatreras .et al., 2024)

NKA o ®

E1 E1-E2 E1-E2 E2-E1
/9 AN \f\ /ﬂ '/\(f/\ A /) |r\_
NIV IIHIIHIII/ AR TN NN . &N ‘ ‘|L ‘IIHIIHIIJ “' A 5 \“uu‘u
||\||||/5 \ ‘nunuu \ |IHIH\HIIHII\HIIH | ¢ ‘nu\ I P ’IIHIHIII‘ /. lnunuunr o2
p s~ ! a
¢ | v’\ V¢ YNV ‘\J v
®
A
A adenosine @ Na*
e phosphate @ K*
FI GT: TRANSMEMBRANE NORORRAFACI LYNKTWED B
The NKA facilitates the transemembthaeaeekxtanaspbtul af ¢ |
into tphleascnytboy hydrolysis of ATP. The enzyme convert:
states, El -BB2ndanBER1E2Ednot e intermediate states. A: a
triphosphat e; e: extracel l ut arpos machau misioamn rutny ai coenl; |l uN k

Na, KTPase. Adapted aodntrreedrasswnetf raodm ( 20w2Mder SQirheaa tli veet
Commons Attribution License (CC BY).
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The enzymatic activity of t he NKA i s d e
adenme triphosphate (ATP) hydrolysis, wusing
of t htoeuet Noaf t he cieht e,tmae@adceéwlosK It is estim

use appr opxnmAfatsd Ipphot oreceptor/ s, most ef whi
consumption of AT IPn gorya mt heet NaKA 2020A Okaw;
dysregulation or dysfunction of the NKA is &

from hypertension and cancdmBatibschheueb!| adi. ¢

Contreras et al ., 2024)
The transmembrane ion trdsupamti tistfaasl:
bet ween the conformational states EI1, openi

opening towards thRE cB®xtr rianc etlhleul prre sseindcee (o f r
(Mgy . Wsnubunit consists of ten tUFMUOEmetbr ane
ol i ve,orregeemy y wlTtMi6 , referrread dgroouaps, cfoor mi ng
pore,UrM@d, referred to as support group, rec
group. Two intracellular | oops operate as fu
| oo(pUMAUTM3) contains +lena &eg6uat dro withe | ong:e
intracel(IMAURAMS ) omgnhreaiich ® ot i de bi wWadimag édomai n
which undergoes phosphoryl ati on ,doamadb ntyhce phoc

k) which iforédMygenmdi Gaht reras et al ., 2024;
202.1)However, detailed insights into the exa
the NKAsbunits remain elusive.

I n comisudatn,its consi st mémomadrye ad smalign ,e &
| arge extracellul ar domain positibBsnemunint cl
support( M7r oMl Op-subunits support proper f ol «
transpotsubfint he to their desmgnameeddbr pasi Biinc
modul atleubbeits afafnidh(ilContiroer &Nsi. et Analt her2@2 4)

functi oms wobfuntihtes i s -¢tel meaddla¢eei ece) |1 i kel y me
N-gl ycansc achhde(rBEanrst r er as et al ., 1999, P8ez et
al ., 2001; Rol d8n et al .Tph2s2uOb2u2n;i tV aogfi nt heet MNaK A
characterised as a <cell AdehceosgMwiInteic@m G moal e c u |
( AMOG) and was meldavart e i nteractions bdthween

vi f Amt oni cek .ettadler, T®O®&A)cl oning and sequen
AMOG shares about 40% #&rMainndo iasc iidd eindteinctailt yt owie
subnit in rat and hbowsalbu(hdlsosoure sett earl-Ma d all9l9d ;
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et al .., Th®8¥ual fumbzZatsi dothf aAlIM@G/i on mol ecul e
the NKA was deduced by sever al observations:

(i) The additi dbrRammtfi FAMDIGes 1t o wHtfrecd yetde st h-

activity (ol otore eNKAI . , 1990)
(ii AMO®/2derived from the injection of the
ofXenopus Dhapa w882, combined witltht the e

subuonX.t | Bevimed a fulSchoabki NgEAet al
(ii AMO®/2supported the migration of neur o
processes and me diastted c ythe lJnetuemdactoi
(Antoni ce&73nd al ., 19
(i vVAMO®/2promoted neurite outgrowth of cel
neurion s\ iMgtHuesrmann et. al ., 1993)

A more recent dbibsclbhwreirty, walki c¢thehas now be
FXYD2, a member o{CbherEXdD kamaly, EXIDO6, Ge
which has been shown to reduice wWheelayfexptegs
nervous tissue, wher eas FXYD7, edhansi maql y |
expressed (fonheebrmnaiet al., 2024; Hou et al
Meyer et .alT.he FX2Z®) subunit, consisting of a
acts as a modul at or of t he NKA vVvia posttr
p hosplhatriydooont reras .et al ., 2024)

Al though it has Wesebusihdewr anh atsEowly wartiet wi
to form a funct({®oalmmalhzitreg gattnheel . ¢ x plr9%92s)i o n
di fferent asnudbussubhsequently thei ndiviibveahengthl lge
regul at ed, depending on cé&ldnéilape abdqui seu
expressed, | i kely fulfilling a h olissuebkueneiptisn g
exhibit a-smeceftcseMperession and assobei at e
SsubunmhAEl3( KFedosova et al ., 2021;0fTokaint taieovwal art
in the context oxiprtehsissi othB BbRE tse hiesd itnheer e n ma m
photore¢t8phonesder & Kraig, 1990; Schneider e
It has previously been shown that, whereas b
cd ocal teediinmer segments of phototegpepi( WTS I
mi cd&J3partially | oses its plasma membbh2ane as
expressi Anp btbr2lthhoec k (ki) mouse (hebeabileyr re
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a novel mowisteh ma dad ndey d ti rkeep hpyh(eBant typeh et al .,

However, compl ©3a bdmists mdmbr ane associati o
presumably because it f or ms Hbels @b oii tme whi evi
expresseadd ionfstendmIpembaums t i n t his mut ant n
expression U3Bswdlunofb2A/hkeilt hneouse is | ikely th
comparatively | owAepftbréasnssicorni pltesv eiln otfhe mous

amounts t-20%Wndfyr ifliPenal exprletspsliibbZanbewvie-pssofn
type (MWNelkeer et . allThe LOX8 epAtpp Hrkinsmcrofpts has
ascribed to a |l ow stability of the primary t

Additional l vy, a | 63ssurxmpiresbiBoenbemntshe wnd
hybridisation in the glypteobr@aickeilp tnoircse .df3r hbeo tlho
expression |ikely contributes to the nor mal
At plkbo2 mi ce (hereafhi2 o) ree hacht sheendd 8 bb2efa s odi mer
in photoreceptb?slbiandi ¢éden sloawmigng | owUBERDPr es s |
heterodi mer i n( Barottsoahe ceetptaolr.s, 2025; Magyar ¢
al ., .1996)

TAB LTI SSSPECI FI C EXPRESTSMENAT RSE SUBUNI TS

NKAUBUNI TI SSIBFPECI FI C EXPRES PREFERENTI AL A\

U1 ubi quitous expresbl Tokhtaegal)@at
U2 muscle, nervous b2 Tokhtaega)@at
VE neurons b2in r¢Bamasch
2025)
U4 testes b3 Fedosoval 2k
b1 ubi guitous expresUl Tokhtaegal)at
h 2 brain, muedl @a, U2, i b3rEeBamtasc
2025; Tokhtaev
b 3 lung, testis, skUIlZhang2&th9al .
retina

1. 4. INTERACTI ON PARFA NEMES KAT RSE

The Nal,PKase known to interact with a plet
the cont é@©Xt/ bdf mbhhsee model , the interactions
(RS1) and witglattelde pwalatsagw msabadntba&&K2 K
are of particular interest.

Retinoschisin is a 24 kbDa cell adhesi on

structur al integrity of the retina. The 224
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specific Rs1 domai n, i mplicated in the oligo
and a discoidin domain, l i kely serving as a
adhesive properties. Tdet apmeortieci Ficc@Agpri mestx i al h h o
adheres to the extraceclelpuloarrs saunrdf atclrees wdl Iph
bi pol ar cells wupon secretion. | n RISUugrames , t h
l ocated on X@gaNh.cl.i ohosmRIBAreomssioni Aiadedi th
juvenile retinoschisis (XLRS,r QMIgw n#e3l1]a2 7 00) ,
in young males, withla2p ®@0plhame,e ,i2d RdBe 0 0D
uni que -aXlsR®i ated variants (according to Le
(LOVIDL,t ps: / / dat abases. | gvdr.entlr/isehvaerde d¥ 79.eOnle.s2 ORz

characterised by a‘’dnd atermat foveal ischiai st

The abnor mal retinal mor phol ogy | eaids tle ce
signal transmission between photoreceptors &
b/-mave amplitude r at(iMolidmaysc ®2t00p/i;c PERGs | et

Al t hough retinoschisin has khedb2ssulbbauwmn tt o
of thet eKAmechani sm anchoring RS1 to the cel
bi polar cells has remained el usi veprfoposgeud t e
the formation of a coimRd rekt ecroinipeo sa&ldp hod aRnSdL ,
containing protein 1 (SARM1) basedFi ®A) i mmun
Newer studies howevearnderpepadsatal REARMTIi <h et
201NMol day et, ailn,wlRiOORhp)rtohtee ipnr oitnetienr acti ons i s
by a patch of hydrophobic amind?2achwuri 0t oicatte
secall ed pa8Bh Islt afbe liimstienrgactt i on béPWweenl t be
al ., .12 1t99i s model SARM1 merely acts as an a

Recently, -gditeedrogdtaggesi um ezh.aln nagdl.dlskhbawrei t
been i dentified as watddet s o0& lStcinenti &NrKakctt iaoln. ,p
KW8.1 exhibits modubahamiyelps olpetr tii ®sotoli e Kwi s e
and unable to assembrinrelfsunacrn iiotn@alown. The sult
form heterotebhamamels t{20¢{8tahe¢escwi eh KI ., 2025
2016; Bocksteins & Snyder s, -Raleln2z; dSec hMniedr ae,t =
Thevckhannels are | ocalised in the inner segm
toget her with the NKA, a | arge portion of the

2 Splitting of retinal layers, in some cases the retinal periphery is affected as well
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ion flux in photoreceptors in darkness, keep
Kv2.1 additionally |l ack ce8.l2 m8imBridedé¢iicaes,eati
Kv2. 1 homotetramers instead of the described
subunits have been found. Both mouse model s
phot oreceptors. Phot oreceptor degenerati on
Kv2. 1d a&. 2 at i nner photoreceptor segment s
retinodehisci emti cREXbndrRdb{lBartsch et al ., 20
et al ., 2021; Jiang et al Theg2@2desSkbhmi dnet
interactionUBhetitoefen hteheNKA, 1R&0.d2 K Loss of RS
b2r esuldtescrielmsed protein |l evels of the differ
the photoreceptor i nner segments and negati

consequence the health of photoreceptors.

A Retinoschisin (RS1)

B

Patch |

FI c8: THER SINAK-AT RSES ARMdavP L E X

(A) Schematic representation of the conpXlebuhdbt mefi bh
NKA. Although SARMIPprveas pshaawre btds ubho nRiSt1(&snudb etrhiet of t h
NKAMol day etfwdnd nH®0di7nect interaction between RS1 an
experi ments. Hence, it is likely that SARM1l interact
NKA, but not RS1. ( B) Hydr ophothi2s u b wmifttd d ie dequra tacsh epsu t la t
binding sitRlsodolr RiS1&bpcE2@iI)ected mutations in patec
binding of RS1, but mb®taugbeunneisti,s loofc alt2e4d0 ionf ptahtec h | | ,
concluded that interaction with patchprlolt eri aat hienrt etrfaar
bet ween RR1 d8dbwWmBit ob2t baPNKAt of the-ANRAseNKRS1Na,
retinoschisin; SARM1: «toertiaig pltpheaeiand; TTRAMpDt Thr eor
froMol day et aaBl o68D0&)unadle.r (Qr0eladt)i ve Commons Attri but
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1. 4301l SEASES RELAUEBTTONS NWKAHE
Since KA&P&dlae plays a cruci al rol e i n man

in the NKA subduentirtismecnatnalh avfef ects on the vial
Knookt experiments have shown t-hat mfUc eowtt
subunits are not viable for prolonged period
expred¥dedbunit edmlpy tdevt he b(Batorcyfstt st agk.

whereas a UZckfoffmt Heads to deat(h kiendnae deita tael

2004, | saksHamr t&alnynkhe 0d6i)) malU8d ileacgkhionhge r e af t e
(Moseley et lah.cor0O0&FWtt J&df@eknomok affect the
gener al phenotype of mice but | eads to comp

expression of thiTselQubumebnhez nesplRd midg=2d0rLiOh e c
det ai lcfl..ad4TeixZ. PHENOTYAEABRATHABLKNOCKN M) ceEdeX i ci ent
mouse pup-matueeppestnatdl8,day t(eP) de®m el opment

neur ol ogi ca(lMgpgyarotetpeal ., 1994)

Whil e not affecting the wviability Uof mi ¢
i sof rUths *0and3) affeciteurbehlaz’arni ng, memory
mot or f(uNMocste loeny e.t lanl .h,u n2aOn0s7,) several di sease
mut ati Goshsiumunits. A selection oTABZ i sWorsdter s
di seases are caused by or tbsubehbatedandoamat
associated with migraine or motor dysfunct.i
(revieWwedarnoch (2011); Bismidtoa edt)adl.. ((22®R22’

To date, only one disorder, the small fib
neuropathy, has been assobfesubtueadt wi Mbr enuspet

Al saloum ehaaé.p(@0R@&pd efbtdihmghevbd indirectl
in the pathogenesis of SFN by dysategulsatdii ngn
chandsgubuniws FNather more, i mpaired NKA act.
dysfunction, might pliaayw @ fr alhe oinn ctal d yd edgeemyee
mul tiple sc(lBemarirsoc(hMISN2 M1 )Ivesborosanihal s, u e
| ocated in the nodes of Ranvier, are redisH
all owing f orl ax coahnsdN attheen ts eicofndar y-eaptegaedon
Nd/ Cdexchanger (NCX), amplifiedlhx tolue aysre
due to dysfunctional NKASs.
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TABR2:SELECTED NEUROIDOGIORDERS ASBOWI AREMUIMNIKNMNREL ATED GENES

NEUROLOGI CAL DBSORD CAUSATI VE 'REVI EWED I N

PRI MARY ALDOsSMEROAN) U1 Bi ondo et al
CHARCOMARI-EOOTH T2PEU1 Bi ondo et a l
(CMT 2)
COMPLEX SPASTALEGRAMR U1 Biondo et al
(CSP)

Cq
|—\

HYPOMAGNESENSEA AWRE ¢ Biondo et al
AND COGNI TI VE DELAY
EPILEPTIC SEI ZURES
FAMI L1 AL HE MI IPGREAII NCE

TYPRE( AHM2)

C{ e

Bi ondo et a
roch (

NNl —™

N[
w
D

-]

Q

—

SPORADI C HEMI RPIGR@AI & U2 Benarroch (z
( SHM)

AUTOSOMBPOMI NANT -cON U3 G. H. Zhou ¢
ROBDYSTROPHY (2020)
CEREBELLAR ASREFELEXI U3 Bi ondo et al
PES CAVY@OPSTI C ATRARBY

SENSORI NEURAL HBARI I

SYNDROMEC AP OS)

RAPI-ONSET DYSTONI A U3 Benarroch (=
PARKI NSOKIRSIMP )

ALTERNATI NG HBRMIOFLE U3 Bi ondo et al
CHI LDHGOAHC)

EPI LEPSY U3 Benarroch (¢
Bl POLAR DI SORDER U3 Ki noshita et
SMALL FI BRE NEWR®FA Db 2 Al sal oum el
ISOLATED DOMI NANT FXYD2 Bi ondo et al
HYPOMAGNESEMI

(I DH)

*unl ess ot her wi

loriginal work

1. 4THE . PHENOT YREABR2AT#BIK NOCKN MI CE

l nacti vati pdgbe@fe tihne mi ce (Magytardesial bed:
results in a severe neurological phenotype.
b2ko mice were observed from P15, at which |
behaviour and orientati bfk,o whicceh dwovres eonpeedd rta
the hind | egs, kept their eyes mostly <c¢cl ose
increagieng Ani mal s di ed prematurely at P17
devel opment of the first belbhko omr ak ekhnbe
signi feamrclasnrtdeyd | at er al and third ventricles

brain stem,ritahtadnmn nmaunsd, sspti nal cord, character:i
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feet and vacuoles in close proximity to bl oc
Purkinje cel | ssiand a efgeewr esrmaatlilng cel |l s i n t he
the cer ehbeeldearmgbetl | um, the cerebral cortex a
af fecbédo imm ce. I nterestingly, significant n¢
to the retina in this mouse model . The mu-
degeneration of photoreceptor cells and sig
and outer, segsmeintisng in a reduced thickness

phenotype was attributed to thMagyprietdal .un

Mol t hagen et al ., 1996)
To exami neAtwhlebalmec ompensake Af pd b #bhee blla c
K i mouse was Vgeebneerr aette da llb.y (t1Oi9s8 )mouse model ,

ofAt plibs2 abol i shed and replaced by a fusion p
of thé2sNKAN-i & mhil and aa 15Hidududd04 .offlfAitenth& noc
transgene prevented the severe brain patholo
t he2k o mouse, abdt sbHodedidth eprdeegeemter ati on of
metabolically acti{@€@otpryo t o2rOelc7e;p tVdarr rcaenltl,s 200

199.8)0t her retinal cel | typeblbhb uth ibl2dwte e 8 doge
unaffected in (Bastmohsetnnditkelrez@23)s indicat
expressbo3amdeft hloaw e | expressi bharoef itnrsaunfsfgecnie
compensate for t he | ack of t hte2subanmal liyn
photoreceptor cell s.

As descBiabed cihn etb 2a/lkhil (n20c25 )exhi bit an ea
rapidly progressing |l oss of cone photorecept
of rod photoreceptors. The | oss of cone phot
P14, with al most no cone photoreceptors rem
photepteaears became apparent at P56, and appr o
was | ost at P168. I n accordance with these

thickness was reduced starting from an early

thi cknhesawotdibecome evident before P112 when a

|l ost . A reduction of the thickness of the i
nerve cell types such as bipolar cell or ret
mut ant

The rethizWndsl onfi ce al so exhi bited neuroinfl

with increasing age of the animal s. Expressi
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fibrillary acidic protein (GFAP), a marker
binding adaptern( | BAHecc!| uster of di fferenti at
mar kers for reactive microgliosis was increa
and I BA1 in the mutant retina was increased
increased fromt®28heoeppresgsion in WT-retinse
positive microglia were found in their resid

surrounding tissue tORashind aeth dlomee2dA®)N s i |

acvat ed, amoeboid form, i n which the microgl
trophic factors, but also different cytotoxi
in the release of free radical s, sydHhmiderr: e
2008; Hani.s A Amoe202d) mi croglia were mostly | o
i.e. between the RPE and the photoreceptor o
Al t hough protein | evels of RS1 were mark
b2/kbil mice compared to WT mice, and cell sur
l ost, dikehiphienotype, a characteristic morph
not observed at any age in the mutant mice.

b2 / ki mklc®l; Bart sch etumpubl(i2RRe&di daa@acor danc
findingbsk o nmo(hFerei edr i2dH.1et al . ,
Expression2l. dvikeths2 oweKe downregul ated in t
of the photoreceptors, |likely contributing t
rendering ERGs a {Bartbebhseendbayoan25s)

1. AN ANI MAL MODEDSOMARESSIRETI NI TI'S Pl GMENTOSA

1. 5THE. RGPECI FI C PHOIERAXEES

The -spaelci fic phosphodiesterase 6, a centr
(c f1.. 1THZPHOTOTRANSDUCTICANDECAND THECYCBEALI S a -membr a
associated heterotetr dwebiuni enfPmnD&ESApPURDEG a
(PDE6B) form a catalytic heterodi mer, which
>suburFid9a) ((r eviHawme ceti myl.. T(h2e0 1c3a)t al yti ¢ do ma
16 -hél ices consisting of ~270 aa residues.
pocket that conthiasdizMmpicnds ntsheg Zmhosphate g
and facsl hydresyst sCqtreveteweld. THh 0R&) al yti c
contai ncawbed oGAF domai ns, GAFa andGMBAFDb, W

binding phosphodi estAreaydy,] cyand alsaect eamidalt r a
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FhA. I n PDE6, in contrast to other phosphodie
and enabl es the dimeri zaFiiceBn .ofT hteh es tcrautcat luyrtail
di sorder edd>siumhuinbittsorcyont ain 87 aa residues,

subbomai ns, namel y-t ammiumalo,l de&dl Nosely fol ded
region, -aicgh ycegieont eamd nahe n@p oot *GBAP n ctih e

i nhi bitory r®subrumrcittisoni sofr g¢lheeased and c¢cGMP i
the closure of ion channel*sananidCapTrheev elnd o g
asymmetric stoysuchwmiet sofaltlhorews f cornsa plinetl ar ¢
i nhi bition of cGMP hydrolysi s, t he modul at i
provision of Ssubstrate Ssites -rfiorosgdano®inne
phosphoryl ati oGotleg eeti ewdVthi K @ Oofad rphkhebuni ts i s
primarily associated with either PDE6A or PL
the other ca(t@udlyatiic etubaln.i,t 2019)

intradiscal space

O O T
(MR ININ(R I RN RN RN NN RNNN

cytoplasm _

: GTP

FI G9: SCHEMATI C REPREGENORE 6 .

(A) Pd@DEMeterotetrameric ebgwyhbnenicton( P BSEG BN iod n@MEEG6 B) a

twBsubunits, is |l ocated in the cytoplasm of photorecerfg

GU*GTP compl ex. (B) PDEG6A andi PDEHE6Blactonsist wef |l aasaGal

which bind c¢cGMP and enable di mel:GZBtbonde®ft ®PDEBA and
E

E
n
subunits, alleviati DEBBPDEBBhsbbuorty el*aRDPE&at ®d
(GFPoun@dyubunittansfduci n @AFradi ngGMPhosphodi esterases,
Adenyl yl cycl ases and transcri phimadi nfgacplwos phioldA e st
cyanobacterial Adenyl yl cyclases and transcription f a
phosphodi ester Bsuebub;i tPDEG6 R:HEGHUMPDE6G6B: PDE6. Adapted
af tA@d i n and Ceurnidere atta2 ¥24)Commons Attribution License
Many | RDs, such as retinitis, pcgmgaemniota
stationary night bl indness and achromatopsi :
phototransducdtRieonmecasdcadcde ., 2015; Tsang & Sh
al ., .20h8)t he context ofnst hafs dwogfky n ctthieo nismpd
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consequently the phototransduction cascade

ut most i nterest .

