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Abstrakt

Mitofagie je selektivni typ autofagie, pfi kterém dochazi k odstranovani a recyklaci
poskozenych nebo starnoucich mitochondrii. V poslednich letech se intenzivné zkouma role
mitofagie v patofyziologii neurodegenerativnich onemocnéni, mezi které patif 1 frontotemporalni
lobarni degenerace (FTLD). Ukazuje se, ze na pocatku neurodegenerativni kaskady dochazi
k naruSeni procesu mitofagie, coz vede k akumulaci poskozenych mitochondrii, zvysenému
oxidativnimu stresu, spustén{ zanétlivé odpovédi a snizené produkci ATP, coz ma negativni dopad
na energetickou bilanci a synaptickou transmisi a v kone¢ném dusledku odumirani neuron.
Recentni studie naznacuji, ze narusena mitofagie u FTLD ma odlisny molekularni mechanismus ve
srovnani s ostatnimi neurodegenerativnimi onemocnénimi. Bakalafska prace se zabyvala poznatky
o mitofagii u animalnich a bunéénych modeld onemocnéni z okruhu FTLD, zejména podtypua
s mutaci TDP-43 (FTLD-TDP), MAPT (FTLD-tau), GRN (FTLD-GRN), dile shrauje poznatky
o patofyziologii FTLD, o klinickych projevech a aktualnich diagnostickych kritérii.

Klicova slova: frontotemporalni lobarni degenerace, GRN, MAPT, mitofagie,

neurodegenerativni onemocnéni, TDP-43



Abstract

Mitophagy is a selective type of autophagy in which damaged or senescent mitochondria
are removed and recycled. In recent years, the role of mitophagy in the pathophysiology of
neurodegenerative diseases, including frontotemporal lobar degeneration (FTLD), has been
intensively investigated. It has been shown that mitophagy is impaired at the onset of the
neurodegenerative cascade, leading to the accumulation of damaged mitochondria, increased
oxidative stress, triggering an inflammatory response, and reduced ATP production, which has a
negative impact on energy balance and synaptic transmission ultimately leading to the neuronal
death. However, some studies suggest that compromised mitophagy has a different molecular
mechanism in FTLD than other neurodegenerative diseases. This bachelor thesis dealt with
knowledge about mitophagy in animal and cell models of FTLD disease, especially subtypes with
TDP-43 mutation (FTLD-TDP), MAPT (FTLD-tau), GRN (FTLD-GRN), and also summarizes
knowledge about the pathophysiology of FTLD, clinical manifestation and current diagnostic
criteria.

Keywords: frontotemporal lobar degeneration, GRN, MAPT, mitophagy,

neurodegenerative disease, TDP-43
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Opal Protein optické atrofie 1

OPTN Optineurin

p62 Sequestostomu 1

PARL poly(ADP-ribosyl) polymerasa 1
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PGRN Progranulin

PHB2 Prohibitin 2

PiD Pickova nemoc

PINK1 PTEN-indukovana kindasa 1

PPA Progresivni primarni afazie

PSP Progresivni supranuklearn{ paralyza

RAB11A Ras-piibuzny proteinu Rab-11A
ROS Reaktivni forma kysliku
svPPA Sémanticka varianta primarni progresivni afazie

TARDBP Transaktivni odpovéd’ DNA vazebny protein

TBK1 TANK-vazebna kisasa 1

TDP-43 TAR DNA vazebny protein kDa 43tf

TFEB Transkripéni faktor EB

TIM Protein translokace vnitfn{ membrany

TOM Protein translokace vnéj$i membrany

UBL Doména podobna ubiquitinu

ULK1 Unc-51 jako autofagii aktivujici kinasa 1
UPRmt Mitochondrialni odpoved na neslozeny protein
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1. Uvod

Neurodegenerativni onemocnéni piedstavuji vyznamnou zdravotni vyzvu vzhledem
k jejich rostouci prevalenci a slozité patogenezi. Frontotemporalni lobarni degenerace (FTLD)
je specifickou skupinou téchto onemocnéni, ktera vede k demenci u osob mladsich 65 let. FTLD
se projevuje degeneraci frontdlnich a temporalnich lalokiit mozku, coz zplsobuje vyrazné
zmény v chovani, jazyce a kognitivnich funkcich.

V poslednich letech se vyzkum zaméfil na mitofagii — proces selektivniho odstranovani
poskozenych mitochondrii. Mitochondrie jsou klicové pro produkci energie v buiikach, a jejich
dysfunkce muze vést k zdvaznym nésledkim pro neuronalni zdravi. NaruSeni mitofagie je
spojovano s akumulaci poskozenych mitochondrii, zvySenim oxidativniho stresu a spusténim
zanétlivé odpovédi, coz prispiva k neurodegeneraci.

Tato prace se soustiedi na piehled soucasnych poznatki o roli mitofagie
v patofyziologii FTLD, pficemz se zaméfuje na subtypy spojené s mutacemi 7DP-43, MAPT,
GRN a C9orf72. Cilem je prozkoumat, jak naruSend mitofagie pfispiva k rozvoji tohoto

onemocnéni.



2. FTDL - klinické subtypy

FTLD je skupina nékolika rtiznorodych neurodegenerativnich onemocnéni, které
zasahuje pievazné frontalni a temporalni lalok, insularni kortex a podkorové struktury.
Charakteristickymi Casnymi symptomy jsou naruseni chovani a prozivani nebo poruchy feci a
jazyka, které odrazeji zmeény ve vysSe zminénych strukturdich mozku. FTLD je nejcastéjsi typ
neurodegenerativniho onemocnéni, které postihuje lidi do 65. roku zivota, Castéji muze
(Erkkinen et al., 2018). Incidence této skupiny onemocnéni se celosvétove pohybuje kolem 0,11
na 1000 obyvatel (Hogan et al., 2016). FTLD se da rozdé€lit mnohymi zptsoby, jednim z nich
je dle klinické manifestace onemocnéni. Mezi klinicky definované subtypy fadime behavioralni
variantu FTLD (bvFTD) a skupinu primarnich progresivnich afazi (PPA), které dale mtizeme
rozdélit dle poruchy feci na sémantickou variantu (svPPA), non-fluentni variantu progresivni
afazie (nfvPPA) a logopedickou variantu primarni progresivni afazie (IvPPA) (Gorno-Tempini
etal., 2011).

Az 80 % vSech piipadd pfipadd na variantu bvFTD (Hogan et al., 2016). Toto
onemocnéni se primarné vyznacuje zmeénami v oblasti chovani a prozivani. Mezi takové zmény
se fadi socidlné nevhodné chovani, impulzivni jednéni, ztrdta empatie, kompulzivni chovani a
zména stravovacich navykl. V oblasti kognice jsou naruSeny zejména exekutivni funkce.
Postihuje prefrontalni kortex, temporalni anteriorni lalok, hipokampus a prelimbicky systém
(Rascovsky et al., 2011). Tyto pfiznaky by mohly odpovidat 1 Alzheimerové nemoci (AN),
proto je dulezitd komplexni diagnostika zahrnujici diikladné klinické vySetieni, zobrazeni
mozku a vySetieni specifickych biomarkeri.

Varianta svPPA postihuje 10 % pacientll s onemocnénim FTLD (Hogan et al., 2016).
Symptomy svPPA zahrnuji ztratu porozuméni vyznamu slov a vét, pojmenovani predmétu,
piitomnost sémantickych parafézii, dyslexii a dysgrafii a nemoZznost rozpoznani znamych tvaii
a objektl. Postihuje levy anteriorni temporalni lalok a spojeni s nim (Gorno-Tempini et al.,
2011). Pokud onemocnéni zasahne pravy anteriorni temporalni lalok, budou pievazovat
nejazykové postiZeni, napt. neschopnost rozeznavat obliceje, agresivni chovani nebo porucha
prozivani. U pravostranného svPPA se behaviordlni piiznaky objevuji v rannych fazich
onemocnéni (Chan et al., 2009).

Zbylych 10 % pacienti trpi variantou nfvPPA (Hogan et al., 2016). Tato varianta se
vyznacuje: téZkopadnou pomalou mluvou s velkym mnozstvi chyb, chybovosti ve ¢teni a psani,
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naopak porozumeéni feci a textu je z relativné zachovano. Magneticka rezonance (MR) ukazuje
levou posteriorni frontoinsularni atrofii (Gorno-Tempini et al., 2011).