1. STHERHENOTYPE OF 1TMEGURP MODEL
The phenotdyyeti ndl tdeédneseatmmodel (hereaft e
to as rdl1l0 mouse) WwWahsanfgi restt adbe sac(rfi QoOeadj ibvye mo

autosoemaéssive retinitis pigmentosa (ar RP) .

mod el is caused by a spontaneousPoheg§eamrese mu
| ocated on chromosome 5, reducing the expres
for t he nor mal function of roels uplhtost oir @ c @p t
mi sl ocalisation and instability, resul ting

beomes unable to degrade the second resseng

i nfYiux c¢cGMP gated candciume cbabsefgsent degen

photoreceptors and eventually in tHe&€hgeaconde
et al ., 2007; Wahg lRumans, RBOESBPEeoweas| eadthe
aggressive form of arRP with an early onse"
(Danciger et al., 1995; Han et al., 2013; Mc

RI10 mice exhibit a primary degeneration
secondary degeneration of co(nhBkasr haomudm ceetl | sl .o,f
Gar gi ni et &l rst2mO7phol ogi cal changesptoco
degeneration occur around P16, and significa
at P® with a clear progression of the degen

becomes | ess appare@Qhang2é8&dtDdalr Gangmal set al
et al .., Rb@24degeneration peaks at P25, with
Thereafter, only one row of photoreceptor nt
photore¢cBatbosm 200&)] . Gargi ni et al .., 1-2n0 097 ;
monohd ani mals, only few scattered cone phot
mouse moGlaerlgi ni et Sdl.er o020 x7)vessewesekhde pr

ani nfalhsang et . alln, c»2p00&@pstinalo dd&dgeonuesreat (irodl
mouse; fir std oddelsecsréb preedteianbaer (1924, 1966) ), a

progressing model of ar RP, photmog®eepegrngse
when photoreceptor cells are matur e, maki ng
options (Gar qirmRiP et al ., 2007; Ot ani Wet hal

increasing age of the mutantvimiyc¢eusmulaododogpgiel
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the rod outer segmentty peROR) iinmaehe dletcltoynewi Idd
bodies and even some axons and rod spherul es
| ost their ROS and cone scoanalteade acp@ dealdé e et
di sorgani sed. Some cone pedicles persist ev

cone photoreceptor ou(tGarr gainndi ientn earl .s,e g2nPeOn7t)s

I n the inner retina of the rdéOembosge, ace
affectéeBafhostm et al ., 2008 ;MoGar goifnit heet aanlal
types, such as horizont al cell s, rod bipol ar
affected in young mut anctasl, cehxahnigbeist ifnrgo nmoP 2p0h c
retraction of the dendritic arbours of most
|l oss was complete by P40 at the | atest. Dend

completely by this alge.eXOmillyi tced emdbdrn plodlacgice
around P40, with the only apparent changes

axofN8arhoum et ®&lddjtkoaag)l vy, a progressive

glutamate r ecemxtpares6si(omGl uaR6énarekebi fpodl arod ed
and mislocalisation of the protein from dend
and axons was found. This progressive misloc

connect.i i tyormhedeaewtemr sphaornd ¢(Bdr haypm!|l atr alk!l )

v
Gar gi ni et Rurt h@aOmdginrei, etr eplort @20@7)»20% dec
e

the number of rod bipolar cell s ianant~-&8Il0 % alelc:
9-monohd animals. M¢ller cells appeared | arge
for a shortening of the cells correlating t

degeneration and oagpredtealltydl!| eke@rmes ciadn ngf

reactive astrogliosis. Of not e, the onset o1
del ayed by one week, and possibly up to thre
dar knNe€Cshsang et al ., 20Q07;Su@dani rrtetalal, . 202®) -

ERGs in the rdl0 model are always abnorm

and del ayed r eswawesse saaivde boutnhdear bot h scotopi
conditions cotmpme €nl hdaen gw2iddltod7g | .G,ar gi n.i et al .,
To dat e, the rdl0 mouse is one of t he m

understand pathomechani sms of RP and to deve
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1. SEUROTROPHI C FAXOORKMEI R RECEPTORS
1. 6CNTF

Cilnhauyotrophic factComfnencdded bynatitHe pr
mol ecul ar weight of ~30 kDa composed of abo
member of t he (ilnké)r Isswkarnf ami |y of neuropoi e
survivakerapirohn,j differentiation and functi or
ner vous 0saylsothegm wi t h | eukemi acflnBiLiiFEt obfy6 f@ct
1. 6HBPER DG -10LL-2TL oncostatin M (OSM)), canmdi o
cardiodiaphicygt oki ne (fMuatadkra nli (eQ@ LMaoAsLt), mzb £ ) s
the 1 L6 superfamily share a clbhnenho nc esst rauncdt urie

the receptor sub@UbIb®RILI Fmemtempds oof t he prote

intracel l ul ar signalling cascadesteivih al3theklL
(gpl30).
To initiate signalling, CNTF interdcts wi

(CNTHF)R,| P&®nd gpF1@0® ,( to form a tripartite, hex
with a stofichi OMEFryYy2g9fENIER bl BoluFRon et al .
Davis et al., 1991; CNDiFRReuinabéte alo. diT@e25) vy
due to a | ack of a transmembrane or iintracel

suggested to be abl e to f abcainldi tgaptled Bbsiennd ientg ao

201.0)

CNTF is known to initiate signalclalnlgedus:
classic signatal hgdsadtgchaatl ¢t @ ncgos ilgm ad Il a snsgi, CNT
to CNIWIRich is anchored to the membrane vi.
(GPI'), before interactindgawidt gptliB8 irghaeams arg,
on the other hand, is initiatiesdofobor midtfdi QNTHF
(sCNUBWRhich is cleaved from its GPI anchor b
bindingbamd LdFR88e6hn, 202®@hnR&s &Hei nri €h, 19
John et al ., 1993; . SHewnstegsirghaath hah g, a00Wp
signalling in a wider range of-bowenldl sCMTHaR d
(Ro-dehn & Heinrich, 1994)

To dat e, the | ocliln stahé ometoifnaCNIT&EMai ns ur
some studiensd hGNOdF®Rtali sed in the outer and
photore¢Bptoran et al ., 2005; Hertl eoetheak. ,
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have reported expiasdMcdomeof cENTER horizont al
and RGCksut not in(Khosoheeepabrs 1997; Wahl i

INRINI
(NI W(NI

INNINI
I

FI G1 0SCHEMATI C REPREGENJOATTHE ERINNARECHPTOR COMPLEX

In classic signalling, CNTR offi rGNboT&FiRondst he i ésulstpierg
binds band!Idg®R130 in order to initiate further signall |
pat hway.-silgnnatlrlainnsg CNTF bindsUwhi ¢hei sodludbdweed CNTFR it

Thiad | ows f or i nduction of signalling on a wider ran
(s) CNOFRol uble) CNEEbueceéept er extracellular space; g |
GPI : gl ycosyl phosphati dyl i nsopsaicteo;lb :IL(@aFiRehnd ra) ;i nih:i bi hbr
recepswobunit.

I n addition to activating the i rtCNalcFel | ul

can also initiate signallingbound ionrt esalcublo
receptorU)afdlaldpd@R i onal signéaBthongt @@MWettahit

CNTF, |l i ke other cytokines such as LIF o
mai nly through t hr(eAes kdviisgt i& cWa tpta t 2hDa®y5s h ie n
includes the Janus kinase (JAK)/ signal tr

(STAT) signalWemgepatahwahe2®h2) sarcoma Vvirus
activated protein k({Bawslet drMAdLtK)alp.a,t hiwagy4 ; He
Oh et al ., 1998; St ahdand& tYmen cp ip 0 s pkioi an, ansoks9i9t4i
(PI'3K)/ protein kinase B (Akt)/ mammalian tar
(Askvig & Wad tet 2aI11.5,;, 02 2)

To dat e, CNTF is one of the most i ntensi
shown t o promote the survival of di fferent
photoreceptors and RGCs (iBokv a2t 02ls. ,aaVaial ent

1992; LaVail et al ., 1998; Li et al., 2010;
al ., 1998; Wenlepoaltant?2l2jhe therapeutic j
evaluated i n clinical tri amlesr @ae gpeanteireanttisv ep

di sorders, (Suelviag RP galogr ad2héoe) Zhaonghegt ( 8A
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2010y MacCkbéw et al ., 2015.; Hdhvweew eet, ale.g,ar 2/
application of CNTF as a putative treatment
consider that application of exogenous cytok
downregul ate impotthantphptoteiams dddctsi cwrNcas O
exampl e, proteins such as RHO, arrestin (AR
these proteins is detri(nBemtcahl eftoralt.h e 2Wils3y a IE
Chuchlilri ottt et al ., 2012; 1R2i00dt &lch] i 2618nbl
2003; Wen et al., 2006; Wen et al., 2008; We
al ., .2@¢a@da@) ti onal |l vy, i n  rWetni neats atfroeuaftde0d8 6Gwpi rtthe
ROS, which cdnsasni hewbrch signal transductii

ARR anadreG | ocat ed.

1. 6GRNF

Murine gl-deltiogedl neunetrophic fG@drfoirs (&GDN
secreted -diskéghhdmodi mer with a cal Dal.at ed
The protein is the eponymous mnmesmheGFLOf wiheniG
transf or mi ngb(gTrGRptulp efrafcatnoirl y, whi ch includes
(NRTN), artemin (ARTN)( Faundda | peejr seet pGi@ INiF , (i PROPRNL) 1 €

expressed in the nervotuslsyostemiandtpl dgsedo
The neurotrophic factor is implicated in th
increasing their dopamine wuptake, the regul ¢

axonal and dendrCiitniCo lenlnaledr. atGiDNE#2 062 06)t he GDN
family UEGEHRIgord t he r eceeptodreitnyakdrsdamspe d dur i

transfection (RET) to induce signalling. For
binds UtanG@FRET, forming complex clbinR&sed of
hexameAdams et al ., 2021; Houghton et al ., z

Mahato & Sid@rchya, | 2020 pUared iRMEAT, aGFeR mai nl y e
on RGCs and I(MddHeetro c& Sidorova, 2020)
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INININI
INININ

INININI
(1NN

FI 61 1SCHEMATI C OFD NHEF R1I-RE TOMPLEX
I'n classic siglniand idqeagriaved imdurcetliophic factor (GDNF)

receptor GONF e d éJpht{ GrF0RL )anchored to the cel!/l pl as ma
glycosyl phosphatidyl i-66®ildompl|(eGPIbi.n dlsh et oGDHiHFeo tred cne pt o
kinase rearranged during transfection (REAall fogmving
sever al signalling pathways, such asopRASYWAYPSK- IPnl 3tKr/ a

signall Ufigss, n®FfR bound to the plasma membrane by GPI
interaction with RET, fuetheumboba@&®d&8NiFnget hexacatcehl ¢
glial ckdrni veadneneurotrophl:GDNfFactfami | yGER pGRlp:t or
gl ycosyl phosp-aathdy) i nobsitotfacell ular space; RET: re

I nteracti onr eepgthorbsotectciovates various sig
as the RAS/ MAPK,r Pll BtKd AKkEC3 WRASUl i numJuaxi n s
N-ter mi nal kinase (JNK)padmdvaylsosplhlolpihpapd oC vyl

(Airaksinen X0 ®aarhar ada et al ., 2002; | b§8fe
& Sidorova, 2020; Par atTdhlea durbeéedoa, a2d0o0d)nt
signalling can be modi fi ed Wlc etehceepp @r tsi tiina
subcompartments of t he uprxlhasamsa |memhbdr anaef t s, 01
receptor i nto i ts solubl e f-@irgmna(vhische z e ka b
Andressoo, 2017; Par.atcha & 1 b8fez, 2002)
Several studies have demonstraterd RG@s.ur o

Il n combination with CNTEF, GDNF exerts pron:
effects on axotomized RGCs, significantly en
factor alone over a (pbudlzo rede ca Fd earciBd®® aa ft ht ieme
Hu et al.. ,GDNG®25has al so been i mplicated [
photoreceptors, though reported eff-eictsd,wer
regardless of whether the neurgtraoapbkbrcti basto
recombinant +medtiaited wyiemes transfer, er tra
overexpressing neur @Al Isteama cetl | giISONBZGRT; aAr
2005; Buch et al ., 200Rk2o0Detkata,et20all;, D2 A
Gar efadbal l ero et aEvan20&8,; aGreg@O0y9,; Hauck
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et al., 2020; Kucharska et al., 2014; McGee
Shahin et al., 2023; eWanagl .et 2a0l1.6,; . 280X Oe;ih oWaan.
high | evels of GDNF have been implicated t

accelerating thdMahateg&n&rdbroma, 2020)

1. 6L I3F
The secreted cytokLinfe kIl e mbrecoddd thhye | L6
Mat ure mouwoenplolskedi ©f ~ 200 -galnyicnoos yal caitdesd. niNuorni n ¢

a calculated mol ecul ar weight of about 20 kI

i nduce signal |l i nbganbdy gbpiln3d0i,n gwittoh oLultFR he need
subumki ¢ 2((Gearing et al ., 1994L18chlubsker CBHTFal
the JAK/ STAT and the RAS/(NAPRPK witgrdl.l,i 2d 0@Bagt

201,0)t hermedtyi ppg ot he survival of retinal ner ve

LI'F was first described to inhibit the pr
cel(lGearing et kut , wada®98later shown to promo.
di fferenlte wawakemina inel | s, ampAgstoitihe& Baelbedy.
Dever man & Patterson, 2012; Hiltdhe etytadki,:
mai ntains the pluripotency of emb(rBugae ni c& st €
Patterson, 2006 ; Gough & Williams, 1989; Go
Wul ansari etAdditi @028Ll)ly, endogenous defence
of M¢ller cells in response to i nt edrenfailc iaenndt ¢
mi ce and the expression of sigrdalolliyngtamad .su

The expression of endogenous L(IJFoliy eaitprealc
2008; Samardzi jmardziajla,et20d2,;, S2006; rdaslpions

to RGC degebhekPartinet al., 2012; Leibi,nger e
and upon r gtbhiomal eitnjaur.y, 2021; tJodly. ,etRIloadl 8.),
cytokine is expressed by a small Ssubset of
(Agca et al ., 2015; Joly et al., 2008)
Overall, the neuroprotective effect of LI
retimsal ess well studied than that of CNTEF.

treatments with recombinant LI'F (rLIF) have
of retinal degenerati dn,aVauth eadas a@Q8didnieedra8 mi
model s of gl aucoma an(dAgdiaab&e tGreci migd wanipda)t htyt

4 4
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neuroprotective effects weoengofettemlr. el a&2t0i2ve |
2005; Lange et @al0.2,3;20Mc0ColLnw eet adl..,,. 2006 ; Ye

|| IMIRHY I I
(NN i I (1N

Fi @ 2SCHEMATI C dF| FFHEEPTOR COMPLEX
n contrast to CNTF, blwWhR cdhi riesctallys obiutdd itsce dL IbFFR ot her

|
( Os M, CLC) before associating with the-lskgnalytbobkansd
extracellular space; @plBO0:igtyacpit buéeion HBG&ckD elulkkGe:mi
i nhibitorybilflaetroecepthd®BRM ubbwnrciotst atin M.
1. 6P@RN

Murine progranulin (PGRN) I's a 589 amin
mol ecul ar -6n& sksDa.f |G3 heoxmosdtismears and i s a ubi qu

growth factor secreted by neurons and microg
sever al bi ol ogi cal proce(sBeaersi,elsueth als. ,ded®d
Hi tchcock,t i2zsespueHe et al .i,nf2 @GOt s eombr ock et
2008; Life & Leavitt,ard25ysos orereti fabecgl2016
2013; Life & Leavitt 202025TaRahkabhetedgladilot,r
function of PGRN is medi at e dd ebpye nidtesnta biinltietrya
with different receptors, and the subsequent
PGRN interacts, iamong motrherexcsrowis factor re
TNFR2 itkeel Ireceptor FI IBLRPNdo-&ORI Lt Y | i popr
recepebated p(rLoRtPeli)n aln d activates signal lir
RASMAPK, PI 3K/ Akt, and wWiWwgadtEeesinnEgmnabti naf.
2019; Hu et al ., 2010; Kuse .et al , 2016 Pa

4 5
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e

FI G1 3BPGRMECEPTOR COMPLEXIEXEMD

PGRN co#at i 5 granulin domai nsepemdeper ficmtmes adbobmanae w
receptor s, enabling the induction of different signal
sortilin isE,exRmpDiifffierdentA granektnademhuharobpBRGRBN; i

space; PGRN: progranul i n.

Mut ati on&RNgpentehei nduce severe neurodegen:

haploinsufficiency of the protein is associ a
(FTLD), a form o&t edde meinthapassoecnced behayv
progressive aphasia, (aGai rsnesmaentt i &l .d,i s20@2&;r s

Mackenzie et Holmo,zyy@@Ww%) mut ati ons of the prot
a subtype oderaoinck ulriop@thkeabiasbsi €t al . ,. 2021;
NCL is a group of di seases associated with

accumul ation of autofluorescent storage mat e

d seases are characterised by =epileptic sei
cognitive decline, behavioural abnodumeaelti tailes,
2010; Huin et al., 20M®stN&CiLhaagvueb tay arleesl, a t2i0v2e0l
age of onset of neurological symptoms. Howev:
often occurring in mid childhood to the seco
no cure for these fatal diseases.

Al t hough PGRMN iihmapl| ibeated as a neuroprote
neurodegenerative and( Alnrhd iadranae to rayl .d,i s2e0alsle;s C
Jian et al ., 2016; Tang et tahe ,neWrldlpr olftsadt i&
thegopein in the retina has not been studied
reported t he neuroprotecti onmiacfe mhHdtear exyept

application of -ARAGRNvV ee(riZoonksi red al .I,mpaoeanpt |
admni stration of PGRN has additionally been
from cell death in a murine |ight damage mod:¢

4 6
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inducing neurop(dsactumae ee.fTfacuctuysma2 0é 4 ) al . (
suggested the interaction of PGRN with hepat
cyclic adenosi ne momepphorspihvwlHieca HeEmMgiPPpr ot ei n |

via protein kinase C (PKC) pathwaysffecmedi a

1. 6HY®ER L 6

The pleiotropic cytokine I L6 is a variabl
weight rangi2mg kfDmomra2a2| ated as a 212 amino
of the key proteins in i nfdmmatadriyonpr oceegsud eas
i nnate i mmune system, and is released durir
i mmune system as response fTanahkal ammat  Tg 204
cytokine is also impliddtediingeti esualregem
Mul |l er, et al ., 2013)

The secreted cytokine i s i mplicated i n
di seases, such @sdiMSea#aézhei melmAcluonmazioi @ a8l h
Okuda et al ., 1998; Peder-kemn , & ZF0e2DWM;r aR®t, h a2u
2016; Wallenius et al.,l R@a0Bb@xeWi Ishiosvnett oalp.r c
the survival of di fferent retinal sebeencel
shown to be severely restricted by the | i mi"
recept(drl)®&n only few cell types such as he
(Ki shi moto, 2005; P eJtoehrns, .2t Zad)c ¢ aslioPrBa | IRiors e,
binds to thieoumednbiizh@eR e as-sitgmanlsl i ng i s i nduc
interaction of | L6 wiURheheesepubrecompf exms
bi nds to gp130, initiatFinegl 3 it sThbhomoax amae r
| L6/ (BgpLB®R complex initiates signalling ca
PI 3K/ Akt or RAS(BMAPKampae hwaty al . , 2003; Hi bi
et al ., 10919.3,; .1T9R9) eti nadi ngU whHi dHh 6i ¢ oc Isd d\Re5d
transmembrane domain by a disintegrin and me
to act on cells which U@Eiks aherr asmits m@lmbyr ah@9
1990; -JRohsne & Heinri ch, 1994 ;ThTaesgaabatli aly. ,0of .
activating signalling stands in stark contr a
as t he sol ubl e interl eukin 1 receptor (sl

ant agiom,i sitnhi bi ting si(g\woaollllmenrg eotdAalh.e,o0 nlad 9 6g)a
effective concentration needed Udee viimd lese flrio
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anotherfbydr28t 50 ng/ml and >1000 ng/ ml, re
number of | L6 receptors than | L6 ngkiud di met m,e
2005 ; -JRohsne, .2020)

To bypass the problem of thiesdheni tetd ale.ce
devel oped the designer cytokine hl LG, consi
sl LBR a flexible polypepti éheelli trekremi, n aclo nrseissitd
and a glycine and serine rich-lsé&guemaenai nThea (

terminalUwli sch LI6&Rve been shown to be irreleyv
(Vol Il mer et al., 1996; Yasukawawerte adx ¢l UdaOd
the protein complex to keep it smal | (408a
expression system i mplemented. hl L6 wa s c

mehyl otroplRichiyaeaptawhiooch senabl es phosphoryl a

resembling phosphorylation patterns i n mamma
does not occur in the more comm®ad oyh aursemy ceex
cerev{&raena & Tschopp, 1989 HoR&DEr meet elal a
(19%@&NVe shown that only & mirswsn mat ekheef dogma o i,
can be expRiecshsiead .gdnet adreiss gnexhiclyittoki aesegni
greater biologicalowaltewtlty hdamd,Ubeammioma | I
(Peters etandl is »PU9& )t i vely able to interact
greatly extendibhgrgbkbé spétsrum of

Usual l vy, adul t mammal i an RGCs, l i ke neryv
nervous system (CNS) in general, fail to rec

or degeneratiofFiseheo, dkRféEselLeDhbng®amen ¥
.8)This failure to regenerate has been att
i bitory environment f orexaixsotneanlt girnotwtihn sciocn
nall r(eFgirsocwhtehr g e&r ,L e (bl 2n; Lu et al ., .2014;

pite the intrinsic inability of CNS neuro

< O O o N

e reported that exogenously administered
and stimul ates ting urreegde mexroantsi.onf hcef neur opr ot e
enhanced in mPcesprdt @e@minanioamol 6)g (aPThEeNyat i v
regul ator of t hEei PAMerp,aTh@hBPTEN deficiency
sustainedimTOR, aowhi ch is required to bring

Despite the ability of hlIL6 to induce neur op

4 8
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to dat e, no study has examined the effect

photoreceptors.

1.6 )

I I
I 1111 A 1 11 11 I

tripartite , stalk” —

FI 61 4SCHEMATI ¢ dFLIBHBHRPL 3 O0OMPLEX
I L6 can interact wibtohu notamdt t dhemsmbudne Ui msscfi ciatl s

signalling allows for the-bloiumd iUigned®fc ilnlgé tthoe thhoemonie nrbe
of gpl30 and s ubsieagq uleAnkt/ SSTiAgTn a IPIl i3iKg Akt or RAS/ MAPK pat
is mostly associated with regener agiigmralanidngpr oithnecwh i
ssociates with sIL6R, the resulting complfexwhcear eirnt e
L&Rs present on the respgealtivegcélbl askbéi atads with
nd infl-ammati aned  Rodmhear,s.202m0)i kdJ o ENTWHFRyhi ch are
nchored to the pl &Phag medmkcrmanes kleaveldi byapbbspaol by
trifpdratiknei sting of an extracellul ar stal k region,
tracellul af Gamnmmearn $+J &§H R®3 ROWCINST)F: neurdtargphi c U:actor ;
l'iary neurotrophi Oefaexor aceGERIIGDNEphaemit Wlrecept o
130: glycoprotein 130 kDa; i: intracellularUspace;
ol ubde@gepttorUTsM:butnians membr ane domai n.

—~Q O T 9 9 T 9 T

nw T T S
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2. AIM OF STUDY

Aim of this study was to examine the
factor s, namely CNTEF, GDNF, LI F, PGRN and
t he2/ kL mouse, a novel aauntioedseomanhadmie d-d @n e

dystrophy and in the rdl0 mous-eegcasisiavne n
retinitis pigmentosa. The neurotrophic f ai
retina by means of intravitreald a®dPCTs can i ¢
AAVs.

Genetically modified NSC I|lines, stably
established from embryonal neamr apolsy ®@ims tcred
lentiviral vectors coding for t he NTF, a
ant i brieostiisct ance. NSCsN3uGse ddiads ncootntexpr ess

~—+
-

ansgene.