U pacientl s IvPPA je jejich feCovy projev nazyvan logopedicky, coz znamena, Ze je
gramaticky spravny, ale je velmi pomaly s Castymi pauzami zpisobenymi hledanim spravného
vyrazu a s vyuzitim jednoduchého syntaxu. Porozuméni fe¢i a rozpozndvani objektl je
nezasazeno. Na MR je atrofovéana leva temporoparientalni oblast (Gorno-Tempini et al., 2011).

Tato varianta vykazuje rychlejsi progres nez sémanticka varianta (Leyton et al., 2013)

3. FTLD- neuropatologické subtypy

FTLD se da krome¢ klinickych subtypu rozdélit i podle proteinovych intracelularnich
inkluzich v mozku. Jedna se o FTLD-tau, kde se nachazi tau inkluze a FTLD-TDP, kde se nachazi
TAR DNA vazebny protein kDa 43 (TDP-43) inkluze (MacKenzie et al., 2010). Pacienti s bvEFTD
majf se stejnou frekvenci, patologii FTLD-tau nebo FTLD-TDP. Rozdil v proteinopatiich nastava
az u PPA. FTLD-tau se vyskytuje u vétSiny pacienti s nfvPPA a jen u minoritné u pacientd

se svPPA u FTLD-TDP muzeme najit pravy opak (Giannini et al., 2021).

Obrazek 1. Asociace klinickych variant FTLD a genetickych mutaci

@ : ] Kognitivni
svPPA naPPA = posihy
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MAPT GAN
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Motorické
poruchy

Mutace v genech a varianty FTLD, které zptsobujl a propojeni mezi onemocnénimi rozliené od
kognitivnich poruch po motorické. Behavioralni varianta FTLD (bvFTD), Sémanticka varianta primarni
progresivni afazie (svPPA), non-fluentni varianta primarnf progresivni afazie (naPPA), logopedicka varianta
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primarni progresivni afazie (IvPPA), Kortikobazalni syndrom (CBS), amyotroficka lateralni skleréza (ALS),

progresivn{ supranuklearni paralyza (PSP). Prevzato z Irwin et al., 2015.

3.1. FTLD —tau

FTLD-tau je zptusobeno ruznymi mutacemi v genu Microtubule Associated Protein Tau
(MAPT), ktery se nachazi na chromozomu 17. Tato heterogenita mutaci vede k raznym klinickym
projevum. Protein tau je exprimovan v $esti ruznych izomorfach proteint, vznikajici alternativnim
splicingem z genu MAPT. Mutace v genu MAPT je zodpovédna za piiblizné 25 % pfipada
familiarnich pfipadt FTLD (Moore et al., 2020). Tau proteiny jsou nizkomolekularni a vyskytuji se
v centralni nervové soustavé (CNS). Jsou exprimovany pfevazné v axonech, ale v malém mnozstvi
1 v astrocytech a oligodendrocytech (Gustke et al., 1994). Pfichyceni tau proteinti k mikrotubulim
a jejich stabilizaci reguluje fosforylace. Patologickym stavem je hyperfosforylace, ktera snizuje
afinitu a schopnost interagovat tau s mikrotubuly (Lindwall & Cole, 1984). V této studii bylo
zjisténo, ze kromé fosforylace muze roli hrat i acetylace na lysinu 280 (Cohen et al.,, 2011).
K FTLD-tau muze vést hyperfosforylace a acetylace tau, ktera narusuje jeho normalni funkci a
vede k patologické agregaci.

Hyperfosforylace tau muze pusobit dvéma zpusoby, pfimo nebo nepfimo. Pfimo
hyperfosforylovany tau protein ztraci schopnost stabilizovat mikrotubuly, coz vede k naruseni
cytoskeletarni sit¢ a jejich funkce pfi axonalnim a organelovém transportu a k jejich smrti. Nepfimo
se hyperfosforylovany tau protein muze vazat i na zdravy tau protein a znemoznovat mu vazbu na
mikrotubuly (Del Alonso et al., 1994). Behem hyperfosforylace se v ranych fazich inkubace objevuji
oligomery tau. Bé¢hem delsi inkubace a po dosazeni 20 nm oligomert jejich vazba umozni vytvofeni

tau fibril (Obrazek 2) (Maeda et al., 2007).



Obrazek 2. Patologicka agregace tau proteinu
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Nativni tau protein a jeho chybné skladani v pfipad¢ mutace v genu MAPT. Od tau oligomert az po fibrily

tau, které vede k poskozeni neuronu. Pievzato z Irwin et al., 2015.

FTLD-tau lze rozdélit do raznych neuropatologickych skupin, podle isoformy tau, podle
jejich opakovanému navazani na mikrotubuly se déli na: 3-repeat (3R), 4-repeat (4R) nebo jejich
kombinacemi (3R a 4R) (Obrazek 3) (Hutton et al.,, 1998). 4R isoforma stabilizuje mikrotubuly
vyrazné ucinnéji nez 3R isoforma. Zména 4R /3R poméru vede k neurodegeneracim (Panda et al.,

2003).

Obrazek 3. Interakce riznych isoform tau proteinu s mikrotubuly

3R tau 4R tau

Rozdilnd asociaci 3R a 4R isoformy tau proteinu a jeho odli$né navazani na podjednotky mikrotubuld.

Prevzato z Goode et al., 2000.



Klinicky subtyp, u kterého se nejcastéji vyskytuje FTLD-tau je nfvPPA a to u okolo 88 %
tautopatii. Klinickymi pfiznaky se nijak neodliSovaly (Spinelli et al., 2017). Druhym pomérné ¢astym
klinickym subtypem FTLD-tau je bvETD a to u 36 % piipadu bvFTD (Giannini et al., 2021).

Hlavnim zastupce 3R tauopatie je Pickova nemoc (PiD; z angl. Pick’s disease), nyni se uziva
vyhradné pro neuropatologickou definici. Muaze se vyskytnout klinicky subtyp bvFTD nebo
varianta nfvPPA (Kovacs et al., 2013). Pfima tau imunohistochemicka vysetfeni prokazuji vyskyt
Pickovych télisek, které narusuji axonalni transport, coz vede k neurotoxicité (Nakamura et al.,
1994). Pickova téliska jsou ohranicena, sféricka, argyrofilni, intracytoplazmatické inkluze (de Silva
et al., 2000). Pickova téliska se nejcastéji nachazi v granularnich bunkach gyrus dentate, ale mohou
se vyskytovat i v pyramidalnich neuronech frontalniho temporalniho neokortexu nebo v Pickovych
bunkach. Pomoci isoform-specifickych protilatek a western blotu bylo prokazano, ze PiD je

zpusobena vyluéné 3R isoformou (Bronner et al., 2005).

3.2. FTLD - TDP

Druhou velkou skupinou FTLD je FTLD-TDP. Je zptusobeno agregaci
hyperfosforylovaného TDP-43 (Hasegawa ¢z al., 2008). Také se mtzou tvofit ubiquitin-pozitivni
inkluze, které neobsahuji ani tau ani a-synuclein (Arai ez al, 2006). Velka geneticka heterogenita
FTLD-TDP vede ke ¢tyfem hlavnim mutacim v genech: progranulinu (GRN), transactive response
DNA binding protein (ILARDBP), chromozomu 9 open reading frame 72 (C90rf72), a valosin-
containing protein (I”CP) (Neumann & Mackenzie, 2019).

TDP-43 je kédovan na genu T ARDBP, ktery se nachazi na chromozomu 1. TDP-43
interaguje se Sirokym spektrem RNA v nasem mozku. Vaze se na nekodujici RNA, introny a 3°
UTR mRNA, coz ukazuje roli v genové expresi (Tollervey e al., 2011). Dalsi z funkci TDP-43 je
jeho ucast v transportnich granulich v neuronech véetné téch motorickych. Tyto granule maji za
ukol transport mRNA ze soma neuront do axonu vcetné nervosvalové spojeni a jeho mutace
narusuje tuto funkci a vede ke vzniku amyolateralni sklerézy (ALS) a FTLD (Alami ez af., 2014).
TDP-43 hraje dtlezitou roli v odpoveédi na akutni bunéény stres. Shromazd'uje se ve stresovych
granulich, které jsou klicové pro ochranu bunky pfed stresem. Aktivné se podili na regulaci

stresovych granuli, protoze pokud je z bunky odstranéno, tvorba a slucovani stresovych granuli se



zpomali, coz vede k oslabeni bunééné odpovedi na stres a k oslabeni neuront az k jejich smrti
(McDonald ez al., 2011).