The neurotrophic factors were admini st

both ani mal model s by intravitreal i nject|
i nto young cpeasthnatéalwansi addi ti onally admin
retinas using intravi-asgati anegdcvions wvéct
the designer cytokine. AAVs with the sero
tropism for M¢llerthel appl weati ohosen for

The neuroprotective effect of t he anpr
evaluated by analysis of their ability to
of rod photoreceptor, which comprise ~970¢9
retinaetlerwasned by analysis of retina thi
thickness. Additionally, cone photoreceptc
f the cone photoreceptor density. The eff

0
on t he extentammat i meurwaanf Al so studi ed b
expression of t he i nfl ammati on mar ker s

i mmunohistochemistry and Western Bl ot anal

designer cytokine hl L6 on t he expressi
photransduction cascade, such as cone arre
pat hways, such as the expression of phospt
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3. MATERIAL AND METHODS

3. EXPERI MENTAL ANI MALS

Experi ment al procedures wemedebMsesied o
muscul us dame sglgc5uBsj retinal degeneration.
At pthbr2kbhoick (BR2)IBiDbrmouse, a novel amaoadnal m
dystrophyPdetdBdrt hed 10 mouse, an ani mal mo d
recessiiwa tirset pigmentosa (forcfda. 4fiHet ai | ed
AT AB2ATHABlKI MOUSE MODEDN®BPODADYSTR@PH& . BN ANI MAL
MODEL OF AUTEREOMASIREETI NI TI'S Pl gMENtTORA t-mdt c hgd
C57BL/6J (WT) mi ce serAvVéd expecbobmendbhl ganoi
mai ntained on a C57BL/6J genetic backgr ol
conditions 6D% NelAC, vé0humidity) with ad

and water and on a 12/ 12h | ight/ dark regir
All expeecmented approval from the Ani ma
University and the '"Freie und Hansestadt |

Ver braucherschut z' (7r 8e/f 2e0r 2e0n, ¢ eN Onlu9ni b2elr 2s3:, NDR
ORG1089) and adhered t o t he EU Direct.i
(2010/ eAd/IEW)Yf.forts were made to minimize t
t o r etdhuecier suffering.

Ani mals were genotyped usi BCBP!| wimeh atk

appropri atteB3pri mers (

TAB3: PRI MERS USED FIORP IGERNO
Fobb2/1bil nfizx/dbil Fbamhklil R ampl i fby2 /Wil &Rl laeldeIdMmP | n € o/
t hee®/f usi on transgene.

NUCLEOTI DE SEOBGERGE) GENE PRODITa
Po®BBREOF TCT CAG AAC CCA CAT WT: -~10(62A
Po®BBREIOR TGA TTC ATC TAG CCC TG: ~15¢(
b2 B1KIF GTG CAC CTT cCGC CGCWT_ 30¢

CAG CTG GTC CCG GTG ) - A
b2B1KIR TG ~46(65A

MA®M&QIEaB GCG CAT CGC CTT CTA

AcC: degr ees2 /Gelltsp Biiw2knho-c h mouse; bp: base pairs; F
MAG: maebiboi ated PldecBirmoeéln; of an aetoedmalitres
pigmentosa with a mutationbsurbunheé; pRos phaciresset epr
annealing temperature;tylpGe. transgene; WT: wild
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Tai |l bi opsies were digested in Boston «k
mM EDTA, 0. 35% .NiPAA O)w wi t h Protei nase K
equivalent to 0.045 U final concentration:
bath at 56AC overnight. Digested Qandpsies
subjected to PCR under Tath4eTAr o n PiCR oprrso dduectt
wer e separated by Agarose gel el ectrophc
50l /100ml Roti Safe Gel stain; Carl Roth,
visuédl wseh a ChembBélagémaging System (Alp
Kasendor f, Gepmamnyxts P@Rr e additionally
commer ci al provider (Sanger s e gRubeenrcs megyr; g ,

Ger many) .

TAR4:PCRMASTER MORK GENOTYPDAMLKIF MI CE

VoLuMB 1 FI NAL
CONCENTRAT

AA BA
TEMPLATE 2.0 2.0 -
b2BLKIF{ 1 ®M;EUROFI @SNOMI,CS 1. 0 - 10 pM

EBERSBERERMANY
b2B1KIR* 1 ®M;EUROFI GBNOMI,CS 1.0 1.0 10 pM
EBERSBEMERMANY
MAGQIE® { 1 ®PM;EUROFI GBNOMI,CS 1.0 1.0 10 pM
EBERSBERERMANY

DNTB* t 1 MB;THERMBI SCHER 0.2 0.2 16M
SCI ENT) FI C

1& mMoDI PICEBUFFER 2.5 2.5 1x
MGCL, ( 5MM ) 0.750. 7535mM
5X Q-SOL UT I®*O0NQAGEGMBH HI L DEN 5 5 1 x
GERMANY

D H,0 112. 12. 2 -
DREATA QD N APOLYMERA(SE QI 0.6 0.6 3 U
THERMBI SCHBRI ENT) FI C

TOTAL VOLUME 2501 / rea

Modi fied PCR buf-HElI: pRA8mHA, 1 ®.dBIROME BIMHKChal

200mM HERIS 250 mM KCI)

* stock sol uti(ofni dall udc¢crdc .1:2110 p M)

** stock solution diolkmyed 1:500 (final con:
AMaster mix A for WT alleles, B for TG alle

dNTP: desoxyribonucleotidetriphosphate; F: forward
R: reverse primer; U: enzymatic unit.

8 nonyl phenoxypolyethoxylethanol (Calbiochem, Merck, Darmstadt, Germany)
4 Polysorbat 20 (Fluka, Merck)
5 For GC rich templates
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TAB5:PCRONDI TI ONS FORPIGEBD2 B1KI MI CE

TEMPERATUTI MEIN CYCLE

INI TI AL DENATU94AC 2: 30 1
DENATURATI ON 94AC 0: 30
ANNEALI NG 65AC 0: 45 30
ELONGATI ON 72AC 0:50

FI NAL EXTENSI72AC 5: 00 1
HoL DI NG 4AC forev

TABG:PCRMASTEMI X FEROT YPI NG 1dFI &P

VOLUME [uL]  FINAL
CONCENTRATION

TEMPLATE 1.0 -
PDE6BR°I? SEQ F* (100 PM; EUROFINS GENOMICS, 2.5 25 pM
EBERSBERG, GERMANY)
PDE6GB"°1? SEQ R* (100 PM; EUROFINS GENOMICS, 2.5 25 pM
EBERSBERG, GERMANY)
DNTPs** (100 MM; THERMO FISCHER SCIENTIFIC) 2.5 200 uM
10X MODIFIED PCR BUFFER 2.5 1x
MGCL2 (50MM) 0.7 35mM
DDH,0 12.3 -
DREAMTAQ DNA POLYMERASE (5 U/uL; THERMO 1.0 5U

FISCHER SCIENTIFIC)

TOTAL VOLUME

25ul/reaction

Modified PCR buffer: 2 ml 1 M TRIS-HCI pH8.4, 2.5 ml 1 M KCI, ad 10m| ddHz0

(final conc.: 200mM TRIS-HCI, 250 mM KCI)
* stock solution diluted 1:5 (final conc. 20 pM)
** stock solution diluted 1:500 (final conc. 200 uM)

dNTP: desoxyribonucl eotidetriphosphate; F:
uni t .

reverse primer; U: enzymatic

TAB7:PCRONDI TI ONS FDRPIGEG OGFMIRDE

TEMPERATUTI MMIN CYCLE

INI T1 AL 95AC 5:00 1
DENATURATI

DENATURATI (95 AC 0: 45
ANNEALI NG 62AC 1: 30 30
ELONGATI ON 72 AC 1: 30

FI NAEXTENSI 72 AC 10: 00 1
HoL DI NG 4 AC forev

forward

53



|IMATERI ALMBNBOQS

3. GENERATI ON OF NEW®MAL STEM EEBLL LI N
3. 2GEMERATI ON OF SNEWRAIELL LI NES

I n this thesis, cl onal NSC |l ines over
factors were examinedrorteegcatridvien ge ftfheecitr inne u
r etsiorba2 / bil and rdl10 mice. Al NSC clones,
clone (hereafterN$S@ferwedetpr avi athidByorst a
the CNTF clone (hereafN&Cs)Yyehasr eoceno padp
(FIl achstbaatl h, 2018; FIl achsbarth et al ., 2 (
et al .., 2013)

The NSC clones (in their entNSrCest)y wearee a
generated by cloning full l ength c¢cDNA of
vector .ctlore waes composed of either a cytom
pb-actin (CAG) f @DNFhdeFrFdCNFERNodi ng vectors)
el ongatiOX EfFha(cftoorr t-éhec didiLi6g vector) promot
aninternal ri bosomeofentthrey esncteep h(all RENS)oc ar c
reporter protein (enhanced green fluoresce
and a resistance gene (blasticidin (bsd),
zeocin (zeo)). Vesst ors @h(eCNCINFS EE,d51 Ba) ,
PGRN PGRWNSCd&,cl1BAb) and( hh-NSSE€ F,c1 TEa) €dnag
vectors, the reporter anddrlkepgiatRBR2Aesgaeuen
the porcine teschovi-{f GEPNESER,AE)Ba) nandh el IGDI
(LNBC$,c1Bb) encoding vectors, the reporte
fused. The same vectors,cddicrkg nggDNA,e weerse €
to generate control NSC |l ines with the r
reporter pr eNtS€Cign el &cc,o nBcr,olIChb) .

Lentiviral particles fwente Gea®@edoloogy he
(LeGO) vectors and produced by transient
kidney (HEK) 293Thdelpl s / avsvWd é & o) WNEede r( et
al ., .2010)
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A \10.8 \403
a -[sIN-LTR{¥RRE}cPPTH CNTFHIRESlVenus
& &

Y

N
b -{sIN-LTR{WHRREHcPPTH PGRNHIRES|Venus [WPREH SIN-LTR
& &
N N
c IsIN-LTR{w[RRE}cPPTH |REsrnﬂ|2T\|resistanceH fwPRENSIN-LTR}

B \fo*g \f(s*g
a —{SIN-LTR{WHRREHcPPTY GDNFHlREs|eGFP| neoll HwPRE{SIN-LTR}

& &

A
b -|S|N-LTR|-|t|J|-|RRE|-|cPPT|| LIF HIRES-bsdHHwPREHSIN LR

Q 8
6" O+

N s
c {sin-LTr{wHRRE[cPPTY @{IREsrrﬂresistanceH HwPrefsiN-LTRF

O
O+&

a {siN-ITRI[w}iRREfcPPTHHEFIS> “IRESWenusHZMpuroH HwPREHSIN LTR}

b =SIN-LTRHWHRREfcPPTH }E@llREsl\mnuﬂpuroH HWPREHSIN LTR-

FI G1 5SCHEMATI C REPREGENDAT POLYCILEMNRIOMIRAL MEESTORBCTORS

USED FOR THE IGEWNERATHNIFECLAONRINS C 1 NES

Di fferent | eandodioaide vmewcrtiomes MDWNA ©ONTRE,heGDNF, LI F,
hl Lé6weorre used to transduce neur al stem cells (NSC:
embryonic C5®Bib/reydant)l¢de) .( An antibiotics resistance
or pwa®,either separated (A, C) or fused to the r
|l acking the cDNA ofetheedifbege-NS8CS8 fgEscckoamgeirnogl si gna
2A: 2A sequepoecionfe ttheesbéddvirbdusasticidin; CAG: C )
enhancer /balkit ¢ kCeNiT F : ciliary  ;neWPPdtr caphita afl agptodrypur
embryonic day; GONFi veldomkiucoftact o-nptelr-B@ukREBET
internal ri bosome entry site; LI F: l eukemia i nhi
recombinase; neo: neomyci n; PGRN: progspronilsiive p
el ementL,TRSI-iNalcftingr at emmi nal repeat ; wPRE: woodchu
posttranscriptional regul atory element; zeo: zeoci

To establishFNEG Cadttiureets al ., 2005; Pol
neurosphere cultures were gener adtaegd df r om
C56BL/ 6J mouse embryos ((RAideg wtamdard2p0dt
et al .., Q®r0tli)ces were mechanically-dissot
buf dersal i ne (PBS), and cell & WMede fcelt Eag
Medium (DMEM)/F12 (Gibco, Thermo Fischer
containing 0.3% gl2ucnoMgdLut @ai ne Rotbh )mM HEP

penicillin/streptomycih00(fWU/hmag Eemiceinlt Ir ian
streptomycin) (all Si gema sAlpdgprl ieane)n,t ed mMt I
suppl ement and 1% B27 suppl ement (all Gi l
factor ( EGF) and 10 ng/-2nl ( RGM rbol Iha sPte pg rodl s
Ter mo Fischer Scientific; medi um composi't
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medi um) . Shortly after Il sol ation of- cort.i
floating neurospheres were dissociated us
further culatdiheateend wmodedri ti ons in cell cult
Matri gel (Corning, New Yor k, NY, USA) in N

- . modified
unmodified modified neural stem cells
neural stem cells neural stem cells clonal cell lines
»
transduction FACS
- - - wpeat
»*
NTF
reporter transduction & FACS

clonal NSCs with strong
transgene expression

o
intravitreal injection @

FI G1 6SCHEMATI C REPRESEHWNT | BENERAGERETODEALLY MADINANSIK | NES

To generate ebonatdNSBSE the experiment al procedures
were transdarcieduwiténti Sucaés vfeeltloy stransduced neu
selected anyd FAICcSnal Ly Texpédhaed NSC alnidn ehso moigtem ositsr
expssion of thenemnepdonrtoehitamel agt @cess of transduct
subsequent clonal exghrsigemewas ede NSLt dd.nes wer e
subsequently descFARBS8d €e€kperememhse actsiivateeud adel |
stem cell s; NTF: neurotropfthiaehbhaemor et Salke M RiD¢ 89
r

h

eprinted by per mi ssion of I nf or ma UK Limited,
ttps://www.tandfonline.com

The obtained neur al stem cells were tr
presence of 8 Og/ ml hexadi met RAlidnrei cthr) o nai t
1100f or l1h at room temperature foll owed
Successfully transduced cell s were sel ect
conditions in presence of the following ar
USA) :

LI-KNSCs: 4 Og/ ml blasticidin

GDN{SCs: 200 Og/ml neomycin

hl INSCs: 1 Og/ml puromycin

CNT-Pr PammNs200 Og/ ml zeocin.
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Clonal neur al stem cel |l |l i nes were gene
high | evels of reporter gene expression L
( FACS; FACS Arialll u, BD Biosciuemde ,cl aml

expansi owe-plnat%e6s coated with 1% Matri gel
selection of cells with high reporter ge
expansi on wer e repeated to obtain NSCs
expression of ptrhoeg en empoarntde consequently st

respective NTFs.

TAB 8 NEUROTROPHAQCTORBENTI VI RAL \ARNOTORSCRETI ONOEENEURAL STEM
CELL CLONES

Neurotrophic factors, polycs stthenrieesp enttiiwe rmd u rvaetc!
in neural stem cells, and the amourPrNSG§/ 8échetued. n
NEUROTROPHIC FACTOR LENTIVIRAL VECTOR SECRETION LEVEL
[NG/10° CELLS/24H] +
SEM
CILIARY NEUROTROPHIC FACTOR  pCAG-mCNTF-iVenus- 87.2+10.1
(CNTF) 2A-zeo (Flachsbarth et al.,
2014)
GLIAL CELL-LINE DERIVED pCAG-MmGDNF-iGFP- 156.4 + 10.0
NEUROTROPHIC FACTOR (GDNF)  neo (Flachsbarth et al.,
2018)
HYPER-INTERLEUKIN-6 (HIL6) E F 1-HIL6-iVenus-2A- 147 + 7.9 (cf. results)
puro
LEUKEMIA INHIBITORY FACTOR pCAG-mLIF-iTom-bsd  864.0 £ 26.3 (mean
(LIF) secretion; cf. results)
PROGRANULIN (PGRN) pCAG-mPGRN-iVenus- 423.5 £ 26.4 (mean
2A-zeo secretion; cf. results)
2A: porcing Le8Ahsequence; bedonlylaas bWEARAic ngo reEeFnl
fluorescent proteimuyumalmy p-iehnd werr ;e u kmIQINET :F : muri ne C |
neurotrophic factor;-dm@DNFE:d mwemnirme rlpihdlc dealclt or ; m
inhibitory factor; MmMPGRN: muri ne progranulin; N
cytomegalovirus fachamcephliclbi ch@nomycin; zeo: zeoci

3. 2CHARACTERI SATIOON FOFEDM NEURBGEL ISTEIMNE S
To examine the expredsgsi ofnacafortshe umaeutr d
cell s of t he di fferent NSC I-NDEs warde t |

charactier ildygdi onmunocytochemistry (1 CC) and

Her e, previously publ iNsShCe da nddaiN&EDNoFe | ¢ hes C
(FIl achsbarth et al ., 2018; FIl achsbarth et
et al .i,s 2s0ulp3p)l ement ed-, wPGRNdathNSIC&n LI F
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Undi f f edr elnlt FPaGReNa n d-N&C4 6 as aeve h INrSc&Els
were cultiaahedemntndeondi tions for 24h on
Matri gel (Corning) at a?idenN$SECymedi +mR2.20CW0I
were fixed in 4% (w/v) paAladfroircnha)l dfedhry de5 (
bl ocked in PBS (pH 7.nd4e) sceornutnmaianlibnugmiOn. 1(%8 Sh
Al drich) and-1003%0&r i Fbuak &, Merck) (hereafl
bl ocking medium) for 1h at room temperatur
with primary antibodi esTAaad®i nosvte rinli ,ht P GRN
temperatur e, washed amadi €p@hatgad edi tskecCwn

antibodies (all diluted 1:200, Jackson I m
Grove, PA, USA) . Cel | M4NpdidaNdni @pdbee@y ki adaockdéd
( DARL, 2, 09igIlmdear i ch) and mount edPoony/sMoiudes
(Polysciences l nc. , Warrington PA, USA) .

AXi oObserver z. 1 mi croscope equipped with
Ober kocheny) .Ger man

Secretion | evels of ¢ehe aralrypysedphy cWé @
anal py$i sculture supernatants from the res
PGRNhI L&bnd c eNBtCrsolf rom | ow and high cell p
at a dew spimceyl losf/ 50 0®h -de2ldli upnl at es coated
Matragédl i ncubated at2f307mACQ4anhdous% .CCBuper neé
coll ected, cenfand ugkd fadar 226min to remov
subjected to Western Blotting. To control
cultivation, <cell numbers were deter mined
by enzymatically dethcbomngheemailniumg calbl
Accutase, again counting the cells using &

Culture supernatants wedAGEeparavbeguaon
with either recombinant murine LIF (rmLIF
PGRN (r mPGRN, 250 ng/ O0l, R&D Systems, Min
| L6 (rhl L6, 500ng/ Ol , R&D Systems) and
membr anesp0fe28®§mze, What man, Kest ngU&) Manhi
PROTEANE Tetra el ect BRmhgr eHeirs ud yest,entA, U

transfer, membr anes were blocked in Inter
TRI-LSuf fered saldOhRe B(i ToBX)i,e nlcle s, Lincol n, N
room temperature, i ncubated wesTh@ihei nesp:
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1:1 diluted Intercept Blocking buffer with
washed and incubated Wwi8tOh CtW e erceosnpdeacrtyi vaen t |

(all dil ut eCAORL :B2 Qo,ss0)0 G8,meldi BhS 0. 2% Twefeonr 20 (
lh at room temperature. | mmunol abedGRd band
OdysseyE Fc Imaging system (image acqui sit

I ntensities were quantified watrke-CBRpiria

Bi osciences) in reference to a serial di
protein. Mol ecul ar masses of proteins wer
Duo -Pteined prot-EOR Bihndserendds) . Al l e X |

conduct eidcatne.tripl

3. 2IN3V.| DPREFFERENTI ATODINFIOED MNEURBEL ST EM

Di fferentiation of the <c¢cl onal NSC | i ne
performed as ded3engbed atmef prz2dli dusly publ |
on the-NEGT&nd -EGPCFI ( Mlesachsbarth et al ., 20
et al ., 2014; Jawhsewisalppetemaint ed20 b5 he p

data on- t h-eablBl PGRBK cl ones.

Di fferenti-atnidonc oaB8tCrsTiBnitroocayt es was i nd
cultivation of undi fferentiated cell s on
(Corning) at a densi’ty NSEC~haéadji 0MmOl| aekl B g
FGR , supplemented with 1% N2 suppl ement,
foetadercmmhf( FCS) (all Gi bco) for at | east
was induced by cultivation of wundifferent
medium | acking EGF and supplemented with 1
for at | east b5c ulatyisvdtoildmwend &yl: 1 mixtur
Neur okasaldi um (Gi bco) suppl emented wi t h
streptavidin, 0.5% glutamine, 2.50Is/ ml N2
| mmunostainings of di fferenti at eedd cfeolrl s
undi fferendfB.aRP@ARAETIERISSATIO®DN FOFEDM NEURGELISTEM
LI NES Ra b BGFtA P a ratnid moenui scer o &augbsuolcei at e d pr ot
( MAP2) antaABdddiwesr e( used as mar ker for ast
respectivel y. These primary antibodies we

Cybconjugated secondary antibodies (Jackso
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| ncDi)f.ferentiated a¢eWwishwaneAanaOyser ver Z.
equi pped with an ApoTome2 (Carl Zeiss AG).

3. RAWECTOR PRODUCTI ON
Wit hin the framework of this di ssertat

performed using AAV vectors encoding hlLG®6.

used for <control experiments. The AAV par
Facility at the University Medical Centre
foll owing manner :

Recombi namtmp | arefnt ary AAV vectors (SscA
i n Sf9 i nSpeacdo pcteelrlas ofvraur g iame rcdeal | s) using t
expression systemBtaec Exipgessi 0BasSystem, G
to generate AAVKHHIM@ zad&ctearSsAPB. ce2089 wer e
with bacacwlrawiirngs t he AAV pBdcAVasghiHalgdnp d iafs ime d
deri vetFmsoeBac DUAL Expression Vector, Gi l
packagi ngAptigeme dpl(asmindt#a@ld®67)t he packag
of AAV s egrAcAtVy2pe AZlldgene 4pRaski dSwiebR;1et al
shH10 was a gift from John Flannery & Da\
transfer pl pB as t1BJl ctGRaFh e C MM L(6f or -AAV)L 6 o
pFastlBlc r a-s GEMOFP(f or -AGNP ankteltpheer pl as mi
p MON7124.

Sf9 cells, transfected with baculoviru:
above using BacVector 3000 (Novagen, Madi s
to @the erl escselilnsf ecrteeder v-ap i pmBBhHod ciah eSF
900 I | SFM (Gibco), containing 5mgl/ | gent
Scienatfaa)initial cpernOEAAARSIONgenfcolt Bol
conditi o®S0MREIAGCl ved oxygen) in Applikon
(Gentige, Got henWausrig,k oSwetdean). , 2009)

Purification and quantification of SCcA
bef e u et .&k1 | aAenpz)ty at trapoaviezbhli en
cell s/ ml . After harvest, cell s werHLClr,esus
150 mM NaCl2X$5 priM 8Mgs) and Tur bo Nucl ease (
Ger maafy)er tht eaeawfrcgetres. Lysates were in

centrifuged to remove cell debris and AAV
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step gradients (PROGEN Biotechni k GmbH, F

was removed by ul tirmg e nAmiidaungatUlotnr a u sC:
(MerckMillipore, Dar mstadt , Ger many) . Gen
determined after alkaline treatment- and n
time quantitative PCR (qPCR) Roixng NgRPORBI
Genetics Europe GmbH, D¢ren, Ger many) an
(Appl i ed Bi otshyasni,e mMdA, Wa3A) . Vectors wer e
CMV promotor SpBGIGGACT TprrCiICMArCT T G GEN and
ctaccgcccatttgcgtoc. gPCR was per ffaoer9med un

Each reactioniwas petfadr mettume of 1001 wit
The corresponding transfer plasmid was use
dilutions of pl asmid DNA was used t o g

guantification.

TAB9:QP CRONDI TI ONS FORNTHEI QETAANW BETORS

TEMPERATUTI MEIN CYCLE
INI T1 AL 50AC 2: 00

DENATURATI 1
DENATURATI (9 5AC 10: 00 1
ANNEALI NG 95,§C 0:15 35
ELONGATI ON 60 AC 1: 00

3. WTRAVI TRERAG RANSPLANTATIAAVANCECTI ONS
3. 4INTIRAVI TREAL TRRAATSIPAMNOF NEWREAELSSE

Different cl onal NSC |ines we-rdea-gildt ravi
rdinbi ce (hl L6 NSasa-gdom@Pykil omi dd (CNTF, GDN
PGRN, hlL6). As describedJankomerak det anl
Jung et alani 2818) were deeply anaesthetis
(Baxter Deutschland GmbH, Unterschl ei Chei
anaesthesia (Conjucai nEEDOE; BausoHbdl16 Lon
mi c e) or a mixture of ketamine (45.9 mg/ Kk
Pfizer Phar ma GmbH, Berl in, Germany) and
Xyl azin WODmgsmhaftsgenossenschaft deutsché
Ger manybf2orbil mi ce) . 201 of vitreous fluid

mi cropipette connected by tubing to a syr
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suspensi on~afo pttaehli afh Ol i-dne IPiBvSer TONT® and
a 1:1 mixture ofealboteh cledres edNS O©s )aswaCsNTF
i njected. The <contralateral eye received
contNrS&Cl cl one. After transplantation, the
eye drops E@®GRMAG@WL XOy, Tamper®enaphtahbhnd)
(Gentamicin; Dr . Winzer Phar ma GmbH, Ber |l i
(Vi & sBausch + Lomb |Incorporated, Berl in,
monitored and kept on a heating plate at

temperature.

34 . RAITRAVI TREAL NNOAAYIARTI CLES

I n addi t iNGrCst, 0o ridIlI0O6 mi ce were t(-CR¥Yted wi
hl L6 (hereafter rehéiL6éed 1 o) &t AhBMWisth lod 0 dA A\
SCAAVSICWMBFP (hereafter refe@GFR) dee as AA
contweorle, performed aq Ldas erni.@adAd ad &f@Dr2Aegs t o
transplantation, faryglAAV r dIng e antiicen s weg e
anaesthetised using i1soflurane (Baxter),
replaced by ethtlhieér iARWsEBSH1{0r al genomes (vg
AAVs hi#6FPp®( pmtvg/ ml). After injections, ani
care as descr id.edinTlrhbva T REA(L S BRAANTSIPRMNOF NEURAL

STEM CBL.LS
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TAB 1 0 PRI MARY
WESTEBMOTTI.NG

ANTI BCEO EBN UBMMUNOCIYS DRHEMUNOHI STOCHE MANSD R

ANTIGEN DILUTION SUPPLIER CATALOGUE
NUMBER
CONE-ARRESTIN (CAR) 1:2,000 (IHC) Millipore AB15282
1:500 (WB)
CLUSTER OF 1:1,000 (IHC) Bio-Rad MCA1957
DIFFERENTIATION 68 Laboratories,
(CD68) Kidlington, UK
GLIAL FIBRILLARY 1:500 (IHC) Dako Cytomation 70334
ACIDIC PROTEIN (GFAP) 1:5,000 (WB) GmbH, Hamburg,
Germany
GLIAL FIBRILLARY 1:100 (IHC) Sigma-Aldrich G3893
ACIDIC PROTEIN (GFAP)
GREEN FLUORESCENT  1:100 (IHC) R&D Systems AF4240
PROTEIN (GFP)
INTERLEUKIN-6 (IL6) 1:800 (IHC/ICC) Abcam, Ab6672
1:1,000 (WB) Cambridge, UK
BIOTINYLATED 1:100 s(ICC) R&D Systems BAF227
INTERLEUKIN-6- 1:100 (IHC)
RECEPTOR U (IL6RU)
IONIZED CALCIUM- 1:2,000 (IHC) Abcam Ab178846
BINDING ADAPTER 1:1,000 (WB)
MOLECULE 1 (IBA1)
LEUKEMIA INHIBITORY  1:200 (IHC/ICC) R&D Systems AB-449-NA
FACTOR (LIF) 1:500 (WB)
PHOSPHO P44/42 1:1,000 (IHC) Cell Signaling 4370S
MITOGEN-ACTIVATED Technology,
PROTEIN KINASE Leiden, The
(PMAPK) Netherlands
MICROTUBULE- 1:200 (IHC) Sigma-Aldrich M4403
ASSOCIATED PROTEIN
2 (MAP2)
OPSIN M (OPS M) 1:500 (IHC) Millipore AB5405
OPSIN BLUE (OPS S) 1:500 (IHC) Millipore AB5407
PROGRANULIN (PGRN)  1:1,000 R&D Systems MAB2557
(IHC/ICC)
1:250 (WB)
RED FLUORESCENT 1:500 (IHC/ICC) Rockland 600-401-379
PROTEIN (RFP)/ DSRED Immunochemicals,
Philadelphia, PA,
USA
RHODOPSIN (RHO) 1:500 (IHC) Abcam Ab221664
1:1000 (WB)
PHOSPHORYLATED 1:1,000 (WB) Cell Signaling 9131
SIGNAL TRANSDUCER Technology
AND ACTIVATOR OF
TRANSCRIPTION 3
(TYR705) (pSTAT3)
I CC: i mmunocytochemistry, I HC: | mmunohi stochemistr
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3. 4IMBUNOHI STOCHEMIACKSI & OF TRIEIANAD R

Treated animals were sacrifide@d 209 deer
Oz, 80% ,COf ol |l owed by i mmaldatcieanwiacfal 1 @0 %] G
P28, P35, P42 or P56 o0¢r dPlIDRZmb it e )N cae&nNd PBY

were processed and i mmunohistochemical
(Ati skova et al ., 2019; Jankowi akheet
tempor al cornea was removed and eyes Wwt¢

PA ( StAgndar i ctprotecy@ed in a sucrose ser
30% sucrose in PBS, TDiHs sfe&4) ,0. €mib.e d@oentp o

(Sakura Finetek Ger many GmbH, UmkKi r ch, C
thickness of 25 -masadln plhemd eurspios aat ( CM19E
Mi krosysteme Vertrieb, Wet zI| ar , Ger many) .
sections in the plane of the optic disc w

Secti onisnovebiet el ocki ng medium foranldh at |
subsequertulbyat ed with diffearbh® pwemarghtan
room temperature, washed in PBS and incu

conjugated secondary anti bodlinnun(oalels edirlcu

Laboratories, | nc.) overnight at 4AcC, wa s
AquRol y/ Mount (Polysciences, Il nc. ) . l nner
photoreceptor cells were visualised by in
peanut naqgl (URNA; 1:5,000; Vector Laborat c
foll owed-ctblyj u@ya ed streptavidin (1:500;

Laboratories, l nc. ) . Cel | nu-&l dri whye Rabi
treated -MSECHh NTFAAVILIBGHIBOWd onhr al at er al con
were processed in parallel to allow for di

experi ment NS@€ist mank| AAYV &6 HAaAtgcehed umnmdIX®at ed

mi ce and untypatmdcei Wdre anal gbedemsean a

3. 4IMMUNOCYTOCHEMIAIMMLSIAAN OF NEMRGELIBNSEEVI VO

Il n winad ysis of intravitreally grafted
analysis time point af,tBBBE6t her NG@BOArl@Anes p]| a
fobr2/ kil mi descri bed (eDuslezwheetr eal . |, 2020; F
2018; Fl achsbarth et al ., 2014; Jaennksoewsi a k

6 4
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were carefully extracted from the eyecups
mi nutesnbebateon for 1h at room temperatul
by incubati on bwidtihe spraignarnys taRUilifF, c BPGRNNOt |
with eitheredafblbuor ancent pr e@FFP na n(tR FoPo)d ioer
depending on reporter protein exanrde sasnetdi b
GFAP anti bodies overnight at room tlemper af
t he respecti ve secondary antibodies for
counterstaini ngDAPI cedildmauchkr] WwWenhbes were
in 4% (w/ v) PFA for 30 minutes. Lenses we
base usingnkiedéesngedtNFSOVEQUtRIeMS 0. 10 mm; ¢
Slavkov u Brna, Czech RepublCanf esntbhklept s
of donor cells attached to the posterior p
Ol ympus Fl uovi ews cRhWh0o @c alcaosnehr cr oscope W |
UMPI anFl 20x/ 0 .-5tWA cokbs) ewedrievepr @ace s ASIV usi ng

software (Ol ympus Deutschland GmbH, Ha mb u |
treated -NWSG@h aNNfTd t he r eNHE@sc twevree caocng uiorle d
same aoscape settings to allow for comparis

3. AWES.TEBNL OT ANALYSI SNAF TREEATEDI| WMNISHE HA NDA ¥

To investigate the impact of hIL6 on th
phototransducti on, aari vatgoal lohg i chsaa
neuroinflammation in the rdl@rrestnas,( CAHR
phosphoryl ated signal transducer and act.i
i oni zed-be¢amlde ingmadapter mol ecladled 1i f | tBrAedlgt &
and control retinas were examined by Wes
describeflAbieslboea et Tatl al, RWOA©¢¢i n homogen
from P28 rdl1l0 miAlVe htHill®la® e dr wAGNHs PHd age

mat ched untreated rdi1@per miund r watr ed pwil
homogeni sation in | HLCils pHIf Ser 16DHNMVOINEBEI S
4% 25x protease (icrOmiph islt @i ; cYRokith@mdubh atei on
for 30 mi nut es and maeXfroirf ug@timmubes.

concentrations of homogebatesachemienidet &c in
(BSA; FEi BCAeproteiTheAmsay, scher Sci-lelnti fic

OVol ume spectrophotometer (DeNovix, Wil mi
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mgml , Thermo Fischer Scientific) serving a
seri s 9(Ong/ m ) was prepared by dilution
retinal tissue samples were diluted in 1|y
standard esemi gredwwrth reagent A and reage
manufacturer instructions, Il ncubated for

the calorimetric density at 562 nm.

Total protein homogenates were reduced
32 Gg/ @arl Roth) in 4x pr exCeR)n sAdmpelre dlemaad
at 95AC for 10 min and short centrifugat:
separated by 10% (fTo3) CAR,153F APtPARCEITERAL)
200V 2amndl traonsternéedrocel | WMl aPsReO TnEeAMNOEr a n e
Tetra electrophoR&d, s Heysctleens, MBiCther USIAg n s
me mbr anes were bl ockeaetd dnyemt hé&r (b®rn€C€AR)
Il ntercept Bl oCRR NBi dad if @emAclg 1L)IGFAfPor pISH AT 3)
processed as descrBi. R&LCRARR@TEIRI AT | @\ ®EE DV
NEURAL STEM €B8L.L ISiNgnal s of i mmunol abel ed ba
descri bed above at 8EBRpeamertos Wernei nudrefso
triplicate.

To process membranes for)towahicphreteve
|l oading control, me mb6 @ nmisn wtee £ atr i eadormot
and washed for 5 min in TBEX difoor raco tiknicrub a
St ai CBORLBi osciences) accor@&Giingstouthieomsant
reagent was removed by EncdudMsasth oo lwittihont h
COR) twice for 30 seconds. TPS ¢6s8@r2l 2.wer
CHARACTERI SATI ORI IFEDM NEURAILELSTHM NE&t 700 nm f o

seconds.

3. MORPHOMETRI C ANALYSI S

For morphometric analyses, optical sec
were taken across the whHolse(ltemmatsh rofm ¢ éret
to the temporal periphery in the pl ane (
AXi oObserverz.1 microscope equipped with
retina thickness, measured from the, RPE t

and the photoreceptor | ayer thickness, mea
6 6
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the opl, were determined at nine equidi st
tempor al half of the retina. The number o
measure Gwmbet hef nrod photoreceptor cell s,
positions. Mi crographs for t he gualitat:i

I mmunostainings were taken close to the o

settings for each antigen.

Mor phometyrsies arfalretina thickness, phot

and number of rows of photoreceptor cell

V. 1.53t (Rasband, W.S., |l mage J, Uu. S. N a
MD, USA) and Fi j(iSchwi nBelé4n0/eDu@mhft i f i2d04alt2i)c
PNAYositive cone inner segmenbsl ipolsBAleect

mi cr o pl2i/®ili mi ce t rNTaRRGDANFwitohF € GNRNCa n d

cluster of di ff eproésn tviea tmaacm o6 &t afgeedst6 & gn  ahnli Lnéa
were performed across the entire retina us
OnllyBAand Cpés8itive cells wittwercd eaobpgt evd .
Anal ysis was performed onreaatt nieenats ta n6d aangi eme

3. BT ATI STI CAL ANALYSI S

Al | statistical anal ySeaphwkRae Prirdmr M
(GraphPad Softwar e, San Di ego, CA, USA) .
thickness, photoreceptor | ayerr @cha ptintes s,

nucl ei and cel i} d&rAsintdi-pE@x6dfi WNAcel | s wer e
usi ng -wayt ANOVA f ol |l owed -bhypcatBenhferroni p
For statistical anal ysi s of Western
i mmunoreactive iddredentnekperidment al gr ourg
using TPS. Data were analysed-wagyi MINOV¥AT e
followea Bonf énorcoriesp@ast st avtalsuasc adO .tles tws

considered statistically significant.
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4 RESULTS
4..1 Project I Protection of photor
neurotrophic factors in a novel mou:
rod dystr&phphenotype
4. 1IN 1v.I TRIARACTERI SATIHEN MDD | FI EDNSLDOINMKE S

The effect ofd damdidfEMtGDNNRF,s LIdFdoand PG
phot oresapvwasal exami nbed/ kiiln mohues e , an ani ma
wi tah ceame dysdtirkeep hpth ér2dthyipemi ce were subj e
intravitreal transplantations s&SQ elnitne/g r
expressed the NTFs together witrh a@ordtlrumlr ea

the CAG pr omdNiSECrs. eGepnterssled a r eporFoer pro

further information on the |l entiviral vec!
TAB8anH cl5CI onal NSC |lines with high transg
generated by repeated transductions, each

with strong expression of the reporter pr
expan@iac®.

Expression of trandg@nasd iINBSEDOIFHeE n@NT Fh a
been analysed i Durlegeviedusalst ui09d; Fl achsl
et al ., 202%h)e presehtedt heslysia et t he tra
i n t hANeSSQlalimd -NPSARN i nes was performed using
and Western blot analysi s.

| mmunocytochemical -NSQwsa,l ysN&CS ofand !l Ft he
respecti NSCsontevelal ed expoessiroprofeths t
(LNBCs and-NS&€shHcA) and VenNSC¢ P&RUH- contr
NSCshel() in all cell s. Further-emopeepgn he a
as indicated by adimMowaheadsS5dC FH lFAci)n aln dF
Venus and PGRNSGSs dP GR)N, whi FNeS Cso retxrpale s s ec
neithelFIcNA€&eQAddi tionally, the transgeéebheow
andiinndivd erenti atFedS2a s t#ircss,y treesstpi Veey) .
amount of secreted LIF or PGRN in cul tur
passages was dquantified by Western bl ot a
(rmLIF) or recombinant murine PGRN (r mPGR
Analysisaseveal ed of 881.56eNI 8024hngtLp&sS
and 846.3 N 46el3l 1/g24H FadtlOp eNSSCasFg €1 )3 f or
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PGRMSCs secreted 464.0°5c12%/24mg aPGRM/sSEQ g
383N029. 2 ngScRGRN/ 208 h atFiglds)sagNkeiZ&her LI I
PGRN were detectable in supernatant-s haryv
NSC cl ones.

tdTomato

FI c1 7TEXPRESSI oNl &8P GRNN NEURAL STSEM CELL

(A Expression of LIF (b,e) and the repor-N®Cs protei
(&) and-NeSoOstfroB) Western bl ot analysis -BBECsubture
passage 45 and-NoS&.arRe combti malnt murine LIF was | oac
Expression of PGRN (b,e) and the reporteMS@gotein
(&) and-NSCstfrodd) Western bl ot anal ysis O0OfNSCwsl ture
at pas6G agred 458 a\SdCsc.o nRtercoolmbi nant murine PGRN was |
A expression of the respective transgene and repo
k Da: kilodalton; LI F: l eukemia inhibite;r yPGRIN:t or ;
progranulin; rmLIF: recombinant murine | eukemia in
progranul in. ScaAfe) bard i-Bif AT §6 oBa Aa
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4. 1TREATMENT WI THIEGY TOMIREASE NFNRAWRAITI AN p Kpr2b1
Kl R\EATS

To examine the neuroi nfbl2d rhrha trieotni niars dy
transpl ant aNtSiCam do fc é\MBEdfsot he expression of
and CD68 was anal ysed.

The presenceasdfr orgd a otsii e wasamassaeBoad ol

GFAP exgxpoas GFAP expression -twaesatiemc rreeatsier

compared to the respective control retina
CNTF, GDNF, CNTF/ GDNWFGl &at F-dBa HRGRWN,ver, r e e
asrogliosis was more pronounced in retinas

LI'F thanetinas tr-HS8C®GERWMISICer GDNNSOso ti n 2
monohd ank ela]d sardmondoh d ank o) s (

There wa s a mar gi nal I ncrea-pesiitni véh:i
macr ophafm2/skili nreti nas t rNeSaCtse dc ownptalr edT R o
treated wN$@Gs cofmamr BIPA@ mr s€8i for P1GE4EY, see

Most @63 tve macrophages were obser-ved in
(Fl g1 &n) , CNTFF GD&F) armMNdSCIH EL B8] ). -lICDLi8t i ve
macrophages were primarily |l ocated in the

Rami fi eglodiBtAilve cel |l s were obrsa&am®@wed i n
| , -hBe i n btortédhatNad arnat icoand,r owpeseas veBAaARI | s
an amo4ba&edmorphol ogy were found in the s
| BAlositive cells were observe@oceil@h)etina
CNTF/ GOFN&1 &1 ) anRKcL®8fF) ,( than in retinas tr
(Frci1@&j ) or FIPGEBM)( Quantitative analyses co
I ncr edhesresift yl-pBoAsli ti ve cell s in -re€CNhmE tr e:
CNTF/ GDSEs compared to conntroonlo hrde ta miansa | st
(Frcl&a) a-mo n#dh d an Fneall&sb ) ( A sustained i
administration of GDNF ordePmGBN ydBdslintoitv ei n
cells compared to the Fr&a<me ibt)i.v eRenta mtahso lo fr
olbd2 /il mice treated@NWFAEABDIHNBBESF cont-ai ned
fold mopesi BAle cell s cogmpafeddNDOFARt o has

1) . Frmo n® h &b 2/ bkl mi c e, retinas -NSesa,t ed
CNTF/ GDBSESs, oNSCkIl Fcont atfroddl -mb.rpeosi BATL e
mi croglia than the control retinas.
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Mtreated Ccontrol

kk *:

Wtreated Ccontrol
200+

L TR 11T

IBA1-positive cells/mm?
IBA1-positive cells/mm?

< & & <& < &
§ S &S SN S &

&

S S <

a G b S
FI G1 8ANALYSI S OF NBURATNENTIARREATEBEDBLKI RET.I NAS
Reactive astfr,oglBa oasn kv ea(eNmict i og-ft | olBies wedstlsapssed by
i mmunohi st ochemibshfd2y bidlnmRce tredNBE€d wh tl ANCSMONSE T 0 |
(C) The denpdogsiyt iove | 8BAILl s i n -r eCNTNRCNTtFI/-@GGDBIFFDF wi t h
or PARBNs (fill ed HN&SrCs) (amdk nendomitfsOd )i nem2do4h d ( Cb)
ani mal s. Each bar represents *t*the pmdami1N SEM:f pxmM.D
significant acway dANOVA of cal Itowoed blyoca tBdosnth.ler r oni
At p2b2khoitck mice; CD68: <cluster of differentiation

ctrl: control; gcl: ganglidenived|l neayetyro@BbNE: fagkt
fibrillary acidicalpcibimidihngl BAaAptieonmpédcal e 1; in
LI F: |l eukemia inhibitory factor; NSCs: neur al ste

nucl ear | ayer; P: postnatal day; RAGRNanpgr®8§¢nédhoki B
100 Om.
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TAB1 1DENS|I OF BAPIOSI TI VE CELOLECHANNGES COMPARBNTROLS I N RETI NAS
b2B1KI MI CE TREANHGHOWI TONTHR@EEG.

NEUROTROP | BAPIOSI TI | BAPIOSI TI'M| FOLECHANGE
CEL UMM N CEL UMM N COMPARED
FACTOR
TREATED RE7T CONTROL RET CONTROL
CNTF 192.0 N 92.2 N 2.1
© GDNF 106.8 N 99. 7 6N 1.0
2 CNTF/ GO 213.9 N 97.3 N 2.2
Ll F 191.9 N 90. 2 N 2.1
PGRN 101.9 N 100.7 N 1.0
CNTF 167.2 N 102. 7 N 1.6
: GDNF 107. 4 N 106.3 N 1.0
: CNTF/ GO 185.9 N 105.1 N 1.8
Ll F 175.6 N 103N 99 . 4 1.7
PGRN 100. 7 N 101. 4 N 1.0
CNTF: ciliary neurotrophiderfaedomeuGDNEF: 0 pdliizeelfdac ¢ lo
cal cbhiumdi ng adapt, erLImal elceulkeemli a i nhibitory factor
progranulin.

4. 1. SEEUROTROPHI C FACITIGRBUAPEHOTORECEPTOR N OSTHE |
At p »bP2RL MOUSE

The i mpact of the i ftSrCa wil torneeal|l loyn grhaft toe
survi val was -améahegrseid?2i/nk L2 mi ce. The exam
points wererdhongenoaabél lpdiphehot hpe, as d
byBartsch et &ligni{202ant |l oss of rod and
appar en-monimh 62/ ki retinas and became Si

pr onoun ceneodn-hne idanal s .

4. 1 . RETIINAL THI NNI NG
About 97% of t he phot oreceptor popul a

comprised of rod photoreceptor s, with the
consisting of c¢onCea ritdewwrs @m e & € p &1WOa7 ; Jeon e
199.8)Hence, retina thickness, photorecepto
rows of photoreceptor cel |l nucl el repr ese

number of surviving rod2pkhdt mreeeptor cell
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|l n-m@nohd animals the reti( L&NBSIClsi:cK®P®s 2 5v
N 7.08 OMSCENTE77.88 N 6. 8NS®n; ICANAT.FO 0GDWF:
Om; ceNStCrsal 155. 17,afhtdh.e7 7ph@m)oreceptor | ay
~30% gr(el,aN®RCs0. 2 N 3. 44NSOns;: CNT.FF7 N 1.5
CNTF/ GDSBEs: 66.33 N NSE&:0m5.ddrtNr dle? D n&m
treated-, wiCN@AFLCRTF/INGLNF compared to retina
contNrSCClF1 1 @, ¢) -molnfoh4d ani mal s, ( eENB&a : t hic
156. 70 N 2. 2BSOm; td3t59hNd3pBhdbt @®mdceptor
t hi ck(ineBCs: 5@.23; Ramo-NS€E®»1 47.00)was2. 17
significantltyrgatadlendti isnd&ad$4 € sgrgonupgd i cantl y

retinas or photoreceptor | ayers were no |
CNTF or CN-NES/ICGDNHmen compared FR gl @,oc)t rilon r
addition, ndi fsfiegreinfciecsanitn retina thicknes

thickness weaerme edlhhervedreetgirmasp tr-88€Ced wi 't
or P&RBNs comparedtiSCe.contr ol

P36 P112

mtreated L control mtreated Ocontrol
ko ek xRk . 5. ns. IS

Whx  xks gwk s oS, ~, ps g a8 s
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FI G1 9RETI NA THI CKNEEOTARPCEPTORTHAXCK®RS b R/ kIl RETI NAS TREATED
Wl TNT FOR CONT-R@E.G.