Jednim z mechanismt, ktery miize vést k agregaci a akumulaci TDP-43 je v pfipadé mutace
v ném samotném. Je schopen seberegulace navazanim se na mRNA 3'UTR, k ¢emuz v piipadé¢
mutace nedojde a dojde kjeho akumulaci a oligomerizaci (Koehler ez a/, 2022). Dalsim
mechanismem je stépeni TDP-43 na mensi fragmenty o velikosti 25 kDa, ktery ma zvysenou
nachylnost k agregaci (Brady e a/, 2011).

Klinicky subtyp, ktery se nejcastéji vyskytuje u FTLD-TDP je svPPA a to v 90 % piipada
(Spinelli et al., 2017). Druhy nejc¢astéjs$i klinicky subtyp je bvEFTD a to v 60 % piipadi (Giannini et
al., 2021).

Mutace v GRN na chromozomu 17q21 je nejcastéjsi geneticka forma FTLD-TDP.
Patogeneticka mutace je zptusobena deleci jedna z alel, coz vede ke snizenému preziti neuront
(Cruts et al., 2006). Béchem mutace GRN je exprese mRNA z funkéni alely zvysena v korovych
oblastech mozku, a to vede ke zvysené expresi progranulinu (PGRN). PGRN se v téle uplatriuje
aktivité mikroglif a zanétu (Chen-Plotkin et al., 2010). Je prokazano, ze zvySena aktivita mikroglii
vede k AN a FTLD (Venneti et al., 2008). V séru pacientt s GRIN mutaci je nizké mnozstvi PGRN,
a to by mohl byt dobry biomarker k odhaleni FTLD-TDP, ale i mozny terapeuticky smér k 1écbé
této varianty (Boxer et al., 2013).

Nekodujicl sekvence hexanukleotidu GGGGCC na genu C907/72 jednou z nejcastéjsich
piicin dédicné vazanych FTLD-TDP a FTLD-ALS. Tento gen kéduje neznamy protein, ktery je
silné konzervovan napfic druhy. V normalnich alelach neobsahuje vice nez 23-30 repetic
hexanukleotidu, ale u patologickych piipadu jich miaze byt az 300. Nejcastéjsi klinickou variantou
je bvEFTD a ALS (DeJesus-Hernandez et al., 2011). C907/72 ma kromé béznych patologii spojenych
s TPD-43, jesté unikatni ubiquitin pozitivni patologii v mozecku a hipokampu (Brettschneider ez
al., 2012). V téchto oblastech jsou také agregaty RNA v neuronovych jadrech (DeJesus-Hernandez
et al., 2011). Nedavna studie naznacuje, ze defekt v tomto genu by mohl mit vliv na autofagii. Jeho
deplece vede k nahromadéni shluku proteint TDP-43 a sequestostomu 1 (p62) v neuronech (Sellier
¢t al., 2016).

Poslednim genem zodpovédnym za FTLD-TDP je IVCP/p97. Nachazi se na chromozomu
9. Tato mutace se projevuje myozitidou s inkluznimi t¢lisky, Pagetovou nemoci kosti a FTLD-TDP

(Watts ez al., 2004). 1”CP je ubiquitin-proteaza, ktera je ve velké skupiné AAA-ATPaz a ma za tkol
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degradaci intracelularnich proteinti (Beskow ez 4/, 2009). Jednim z téch proteint je i cytotoxicky
TDP-43. Lepsi porozuméni mechanismu, kterym funguje ['CP, muze vést k cilené terapii a
zlepsen{ autofagie a zabranéni hromadéni cytotoxickych proteina (Vij, 2008). Ztrata funkce "CP
muze zhorsovat zrani autofagosomt na kyselé autolysosomy a muze hrat roli ve zhorsené fuzi

autofagosomu s lyzozomem (Ju ¢z al., 2009).

3.3. FTLD - FUS

FTLD-FUS je velmi vzacna forma FTLD, ktera se vyznacuje napadnou atrofii cauda nuclei
a ubiquitin FUS-pozitivnimi inkluzemi bez TDP-43 ¢i tau (Seelaar ez 4/, 2010). Patogeneticka
mutace FUS genu se nachazi na chromozomu 16. FUS gen je RNA-binding protein, ktery ma
klicovou roli v metabolismu RNA, translaci mRNA a opravé DNA. V pifipadé¢ mutace genu se
protein hromadi v cytoplazmé ve formé inkluzi (Kwiatkowski ez @/, 2009). U mysich modela
inkluze v cytoplazmé spousti apoptdzu motorickych neuront a jejich ubytku (Scekic-Zahirovic et
al., 2016).U dalstho mysitho modelu deplece FUS/TLS zpuasobila zmény na hipokampu a zmény

chovani zahrnujici uzkostného chovani (Kino ez /., 2015).

4. Autofagie

Autofagie je evoluéné velice konzervovany intracelularni proces, ktery se zaméfuje na
degradaci proteint, cukrt, nukleotid, lipida az po celé organely ¢i patogeny. Odstranuje
poskozené proteiny a organely, tak pfispiva k jejich recyklaci a kontroluje jejich kvalitu. Béhem
hladovéni bunky muze pouzit intracelularni material k dodani energie (Sridhar ez al, 2012).
Makroautofagie (autofagie) muze byt selektivni 1 neselektivni. Da se rozdélit na dvé hlavni ¢asti:
pocatecni a pozdni. V rané fazi se zacina formovat fagofor nebo izola¢ni membrany a poté zac¢ina
nukleace a elongace. Pozdi faze neboli faze zrani zahrnuje fizi mezi autofagosomem a endosom-
lysosomem, coz vede ke tvorbé amfisomu a vaém je obsah autofagosomu pomoci lysosomalnich
proteaz degradovan (Obrazek 4) (Shen and Mizushima, 2014). Bylo identifikovano vice nez 40
genu spojenych s autofagii (ATG, z angl. autophagy-related genes), které reguluji makroautofagii
v ruznych fazich (Mizushima, Yoshimori and Ohsumi, 2011). Nejdulezitéjsim procesem
k vytvofeni fagoforu je splynuti membran ubiquitinovaného ATGS, ktery zahrnuje L3 a protein

spojeny s receptorem gama-aminomaselné kyseliny (GABARAP; z angl. gamma-aminobutyric-



acid-receptor-associated protein) s fosfatidyletanolaminem v prekurzoru membrany. V primarnich
neuronech k tomu dochazi na Ras-piibuzném proteinu Rab-11A (RAB11A; z angl. Ras-related
protein Rab-11A) pozitivhich membranach endosomu (Puri ez a/, 2018). V selektivni autofagii se
uplatiuje receptor Optineurin (OPTN) a je pro n¢j typicky ubiquitinace a LIR motiv. Tyto
receptory se mohou zaméfit na specificky naklad nebo pro smiSeny naklad. Mezi smiSeny naklad

se da zafadit poskozené mitochondrie nebo akumulované proteiny (Rogov ez al., 2014).

Obrazek. 4. Vznik autolysosomu
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Postupny vznik fagoforu pres autofagosomu a jeho fizi s lysosomem az po vznik autolysosomu. Prevzato

z Khaminets, Behl and Dikic, 2016.

5. Mitofagie

Mitochondrie je dulezita organela, kterd zodpovida za produkci adenosin trifostatu (ATP),
podili se na Ca** bunééné signalizaci, udrzuje redoxni homeostazu, kontroluje metabolismus Zeleza,
vrozenou imunitu a bunécnou smrt (Ma ez al., 2020). Mitochondrie jsou také vyznamnym zdrojem
reaktivnich forem kysliku (ROS; z angl. reactive oxygen species). Produkty ROS piispivaji
poskozeni mitochondrif, a to vede k riznym patologickym stavim, ale taky v malém mnozstvi
slouzi ke komunikaci mezi organelou a zbytkem bunky (Murphy, 2009). Poskozené mitochondrie
muze produkovat jest¢ vice ROS prostfednictvim tzv. zacarovaného kruhu a tim uvolfovat do
cytosolu jesté vice ROS a mitochondrialni DNA (mtDNA) a zpusobovat zanét, coz muze vést
k neurodegeneraci (Zhou ¢z al., 2011). Mrtvé nebo velmi poskozené mitochondrie uvolnuji z mezi
membranového prostoru do cytosolu cytochrom c a dalsi proapoptické faktory, které zpusobi

apoptézu bunky (Sinha ef al., 2013).