Retina thickness (a,b) and photor ecefp2/okril |Inmaoyuesre t hi
retinas treatedNS@stiffeitbdr-i8TE) (oper enpotinFsh)d i n 2
(a,md-manohd (b,d) mice. Each bar represents the me

*ox o p<0.01, *okok o p<0.001, n. swayn®&tNOVAgmhiof l oavetdd
Bonf err ehnoic ptoesstt . CNTF: ciliary neuelolt dephwed f act
neurotrophic factor; LI'F: leukemia inhibitory fact
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4. 1.ROD2PHOTORECEPTORS
The number of rows of photoreceptor ce

t he number of rod photoreceptorseailredt he
significantly m@ra& @RP Na-mdnn-#bhodt ha nkl w2ab s (
eated-wiGNa RldI CNTF-NSDBF afnd n#oh d2 ani mal s

~—+
-

treat edcRMI$SOGs Pcompared to reti-N8E€sTAx eat ed
12 -mon®hd animals the protective effect

survival was di mini shed. A -NnSeQusr oaplroodee can vr
photoreceptor survival was not observed in
on rod photoreceptor survi v-aandwenohlser ve
ani mals treated with themogybbdi aesmhl B, and
treat e d-NwWwiCtsh alnld-NE€CGIF Fcont ained significant

those treated WwWSOsF @8y F/ éibNMFdh d ani mal s,
significant di fference i n RPMNSICst weCNT Fr et
NSCs E&NdF/ GDNSEs was obwsret vemmolrocetahn d2 4

monohd ani mal s, reti nasCNTrFe-&Dadld LWiFt lc o@QN Tak

significantly more RPN than those treated

P56 P112
T mtreated Ocontrol T mtreated Ocontrol
c c
£ 101 2 104
5 s
kel = Q
% 5 s 59
B 5
2 0
J & §&§oF > «Q N oé< oq‘
S <<\c§’ & P & o
& '\
a > b &

FI G2 0THE NUMBERO®WE OF TRAHRECEPTOR NUZANDA-MONT-OLD2MB1l1KI MI CE
TREATED MNITT¥FAND CONTRSIC.
The number of RPN was dmedmrolind n(eana a bt 4 d miamalod t2r e a

with-NSTCs (filled -W&aCs)( mpercomarr ). Each bar repres
from six**Yetpe@s00F¥, n.s.: not -wagnANOYAnNftolalcowe d i
Bonf err ehnoic ptoesstt . CNTF: ciliary neurotdephived f ac!
neurotrophic factor; LI F: | eukemia inhi briotwsr yoff act

phot oreceptor nucl ei.
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TAB1 2THE NUMBEROWS ®RF PHOTORENECITBOB2HNKI RETI NAS WREMTED
OR CONT-HN@E.G.

NEUROTROPH RPNN TREA RPNN CONT FOLLOHANGE
COMPARED
FACTOR RETI NAS RETI NAS
CONTROL
CNTF 10. 2 N 6.5 N 1.6
© GDNF 6 . N 6.1 N 1.1
z CNTF/ GD 9. N ¢ 6.0 KN 1.5
LIl F 10. 4 N 6.0 N 1.7
PGRN 7.9 N 5.9 N ( 1.3
CNTF 6.4 N 4.5 N ( 1. 4
: GDNF 4.9 N 5.3 N 0.9
Z CNTF/ GD 6.6 N 4.5 N 1.5
LIl F 6.6 N 4.6 N 1. 4
PGRN 4.8 N 4.6 N 1.0
CNTF: ciliarywchneourotGDNFhidgtfi aédcerélrobinephic facto
inhibitory factor; P: postnat al day; PGRN: progr an

41 . 3CONE PHOTORECEPTORS
As descr i beeftl.. H'BHE ORFRHENOT YAEABRPAT HB1KNOCK

IN MY ce baekl mouse exhi ddt systirkoepnhgyhenot yp

Hence, in the context of this project, t
survival in reti-M2aGs twasa uckfd rpnvai rnthiedd €6t . To
the density of cone photoreceptors in tre:
PNAositive cone inner segmentpsos(ihearvesa fCl eSr)
direct contact with the onl wafs gemtnrtalf ired
sections. Al l applied NTFs, with the onl
attenuated the |l oss of cone p-tamtdondend éapt or
ol B2/ k1 mi c e, as indicated Fog2 AB)muamd i st

guantitatiRe @)nal ysi s (

| n-m@nohd ani mal s, retinagasCNTEAGBRNF wi t
LI-RSCs cont-abhddmeBe cone photoreceptor ce
wi t h eNSCtsiag(L 3. Retinas tr é&NStCesd cwinttlai MGRIN a
1.f501 d cnoonree phot or eoemptioedc ¢ lonlasso.ntlrnolc ornettria
retinas treat eQ@QNTWH/{GODIECMNFTHFENBNCs, GIBNKS di d

not promote the survivR@lilc2 BAf BaasdBe phot or ece
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DENSI TY OHOTCORECKPPTORS LMEBARGES

MI CE TREAWINHFAND CONTRSIS.

L O D= LISN laRD)

I N TAE OREbDILIKN

NEUROTROP| CONE/S1 O®MV) 1| CoONEKE 1 O@OMD | FOLDHANG
COMPARED
FACTOR TREATED RET CONTROL RET
CONTROL
CNTF 75.5 N 26. 7 N 2.8
© GDNF 23.0 N 22.7 N 0.95
W' CNTF/ GD 67.7 N 22.9 N 3.0
LIl F 78.8 N2 25.5 N 3.1
PGRN 42.0 N 27.7 N 1.5
CNTF 51.0 N 16.2 N 3.1
: GDNF 9.4 N 1 8.0 N 1 1.2
Z CNT FD NGF 45. 4 N 14.6 N 3.1
Ll F 31. 4 N 12.3 N 2.6
PGRN 35.9 N 12.8 N 2.8
CNTF: <ciliary neurotrophiderf aedonecuGDNFophlicalf acelo
inhibitory factor; P: postnat al day; PGRN: progr an

obser vemdoninh d4 anTAamdlJ}s.
CNTF/ GDNBSESs

Smi | ar effects of

contB3-apbphddmer e

a chree dp if d teareend e pNtToFrs

cont ai2nadl ¢ mor e cones t han
wN S s PGRMNt afi oled me@r &

treated

ret.i

of

cone

nasmomlMshdnagi

phdegeaeerFpecome(l 3

(Retinas

treaned
cones, amdLIrFet i n

sou

wi t

the respecti

cones compar e

MmaNSCs GIDANF no effect
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A ctrl P56 treated P56 ctrl P112 treated P112

ctrl P56 treated P56 ctrl P112 treated P112

C P56 P112

£ Etreated Ocontrol| g Mtreated Ccontrol

3 Ak Joe e oL, Ax |3

8 801 = T 8 80 dkk *kk Fdk ns. *kk

= 2

2 604 2 604

8 8

2 40 2 401

:

| 0 O N S

<

251 BN N BN | : IO NN m
3 & K K ~ K & N & ~
S S S S < ST
v O% \OO 00 QO v 0% \00 00 QO

é‘(( é‘Q
a S b S

FI G2 1THECYTOKI NENTANDLI KS WELL AS THH BRORMRR MNRE SUI TABLE TO
ATTENUATE THE LOWS SPWOTORECEP2-ARDA-MENT-BLH 2/ 11 MI CE

Anal ys Nép osi tPh ve seagmeenitisnearn -mead-mdaoh@2/ Rl mice
treated wi tGDAGBNITENTF-NSODBNF( Aamd RG®EELs (B) and cont

NSCs. (C) Statistipoasli tanmel yooet éemhnBPBfdmandt s- in ret
mondbhd (amonobddeblhpil retinas t-N8&sefdf wltbdNDESFrS),
NSCs (open bars). Each bar represents the mean N
were perfor medayOWMAgfaltwwed by -laoBotndetror oni: ppsQ.
p<0.001, n.s.: not significant. CNTF: ciliary neu
l ayer ; GDNF: delrii aledcealelur bt nephic factor; mial: i nn
inhibitory factor; onl: outer nuclear | ayer; P: p o

peanut agglutinin.-A$¢dal 8hB):0irhB&ROmM(for Aa
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Further moeatei-manaobtl ani mals treaaed with
CNTF/ GDNRt aigmad isiant |l y mor e c otnhea np hroe toir neac:
of - ménohd animals treated FwdS6)h. tlhret esaemsda i Kk
retinasandimd@ohd animals treNMSGsd owirnthai MEH
approxi mately the same numbeposiftcoeeGl §P5
Om, P112: 35p6sNtilvé EN8OI1a0kc60 rGm negvatyo a t
ANOVA foll owed by-h®cB@a®ld&rerspmoindp gt to a d
~1% T(ald.d 1l mani marl sat ed with CNTF, OMTRE/IhE@DMNME h
handetinas ari mallodetrai hkid I|I~esp o PiNtAi ve cCon ¢
compared to you«@.e80ddmnr dinard ggvatyo AaNOVwAO f ol | oV
by a Bopbetorco rTia Ht4Fl c2 C;Fi cS6;)) , i ndicating t h;

was the most effective NTF ingehemwangohhe

Tah.4COMPARI SON OF BHE QR MCONES PREBEERAZBHDKI RETI NAS BETWEEN
AGE GROUPS

CONE/S1 O@®M cONE/S1 0@®M] gcoNESE O 0O
I N TREAT IN TREAT|COMPAREDP H @
RETI NAS5 6 RETINRSE1
CNTF 75.5. 6N 51.0 N 32 %
GDNF 23.0 N 9.4 N 59 %
CNTF/ Gl 67.7 N 45.4 K 33 %
L1 F 78.8 N 31.4 N 60 %
PGRN 42.0 N 35.9 N -15 %
pdi fference; CNTF: ciliary neuderiopdi acefiaot oophGE
LI'F: |l eukemia inhibitory factor; P: postnatal day;
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4, 2PROJEATIHYPEH®R LATTENUATES PHEPFIMREICOSS | N AN
AUTOSOMRECESSI VE REPI EBMENS OSND A CROIE
DYSTROPHY MOUSYE MODE

I n a second project,ecttheofnetuhm®@pnovectt
cytokinleLéyparfusion protein consisting of
i sof orm of L ®W( Fiesccehpetroret walk. examdapd in t
model s of photoreceptor dehglelmGerphotoomr eddpet
survival was Ros®¥ivedei f itnhe he foll owing r
mouse), a mbdebmalessai ve reti gChasg pegmath
200,2)and bi2n btilhenou s e, aac onroed d | dpghEytBraor t sch et
al ., .202%2) desi gwmas admiokiinnteered to the dy
intravitreal traNSQPd amtratiinotnr aefi t he &16 1 nj
compl ementarshl ASsShH1O0

4. 2IN 1v.| TRIARACTERI SATHI ANMBXPRESSI NG NEEM ALE LSLTS
The expression of hlL6 in a neN3G@s)gener

wastudied by i mmunocytochemistry in undif
as well as quantitative Western blot anal.
| mmunocytochemical anal ysi s of undi ff

expression of perinuclewnt byl & o wsacoend xghfl etHh e
reporter protei-NSEenunsdiicnataeld @hylclelrac pw hea
ContNSOQGs expressed the repoFitAdipr.otein, b

hIL6-NSCs

control-NSCs

f

FI G2 2IN VI TRIARACTERI SATHI GNGNIDF CONTNR SIS

( AExpression of hlL6 and the report erSCmrcotaecamd Ve nu
contNrSCls -f.) d@axpression of hlL6 and Venu(sB)i sWdsntdeircmat
bl ot analysis of culture -S8Q0erantpassagbdtaz2-nendd 29D

NSCs. Recombinant human hl L6 was |lionatdeerdb pauk D@ : r e f ¢
kilodalton; NSCs: neural stmmnaealtl shjunmfan phdstsba g e5;c arl
50 Om
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Quantitative Western DbIot amfFad2yB) s of
obtained f NG tcHentel lc® nsi srtoenngt leyx prreevsesa |oend
cytokhildaN&SCsecreted718&. 5h7139%&/ 16/ 24h at pass
and 128. Mg fMIAcalIA G/ 24h at passage 29. No
supernatants obt-M$S@ed from control

Addi ti oma&lrlaynsgene ewxapsr esgamnned vi nro
di f feedknadlah| tINgSCan.d c eNiStCrsolwer e cul ti vat ed
culture media to induce a preferential d
neurons. AstGZrZayt eand( nFeelrBad$ -ecxopr essed t he
reporter protein Venus throughout the cy
pattern. Astrocytes and -N®QFioq@ S elde FB)vy ed f |

werpeositive for the reporter protein but | :

hIL6-NSCs

control-NSCs

hiIL6-NSCs

control-NSCs

FI G2 3TRANSGENE EXPRENSIASGNROCYTESURCOWS NERI VEDI|I EEMGMS HAND
CONTRINSGI N VI.TRO

(A)n wdiitfrferenti at edd afsrt a i Shislald a c e rdi-NeSst-hrjoel | o B)
vitdidferentiated neuFrNoSIGCss -ddjear d@ rvde eNcSdOnstehrpaemAR:6 gl i al
fibrillary acidi-tcnpeoéeukAR | lakhistobye@reed protein 2
neur alcesltlesm Scale -barand Bh) (fb0 Ba.
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4. 2IN 2V.l JHDARACTERI| ZATINONRAOF TREALIPL ANRNPREND NEURAL STEM
CELL CLONES

The fate of I ntr avand eadiSyCrsogli af tteedr mis |

survival, di fferentaeaxapgrn exns iaonnd warbaensitgaing s &
anal ysis it.iiene & ichays and 70 days after cel
and2/ &BL mice, res me chtoitvhe lpou g e afmoadck!| sel | s
attached to the posteri orhapdolfeoronie dt hae moenno:
of astrocytes (Ff&rAar,dolb02 frbiidc eni clReaeX/Asae,eb ) .
The graf-Neds-bkq@apb6essed hl L6 andfbhed4dbfepays
after transpl antanDicioencZiBma , tbr)e aatnedd f or 70 d
transpl ant atbi2d ili mhic®E&84at 6. I n compari son,
derived fNG@Bscenxtprelssed thec2Bppraed GFAP
(Fl 2 AdEI cS7TAc, d), DbuF ch®BdF BI'BRSE, d) .

A Venus GFAP B Venus hIL6

FI G2 4IN VI VO CHARACDERRIOFAT NTRAW |GRRAFATIEDEIS € AND CONNEB®GL | N
ROL MMI CE

(MADi fferentibtireal by -HN8@&S a@a, Ih) INGAs c(ocn,tdr)o.l ( B) EXp|

of the reporter proteNBC¥eh@ashynN@sl t(6cm,idn)o.lh | GAFAP :
fibrillary acidtFicntperrebteeuikts;@sh | n€:urhay p esrh e And celos. A&Sc
d) and Bd) ( fGnb.0Ba

4. 2TRANSGENE EXPRERSSERN NTRAWJITEREALONAAMFECT ORS
Transgene expression after i #tlrL&v iatnrde al
AAVSh¥F® in rdl0 micatwaheevValtespoedmtal ysi
Il mmunostai-mongohdofrd20 retinas, 47 days af
reveal ed expression of Fhd@2Bbp. tGFP uwdao ud x g he
in cell bodies | ocated amdthe gadglil bdy o
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processes spanning ckbe¢e. eAtsrei Fati prap(ess
hl L6 and GFP wamsoobdsl&d?2ybd  afl BSBa.s (

AAV-hIL6 AAV-GFP

FI G2 5EXPRESSI ON OF NRANASBGEER | NARAVINTEET!| AME HdE Bl LAND
AASH1GFPN THE RERIMOATEBA D ROMI CE

Expressi ofagnf&FhPl L(6b) in retinas of rdldl mbcantr ea
AAVs hi6F®P, respectivabyocAAVYVedademas; gcGEP:gaqrgédermn
fluorescent promnmeienfpeukb®@: hypyper nucleam.|l ayer. Sc

4 . 2NEAUROI NFLAMMATHI OGOREWMTED RETI NAS

4., 2 .4 LTBREATMENT PRNEQRES NFLAMMATHEGN REN | REL ®F
MI CE

| L6 i s-i mf @mmonat or vy cytokine. Hence, t
astrogliosis and reactive eaend cmhNoJg@®si oosri st hen
i njected -WAVSBhWAB examined by analysing t
| BA1 andF &0D§6.8 (

Strong expression of the inflammati on
treated witINS@s tber AAVI&LBEHL1 @h e n compar ed
contral ater al croatt cloed rent maast, ecagredlO0 ret |
to as mutant mi-mat ¢ M&d ) U n Btryemdy erdie te2i G als  (
Howeverexttemea of i nflammation decreased wi
ani mals as indicated WycS9 mmuwunmo lgiusatnd d e miagdt
density-poofsi@D6v8 maca2d&phages (

GFAP expression was strongly increasedc

peri odFIGP@B8 (hr ouFgdS9)P)56i il retinas treated
NEsFic2&db) and AAVERHEHA®Id) compared to reti
wi t h eNoSCtsn Rkldha) , AAGFPRXP A c) omabgMed
(Frc2®&de) and WF &@é&tfi)nas (
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AAV-hIL6

M treated

*k%k
* [Jcontrol
: B
GFAP -
c 4
° i
é 2
TPS
a @ ,,;@'b o\@
& °d
S A
2” O IBA1
¢ 0'5\'00* S T |[Eu
P Nkba] g i
o awr
©
IBA1 Y =15 < 20
3
S
= 10
TPS =15
b
C hIL6-NSCs AAV-hIL6
£ 20 Hireated EMUT| E 20— ey W treated & MUT
- control 72 WT - ’—1 ’_'_.L‘ control 7/ WT
8 8
g ;. fa fh A e %
% % ek
; 10 ; 10
g s g s s
8 8
8 L E‘Lm_ m_@; a I [l B Me=wm
Y % © ©
a & & Q‘Q & & p ELAR L S L L

FI G2 6TREATMENT WIMBNOGREASED NEWRMANKF ON | NI NAEROIREMI CE
(AReactive asftyoghodomismr)pgweosi asfngadoddl irkdlD mice
treated -MNMECH b LB, n) -haorL 6A AVe,hjH1pW) and their contra

treated wWwNSEGmc@nim)olor -GFAV s(hcH 1i0, o) , -mad cwheldl uas rage €
rdiIMUT) (e, ktgYy onamidcevi (fd, I , r, ). (B) Quantitative W
(a) and | BhRdndltbd -tArh&alt ed retinas (filled rbsar,s), c
untreMUTedrbasched bars)Warnat iuma g e(aiteetdc hed bars) . TI
a standard. *: p<0.05; **: p<0.01; **waypANOVAL; n
foll owed by Booncf etrersani (pCostTip®sdenviet maecfr cPBRes i
or AAwated (b) rdl10 retinas (filled baNS¢s w@ontro
AAVs h#6F® (open bawmat, haodddedigre a sh a(tcrhedsvdlauesyg f or

untr eanoendoh2d WT mied Karagz)c har e s hownEaash ab arre freerper necs
the mean N SEM from eight retinas. **x o way. 001,

ANOVA foll owed by-hacBdrefser r-éAsAd/o p mateend vi r us; CD6 8.
di f fer e&mBt;i acttiran control ; gcl : ganglion cell | ayer

hypiemt er-6 pukhnh: inner nucl ear -biarycdirng | 8ddpt dronmalee
k Da: ki MUdal manant N3IE@ge:neuwWrld)nbt emutelb | spcbear |
postnat al day,; TPS: tdatypbec.plrotkeam isn aAm:; MO0 @ml d
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Quantitative Western blot analysis conf
|l evel-mmonoohd rdl10 retinas t-hebh6edt we olx AAVY
bei ngfekRd2higher than iint  h dAAVGEHEH lobhlATs nt r e a
retinasfobhddhirg§her thanype nmnEentc2r@ad.ed wil d

Similar to GFAP, expresscircerasefhomBAll wa:
ol d r d1sO trrectaitnreadNSNG I g2 B hh L 60 FAANISLE& &) ; f or
2-monohd r et iFNGBY), csoenepared t o Foez2n®g odnd eitin
respectivedma)l c M&Jdeh ca@&) or WTF &2etli)nasl B(Al
expressinonahnd Ir d10 mi ce tr elalt wv@élswimah keAV gt
i ncreasedf oblyd ~whe/mm compare@FRvreht MBAVomMH1O0
retinas, -holdd bwheR27compared t d aBtbr)eat ed V

Qualitative analysi BIchBAmMCD6BNEXpuastsito
anal ysis of thepodkensivieyc2c@)l | GBGB8B8al ed t hat
treateid INMBGCsI 2 €a) or AAVIRBHAED) containe:
significantpgygsimoiree CB&8r ophages than the r
or untM@Btneld WT sr. etFiuma hertmerad ,e dAAVWLt i nas ¢
significant-ppsmbree COEBN sattednr eNtSiCmabs. unt i
S1) . From P42 onward, reiSCeasandr AAVaead HwO t
cont ai neldle avda@ameé numb-posiofi CO68el | s. Ret i n;
either -NS&st rool AALFPLhHllOso cont aipedi Mmov e
macrophages than untreatedTat20.Sor WT ret.i

4. 2 NEURGQIFLAMMATI ANAB2™ ™81k MI CE TREWTIEDG6WI T
Similar to the resul ths2 /dbbhls erevx @ ah aisn tmrdha

hl L6 exhibited a moraemdprteBidruerxceido nGFAPmMp ar
retinas treat &NGCswi toh ALNFh bl D dmad ge e d,
untr eba2t/dbdl r eti nas {{NMple) rEc8Blaisl The express
of GFAP was bAtbhiktasedi mnas tNS&L&sednwdi clonkh Ir|
NSCs or AAVY4dIBHIahd AAWs hcHblnOp aargesdh t tc aMeJd
and WT retinas.

Conversely, apparent di ffereposiBsvein t
macrophages could not be¢ r e bbs2e/dkvile dr ebteit nwaese n

either age group compared to the respecti\

8 4
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4 . 2H S EBXERTS NEUROPIROEHFEFEETCTS ON PHOTORECEP
4 . 2 .1Hb LT TENUATES PHEOFTO®RECLOSS | N NAE®RREI CE

hl L6 has been shown to attenuate the 1o
regeneration in a mouse fmbeiebi mdgeropdti caln.
Nonet hel ess, to the bestdnad s towdy kmaosv!l e xl g
whet her hl L6 promotes the survival of phot

Retinag Inbifcter eated -WEC& ot LAAVIIBHIWeTr e
significantly thicker and had thicker p hc
contr ol retinas or undlraesatt eadn arldylsdi .$et@ii rmea sp
(Fl 2 TR G2 &-d ) .

ctrl hIL6-NSCs | ctrl AAV-hIL6 MUT WT

e f

b c d
-.