5.1. Parkin zavisla mitofagie

PTEN-indukovana kinasa 1 (PINK1) je kinasa, ktera se nachazi na povrchu mitochondrif
(Valente ez al., 2004). Zatimco Parkin je E3 ubiquitinova ligasa, ktera se nachazi v cytosolu (Shimura
et al., 2000). Ve zdravych mitochondrii se pomoci komplexu proteint translokace vnéjsi membrany
(TOM; z angl. translocase of the outer membrane) a komplexu proteint translokace vnitfni
membrany (TIM; z angl. translocase of the inner membrane) dostava malé mnozstvi PINK1 do
mitochondrii, kde je ihned odbouravan pomoci poly(ADP-ribosyl) polymerasy 1 (PARL) a tak se
PINK1 nemuze akumulovat na vnéjsi membrané. Pokud je ov§em mitochondrie poskozena, ztraci
vnéjsi membrana svij potencial a import prostfednictvim TIM je narusen a PINK1 se nedostane
na vnitfn{ membranu, kde se k nému nedostane PARL, aby PINK 1 odboural a ten se zacne
hromadit na vnéjsi membrané mitochondrie (OMM,; z angl. outer mitochondrial membrane) (Jin ez
al., 2010). V dalsim kroku je potfeba, aby se navazal Parkin. Ten je ovSsem je ovéem potlacen
autoinhibici (Trempe e# al., 2013). PINK1, ale umi Parkin uvolnovat dvou krokovym zptsobem.
V prvnim kroku je fosforylovana doména podobna ubiquitinu (UBL; z angl. ubiquitin-like domain)
na Ser65 (Shiba-Fukushima ez /., 2012). Ve druhém kroku je fosforylovan také Ser65 ubiquitinu,
ktery se navaze na Parkin (Obrazek 5) (Koyano ef al, 2014). Jakmile je Parkin na mitochondrii,
ubiquitinuje celou fadu protient, které se nachazi na OMM (Sarraf ef al, 2013). Tim vznikaji
ubiqiutinové fetézce, které jsou dale fosforylovany pomoci PINKI1, coz vede jesté k veétsi vazbe a
aktivit¢ Parkinu na OMM (Koyano e al., 2014). Jak fetézce rostou mohou se navazovat dalsi
kriticky dualezité proteiny, které jsou nezbytné pro pokracovani mitofagie, jako je napf. Rab
GTPaza. RAB 7 reguluje vznik a vjvoj membran mikrotubul-asociovaného proteinu 1 lehkého
fetézce 3 (LC3), ktera je potfeba pro vznik autofagosomu (Yamano ef al, 2018). Fosfo-
ubiquitinované vznikajici diky systému PINK1/Parkin pfitahuji ddlezité autofagické receptoty,
které jsou jaderny dot protein 52 (NDP52; z angl. Nuclear dot protein 52) a OPTN (Lazarou e/ 4/,
2015).
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Obrazek 5. Aktivace Parkinu
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Postupna aktivaci Parkinu pomoci fosforylace PINK1. PINK1 fosforyluje ubiquitin-like doménu na Ser 65
a poté je fosforylovan ubiquitin na Ser 65, ktery se vaze na Parkin. Ubiquitin (Ub), ubiquitin-like doména

(UBL), PTEN-indukovana kinasa 1 (PINK1), Serin 65 (S65), fosfat (P). Pfevzato z Koyano et al., 2014.

Oba tyto receptory poté reaguji s TANK-vazebna kinasa 1 (TBK1), ktera je fosforyluje
a tim pomaha jejich udrzeni na mitochondriich. Receptory poté mohou lépe vazat ubiquitinované
fetézce, a tak posiluyje mitofagii  (Richter ¢ a4/, 2016). NDP52 interaguje
s proteinem interagujicim s kinasou rodiny FAK o velikosti 200 kDa (FIP200; z angl. FAK family
kinase-interacting protein of 200 kDa), ktery je klicovym komponentem Unc-51 jako autofagii
aktivujici kinasa 1 (ULK1; z angl. Unc-51 like autophagy activating kinase 1). Tato reakce je
nezbytna pro tvorbu izolacni membrany. Toho je dosazeno fosforylaci ULK1 na povrchu
substratu, jako jsou poskozené mitochondrie (Fu ef al, 2021). OPTN kooperuje s proteinem
souvisejicim s autofagii 9A (ATGYA; z angl. autophagy-related protein 9A) vacky a navést je
k mitochondriim (M. Nakamura et al., 2020). OPTN vaze i dalsi proteiny z rodiny ATG, které fidi
lipadizaci LLC3 (Bansal ef al, 2018). Ackoliv vazba domén LIR autofagickych receptora na
LC3/GARAB neni nezbytnd pro iniciaci mitofagie, hraje dileZitou roli v dal$im prabéhu. Jakmile
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se na mitochondrii formuje vznikajici autofagosom, lipidovany LLC3 muze dale ziskavat proteiny
NDP52 a OPTN prostrednictvim LIR domény nezavisle na ubiquitinu. Tento mechanismus
usnadnuje zrani autofagosomu a jeho rychlejsi expanzi (Padman e 4/, 2019). Po uzavieni

autofagosomu nastava fuze s autolysosomem a degradace mitochondrie (Obrazek 06).

Obrazek 6. Mitofagie zprostfedkovana PINK1/Parkin
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Aktivaci Parkinu a vytvofeni ubiquitinovych fetézct, které pomahaji k navazani dalezitjch proteint pro

mitofagii a vznik autofagosomu. Nuclear dot protein 52 (NDP52), optineurin (OPTN), Ubiquitin (Ub),
sequestostome 1 (p62), mikrotubul-asociovanad protein 1 lehky fetézec 3 (LC3), PTEN-indukovana kinasa

1 (PINKT1), vnéjsi membranové proteiny (OMM), fostat (P). Pievzato z W. Zhang, 2021.

5.2. Parkin nezavisla cesta

Tutu variantu vyuzivaji bunky, které jsou poskozené a nedokazou syntetizovat Parkin.
Jednou z moznosti je Ariadne RBR E3 ubiquitinova protein ligasa 1 (ARIH1; z angl. Ariadne RBR
E3 ubiquitin protein ligase 1), ktera se fadi do stejné skupiny proteint jako Parkin. ARIH1
potfebuje ke své aktivit¢ PINK1 a ubiquitinované mitochondridlni proteiny. Sam, ale
neubiquitinuje zadné znamé proteiny, které vyuziva Parkin jako jsou NDP52 nebo OPTN, coz
naznacuje, ze ARIH 1 ma jiné cile (Villa ez a/., 2017).

Dalsi z moznosti je vyuziti domén HECT, UBA a HWW1 obsahujici E3 ubiquitin protein
ligizu 1 (HUWE1). Podobné¢ jako Parkin muze HUWE1 ubiquitinovat proteiny spojené
s mitofagii, a tim se podilet na mitofagii (Michel ez a/, 2017). HUWE]1 je kritickou ligazou pro
ATG101, ktera podporuje jeho degradaci. ATG101 je prvkem komplexu ULKI. Jeho degradace
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potlacuje mitofagii a inhibuje pfeziti rakovinnych buné¢k (Lee ez @/, 2021). Toto naznacuje, ze role

HUWE1 v mitofagii je dana substratem, ktery ubiquitinuje.

5.3. Receptor zprostiedkovavajici mitofagii

K dalezitym mitofagickym receptorim patii BCL2/adenovirus E1B 19 kDa interagujici
protein (BNIP3) a Nix-type protein 1 (NIX). BNIP3 se fadi do Bcl-2 rodiny proteint (Chen ef al,
1999). Jednou z jeho mnoha funkci je podpora mitofagie. Obsahuje charakteristickou C-terminaln{
transmembranovou (TM) doménu a velkou komplexni N-terminalni oblast (Chen ez a/., 1997). Za
tyziologickych podminek se BNIP3 vyskytuje v cytosolu jako neaktivni monomer. V reakci na
stresové signaly dochaz{ k jeho aktivaci a transformaci na funkéni homodimer prostfednictvim své
domény C-TM a ukotvuje se na OMM mitochondrie (Hanna ez a/, 2012). Delece C-TM domény
narusuje tvorbu dimert BNIP3, ¢imz znemoznuje mitofagii (Chen ez a/., 1999). ULK1 fosforyluje
BNIP3 na Serl7 a stabilizaci BNIP3 snizuje jeho proteasomalni degradaci (Poole ez al., 2021). N-
terminalni oblast BNIP3 obsahuje motiv LIR, kde je fosforylovany Ser17 a Ser24. Tyto serinové
fosforylované zbytky pomahaji zprostfedkovat vazbu BNIP3 na GABARAPL2 a LC3B (Zhu et al.,
2013). BNIP3 interaguje s kinazou PINKI1, ¢imz zabranuje proteolytickému stépeni PINK1 a
podporuje jeho akumulaci na OMM. Akumulace PINK1 na OMM vede k naboru Parkinu, coz
poté spousti mitofagii (Zhang et al., 2010).

NIX je protein s vysokou homologii k BNIP3 a fadi se do stejné rodiny Bcl-2 proteina.
Také obsahuje C-TM doménu a LIR motiv. Mutace Ser212 na C-TM doméné narusuje tvorbu
homodimér snizuje rozpoznani LCA3-NIX a tim mitofagii (Marinkovi¢, Sprung and Novak,
2021). Naopak fosforylace na Ser34/35 motivu LIR na NIX zvys$uje jeho afinitu a zvySuje nabor
autofagosomt na mitochondrii (Rogov ez al, 2017). NIX je substratem Parkinu. Po jeho
ubiquitinaci Parkinem, NIX pfivadi NBR1 k mitochondrii (Gao ef al., 2015).

FUN14 obsahujici doménu 1 (FUNDC1) je OMM protein, ktery je exprimovan vsudy
pfitomné. Obsahuje cytosolicky N-konec, transmembranovou OMM oblast a C-terminaln{ oblast
(Liu et al., 2012). Pii bunécném stresu FUNDCI1 se vaze na protein LCB3 pomoci svého LIR
motivu N-koncové oblasti, ktera je exponovana v cytoplazmé. Tato interakce umoznuje FUNDCI1
fungovat jako receptor pro mitofagii. Mutace nebo delece v jeho LIR motivu snizuje nebo zcela
inhibuje FUNDCI1 zprostfedkovanou mitofagii (Lv e# /., 2017). ULK1 se na mitochondrii vaze na
protein FUNDCI, fosforyluje ho na Ser17. Tato fosforylace posiluje vazbu FUNDC1 na LC3 (Wu
et al., 2014). FUNDCI1 hraje klicovou roli v regulaci mitochondrialniho $tépeni, mitofagie a faze.
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Dysfunkéni mitochondrie musi byt oddéleny od zdravé mitochondrialni sité, prostfednictvim
stépeni zprostfedkované proteinem souvisejicim s dynaminem 1 (Drpl; z angl. Dynamin-related
protein 1). Fosforylacni stav FUNDCI ovliviiuje jeho interakci s proteinem souvisejici s Drpl a
proteinem optické atrofie (Opal; z angl. Optic atrophy 1). Fosforylace FUNDCI na Ser13 posiluje
jeho vazbu na Opal a oslabuje vazbu na Drpl, ¢imz brani $tépeni mitochondrii. Enzym
fosfoglyceratmutaza rodiny 5, mitochondrialni serin/threonin protein fosfatasy (PGAMS5; z angl.
phosphoglycerate mutase family member 5, mitochondrial serine/threonine protein phosphatase)
defosforyluje Ser13 na FUNDCI, ¢imzZ oslabuje jeho vazbu na Opal, a naopak posiluje vazbu na
Drpl. Defosforylace FUNDCI a jeho vazby na Drpl spousti stépeni mitochondrii (Chen e af,
2016).

Prohibitin 2 (PHB2) je protein nachazejici se na vnitfni mitochondrialni membrané, hraje
dulezitou roli pfi mitofagii. PHB2 funguje jako receptor, ktery rozpozna poskozeni mitochondrie
a aktivuje mitofagii. Po mitochondridlni depolarizaci a ruptufe vnéjsi membrany, zavislé na
proteasomu, se PHB2 vaze na protein LC3. Tato vazba probiha prostfednictvim LIR motivu

v PHB2 (Wei ez al., 2017). Pomoci téchto receptoru dochazi k mitofagii (Obrazek 7).

Obrazek 7. Receptorem zprostfedkovana mitofagie

Membranové proteiny, které po poskozeni mitochondrie pomahaji s mitofagii a zprostfedkovavaji tvorbu
autofagosomu. Mikrotubul-asociovana protein 1 lehky fetézec 3 (LC3), methionin sulfoxid reduktdza B2
(MstB2), Prohibitin 2 (PHB2), FK506 vazebny protein 8 (FKBPS), nix-type protein 1 (NIX),
BCL2/adenovirus E1B 19 kDa interagujici protein (BNIP3), FUN14 obsahujici doménu 1 (FUNDC1),
BCL12-like 13 (BCL2L.13). Pievzato z Zhang, 2021.
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6. Role mitofagie v patofyziologii FTLD

Mutace v genech MAPT, TARDBP, GRN a C9orf72 maji vyznamny vliv na proces
mitofagie. Tyto mutace vedou k naruseni riznych aspekti mitofagie, véetné transportu proteint
nezbytnych pro tento proces, regulace lysosomalni biogeneze a aktivity mechanického cile pro
rampycin komplexu 1 (mMTORCI; z angl. mechanistic target of rampycin complex 1) signaln{ drahy.
Celkové lze fict, ze mutace v téchto genech maji za nasledek dysfunkci mitofagie, coz pfispiva k

akumulaci poskozenych mitochondrif a muze byt jednim z faktora vedoucich k rozvoji FTLD.

6.1. Mutace v genu MAPT a vliv na mitofagii

Pokud je mutace v genu MAPT, tau protein nedokaze spravné regulovat dynamiku
mikrotubult (LeBoeuf ez al, 2008). Ke spravné funkci mitofagie je potfeba neporuseny
mikrotubularni systém, ktery dopravuje k poskozenym mitochondriim nezbytné proteiny
k mitofagii a autozomalni vacky, které pomahaji tvofit autofagosom. Jestlize je mikrotubularni sit’
poskozena, vyrazné klesa rychlost tvorby autofagosomu (Kochl et al., 2006). Pii poskozeni
mikrotubulti nedochazi k efektivnimu transportu maturovanych autofagosomu z axontt do soma
neuront, kde by dochazelo k recyklaci mitochondrii (Maday, Wallace and Holzbaur, 2012).

FTD mutantni tau (hP301L) muze snizovat mitofagii translokaci Parkinu. Tau sekvestruje
Parkin v cytosolu a tim narusuje jeho nabor na poskozenou mitochondrii. Blokaci Parkinu tau
znemoznuje mitofagii. V dusledku toho dysfunkéni mitochondrie neni degradovana a muze dale
produkovat ROS a pfispivat k neurodegeneraci (Cummins et al., 2019).

Exogenni exprese translokaci transkripéniho faktoru EB (TFEB) v primarnich astrocytech
signifikantné zvysuje fagocytézu tau fibril a aktivitu lysozomu, zatimco knockout tohoto faktoru
vykazuje  opacny  fenotyp. In  vivo indukovana  astrocytarni exprese TFEB
v my$im modelu tauopatie PS19 vede ke snizeni patologie v hipokampu a vyrazné inhibuje
interhemisférické Sifeni tau. To doklada, Ze astrocytarni TFEB hraje klicovou roli v modulaci
extracelularnfho tau a progresi neuronalni patologie v kontextu tauopatii (Martini-Stoica et al.,

2018).

6.2. Mutace v genu TARDBP a vliv na mitofagii

Mutace nebo porucha regulace T/ARDBP a tim zvysena exprese TDP-43 muze zpusobovat

mitochondrialni dysfunkci, véetné snizeného potencialu mitochondrialni membrany a zvysené
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produkce ROS. Zvysena exprese TDP-43 aktivuje mitochondridlnf odpovéd’ na neslozeny protein
(UPRmt; z angl. mitochondrial unfolded protein response). Snizena exprese mitochondrialni
proteazy Lon peptidazy 1 (LonP1) zvysuje hladinu TDP-43 v mitochondrif a zvétSuje poskozeni
mitochondrif zptsobené TDP-43 (Wang et al., 2019). LonP1 kontroluje kvalitu proteintt a mtDNA
v matrix mitochondrii (Lu et al., 2007). Déle muze zvysena exprese TDP-43 a jeho C-terminalnich
fragmentd vést k poskozeni mitochondrii. Akumulace TDP-43 plné délky i jeho zkracena varianta
byly nalezeny v mitochondriich
u kterych byla aktivovana mitofagie. Zmény v hladinach proteinti LC3-1I a p62, naznacuji, ze TDP-
43 a jeho fragmenty mohou spoustét mitofagii (Hong et al., 2012). Pfi zvySené expresy TDP-43
muze také interagovat s receptorem PHB2. Pokud je exprese zvysena vede ke zvyseni PHB2, coz
vede ke zvyseni mitofagie. Pokud je TDP-43 vypnut vede to ke snizeni PHB2, a tim
1 ke snizeni mitofagie (Davis et al., 2018).