FI G2 7Hl LFBROMOTES THEAISUBN| PHOTORECEIPITOR N THBDFRRBRIEMINGE
Representative images of retinal sS-H8Cs oANBSICESB,om ani
AAVs h#&6F®P, or AAVEBHAGOd -niartocnh eadge@vdlU Tunt r exeitceed W n e
inner and outer segments wer-asbabebhtaetdr Iwi tderPtNrAal A
ganglion cell l ayer ; GFP: g r eiemt efrtbueourkenshc: e nitn nperro t reu
l ayer ; MUT: mutant (here: rdilo); NSCs: neural sten
day; PNA: bi oti nylnat &l :tpyepéeh dtS caad el wtairni 100 Om.

Phot oreceptor | ayers oNSCetomaAAVY LI6HT @& d
were significantly thicker than the photo
ages ané&lcg8ed)( Quantitative analysis reve
| ayermoinibhld ani mal s tIN&S&&Lse dvafwa ltd2 thhliLcbk er t
control retinaswi Rt Ah¥soHiIB@d/ee & t hi cker

those treated -GFiPt log-nAVY€iniddO0 r d 1 GmomHodhed. I n
ani mal s, retinas t-N&&tsedr wAAN L66H Wi aoréd dh-12L 6
thicker than the contral ater al control r et
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Furthermore, there was no significant
photoreceptwmet weaggrercont r enia trceMéidma € ean avi & b €
the only excepttiadomdofr dNSEMGR 8¢ dat PaBelll ir
cone inner and outer segments with PNA re
hl Lt6r eat ed netohasetconas amd Witreai edsMET
anal yB exdj .(

hIL6-NSCs AAV-hIL6
00— S S B YT

T T

E 150 2 150

g g

£ 100/ £ 100

2 s

= =

2 50 2 50

¥ 8

a b

100 M treated E MUT 100 M treated S MUT
| control. WT |control ZAWT

3 g0] ’ 80

ZF gF

5= 53

£y 60 g%, 6

] 24

8% 40 g2 40

(<4 Q .=

5= b

=™ 204 <" 204

5 S (] ]
c & & X & & d
15 Mtreated E MUT 15 M treated K MUT
control” WT contral {2 WT

101

rows of photoreceptor
nuclei

rows of photoreceptor
nuclei

'S o 9
- LA MR LU U

4]

409
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©
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FIG28 QUANTI TATI VE AGIRLYRHTS NA ANMRE GHOT@R LAYERESSHI GKD
DETERWMTI ON OF THEOMWURBWR OF P H®T@RE NUCL EIREITN NRAH EFMIROE

Retina thickness (a, b), photoreceptor |l ayer thic
phot oreceptor nucl ei (e, -NSdsn orretAAn\adsitoHt1(Ofeial) leeld wh &
CONntNrScCls or ALFPhHDbpPen bamast)c taend M -matehédr bass) .
Values frommonbheatwdd m2ce (hatched bar sBacahr ebasrhown
represents the mean N SEM from eimhg. ;rendotnasi gnif
accordi ngway ANAOWAo f ol |l owed ktyca tBRenf e-BAsAd/0C iageaetd
Virus; h-l b6er-6GWMPpETr nmut ant (here:l rodtldm ;c eNISICss;: R:eup
dayy WT:t ywpd.d

To examine tchre @fr ogods pihot or ectelpe or d
number of rows of photoreceptor cell nucl e
examination period, rdlo r etsiimgans frimocraentt ¢ o
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RPN than the respe(taril e Icnopnotrrtoal n trheg ntnteest i n
old rdl10 mice -NEEsatedninagd diledi |l mddr e RPN t han
retiFna2s® )(. Retinas \ghHhllkldé wi cdal cuAnfea? d 2
more RPN than the contral at MUdar e tcidmags. ol r
28)The strongest @onotedt phetwaSteodfsted-ved i r
weekl d anlimat Beset laenli on@mdltsi nas tr edtSe&Ck wi t h
cont ai #iong mM»re RPN and reti nhalslc@ mteait eidn gvi
~5AMl d motkhRaRPNhe respectliwv-mbrcoindrobtreas
the neuroprotectivérl daf6f avetr e onfo e BAYWOhohhlalu @ d
to those conf eNSC dc lboyn et haes hilnld6i cat ed by a ¢
| ayer thickness (AAVs: 69.6 N 3.3 Om, NSC:
to awa woANOVA foll owed-htoy Bersfter rammmdi ap ds tg !
of RRAVE: 9.8 N 0.3 RPN, NSOsO00Z. @&clN-00.d3 nR
way ANOVA foll owed-hioy )BRe(@ftJeRerto mia spadt0 mi c e
treated wi tthl WA WVeelhdHdh Dctkhearn r et i wag htrhd dtbe o
NSCs however not significantly so (AAVs: ]
Om) Ret i na thinning, photoreceptor | ayer
degeneration progressed fasterhliln6 rtehta m ais
retinas tr é&NCAUsSFWRBh From P42 sogwarfdcamomt
di fferences in the examined parAAVesthedrl€d bet
hl L6 anNdSChsl Lwbdbrseer ved.

TAR1 5THE NUMBER OF RBWSORECEPTORI NUMIOED RETI NAS WREWTED
H LS & ANDAYHH 161 L 6.

RPNN TREA RPNN CONT FOLDHANGE
AGE COMPARED
RETI NAS RETI NAS
CONTROL
© P28 7.6 N 2.94 N 2.6
a2 P35 5.6 K 1.9 KN 3.0
T > P42 3.2 KN 1.8 0.0 2. 4
P56 2.6 N 0.9 N ( 2. 8
I5° P28 9.7 N 2.1 N 4.6
» 7 - P35 7.1 N 1.2 N ( 5.7
= P42 3.3 K 1.0 RN ( 3.3
< P56 2.0 N 0.9 RN 2.2
for purposes of,datal eaair tdhep i RPIN onf ¢c b a tNIStCkss otrr e at e
AAVs h#6F®P was chosen for this tabl e. f B emwolnabpdhsdt trea
ani mals treaNSGs ,wistthathilslt6i cal analysis confirmed nc
treated control reti naassAANd h it O rraesastoecdioactoend rwilr use tsie
shH10; hl-L&t e mpelNISIC: neur alP: spgceant ncaetlalls ;day; RPN:

phot oreceptor nucl ei.
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4. 2 . H LA TENUATES PHOATO®RECLOSS | N NAAIREIADPLRE
MI CE

Retina ¢$ hwa&g&naest significadret byl detieaas
treated -WSECHh & LASAVYILIEHIAhd t he respective
untr eMUTe dr edti nRS6 aFnd2 @P,8M) .( However, the ph
| ayermonfohdd2/ bil micd wrée&atSéClsL ®@r AAVYILIBHL
was significgamnhg photkeedeptcoantirayerr et
untrebMtUErdet i Rrac2 @ (d hi s Tdi fference i n phot
thickness wase mto-naonAghedr aenki ad ,sd )( .

Retinas treaN®@s wart hAAAMdBHE®O Nt ai ned si g
more RPN than thEeczehptr Oh netercagsmagt of 2
ol@2/ bil mice treateeNSWist lor e IAAWa6H ficDoLn6t ai n e
~8. 4 RPN compared to ~5.3 RRAANtchedowmnt oéat
MUTTetinaNSC&i1L8.3 N 0. 3-hRRPE; BAWSINHDO 2 RP]I
retimads:N OMUTRBNA N 0.1 RPm9nDMWR2t/ ibrilas of
mi ce contained ~7.6 RPN compared to ~5.2 R
retinad®SCs#1LE.8 N 0.2-hRRM,, AAMs hfH1®. 2 RPN
retinas: 5. IMUN ®. B1RPNXNo differences in
photoreceptor nucl ei were observeNIShset wee
or AAVsGFHL1 Ga ndnad geM&dmi c e .
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hIL6-NSCs AAV-hIL6
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Fl 29 QUANTI TATI VE AORLYRETS NA ANREGCHROT@R LAYERESSANOK
DETERMI NATI ONUMBERHEOF ROMOTOREBREPTOR INUCLHE RED2 BIKIOFMI CE
Anal yseitsi noaf trhi ckness (a,b), photoreceptor | ayer t
phot oreceptor nucl ei (e, -NSCsn orre t AANMadst6Ht1(Ofe ialt leeld wl a
cContNrScCls or A&LFPhHbpen bamast)c hed MY®e -matehédr bass) .
Values frommonbheatwdd m3ce (hatched bars) are shown

represents the mean N SEM from six retinas. * ko
accordi ngway ANGUWwefdolbly a Bo-hbertesi . paAfdociaadteand
Virus,; hi lnG:er-6 pMURTE n mut anbt2/ Eiler eN:SCs : neur al stem

postnat al dtayyppe WT: wi | d

Sinceb2/hbel mouse exhriobdi tdsy datirliccaprhgyh enot y p
the numbeposiCIlPBN® direct contact with the
(Fl G3 QFI GS1} . Retinas treated witipobBiktéveorlt &
compared to contromat aMdd.s nSpreecaitfeidc aalgley, r ¢
2-monoh d ani mal s efoonltdaimoepdeistFPNNA CNSCg:hl L6
61. 55 NP#Adsitive CI SshBM0OLOM; 58A0p dNs iOt. i7v e® N
ClS/1000 Om) than coeM3IQso:l 23t niles2i(tti ovieiNA
Cl S/1000 Om, GFARPAVsSHhMH.1D -fNo 8i. 4i WNACI S/ 1-000 On
fold mopes PNIAVeMETr ®tti mars ( 20p ds iNt i4v 8 @®INSV/ 1
Om) . -mMmomoh @2/ kil mice, retinadNSCeeatoand awh e |
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~1H1d mopesiPNiAve CI S than the condtral at
NSCs: 24.8 -pNos2.t0 VRN@mI; S/cldd®@sal 15. 9 -N 2.1
positive CIS/1000 Om). Rellilne sc dmrtedait tead wi 2
more -PolAi tive CIS than the-hcdonst:r o417 .r3e tNi ra
positive CI S/ 10@GFPOmM;18AAVsN0IRL®I PAADIMS/. 100
Il n -m@geéched, M) Trreetaitneads a si mi |-@o s intuimbe r Clo:
compared to retinaNSCseat eAASWPHWBGBoaoabsel ve
(MUT: 18.5 p\bsd.t3 vRNA; S¢ dPOei1OmM 5.9 -N 2.1
positive CI S/ HAOGFPOmM;18AAVsNv 2i. 2i PANAQI.S/ 100
I n compretismas of WT mice coposi nhiede 1CRSA1
Om.

hIL6-NSCs AAV-hIL6
g. 150 M treated & MUT g 150 e EWT
B 00{ ) e % g 1007 —4 é
% 50- * n.s. % % 501
8 . 2
a ¢ & & b

FI G30HI LTTENUATES COMRERHE® TOR LEBGESRENI NA3BloF MI CE

QuantitatiisveofpoPsNA $ ve cone ibRndril gedmemmtss thrreated
NSCs (a) orhlAlA6/E@bIRiObar represents the mealnues SEM
from untmematbkd WT mice (hatched bars) are *shown a
p<0.01, ok ok p<0.001, n.s.:waryotANOVénif oil ¢t @amwwve da dyo B
poftoc test. -ASAYoc iaalteed vid mserhleu&i nhgpeMRITbHbIlmut an
ki) ; NSCs: neur al stem cel |l ed aPneutp oasgtgnlauttatl y ea,y ; WTP, N

4. 2. L6 NFLUENCES THESSIEXW R OF PRONNEOLNWSED | | N
PHOTOTRANSDUAENDOGELL SI GNMLROMNGE

Cytokines suchl &ash@dMéeFhéen shown to do"
proteins involvead,i sughotact REMsm nadtt ICAR , 2
Wen et a.l .Ther0oedf8ogr e, the expression of CAF
hl INSGCs and AAVEBHWas examined by i mmunohi

Western bl ot analysis.

QualitatisvefarmaAlRy seix pr e s s ioonmp arreevde atloe dr dt:
retinas treat-e8Cswi @BhAacagntmr, cl) , -GRR¥§lgH10
S3Ac,i,0,u) or RingtKe,ak eqd, WVAUTanBi Afrétirnas,
expression of CAR wa s daovwmnmrtegu!l ateédnaisn
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downregul ation of CAR appehir@gd®dht p) prbgf et
expression |l evels stabilised untgAt tvh)e. | as

Quantitative Western blot analysis conf
of CARG6G me&wtled r dFl@Br)et-monaselh § retinas trea
AAVsh#HlQG6, expression of CAR was reduced
AAVShF® or untreated rdl10 retinas, and

untated WT retinas.

hIL6-NSCs AAV-hIL6

() 1.5
\Q 6 « M treated
& > O —EEE [ control
@S [kDa] i

CAR | === _——

res [N

Fi 81 hl L6 dysregul at es tédirer extpirre sisin ornd Iodf miomee.

||
w
(o]
fold change
o -
n =)
*
}JI

%,

§

(A) mmunohi stochemicadaraneatiysi § CAR) cexpression in
contNrSCldh,| INGCs AAVsGHR OAAVsHhHL® as agelat ched MUT and
WT retinas. ( B) Quantitat i wear rWwessttiemmr ne xbphooa-® baidnoanl yisn

rdl0 retinabh AAYsH A®HO Wif i | ARs bKBF® ) ( open bars) as
untreMuUTéedr-basched dmd sWT retinas (hatched bars). *
ay ANOVA foll owed-hlopy Bersf erafAsdd¥dc ipateend virus,; gcl

0 n-w
cel | Iayer-tnhdaL-B;eulhl;)@:erkiIodalton; i nl : inner nucl
rdi0 mice); NSCs: neural stem cells; onl: outer nu
stain; -tWipewi $§dale bar in Ax: 100 Om.

Cytokines, such as 1LG6, trigger the a

pat hway by phosphasegl ahAc onr dwifnglhy, klienwwel s

MAPK ( pMAPK) were strongl ymoinAodhrde arsdeld0 i nmi cr
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treated wit NSEsR 22b)hl &6 AAYLIBHIZ0Ad)
compared to chhoIZalamaeta,narse g pneacttci hveed yMU To r
(Flrc32e) and WTI ag36Af ) naslowever, p MAtPrKe d teevce | s
retinas decreased with theFl G3hZg gasing age
Since I L6 does not only signal via the
JAK/ STAT pat hveay,ont hoef etxhper ephosphoryl ated
activator of transcription 3 (pSTAT3) was
anal Fsa3B)(. Analmnoenish ofr elt i nas tr eahtleld6 wi t t
reakbed faol~d6 i ncrease of pSTATBHFompar ad ~{/o
fold increase compared to untreated MUT |
expression of pSTATRBolwasi mn nkAAasiEd ~H5&8s an
fold in control retT i matigadsl . untreated M

hIL6-NSCs AAV-hIL6

> ,6 « | M treate
@ F [kDa] w0 et
o Qw
PSTAT3 C20 E ©
. 90 2
TPS ki - L7

FI G3 2TREATMENT OKRERD NAS WILIMISE OR IHAA¥ STI MULATESLLNTLRRCE

SI GNALLI NG

(A)The effect of hl L6 on downstmeamdsibynalnlailygi a@s q
expression in retiNMAaGs tore aAA\NdLIGH 1tOhe hipd®Gt i ve contr c
wel | asatagheed untreated rdl0 and WT retinas. (B) C
pSTAT3 expr emsosnioohnd iAPAVBIGEHT @ at ed retinas (filled ba
(open bars), -nuanttcrheeadt e M Ufaagtecchrenods sbar s) and untreat e
(hatched bars). ok p<0.0lway *ANO\WA 0f. 000l 1o waecdc obryd i an ¢
postoc test. -AAYOabe@envirus,; ctrl: control ;- gcl: g
i nh: inner nucl ear |l ayer ; k Da: kil odalton.
s; onl: outer nucl egédroslpaye rp;4 4Radk ApicewsHt noagtean|

kinase; (pBTRD2/ Tpyhd8phoryl ated signal tra
ption 3 (Tyr705); TG: transgenic -tmipcee. (her

r in Al: 100 Om.
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5 DI scussi ON

5. PROJEATPROTETI ON OF PHOT®RECEIPOS W TB VARI O
NEUROTROPHI C FIACTORSOVEL MDBISEEMO BI TIRRG A CO
ROD DYSTRQOPKE PHENOTYPE

5. 1PHDTORECEPTOR DAGEMNER At THEDPZRE MoOUSsE
Thet p 2thr2k] mouse (hereafther Blemeunsed

(Weber et iasl .a m®MiIBne model-r oedx hd ybd ti rkeemgh ya
phenotype wi t h an early onset and rapi

degenerati on. | b 2stutbius i mo 4 I-p,b htalses Tolianuan

(Na, -KTPas®KA) i s repbascucbdunby ,t reesul ting in
of the vital enzyme. The dysfunction | eads
which normally exfp2lensnserhirgeht ilneavielcseldfs, su

and retdlniadn gaeml |l s ( RGCs) Y Bdotsoh dEefdaher a
1. 4THZ. PHENOTYAREHAEBPATHBLKNOCKN M) CE The apoptosi s
photoreceptors and | ater vell bRd @& il pmotcer 4 cse
associated with a dysregulation of t he c:¢
reduced function and exprréedHhdi omopuset,t healNK
At pltbrlanscri pts -20n% vAottp ltbr®a -slOr i pt s-t ypend i
mi (eWeber et. al ., 1998)

A major function of the NKA is the treas
(Na and potassiiqgu@® ntK er as et CahsgegqurdrRtdl)y
dysfunction of t he enztyinbpen *Joefaachk itnd r a b el
accumul at faomd od SNmbsequent membr ane depol
calcium 2HJonaccC@aul ati on avad, c00®pxiicaniyc
homeostasis is further disr uptee dvadaf eagier ed
potassium wvhdn@a@®ldad KKwhi ch have recently be
withU3fasozyme expressed( Bar phoh oetecalp.t,orx0
et al .Kv2202488).d2 Kf orm hetenaeésramecatedhan

segments of murine photoreceptors. They,
substanti al part of (tFloe tcewtbvaarhd edaralkd . ¢ u r2rOce
al ., .2MH2h) e, the decreassdbexptesaaiscocoft
the genetically modified NKA |Iikely contri

in bhebil mouse by aggravati pRonffernkach oet
2021; Vierra ©f albte,20d1e) to the I mpaired
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photoreceptors and the subsequent | ack of
OERGs imMm2/tkhile mouse is unattainabl e.

5. 1BEANEFI TS OF ADCWENIAIMERY OROWEHURO FACTORS

Conreod dystrophies are progressive in
monitoring and tr Batvmertf (N2é&bdi2gvseod eitn:al . (
However, mo s t of t he currently i nvest i

administration of recombi nant nedreaotmr oph
efficacy,; for-letampl ene tbieekx@algfenous CNTF i
habeen determined to be ar(ointdt roinceh teot tahlr

Kauper et .alHenc20Q01l2t)reat ment requires a

therapeutics, putting an I mmense burden o1
r edutchei s bur den, novel treat ment strategi
delivery of therapeutics.

| n t hi s pFrcoajuescatt,i vae nohrer apeutic approac
aimed to promote phot obr2e/ckelptmousseurlvy vimé an
intradetrealty of different neurotrophic f
| i very, -lnassetde mpgpelolach was <chosen, al | c
|l ivery of the NTFs over a prolonged per.i
The generated cl onal NSC | ines Btably
aractericf®dl earlti arl,. (2020) ; FIl achsbart
ORP5S5)LIF or PGRN over a imr odinddr goeidf fpeerre notdi
i nto astrocytiens wamtdlr onrrtuo ocarst ¢ Dwdy 2 est al . ,
Hu et al. CNZBG25CNTF/ GDNF, LI'F and PGRN a
photoreceptors for up to 3.5 months after

—~ 0O
N T

neuroprotective effect of GDNFnobmh/phibt or e«

mouse.

5. INEXROI NFLAMMARAItON NDRERE RETI NAS WREMTH®S €

To determine the extent of I nfl ammati on
expression of the inflammation markers GF/
i mmunohi stocRemisasytreamnéd ammiah orlye CINT& ¢
(Leibinger, Andreadaki, ,etasalwel I120ds3;r &tuien
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with CNTHNSGBNFexhi bited an increased expr
mar ker s, g i tpdeecsaficre eacti ve astrogliosis an
inhesetinds retinas t riemftleamnvaittolrDyu @D Mdn t
Azevedo etaladne @MO2PERN, whr-iomf ricammo rayc ta nbdo t

antnfl aoamwgAmado et al ., 2010; Arrant et al
al ., 200 2; Zjomn |l gt tale. ,expT2-)si on of GFAP
i ncrease in expression of GFAP i nandhe ot

PGRNXr eateegd nas can be attributed to

(i )the ongoing degeneration of photorece

an increase in neuroinflammation in n
i n fA/lelbil mdBaet schO Pdpeacli.f,i cally, and
(iiyhe injection of the NSCs themsel ves
contribute to neuroinflammation in bo
(Wei et .al ., 2021)
Abng this 1|ine, part of the elevated GFAI
CNT-F CNTF/-&aD8FNSEs can be attributed to th
and the intravitreal injections of the NS
retinas, t reaektent asefrogliosis i ncrease

continued exposureexdgetpadon et ammat boyt bgt c

I nfl ammati on has been identi fied to
neuroprotection(AmdeesvernalalstuiO8; Lei bir
al ., 201 3; London et al ., 2011, Prinz et
2011)However, the degree of inflammation al
t o consi der I n neur olpammatctom,n. aLhriani o
neur odegener ati ve di s &a sdeiss esausceh& aPdair gkei ankseoin
or amyotrophic | ateral sclerosis (ALS), 1is
of microglia and an ex<d4ead$diamenat Brn g glulxat i@os
inter-1bd UB)n. 6, int2r(leuk2N, tumda¢TNBarosi s
i nduci ble nitric ¢dCallseotpnoha&sd&dfisN@S) 201

Herbet, ZOQB3uprodgulhaetsiecesatt srssfure damage an

wor sening of symptoms in H&wmpaod e geetn eala.t,i \
Gupta et al ., 2018; Rashi dAcait eali nf |l 20mmm&;t i 4
the other hand, has been a$soeceuatoedowieth:i
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axon r egenfenrdartiieosn et alandeoe3eptBallvyerO
al ., 201 8; Rashid et al ., 2018)

1¢

Most -pBa&iltive microglidréaduad 1 @t itnhaes

di stributed eertniliye atcirosise tihe their resid

e

they monitor the tissue and maintain home

were observed in the subretinal space in
they can secrete endogenacusf accyttoaksi naensd, di f
substances such as protkdaislesr ,an200G8 ;e eHanmid
Rashid et. ahAlLth&2ddm®)t he overoaslilti vemirerl | &f
retinmoondbhd ani mawst hr€NTERJIdF/-GDNRSEES,
decreased, a higher proportion of amoebo
subretinal space. I n cposrasve thel aumber e
with GDNFGRM coeN3Qsolwas stable skeroaghount
peri od. Al t hough the neuroprotective eff.
treat ment with CNTF, CNTF/ GDNF and LI F w
photoreceptor survi val i n t hese ol der ar
i nfl ammat i oenc theads tnhoe radtfi na negatively.