Ztrata funkce TDP-43 siln¢ indukuje jadernou translokaci TFEB. TFEB je aktivovan
cilenim na mTORCI1 na jeho specifickou slozku nazyvany raptor (Xia et al.,, 2016). TFEB fidi
expresi autofagickych a lysosomalnich gent (Settembre et al., 2011). Pokud bunka neceli Zadnym
stresovym podminkam, tak mTORC1 tlumi aktivitu TFEB jeho fosforylaci na Ser211. Béhem
bunécného stresu je mTOCI inhibovan, a to zpusobi defosforylaci TFEB a jeho aktivitu (Martina
etal., 2012). Odblokovanim TFEB se zvysi genova exprese na autofagické-lysosomalni draze (ALP;
z angl. autophagy-lysosome pathway) a zvysi se autofagosomalni biogeneze. Na druhou stranu
ztrata funkce TDP-43 narusuje fuzi autofagosomu s lysosomem. Toto naruseni je zpusobeno
snizenim exprese dynaktinu 1. V dusledku toho se hromadi nezralé autofagosomy a dochazi
k pretizeni ALP, coz pfispiva k neurodegeneraci zptsobené TDP-43 (Xia et al., 2016). Dynaktin 1
je klicovou proteinovou soucasti komplexu dynein-dinaktin, ktery hraje nezbytnou roli v transportu

lysosomu a jejich fzi s autofagosomy (Jahreiss, Menzies and Rubinsztein, 2008).

6.3. Mutace v genu GRN a jeho vliv na mitofagii

Exprese GRN je regulovana TFEB, coz znamend, ze PGRN je zapojen do ALP (Belcastro
et al., 2011). Deficit PGRN snizuje fosforylaci TBK1. Pfiblizné 50% nizsi hladina fosforylovaného
TBK1 u buné¢k s deficitem PGRN postacuje k udrzeni normdlni bazilni urovné autofagie
v béznych podminkach. V podminkach akutniho bunééného stresu se ovsem stava limitujici.
Dlouhodoby mirny nedostatek autofagické signalizace muze vést ke zvySenému riziku
neurodegenerativnich onemocnéni (Chang et al., 2017). Nedostatek PGRN muze také vést ke

16



snizeni aktivity mTORCI1 s naslednym zvySenim lysosomalni biogeneze (Tanaka et al., 2013).
Deficit PGRN muze také vést k zvySené akumulaci p62 a ubiquitinu (Tanaka et al., 2014). Tato
akumulace naznacuje, Zze muze byt narusena tvorba autolysosomu (Ferguson, Lenk and Meisler,
2009).

Deficit PGRN indukuje mitochondrialni depolarizaci, zvysenou produkci ROS a sniZzenou
hladinu ATP. Také vede ke zvyseni mitochondrialni hmoty a autofagickou dysfunkci, coz znamena
ze nedostatek PGRN vede k akumulaci poskozenych mitochondrif a brani jejich degradaci
v lysozomech. Pusobenim inhibitord CK-16, které se pouzivaji proti fosforylaci a cytosolické
akumulaci TDP-43 byla castecné obnovena mitochondrialni funkce (Rodriguez-Perifian et al.,
2023).

Protein PGRN, putsobi jako klicovy regulator lysosomalni funkce a biogeneze
prostfednictvim fizeni acidifikace lysosomalnich kompartmentia. Exprese genu GRN a hladiny
PGRN se pozitivneé koreluji s lysosomalni biogenez{ indukovanou alkalizaci lysosomu. Nedostatek
PGRN vede k hyperaktivaci lysosomalni transkripce a proteosyntézy, zatimco nadmérna exprese
PGRN ji potlacuje. Zvlasté hladiny zralého kathepsinu D byly vyrazné ovlivnény zménami hladin
PGRN. (Tanaka et al., 2017) . Kathepsin D je lysosomalni aspartyl proteasa, ktera uvnitf lysosomu
$tépi proteiny, ale pouze v kyselém prostiedi (Gieselmann, Hasilik and Von Figura, 1985). PGRN
usnadnil acidifikaci lysosomu. Navic, zmény hladin PGRN vedly ke zvyseni bunécné specifického
nerozpustného TDP-43. \Y mozkové tkani pacientd
s FTLD-TDP s deficitem PGRN byla pozorovana neurondalni akumulaci fosforylovaného TDP-

43. Nezralost lysosomu vede ke snizenf jejich funkce a snizuje mitofagii (Tanaka et al., 2017).

6.4. Mutace v genu C90rf72 a jeho vliv na mitofagii

Neurony s vyfazenym genem C9orf/72 vykazuji snizeny pocet LC3-II mist, coz je marker
autofagosomd, a snizené hladiny ULK1 kinasy, klicového regulatoru indukce mitofagie. Exprese
dlouhé izoformy lidského C9orf72, ktera interaguje s komplexem ULKI, ale ne kratka izoformy,
zachranila mitofagii a dendritické fenotypy knockoutovanych neuront. C9orf72 ma bunécné
autonomni funkci v regulaci neuronalni a dendritické morfogeneze prostfednictvim podpory
ULK1-zprostredkované mitofagie (Ho et al., 2019).

C9orf72 muze regulovat lysosomalni biogenezi a mitofagii na transkripcni trovni. Ztrata
C90rf72 vede k akumulaci lysosomu, autofagosomus a autolysosomu a k potlaceni aktivity mTORCI,
coz souvisi se zvysenou jadernou translokaci transkripéniho faktoru TFEB. C9orf72 se specificky
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vaze na neaktivni Rag GTPazy a ovliviuje tak funkci komplexu Rag/raptor/mTOR a aktivitu
mTORCI. Aktivni Rag GTPazy zachranily zhorsenou aktivitu
a lysosomalni lokalizaci mTORCI1 v bunkach s deficitem C90rf72. C90r/72 hraje klicovou roli
v lysosomalni a autofagosomalni regulaci a ze Rag GTPazy a mTORCI se podileji na mitofagii

zprostiedkované C9orf72 (Wang et al., 2020).

18



7. Zavér

Zavérem lze konstatovat, ze mitofagie hraje klicovou roli v patogenezi FTLD, zejména v
souvislosti s mutacemi v genech TDP-43, MAPT, GRN a C9orf72. Dysfunkce mitofagie, ktera
vede k akumulaci poskozenych mitochondrii a naslednym patologickym procesim, byla
identifikovana jako vyznamny faktor pfispivajici k neurodegeneraci u FTLD. Tento proces neni jen
dasledkem samotného onemocnéni, ale muize také fungovat jako spousté¢ kaskadovych reakci,
které vedou k dalsimu poskozen{ neuront.

Na zaklad¢ analyzy soucasné literatury a vysledkd experimentalnich studii lze fict, ze
narusena mitofagie ma specifické molekularni mechanismy, které se li§i od jinych
neurodegenerativnich onemocnéni. To naznacuje, ze lé¢ebné intervence zaméfené na obnoveni
normalni funkce mitofagie by mohly byt slibnou cestou ke zmirnéni progrese FTLD nebo dokonce
k prevenci jejtho vzniku.

I pfes pokroky v porozuméni mechanismum FTLD zuastava mnoho otazek nevyfesenych.
Napiiklad, je stale potfeba 1épe pochopit, jaké jsou specifické signalni drahy vedouci k dysfunkci
mitofagie u ruznych subtypt FTLD a jaké jsou jejich dusledky pro jednotlivé bunécné typy v
mozku. Dal$i vyzkum by mél byt zaméfen na identifikaci biomarkert, které by umoznily véasnou
diagnézu a monitorovani ac¢innosti terapeutickych zasaha.

Zavérem lze konstatovat, ze mitofagie predstavuje nejen klicovy faktor v patofyziologii
FTLD, ale také perspektivni cil pro vjvoj novych terapeutickych strategii. Uspéch v této oblasti by
mohl vyrazné piispét ke zlepsen{ kvality zivota pacientt s FTLD a jejich rodin a oteviit nové cesty

v lé¢be dalsich neurodegenerativnich onemocnéni.

19



Seznam literatury

Alami, N.H. et al. (2014) ‘Axonal Transport of TDP-43 mRNA Granules Is Impaired by ALS-Causing
Mutations’, Neuron, 81(3), pp. 536—543. Available at: https://doi.org/10.1016/j.neuron.2013.12.018.