Neverthel ess, it I's import-anatl eo Kekep2
pol arisation model, distinguishing between
and detriment al effects of amdéosimanmi @t o
al , 1986; R a n sRoehcoefnft, s2tOuldéi)es have sugges
heterogeneity of microglia, their functior
system region, (fNexh et dil sAeae0@iBngl vy, alt
observations made here fit the polarisati
the activated microglia in this specific
mol ecul aurp nmakee needed.

5. 1PHOTORECEPTOR ADBBNUASTED BMEWNREWNTHNS G

Sinceb2/hkel mouse exhriobdi tdsy dati rlkcoeprhgygh e not yp

t he i mpact of t he examined neurotrophic
degeneration is of special interest in the
The effect on rod whsest assesptdr byumeiasalr e
photoreceptor | ayer thickness and the quar
nucl ei (BANY scAs et have gRowan) the rod p
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degeneration becomes |sidgryi f(iPcjan5t6 .a tT hpeo sdteng
cone photoreceptors becomes significant as
remaining at P112.

| ny dt r dopRhikdl retinas tr-peaCBhdF wGDNrF CINITH
NSCs the degeneration of photoreceptors w
outer nucl ear | atyreg dtRathil)r ef i hae NIRt ai ned
fold more RPN than & hwrstei lofP IcloZntirnodi craettii mge
phot or edceegpetnoerr at i on. I-mpGNTERBABGEDNRLICHNAtFe d

etinas contfaoilmdednouppe tcon® photoreceptors

-~

control retinas. This is coalgrmeadaeéel svi oth
degeneration when trehdarldowiidkh dtheasle. NTFGL1L
2013; LaVvail et al.,. 1992; LaVail et al .,

As descri befd.. 6ENDFENTF was one of t he
possibly the bestostedided,crad¢ pteak ierxeerting

effect on pfHB8b&reteptors2002; LaVail et al
Li et al., 2010RhbBeGetl akt, aP0D720Wén et a
2012nd has beeon bsechoawn put ati ve treatment f c
degenerations in dga&rhlew lti nailc.a |l 2s0t1udd;i eGh e
Sieving et caltt, e20@&6; ,Ta&l0 11 ;| iX2t/akmeh necu sad . |,
model a strong neuroprotective effect of |
observed until the | amestohdbaean wmatl isgn 3p &i
after application of the cytokine.

Part obsehneeeudr oprotective ef frneecdti aotfe dCNT
through the abil ity amfsa CtINMT& & ol wshlger ail safnor
receptor CNUFCNEEREpPier abilitythaeptodlkhi rxp a
putative sawhpechoegghksstENTRFRas photorece

To t hisitdhitsghly di ssheteaarUi GNTERpr essed
photore¢Bptobran et al ., 2005, Hert loaeg et a
on M¢l Il er celelld s, hamazonthael( Keft §ehaetd &IGCs

Wahlin et .&aF. CNZiGsR4 pxproanssMdl | er ncoetl | s,
photor epapttonref , obser vod eceuvepeffect of CN
medi ated indiressigpatidhwevwysie et rda 0 laBlav e
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shown,gph3ad acnhiMgatlieonsciedl ¢ gui r e-the dioat eGQINTF
photoreceptor protection.

As described in deE&Neuehtkeabr enENBGELT(
cell tHhelrhaplyev(iEe using genetically modi f i
was recently approved by the FcDXA . Bo2. us
ENCAPSULATED CEARNY THEl t hough a reduction of ph

el lipsoid zone area was observed i n pat |
i mprovement in the best corrected( @Gheswal a
et al .., I1.02%) |l i er phase | and phases I 1 cl
shown to prevent <cell death of cone photo

Usher syndr @©©mel dotpte @tndali. mpra@el BWLIVIRg et ¢
2006; Zhang.eDeapite2@dbbadft itvhee soeu ttcroinaelss , t
the ENEELENWOi ce was not deemed successful [
either retinitis pigmentosa, Usher syndro
achromatopsi a. Examination of thei edff ecmn
gl aucoma patient ICT9487i7BDOYWnder way (

Studies examining the effect of a combi

by simultaneous appdi GRISEsn i of a@QNDPHPti c ne

mo d el have found a s yrmwer gniesutrioct refpfhe ct f afc
survival of the axoto(iDonéd ee¢tiahal gGgaRGlL i €
al ., 2018; Hu Tehte asly.nerQg02X5%)i ¢ neuroprotect
GDNF is likely mediiathedofbydstifeereat i wa on a

pat hways by each factor alose@rsandalt hei gna

pat hways common to both factors. Furtherm

ndirect neur oprotective pat hwawms glotf dlog ¢

contribute to the synergistic effects on
both factors have been shown to induce th
cel(lDsul z et al ., 2020, FIl achsb20r2t5h) etr det .
examine whether both NTFs exert a synergi s
a @aeplication of both CNTF and GDNF was p

In contrast to axotomized retinal gangl
model |, CNTF andnoGDNyVnelmagd stic effect on

phot orecept obr2/dbell Inso uisre .t Oen t h-appbhnteaéari pn
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CNT-Rnd GDSEs resulted in a slightly reduc
treatment -NWNSQGsh aClNofnFe. Thi s nmmicgehtofb et hae croends
number ONSCHNTFn the CNTF/ GDNB® c@emndelsluss pen
i nstex®y phficel |l s applieidn icndmhaivn &trieand |wi)t h 1

GDNNSCs to exert a neuroprotectiveweffect

Anot her NTF exhibiting promising, al
neuroprotective effects in ani mal model s

i schemi a, gl aucoma and di gbAgtciac &r €Gtrii mmp a t2l

Dong €2t02&l;. ,Frigg et al., 2005; Lange et a
al ., 2023; McCol m et al . Nord®Olbel &aang a&s$ af
to the best of our knowl edge, no clinical

safety ofelLtFedtomentth of neurodegeneratiyv

perfor med.

LI'F Ilikely exerts its neuroprotective
fashion as CNTF, as both cytokines mainly
of receptorshambamepcdBla@IRIEnd. 6L BFE Both
cytokines activate t he JAK/ STAT signal li
signal |l i n(gBopuatthownayet al . , 1994; Be¢rgi et a
Joly et alt ,al2.0,0819 Dh; eStahl & Yancopoul os

Even though CNTF and LIF exert strong
rod and cone photoreft2/pldbibrmi de, tthteey eali sna

shown to diminish photoreceptor function,

(Birch et al ., 2013 -ElBloikotett eatl .al .2,002012Chu
Schlichtenbredeetetahl!l,,200063; W&anet ,al ., 2
due to the aforementioned downregul ating e
cascacdfeé.. gCNT)H L i et al ., 2 RU0Y;7 ) Mowe Vér ettt

downregul ation of proteins ocfucthheasphdhtoatomna
arresti nmsambdnti he of transduci n, GNAT1, mi g
to photoreceptors, especially(Cegmatrdy,ng2Qh
Warrant and0o@e@ptection fr odnownxiedautliate odt roe
proteins has been shown to cause desensit
them from |Iight damage. The desensitisatio

rod outer segmentsinduaed as hdrot eghirea gltisgfhto
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observed in ani mal MoMkenl tofall.i,g Rt0 0dbg maMegen
Rod outer segment (ROS) di sks have to be
which is highly energy intensive. Hence,
replaced in R@G®andotrhenemMer gy costs of th
massively reduced. This might contribute t
mi g ht be of greatb2/dbvlanmagee i modédle in w
homeostasis ofyiio®snspdnmBosrebedd al ., 1993;
1986Gurther investigation would be needed t

I n contrast to retN3Gs, tChTamM/BE@BNe-t hLICRT
NSCs, MEBRCN only bAotr@nwaatded one photorecept
monohd ani mal s. However, although PGRN wa:s
of rod phoitmrelceépt oasemdbegener ati on of con
was sl owed considerably. I n ctomegmr aMTFg,0 wtle
saw a decline in -pdisei tniuvneb eao noddD %BaNeAd u ncdo ne3

photoreceptors between P56 gmodiRPRiIV2, ctome s

-~

etinas treated with PGR&N mwaasn rcei fat e ven ge
umber @dsiPINiIAve cones bentoweehnd raemodn#dh s of 2
ani mal sated wNS$ OwPHLRINYL 5 %. This indicates

he most effective in slowing the progress

5

—+

out of the examined NTFs.
Tsuruma et prlopo@ckk@ithde) activation of C
esponsivéeiaddemgntprotein (CREB) Gi@PKM)e

-~

signall i ngegisdttheeayneur oprotective effect

damage model . | tatstalesoeplrapsiobleetti ve ef f
b2/l mouse might be mediated, i n additi on
and Pl 3K/ AK(TCwiatehtwaayl ., 2019, Bygushtsei neer
with theatWmtih signalling pathway &and t hi
homol og prot-ei gaal(INontgc,h) whi ch bot h have
regenerative effects in thdAddmanwms edy aatl en
Kuse et al ., 2016 ; Osakada et al . ,142007;

However, t he putati ve r egerart &tnii e sa fgfnead
pat hway and the Notch signalling pathway h
l i (eKduse et al., 2016; Osakada et al ., 200

100



|[DI SCuUsSsd ®ROTECTI ON OF CHRTORECELLSRWDOUS MEUROTRFHIRS F

Further mor-ieml atnhnea taonrtyi pr o p(eKretsiseesn barfo cEkKGF
al ., 2008; Tanalkiamirtt emd ogen20uls9)cyt oki ne
mi croglia and conseq@uanthieguradlpbreottaetiitav ® ne
the activation odlAnshieaf vammpmatseame RGHRMNC!t s

medi ated ndkyriacsg i on with tumor necrosi s f

receptor 3 (DR3), S o-f o-aveé m ;i t(yS OIRITAQ p raontde i ;
related protein 1 (LRP1),| ywhisomadrCacdleltid:
al ., 2019; Hu et al ., .2010; Paushter et al

A number of , al beit often small, neur
photoretapeormheren described in a number of
del i metrlyd AsrdSioeer et al ., 2005; Buch et a
2011, De l R2o0 et al ., 20XxlabaDéergoetet alal .
Greg-Bvgns et al ., 20009; Hauck et al ., 200
Sanfrt et al., 2001; Ohnaka et al ., 2012; S|

Wong et al How2w$eénved effects wehaerteiltihweo
(All occa et aitSo,) e20@®%; aAndr i220ul05; Wong et
200@n the observed effectAsdideéwnsetebht|v

Frasson et al-Cagbadlol9@r, o0 Gatr c&la., 2018; McGee
Ohnaka et al ., 2012; ToucharVWonegt eatl .al .20 122
and functional benefits were often absent.
number of( Daanliknaarlas et al ., 2011; Lawrence e

No neuroprotective effect of GDNF on p
b2d/ki mice. One | imiting flandrRET itr et heex pr
only on RGCs aphbelMyfiéerretceal s, 2005; Mahat
restricting the impact of GDNF toe&dhsindi
And whi lse gnmdahs ng of GDNF via the solubl
recepil(srGARRII)sS possible, this too is restri
ceeceptor rearranged during transfection
| ocal ( Pariadcmcha etAdditi @O&IL)Yy, an indirect
mi ght al so be conf er rgldutbhayreastpda/irly att ieon r @af s g
(GLASDel yfer etThEe. ef 26806) off w@DN F ootn eXlLaAs
in this study.

101



|[DI SCUSS® ®ROTECTI ON OF CHPTORECELLSRWDUHE MEUROTRTFTHORS F

Furthermore, one mi ght specul ate that
effect of GDNF in this particular mouse mc
C&*homeostasi s, due to the | acK Yaf pgoOoopger
GDNF, and especially t-GrRRImiompil rerg ofo REF, (
shown to be highly dependabBilie dcdhepiopermce

environment?’bedwmeg theeckassary to induce aut o
(Anders et al ., 2001; Lundborg et al ., 20:
al ., .19MPWr)t her experiments woul d be need

hypot hesi s.

Addi tionally, the neuroprotective effe
dose deperMhEnpei nsKki et ouwund t(hRabtllh)ecombina
GDNF (r hGDNF) only exerts an effect at hig
ofRhomi ceouchard etreplorte2ehlwerseof-their
vector on photoreceptor | ayer thickness

release of 66.7 N 8.1 pg/24h in @heRE88>strc
rat mod el of RP. Overal |l yus e dgptondieads droespecsr t
positive neuroprotective effects in diffe
the |l ow nanogram or (AVepnpcpacegr adotraggerv,;
al ., 2005; Frasson et al ., -EW&mM®s . gGgtanénD &t
Lawrence et al ., 2004; Toucha©d €heabdt heteoO

~+

he GES8SEs described here secreted up to
cell sh24hiFtmehsbart hwiekth pticel 129ilBBOragi tr eal

injected. Though the intravitreal concentr
t he secreted amount of GDNF in this set
neur oproteedtsi v @fhfother s@aenet NISLs Tl one wuse
previoowhytseshprotect axotomized RGCs fror
i ndependerftbud tzucekitesal ., 2020; FIl achsbarth
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5. PROJEATIHYPEHR LOTTENUATES PHEPFITORECLOSS I N AN
AUTOSOMRECESSI VEI NRETS Pl GMENT OSAA CARNDD
DYSTROPHY MOUSYE MODE

5. 2THE. DESI GNER CHYTFOKR N6S A NEUROTRO®PHOR F
The designkypllyéd okhlne6), consisting of

bound to its sollby ea rfelcexypitmlre sded®BtRi de | i
direct activation of the wubi qui t(oFuisslcyh eerx,pr
2017; Fi slcherlOet7;a Lei bingdrmhat ap2p; 204 6
Ki shi mot.o,| nldederd), the expression of gpl1l30
shown t o Db-20 atbiommegs 1Wi gher thanU{Retex®r es:
al ., .19%N8gst diinrteer action of hlIL6 and gpl130
neuroprotective effect compared to I L6 alc
except grdcCal aby esol&n Roz®14; Hi bi et al .,
1992;in8drk et . aFuytheitbpbrteo -hd®OQLE8 mer d0acti
and was retained for | onger periods of ti
injected mice than 1 L6, contri(bRdtitnrgalte, it
1998; Peters @hial proloe&algipfde pd fa stmae hdad §i gn
was attributed to a reduced degradation ol
resulting in a |less éPetealsnethpd9a8 maPetl er
1996)Nndeed, hl L6 effectively promoted neur
dorsal root gangliinopgi ¢PBGpi hedrengni ficant
effects on injured RGCs and promoRGOs axon
i n \iLvwo bi nger .etThal neu2®p6otective effec:
Phosphat aBeni anddo khnab-o0§t (koY) (nPiTcEeN due to
i nhibition of cytokine supAesanngtsignal [LE

et al ., 20009; Par k et al ., 2008; P.. D. $
Considering these results, hlL6 is a pr omi
i n ani mal model s of photoreceptbeside,genkbe

neuroprotective effects-NEBSFCsi matnrda VAIAtYVriEdBaHI110y
were examined im2/klil Omintiec.e Taond he best of
date no studies on the neuroprotective &ef
been ipsunbeld.

103



|[DI scussd otivPR-l BATTENUATES ROREERE®GTOR L ODE LISNIaRD

5. 2AR¥Y AS A VECTORTAIOREBUCYTOKNERYDEL

hl IN6GCs and AAVEBHAOGd appropriate contr
were intravitreall yo2i/lbjleont ed ipmi orr d DOt e
retinal dystrophy. Chhd iNfScCGser coafi omedof pr
expression of the hlIL6 transgenien iwi turmd
di fferentiated astrocytes and neurons. h i
graftedlSGd,L6whi ch attached to the poster
di fferentiated into astb2/ckyit ensi cien. bot h r d]

Additionally, the transtudtoi amde fATAVG ih &0

GFP was analysed. The shH10 serotype was s
pronounced tropism for M¢gll er dedlnlzsalaemnrzd h
Cordero et al ., 2018; Kl'i mczak &mndal nde2d

M¢l Iher cell s i n t heb2r/fdbtili ma cef amdll @Q dmii ¢ € oan
b2/ kil mi c e, were successfully transduced
AAVshHl1@QL6 and AAWPShHIO not e, although bot
b2/l mice were treated with the same AAV
observed transduction effilxtdlemlciy miacse ht lgd
retinas of rdl0 mi cAAAVsL iakees t atbdwe sdheldl & oo |
application of therapeutics i n ani mal mo d
strategies for various neurodegenerative

release of nucleic acidssafepyoréshkhs wiomip

ot her viral vectors such dXlademrawki real adr.
They possess a relatively | ow i mmuMawsni ci
et al ., 201l2Q1a8wad odoetnaotl .i,ntegrate in the
l enti viClhuesres et al ., 2020;. JAAMsnear eett haelr.

considered one of the saf es(tNavsior aelt .vad hi,c |2e

5. 2HI 3AROMOTES NEURODMANTHLON | N TAMHE RETI N

Il L6 is deemed one of -itrfel amonsatt oir mp ocrytta
( Ki shi mot oTh& 0@I5i otropic protein is invol
and pathol egiesal fpooncalevel opment , homeost
i pi d, gl ucose and i ron met abol i sm, to
megakaryocytes and the speciTiceldlid femrewnid

i nMi Il rine etodhka(2022) ;Th@&0Omods)t | mportant
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| L6, however, I's its role in inflammation,
an alert system for the | mmunei rsfylsammgt arny
signallingHepabhbhwakset al ., 1990; Ki shi mot c

The -ipmfol ammatory properties of | L6, an
reflected in the massive wupregulation of

and CD68 in the reth2n/dsl ofieceed #d mi ¢téd andh
NSCs or AAVIWH1O he el evated GFAP expressic
and2/ kil mi ce can be attributed to the I
degeneration of photoreceptors in these 1
expressebnnas trreat &NSCswi ol A&FEPhbBILsO f urt h
el evatoengpar ed t o untdrueeatteod tchoenttrodsst Ined.t i
NEUROI NFLAMMATATAB2A™MABLKI RETI NAS WREWNTERN S G€and

We i et alMost2@®BB)itive microgteateed!l tdl0 n:

b2/bil retinas were distributed across t he

than in their amoeboid state | ocated in t
acute inflammation which has not yet becom
number 8-p o LiDt6i ve macr ophages, for whi ch

(Kobayashi & ,Miwaissiomb,se2®®@) in addition to
and |MABdAdi.t iparatl lgff t he neuroinflammati on i
hl L6 coanbelascribed to the fact t hat an e
i njected, whi c h, in itself, tri Cchamd i an

(20010)

Oof not e, the neuroinéadapbedhatridd® irret hha:
rat her dé&asend iwmictrh i ncreasing age of the an

i n neuroinflammation might be the result

sever al regul ating mechani sms, restrictin
signa(lJdJaomegs & Jenkins, 2018A e®gpseeguledat ead
activation S associated wi t h pat hophys
homeostasis of the I mmune system and subs
among others. Multiphermbohanito®ma mieght | v«
| L6:

(i)internalisation of gp130 or DUts i
(Heinrich et al., 2003)
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(i1 yhe deactivation of receptors and
di fferent STAT ptryrtcesinme plydSpmoEkteaksne
Darnell, 2012)

(iityansl ati onal repression and degr a

cytokines aceéptyrskivia me c(r\oi IRINArsi r{ or
et al .and2017)

(iv)nducti on iorfhicbyittookrisne( e. g. protein
STAT (PI AS) , suppressor of cytokine
(Yoshi mura et al ., 2007)

I n the context of the role of L6 in tFh
hl L6 shoulldl ybpecamgiedeur ed, as an excessive
has the potential to tri(gChern renwant.ed 2adl\Ve
& Traper o, 2022, Li et al ., 20214, Maude
Nasonov &o¥am@2® 2)0chmmRoeste al ., 2023; Tanaka
et al ., 1989; Wang et al ., 2020; Wu. & Mc G
However, t he i mmunol ogi c privilege and S

cardiovascul ar syBrnemt bylghGk; BRBreil ei n, 1
200@)ght be an effective protection from s
hlLG6.

5.2. 4. hl L6 attenuates photoreceptor | oss
onreod dystrophy mouse model

Reitnas of br2d/101L amdc e tr edNSS€Cd wirt ARAVBEhG6 1
| L6 contained significantly mor e photor
ONntNrScCls or ALFPhHEHO@ retinas ofb2dlilr mbted 1

For the evalwuation of tlhle6 nerurpmplpotodreedda

(@)

=y

(@]

n rdl0 mice the number of rows of phot o

nucl ear | ayer is of special interest, Si n
which represent ~97% of alDephotodtoraRepgt @B:¢
photoreceptors are the first tordegessaskevat
retinitis pi gmentosa. Cone phot oreceptor :
relatively |l ate in the disease priogrtesesi o

examination period of the present study.

phot oreceptors found I n t he retina have
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phot oreceptors. Some cone phot omerc®wlptdor s
ani maBar houm et al ., 200 8; Gar gi ni et al .,

Rd10 retinwaist h {INSEE6 ecdont ai Afeod da bmoourte 3an
rdlo retinas treathdd 6 wictomt aAiAMeadhl HHlaCbmairt e !

photoreceptor nucl ei t han controlhl kt@tina
treatment did not stop retinal degenerati
down considerably. I n the ol dest examined
RPN inN®3iCd6treated retinas anthl E@. 0 r KR&Ne (
retinas, coampangbetoow of photoreceptor r
remaining cone photoreceptors in control |
photoreceptors in control reti nmasniowads al r
ani mal s. At P28, r entt PNGBACss tcroenattaeidn ewli t~h2 . ®o
photoreceptor nuclei, reGhmacontreiated -~wd.t:
of photorecepttoreaned!| eimonihied6 odi1Q@ mice, C

ot her hand, contained 7.6 rnowsr evafttdpdhiolt 06 e
NSCs anrdows. 70f phot orheecne pttroera tneudc | waiitLhey .AAV s |

Photorecept @2/ klo s smi ¢ a treaN&S€Cs wianh h
AAVshH1QL6 was ddtorempat ® ,t haseevnothdrmsed by
number of RP-pNo saintdi vPeMiAe on eso,mpaoedr dlo r et i r
Ret imfam@nobh d anirmraltsed ovonthaihd-Bbdbd~ Mmo6 e RPN
and -f2al7d mop @s IPNiIAve c o n erso.n-oRhed iannaismaolfs 3c ont
~1H1d more RPHNIldndopes PINIAVe cones

The neuroprotective &effect o f hl L6 is

mechani s ms:

(i)the activadguirmowmalofsigmal | i ng pat hway
JAK/ STAT pat hway, t he PI 3K/ AKT path
pat hwbegi nrich &ndal ., 2003)

(iiyhe activation of astrocytes and Mg

secretion of additownlal|lfagtoks nley tam
(Rashid et al., 2019)

However, as desch.idleH. pEsIfGNER CHYTRER NE
| LS A NEUROTROPHIR; Fstudies on theseifheWlT amd
PTENONC model s suggest, that the designer
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putative neuroprotective effect in mice v
together with SOCSS3, is one of the pri me
| oopstaki e signalling. I n mice with a RGC
out treated with hl L6, phosphoryl ation of
I n WT mice, suggesting a dampened effect
(Lei betngeelr.., 2016)

Nonet hel ess, i f hl L6 applircavtiisaumal i sf ua
remai ho be determined. The applswcah ioosn ONT
and was$s,shown in multiple studivexxtBBomiedéd de
et al ., 2013; Bok -Edtl i altt, e20®3;. , ClROcRi;r L
Schlichtenbrede et al., 2003; Wen et. al .,

I n accordance wi tehxpgrhessiadn edfi niagshf € ArRe)t | n a
of mdnohd rdlO0 mice tre-at aMa swidtolevepnA Abdy letd1 O
~84 compared to uenxtpreeaddsidoceompar ed-ttyoewi | d
mi ce CAR waesg udloasned by ~90 %.