Del Alonso, A.C. et al. (1994) Role of abnormally phosphorylated tau in the breakdown of microtubules in
Alzheimer disease (microtbule assembly/ associated proteins/cytoskeletal protein
pathloy/dephosphotylation/paited hdeical flets), Proc. Nati. Acad. Sci. USA. Available at:
https:/ /www.pnas.org.

Arai, T. et al. (2006) “TDP-43 is a component of ubiquitin-positive tau-negative inclusions in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis’, Biochemical and Biophysical Research
Communications, 351(3), pp. 602—-611. Available at: https://doi.org/10.1016/j.bbrc.2006.10.093.

Bansal, M. et al. (2018) ‘Optineurin promotes autophagosome formation by recruiting the autophagy-related
Atgl12-5-16L.1 complex to phagophores containing the Wipi2 protein’, Journal of Biological Chemistry,
293(1), pp. 132-147. Available at: https://doi.org/10.1074/jbc.M117.801944.

Belcastro, V. et al. (2011) ‘Transcriptional gene network inference from a massive dataset elucidates
transcriptome organization and gene function’, Nucleic Acids Research, 39(20), pp. 8677—-8688. Available
at: https://doi.org/10.1093 /nar/gkr593.

Beskow, A. et al. (2009) ‘A Conserved Unfoldase Activity for the p97 AAA-ATPase in Proteasomal
Degradation’,  Journal —of  Molecular Biology, 394(4), pp. 732-746.  Available at
https://doi.org/10.1016/}.jmb.2009.09.050.

Borroni, B. etal. (2009) ‘Mutation within TARDBP leads to frontotemporal dementia without motor neuron
disease’, Human Mutation, 30(11). Available at: https://doi.org/10.1002/humu.21100.

Boxer, A.L. et al. (2013) “The advantages of frontotemporal degeneration drug development (part 2 of
frontotemporal degeneration: The next therapeutic frontier)’, Alzheimer’s and Dementia. Elsevier Inc., pp.
189-198. Available at: https://doi.org/10.1016/}.jalz.2012.03.003.

Braak, H. and Braak, E. (1998) ‘Argyrophilic grain disease: frequency of occurrence in different age
categories and neuropathological diagnostic criteria’, Journal of Neural Transmission, 105(8-9), pp. 801—

819. Available at: https://doi.org/10.1007 /s007020050096.

Brady, O.A. etal. (2011) ‘Regulation of TDP-43 aggregation by phosphotylation andp62/SQSTM1’, Journal
of Neurochemistry, 116(2), pp. 248-259. Available at: https://doi.org/10.1111/}.1471-4159.2010.07098 x.

Brettschneider, J. et al. (2012) ‘Pattern of ubiquilin pathology in ALS and FTLD indicates presence of
CI9ORF72 hexanucleotide expansion’, Acta Neuropathologica, 123(6), pp. 825-839. Available at:
https://doi.org/10.1007/s00401-012-0970-z.

Bronner, LF. et al. (2005) ‘Hereditary Pick’s disease with the G272V tau mutation shows predominant three-
repeat tau pathology’, Brain, 128(11), pp. 2645-2653. Available at: https://doi.org/10.1093/brain/awh591.

Buratti, E. and Baralle, F.E. (2001) ‘Characterization and Functional Implications of the RNA Binding

Properties of Nuclear Factor TDP-43, a Novel Splicing Regulator of CFTR Exon 9°, Journal of Biological
Chemistry, 276(39), pp. 36337-36343. Available at: https://doi.org/10.1074/jbc.M104236200.

20



Chan, D. et al. (2009) “The clinical profile of right temporal lobe atrophy’, Brain, 132(5), pp. 1287-1298.
Awailable at: https://doi.org/10.1093 /brain/awp037.

Chang, M.C. et al. (2017) ‘Progranulin deficiency causes impairment of autophagy and TDP-43
accumulation’, Journal of Experimental Medicine, 214(9), pp. 2611-2628. Available at:
https://doi.org/10.1084/jem.20160999.

Chen, G. et al. (1997) The E1B 19K/Bcl-2-binding Protein Nip3 is a Dimeric Mitochondrial Protein that
Activates Apoptosis, J. Exp. Med. Available at: http://www.jem.otg.

Chen, G. et al. (1999) ‘Nix and Nip3 Form a Subfamily of Pro-apoptotic Mitochondrial Proteins’, Journal
of Biological Chemistry, 274(1), pp. 7-10. Available at: https://doi.org/10.1074/jbc.274.1.7.

Chen, M. et al. (2016) ‘Mitophagy receptor FUNDCI1 regulates mitochondrial dynamics and mitophagy’,
Autophagy, 12(4), pp. 689—702. Available at: https://doi.org/10.1080/15548627.2016.1151580.

Chen-Plotkin, A.S. et al. (2010) ‘Brain progranulin expression in GRN-associated frontotemporal lobar
degeneration’, Acta Neuropathologica, 119(1), pp. 111-122. Available at: https://doi.org/10.1007/s00401-
009-0576-2.

Cohen, T.J. et al. (2011) ‘The acetylation of tau inhibits its function and promotes pathological tau
aggregation’, Nature Communications, 2(1). Available at: https://doi.org/10.1038/ncomms1255.

Crary, ].F. et al. (2014) ‘Primary age-related tauopathy (PART): a common pathology associated with human
aging’, Acta Neuropathologica, 128(6), pp. 755-766. Available at: https://doi.org/10.1007/s00401-014-
1349-0.

Cruts, M. et al. (2006) ‘Null mutations in progranulin cause ubiquitin-positive frontotemporal dementia
linked to  chromosome  17q21’,  Nature, 442(7105), pp. 920-924.  Available at:
https://doi.org/10.1038/nature05017.

Cummins, N. et al. (2019) ‘Disease-associated tau impairs mitophagy by inhibiting Parkin translocation to
mitochondria’, The EMBO Joutrnal, 38(3). Available at: https://doi.org/10.15252/embj.201899360.

Davis, S.A. et al. (2018) ‘TDP-43 interacts with mitochondrial proteins critical for mitophagy and
mitochondrial dynamics’, Neuroscience Letters, 678, Pp- 8-15. Available at:
https://doi.org/10.1016/j.neulet.2018.04.053.

DeJesus-Hernandez, M. et al. (2011) ‘Expanded GGGGCC Hexanucleotide Repeat in Noncoding Region
of COORF72 Causes Chromosome 9p-Linked FID and ALS’, Neuron, 72(2), pp. 245-256. Available at:
https://doi.org/10.1016/j.neuron.2011.09.011.

Dewey, C.M. et al. (2012) “TDP-43 aggregation in neurodegeneration: Are stress granules the key?’, Brain
Research, pp. 16-25. Available at: https://doi.org/10.1016/j.brainres.2012.02.032.

Dickson, D.W. et al. (2002) Office of Rare Diseases Neuropathologic Criteria for Corticobasal
Degeneration, Journal of Neuropathology and Experimental Neurology. Available at:
https://academic.oup.com/jnen/article/61/11/935/2916267.

Erkkinen, M.G., Kim, M.O. and Geschwind, M.D. (2018) ‘Clinical neurology and epidemiology of the major
neurodegenerative diseases’, Cold Spring Harbor Perspectives in Biology, 10(4). Available at:
https://doi.org/10.1101/cshperspect.a033118.

21



Ferguson, C.J., Lenk, G.M. and Meisler, M.H. (2009) ‘Defective autophagy in neurons and astrocytes from
mice deficient in PI(3,5)P2’, Human Molecular Genetics, 18(24), pp. 4868—4878. Available at:
https://doi.org/10.1093 /hmg/ddp460.

Fu, T. et al. (2021) Structural and biochemical advances on the recruitment of the autophagy-initiating ULK
and TBK1 complexes by autophagy receptor NDP52, Sci. Adv. Available at: https://www.science.org.

Gao, F. etal. (2015) “The mitochondrial protein BNIP3L is the substrate of PARK2 and mediates mitophagy
in PINK1/PARK2 pathway’, Human Molecular Genetics, 24(9), pp. 2528-2538. Available at:
https://doi.org/10.1093 /hmg/ddv017.

Giannini, L.A.A. et al. (2021) ‘Frontotemporal lobar degeneration proteinopathies have disparate
microscopic patterns of white and grey matter pathology’, Acta Neuropathologica Communications, 9(1).

Available at: https://doi.org/10.1186/s40478-021-01129-2.