5. 2 HBGL®NFLUENCES THB SIEXWY RPREOTEI NS | NVOILVEBJ OR
SI GNALLI NG CASNCKRIDEISCE

| mmunohi stochemical and Western bl ot an
hl L6 revealed massive upregulation of bot

Al t hough pMAPK -meppobhsisiaomnm mahs2 wasl adwvelreas:

obser vemonidnh dl ani mal s, data suggests a su
RAS/ MAPK pathway I n retNShGass otrr eAA\Ed6HLIOt h
Expression of pMAPK was mostly restricted
M¢l Il er cell srangdtasfewcased in the inner |
are in accordance with the expression patt
with hlL6( loegi bONiTgFer et al ., 20E&;pr Bgki en
p MAPK appeares stlightly increased-NNSICsretin

compared to those tshéatbed with AAVshH10

Li kewi se, the upregul-tarte aothedofr egtSTHARIS3 b
compared to WT demonstrates a strong acti
| ntsetrieng i n this context i's the apparent
redundanagyy l|laft eldbecyt okines through the act

transducer gpl30 and the subsequent acti ve
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on one( hamalka et alnd, thGklAh)et erogeneity of
the othevV¥ilhlaamdi no. eAl tahhough2O0murl)ti pl e cyt ok
the same STAT proteins, their observed do\
and 1 L10, for example, share STAT3 as a c{
exhi b#tnf pbammat oriynfdrmdmanory properties,
di screpancy can be explained by differenc
STAT3 signal lasagthse avedi ti onal activation
activation of di(fHierrachnatr as eetts aolf. ,g e2n0elss; O"
Wan et a.l ., 2015)

pSTA&@8pression was aflesslod iinnc rtehaesoende h9i. rba s
old rdl10 mice tre@FRdamwiladbdAAVsihmH1lOeti nas
ag-matched rdlo mi ce.l iklethsfuceadr dgygs et hies i n
neur oi nfl ammat itohne seb sreertvienda biynahde candedenc
expression of edytboykithlees omglawicng photorece

alone (untreated rdl0) or in combinati on
treated wi t-BFRP)AVsAH20 i ncrease i n express
combination with the 1increase xipnl aenprtehses
i ncreased photoreceptor | ayer thickness al

I-monohd rdl1l0 mice -N6E€ated with hlLS6

Taken together the restlatse dd emeodAFaMread e
administration of t hee csyuarowiiwal hdfL 6r qod opnhoct
a murine modelr ecfesasutvesoneali ni ti s pigment
mo d el of a n-d oamui tnoasnotrmad ordeg/ st r ophy. To t he
knowl edge, this is the first st udoyf dhelniobn st

on photoreceptor cell s.
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5. GENERAL REMARKS

Due toovtehall | ow RDevalwinche roefti hiti s
affecting onl Y HhRme| Qa@RDPBgopdé edy st rophi es a
1/ 40, 000( Heenoepll ,e 2t0h0e7i)r heterogeneous aetio
t hat the causative genetic mutation is o0

devel op specific treatment options for eac¢

of mu ti antdiegre n doeandte,r barppr oaches, not treat
mutation, but rather attempting to promot e
types, represents a promising strategy f ol

rare diseases. Resuldmomdstthteeprleatend $bhets
of different neuroprotective factors usi ni
therapy effectively rescues rod and cone

t wo mouse model s of | RDs .

5. 3DIBEASES ASSOUITANTKEAYSFUNCTI ON
As descri befd. M GELSEE RELATUETATTONS | N THE

NKA, sever al di seases are associated wit
subunit s, pAaTTR1LAAILPAAZ2ZaMEIM3 Unt i | recently
condition described to be caused by a dys
visual systemetwab| dahat agexsaa¢c agpud,c atr oph)y
sensorineural hearing |l oss (CAPOS)t isoynndrnom
th®TP1A&8ne However, refcemml| gf aambameit osmtma |
conrmreod dystrophy was described in a fami/l

mutation (c.1772A>T, p . ATOP519418VhjeGi n Hex dh o (i 3 ¢
al2020)The study has additionally analyse
ubi quitously expPTRLARtdattihen.salmee mi ce exhi
retinal morphology and retinal function fa
l12monoh d anionaéger,h reveal ed sigwmavie cant
amplitudes wunder photopic conditions, I N
These findings support the notion that col
by a NKA dysfunctiom2/®goimsetimedelase in tF
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SMANAGEMENT OF ®ISERSEBTHER TREQ@HMEOINS

Due to the relatively |l ow risk profile
herapy using AAVs, these treatment option
reat ment of. vHorweovuesr ,| Rbs date onbgsdeédvo t}

ENCELEQ Neurotech) ok ed hgge A&V repl acemen

L

o

uxturna (Novartis) have been approved by
I n addition to intraocular admmeaidesdr ati

r AAm¥di ated approach, other forms of del.

An example are nanoparticles made from bio

(0

o o o -

ontaining | ipophilic drug mol ecul es. I n
uchsalsubi lity, target structure in the re
an be customised to be adapted to specif
preading behaviour in the vitreous. Howe
ncapsul at iaonnd cpaoppacidirywg rel ease. These pr
y enveloping naabpedt hgdesgehsseerving as
Ham et al ., 2023)

Ot her ways of i ntraoculsamal Hr ugf dkl abeE
mpl,an¢e¢asl pedt delivery systems, subretina
nd suprachor owhliad h ifaoljleatvthieons,j ecti on of |
p to 70 kbDa, directly to the retina throu
pplicatalosnos bceansluiviteabyl estdeat egd@snott halulgd\
or a sustained de(Hamr gt ofaAdcdietei@d@mault li yc,s
reat ment options, such as <cell repl aceme
mbrysena&lm cells (ESCs) or i nduced plurip
ptogenetic approaches, sometimes in combi
eing eXdmi ked®an, 2021; Sahel et al., 2021
t a20) 20

Due to the potentially wide applicabil
xamined in the present thesis, the treatnm
0 ot henre,r edbnary retinal d yrsetlraotpehdi e smia c usl
egenerationi @A®D) coretinopathy (DR). Wh
xamined the effect of CNTF in patients w
f our knowlcddognd cmd mmre clinical study i s
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effect of CNTF, GDNF, LI Fno-hRRGRN I Dar yhl L6t
dystrophi es.

Considering the | ow number of treat me
worl dwi de, S 0me suggestions on managemen
Common suggestions include the protection

dar ki mtred gl asses to protect the retina fr
down the degeneration of photoreceptor s,
Orange magemtteed @QCGasrs@gisou et al ., 2021;
Khaparde 0@#4) Lloncomi t ant symptoms such as
ot her complications shoul d be corrected.
suppl ementation has been shown to be benef
but should be avoided i nABRB4 sualhs ad By amu

di se@Geor gi ou et al . ,. 2Wi2tlg miHha mfe | i, n t2a0k0e6 ) e |
vi sual <cycl e and subs ergateinroadddNaNgrhu Inaytl ii are nc
et hanol ami ne (A2E) , whichondi satndr bgr olmp 4 @
accumul ation of cyAloltiokmet sub3@@nh,celBol z et
al , EOOO0O)di seases wi t h phot oreceptor de

accumul ation (eGWCAlMaot £1OIDo ws )t ,h s ogmee sctl i ni

sl eeping with |ights on to prevent c GMP &
causes photoreceptor déd@Gagegioutbéesal di se
al ., .2e6dd)tionally, as | RDs-talaatyi e ,qwpiatte en

should receive help coping withinihneg doirs e

psychol ogical support.
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5. 3CoCLUSI ON ANDPROBBEETS

I n conclusi on, the results presented i
neurotrophi &, fadtFor PGRNTand hl L6 are suit
photoreceptor Ag pribi2kEdI2(/ ikl )t Mo us e, a novel
mo d e | of-r ad cdoynset r ophkpde@HCd dilrD)t mouse, a I

model of anr eacuetsossiovmrea lr et i ni ti s pigmentosa.
neurotrophic factor s, retinas ret ael ned S
photoreceptors than control retinas for a
effects were |ikely medisautrevdi vbayl tphaegd havatyisv

JAK/ STAT pat hway or t he RAS/ MARPK gddihtwiagn
release of @ \ td @dgiiemadwicse d by .i@ff |l ammat i anor
surviving photoreceptors were observed i
neuroinfl,amaatrilomi ng tdfe menproitmmlcammat i o
medi at i esnurovfi vparlo ef fects on photoreceptors

| mpamth gt hcedbh&sed tresatwelnlt ame dihaet eAdAV

proacltbemiagphptl i cabl e in a clinical cont ex

(I

—
>S5 9 d O T

ntinuously del i vered -ctad |feymectaiprsau | aitse ch g c
chnoThigy teatsregsd magtpal |y modi fied cell s tF
psul es made f r om -pbeironteocanbpl aet inbel neb, r asneensi a n d

t ovitthreeous cavi tTyheofn etuhreo tpraotpihenct sf act or s

=]

encapsul ated cells can dntif ssdsegquenthg v
dystrophiTcher erteitrhaosd. has been proven to be
the removal of the capsules in case of <cor
for R®ES66ci ated meatdi maupnetr biuess ongouisnigngc !l i n
AAVs t o express t hyeroafp eruettiicnsali rd has ovraare reStAV |
based delivery of neuroprotective factor :
transferred to dHloiweiveat,happéstcaof omsr know
noiol cakexami almeaurtohper @tf d etcitveof neurotrophi

photoreceptorsnedsiangdalapipdeeanchundert aken.

Taken together, the present wor k has
application of CNTF,nudtFes P@GHRNt @rmre dhd @dtéo ra tlt
model s of two different retinal dystrophi

significant neuroprotective effect of GDNEF
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[1l. LIST OF ABBREVIATIONS
I1.]. GENERAL ABBREVIATIONS

b2/bi At p2r2@h o-c ki ce

Oma x maxi mum of | ight absorption spectrum
11cRAL licirseti nal

11cRDH licirseti nol dehydrogenases
11cROL licirseti nol

2 A P2A sequenpcoer coifne hteeschovirus

AcC degr €ebksi us

A adenosine

A2E birseti nroégtdN-lNek i nyl i dene et hanol amine
aa amino acid

AAV?2 adeqagssociated virus serotype 2
AAVshH10 adeqagssociated vhHWG serotype s
ABCA4 retspakifi c pthroassnpshpodritpiindg ATPase
AC amacrine cell

AD adenovirus

A-domai n actuator domain

ADP adenosine diphosphate

Akt protein &igsarsiend/,t hreonine kinase
ANOVA analysis of wvariance

approx. approxi mately

AR R arrestin

ar RP autosonemaessive retinitis pigmentosa
ARTN artemin

ATP adenosine triphosphate

At plbl gene encodbésgbbfiortt afATitPlmes eNa, K
At plb?2 gene encodbBsgbb@orttbaATtPlaes eNa, K
at RAL attlr arnest i nal

aRDH aklr arnest i nol hydrogenases

at REs aklr arnest i nyl esters

at ROL attlr arnest i nol

BBB bl olmrdabianr r i er

BCVA best corrected visual acuity

BM Br u&® hmembr ane

BP bipolar cell

bp base pairs

BRB bl oo@t-bh amar i er

BSA bovi mtaamseal bumi n

bsd bl asticidin

C cytosine

ca+ calcium ion, bivalent

CAG cytomegal ovirus kachamcer bmboit oken
c AMP cyclic adenosine monophosphat e
cap structur al genes encoding capsid
CAR conraer restin

CART chimeric antigen receptor T

CD6 8 cluster of differentiation 68
cDNA compl emdgoxyri boaniuc ! ei ¢

CG cardiac glycosi des

c GMP cycl i osgmamo ghivat e

Cl S cone inner segments

c-Jun transcription 0Osagé¢é¢wome encoded by
CLCF1 cardiodiaphicytokine factor 1
CMV cytomegal ovirus

CNG cyclic nrgactleedotiiodhe channel s

CNS centr al nervous system

CNTF ciliary neurotrophic factor

(s) CNOFR (solehbl élnrry neurroetcreophoibai nfigact or

XLl
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conc. concentration

COS cone outer segments

CREB CAMPesponsi v-bi ademgnprotein

CRI SERBRs 9 Clustered Regularly Interspaced- Short P
associ ated!| easen?9

c RNA compl ementary ribonucleic acid

CRX conmeod homeobox protein

CH1 cardiotropin 1

Cy cyanine

D aspartic aci damipnrootaeciindkogeni c

DAPI 4 Njd 6ami-dpihneony | i ndol e

DES1 di hydroceramide desaturase 1

DGC di splacedegéasglion c

dLGN corpus gedocsbhatueral e

DMEM/ F12 Dul basc modi fi ed eagle medl2um, nutrient m

DNA deoxyribonucleic acid

DPBS Dul bé&cdml anced salt solution

DRG dorsal root ganglion

DSGC directionally sensitive ganglion cells

E2a geneeded for the sreplication of AD

E4 geneeded for the sreplication of AD

ECM extracellular matrix

ECT encapsul anteedh pyel | t

EDTA ethylenediaminetetraacetic acid, a buf f

ERU elongatilpr omot or

e. g. exemplum grati a

EG epidermal growth factor

e GFP enhanced green fluorescent protein

EMA European Medicines Agency

ERG el ectroretinography

ERG electroretinogram

ESC embryonic stem cell s

et c. et ecreat

F forward pri mer

F phenyl al ani ne

FACS fluorescence activated cell sorting

FCS foedallf serum

FDA federal drug administration, USA

FGF fibroblast growth factor

F1D frontotleontpaorr adegenerati on

G guani ne

GU Usubunit -coufpltende pG ot ein transducin

GU* phot oaclts whau reigt -Goofu pppheatteiamsduci n

GABA oami nobutyric acid

GAF cGMPbi nding phosphodi estAdreansyd sy,I coywan absacs
and transcrEhption factor

GC guanyl yl cycl ase

GCAP1 guanylade cayaxtli vating proteinl

gcl ganglion cell | ayer

GDNF gliattecievéd neurotrophic factor

GDP guanosine diphosphate

GFAP glial fibrillary acidic protein

GFL GDNF family of Iligands

GFR1 GDNF amily Wleceptor

GLAST gl i-gl ut ameastped &t e transporter

GNAT1 guani ne nhimlddé otgi e ot ellln G(t) subuni't

gpl130 gl ycoprokl®dan 130

GPCR Gprotein coupled receptor

GPI gl ycosyl phosphatidylinositol

GS glutamate synthetase

Gt transduci n, aG-phrectteeriont r i mer i c

XLV
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GTP guasione triphosphate

GTPase guanosine triphosphatase

GUCA1A guanyl yl cyclase activating proteinl
H histidine

h hour

HC horizont al cel |

HCI hydrochloric acid

HEK293T human embryonic kidney 293T cell s
HF G hepatocyte growth factor

hl L6 hypiemt euv-Bi n

| BA1l i oni zed-béd mldé ingmadapter molecule 1
I CC i mmunocytochemistry

I CD intracellul ar domain

i . e. id est

I g i mmunogl obul in

I HC i mmunohi stochemistry

| 16 i nt er-1fesukh wmni t

(s)-RL1 (soluble) interleukin 1 receptor
I L6 int erl-ukin

(s)-RU 6 (sol ibtey-6radke s @buni t

I L11 inter-12ukin

I L12 inter-12ukin

I L27 inter-2@@ukin

i I'm inner | imiting membrane

i nl i nnneurc| ear | ayer

i NOS i nducible nitric oxide synthase

i pl inner plexiform | ayer

i pRGC intrinsically photosensitive retinal ga
i PSCs induced pluripotent stem cell s

| RBP interphotorebeptdongretohei d

I RES i nternal nrtirbyo ssointee e

IS i nner segments

i Tom tdTomat o

J AK Janus Kinase

JAM junctional adhesion molecule B

J NK c-Jun-t &r mi nal kinase

J-RGC JAMB-expressing RGCs

K* potassium ion, monovalent

k b kil obases

KClI potassium chloride

k Da kil odatDhaolnt,o nls0

K i k no-tk

k o k no-oit

Ky vol tgaagteed pot assi um channel

Kv2 . 1 vol tgaagteed pot assi um channel subunit 2.1
Kv8 . 2 vol tgaagteed pot assi um channel subunit 8.2
I litre

LED |l ocal edge detector

LeGO Leti Gen@rntol ogy

LI F | keemia inhibitory factor

LRAT l ecithin retinol acyltransferase
LRP1 pr-loodvensi ty | i popredtadierd rpeaoodpetionr 1
LV l entivirus

Ol microltlder

Om micrometme, 10

MAG my edaissoci ated gl ycoprotein

MAP 2 mi cr otaushsuolcepapbéeei n 2

MAP K mitogehi vated protein kinase

MC M¢l Iher celll s

ME K MAPK/ ERK ki nase

Mg * magnesi ynmviriloenmst

XLVI
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mGl| uR®6 met abotropic glutamate receptor 6

mi n mi nut es

mM mililmol ar, mol ar <Zmmlic/elnt ration, 10

MR N A messenger RNA

mi RNA mi c-RMNA

mT OR mammal i an Target Of Rapamycin

MUT mut ant, meiiccehe2 ri@inl 0O or

n statistical sampl e

N-d omai n nucl ebit ndieng domai n

N & sodi umoinon,al ent

NacCl sodium chloride, table salt

Na ,-XTPase sodipuont assi um ATPase

N & vol tgaagteed sodi um channel

NCL neural ceroid |ipofuscinosi s

N C X Nd/ Cagex hanger

neo neomycin

nfl nerve fibre |layer

ng l@gramnanogr am

NKA sodi-puot assi um ATPase

nm 1®m(etre), nanometre

Notch)(1 neurogenic |l ocus not#4gh homol og protein

NP nanoparticles

NP4O0 nonyl phenoxypolyethoxyl ethanol

NRTN nerturin

NSC neur al stem cell s

NTF neurotrophic factor

on | outer nuclear | ayer

opl outer plexiform | ayer

OPS M opsin m

OPS S opsin s

0OS outer segments

OS M oncostatin M

P postnat al day

PAM Pl 3K/ Akt / mTOR pat hway

PBS phos p-thaitf & earl ei dn es

PCR pol ymerase chain reaction

PDE®G6 cGMBpeci f-dyxcl3i'"g 5phospehodi ester ase

P D Bb bsubuntihte odGMedcd f8ycplieasphedasset

P-domai n phosphoryl ation domain

PFA paraformal dehyde

pPg 162 (r apm)c;ogr am

PGRN pr oogurlainn

pH potentia  bgddogenspecify the acidity or
solutions

PI 3K phosphatidliginaeseitol 3

PKC protein kinase C

PLC phospholipase C

p MAPK phospho ptdodgiadm2 imiat ed protein kinase

PNA biotinylated peanut agglutinin

PNS peripheral nervous system

PR phot oreceptor cell

PRGR XA inked retinitis pigmentosa GTPase reg

PRPH2 peripherin 2

PSPN persephin

PTEN Phosphat alesmi antdomol og

pSTAT3 phospwloastigdal t rnadn sadcutcievrataor of transcr.i

pur o puromycin

qgPCR retal me quapnaliytnaetriavsee chain reacti on

R reverse pri mer

r AAV recombinaassadieabed virus

Rac RAS el ated C3 botulinum toxin substrate

XLVII
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RAS fraoamsarcoma vir uosf, taheprMAPK/NERK pat hway

RAF fragapiaclcyel efi breod ar c oma ,o fMA phied ERK
pat hway

RBP1 ret-bnading protein 1

RBP4 ret-bnading protein 4

RCS Royal Colleg® of Surgeon

rdio fretinal dd@enenmatilomwmf armecaewtsdwvemaleti ni t
pi gmentosa

RDH5 retindadlrodggempse 5

RDHS8 retinol dehydrogenase 8

RDH12 retinol dehydrogenase 12

rep replication genes in AAVs

RET prodmcogene -ptryortoesiinmneki nase receptor, der
rarrangetdamasftecti on

RFP red fluorescent protein

RGC retinal ganglion cell

RGR retiqpalbt@&i n coupled receptor

r h recombinant human protein

RHO rhodopsin

rm recombinant murine protein

RM repeated measures

RNA ri bonucleic acid

ROM1 rod outer segment membrane protein 1

RPS retinal prosthesis system

ROS rod rougegment s

RP retinitis pigmentosa

RP1 oxygreengul ated protein 1

RP2 oxygreengul ated protein 2

RPE retinal pigment epithelium

RPEG65 altlrans retinyl i somer ase

rpm rounds per minute

RPN rows of photoreceptor nucl ei

RS1 retinoschisin

Rs 1 retinoschisin gene, mutations causative

SAC starburst amacrine cell

SARM1 steril e Tall B hraodainfdai ni ng protein 1

sc setbdbmpl ement ary

SC colliculi superiores

SCN nuclewprachi asmaticus

SDS sodium dcadedhnlt e

SDAGE sodi um dcadedpadtieyacr ylealneicdter ogpeHor esi s

sec seconds

shH10 adeqassociated virus serotype shH10

SEM standard error of the mean

SORT1 sortilin

Src pr o-bacogene -ptryortoesiinneki nassar,cndaer i ved from

STAT1 Si gnaanls diacned acti vator of transduction 1

STATS3 signal tramdsdacievator of transduction 3

STRAG6 stimul at ed -6r erteicneopitcorac i d

T threonine

T t hymine

Ta annealing temperature

TBS TRI-bSuf fered saline with 0.2% Tween 20

TGH transformingbgrowth factor

TI R Toll /interleukin 1 receptor

TLR9 tollilke receptor 9

™M transmembrane domain

TNB tumor necrlbsis factor

(STNFR1 (sol tlbbhimey necrosis factor receptor 1

(STNFR2 (sol abhime)y necrosit®rf &ctor recep

TPS tot al protein stain

XLVI 1|
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unit , measure of enzymatic
vi sual <cortex
d for thedsreplication of A
e cells expressing VGIuTS3
e,nomeeass/umle f or AAV concentration

Bl ot

glutamat e

wingless/integrase 1

witgpe

mi c e

interchangeablRXYaDni no
tyrosine

zeocin

ZapftSetr bchen

Ill. JABBREVI ATI ONSA®ESDI SE

AHC
ALS
AMD
BBS
CAPOS

CMT 2
CORD
COVI1D»®
CRS
CSP
DR
FHM2
GA
HASCD
| DH

| RD
LCA
Mac Tel
MS

PA
RDP
SFM
SHM
STGD1
XLRS

Al ternati

ng

amyotrophic

ageel ated
Bar éBated|l

Dystrophi

a

hemi pl egi a

|l ater al
macul ar
syndr ome

deg

scl

en

receptor 3

cid in
of chi
erosi s

eration

|l dhood

syndr omeerwibtehxli ar,eaft lagexsi e&c,aoptt § ¢ atrophy,
sensorineur al hearing | oss
ChariMatilTeot h 2Type

coegodystrophy

corona Vvirus disease 2019

cytokine release syndr ome

compl ex spastic paraplegia

di abetic retinopathy

familial hemi pl egic migraine type 2
geographic atrophy

hypomagnes smiiz uwietsh and cognitive del ay
i solated dominant hypomagnesemia
inherited retinal dystrophy

Leber congenital amaurosi s

macul ar tasiaagti gppge 2

mul tiople
pri marsyt earlodnoi s m
rapondset

smal |

sporadic
Stargardt

X-l i nke

f

d

sclerosi s

dyatloinmaoni sm

i bre

juveni

neuropathy
hemi pl egic
di sease
| e

mi gr ai ne

retinoschisis
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