Gieselmann, V., Hasilik, A. and Von Figura, K. (1985) ‘Processing of human cathepsin D in lysosomes in
vitro’, Journal of Biological Chemistry, 260(5), pp. 3215-3220. Available at: https://doi.org/10.1016/s0021-
9258(18)89493-5.

Goode, B.L. et al. (2000) ‘Structural and functional differences between 3-repeat and 4-repeat tau isoforms:
Implications for normal tau function and the onset of neurodegenerative disease’, Journal of Biological
Chemistry, 275(49), pp. 38182-38189. Available at: https://doi.org/10.1074/jbc.M007489200.

Gorno-Tempini, M.L. et al. (2011) Classification of primary progressive aphasia and its variants. Available
at: www.neurology.org.

Graziani Povoas Barsottini, O. et al. (2010) View and review Progressive supranuclear palsy New concepts,
Arq Neuropsiquiatr.

Grinberg, LT. et al. (2013) ‘Argyrophilic grain disease differs from other tauopathies by lacking tau
acetylation’, Acta Neuropathologica, 125(4), pp. 581-593. Available at: https://doi.org/10.1007/s00401-
013-1080-2.

Guillozet-Bongaarts, A.L. et al. (2007) ‘Phosphorylation and cleavage of tau in non-AD tauopathies’, Acta
Neuropathologica, 113(5), pp. 513-520. Available at: https://doi.org/10.1007/s00401-007-0209-6.

Gustke, N. et al. (1994) Domains of r Protein and Interactions with Microtubules* *, Biochemistry. UTC.
Available at: https://pubs.acs.org/sharingguidelines.

Hanna, R.A. et al. (2012) ‘Microtubule-associated protein 1 light chain 3 (LC3) interacts with Bnip3 protein

to selectively remove endoplasmic reticulum and mitochondria via autophagy’, Journal of Biological
Chemistry, 287(23), pp. 19094-19104. Available at: https://doi.org/10.1074/jbc.M111.322933.

Hasegawa, M. et al. (2008) ‘Phosphorylated TDP-43 in frontotemporal lobar degeneration and amyotrophic
lateral sclerosis’, Annals of Neurology, 64(1), pp. 60-70. Available at: https://doi.org/10.1002/ana.21425.

Ho, W.Y. et al. (2019) “The ALS-FTD-linked gene product, C90rf72, regulates neuronal morphogenesis via
autophagy’, Autophagy, 15(5), pp. 827—842. Available at: https://doi.org/10.1080/15548627.2019.1569441.

Hodges, J.R. et al. (2004) ‘Clinicopathological correlates in frontotemporal dementia’, Annals of Neurology,
56(3), pp. 399—406. Available at: https://doi.org/10.1002/ana.20203.

22



Hogan, D.B. et al. (2016) ‘The prevalence and incidence of frontotemporal dementia: A systematic review’,
Canadian Journal of Neurological Sciences. Cambridge University Press, pp. $96-S109. Available at:
https://doi.org/10.1017/¢jn.2016.25.

Hong, K. et al. (2012) ‘Full-length TDP-43 and its C-terminal fragments activate mitophagy in NSC34 cell
line’, Neuroscience Letters, 530(2), pp- 144-149. Available at:
https://doi.org/10.1016/j.neulet.2012.10.003.

Hutton, M. et al. (1998) Association of missense and 5-splice-site mutations in tau with the inherited
dementia FTDP-17.

Irwin, D.J. et al. (2015) Trontotemporal lobar degeneration: defining phenotypic diversity through
personalized medicine’, Acta Neuropathologica. Springer Verlag, pp. 4069-491. Available at:
https://doi.org/10.1007 /s00401-014-1380-1.

Jahreiss, L., Menzies, F.M. and Rubinsztein, D.C. (2008) “The itinerary of autophagosomes: From peripheral
formation to kiss-and-run fusion with lysosomes’, Traffic, 9(4), pp. 574-587. Available at:
https://doi.org/10.1111/}.1600-0854.2008.00701 x.

Jin, S.M. et al. (2010) ‘Mitochondrial membrane potential regulates PINK1 import and proteolytic
destabilization by PARL’, Journal of Cell Biology, 191(5), pp. 933-942. Available at:
https://doi.org/10.1083/jcb.201008084.

Josephs, K.A. et al. (2008) ‘Argyrophilic grains: A distinct disease or an additive pathology?’, Neurobiology
of Aging, 29(4), pp. 566-573. Available at: https://doi.otg/10.1016/j.neurobiolaging.2006.10.032.

Ju, J.S. et al. (2009) “Valosin-containing protein (VCP) is required for autophagy and is disrupted in VCP
disease’, Journal of Cell Biology, 187(6), pp. 875—888. Available at: https://doi.org/10.1083/jcb.200908115.

Khaminets, A., Behl, C. and Dikic, 1. (2016) ‘Ubiquitin-Dependent And Independent Signals In Selective
Autophagy’,  Trends in  Cell Biology.  Elsevier Ltd, pp. 06-16. Available at:
https://doi.org/10.1016/j.tcb.2015.08.010.

Kino, Y. et al. (2015) ‘FUS/TLS deficiency causes behavioral and pathological abnormalities distinct from
amyotrophic lateral sclerosis’, Acta neuropathologica communications, 3, p. 24. Available at:
https://doi.org/10.1186/s40478-015-0202-6.

Kochl, R. et al. (2006) ‘Microtubules facilitate autophagosome formation and fusion of autophagosomes
with endosomes’, Traffic, 7(2), pp. 129-145. Available at: https://doi.org/10.1111/j.1600-
0854.2005.00368 x.

Koehler, L.C. et al. (2022) ‘TDP-43 Oligomerization and Phase Separation Properties Are Necessary for
Autoregulation’, Frontiers in Neuroscience, 16. Available at: https://doi.org/10.3389/fnins.2022.818655.

Kovacs, G.G. et al. (2013) ‘Neuropathology of the hippocampus in FTLD-Tau with Pick bodies: A study
of the BrainNet Europe Consortium’, Neuropathology and Applied Neurobiology, 39(2), pp. 166-178.
Available at: https://doi.org/10.1111/j.1365-2990.2012.01272.x.

Koyano, F. et al. (2014) ‘Ubiquitin is phosphorylated by PINK1 to activate parkin’, Nature, 510(7503), pp.
162-166. Available at: https://doi.org/10.1038/nature13392.

23



Kwiatkowski, T.J. et al. (2009) ‘Mutations in the FUS/TLS gene on chromosome 16 cause familial
amyotrophic  lateral  sclerosis’,  Science,  323(5918), pp.  1205-1208.  Available at:
https://doi.otg/10.1126/science.1166066.

Lazarou, M. et al. (2015) “The ubiquitin kinase PINK1 recruits autophagy receptors to induce mitophagy’,
Nature, 524(7565), pp. 309-314. Available at: https://doi.org/10.1038 /nature14893.

LeBoeuf, A.C. et al. (2008) ‘FTDP-17 mutations in tau alter the regulation of microtubule dynamics: An
“alternative core” model for normal and pathological tau action’, Journal of Biological Chemistry, 283(52),
pp. 36406-36415. Available at: https://doi.org/10.1074/jbc.M803519200.

Lee, J. et al. (2021) ‘ATG101 degradation by HUWE1-mediated ubiquitination impairs autophagy and
reduces survival in cancer cells’, International Journal of Molecular Sciences, 22(17). Available at:
https://doi.org/10.3390/1jms22179182.

Leyton, C.E. et al. (2013) ‘Cognitive decline in logopenic aphasia’, Neurology, 80(10), pp. 897-903. Available
at: https://doi.org/10.1212/WNL.0b013e318285¢15b.

Lindwall, G. and Cole, R.D. (1984) ‘Phosphorylation affects the ability of tau protein to promote
microtubule assembly’, Journal of Biological Chemistry, 259(8), pp. 5301-5305. Available at:
https://doi.org/10.1016/s0021-9258(17)42989-9.

Ling, H. et al. (2016) “‘Astrogliopathy predominates the earliest stage of corticobasal degeneration pathology’,
Brain, 139(12), pp. 3237-3252. Available at: https://doi.org/10.1093/brain/aww256.

Liu, L. et al. (2012) ‘Mitochondrial outer-membrane protein FUNDC1 mediates hypoxia-induced mitophagy
in  mammalian  cells, Nature Cell Biology, 14(2), pp. 177-185. Available at:
https://doi.org/10.1038/ncb2422.

Lu, B. etal. (2007) ‘Roles for the human ATP-dependent Lon protease in mitochondrial DNA maintenance’,
Journal of Biological Chemistry, 282(24), Pp- 17363-17374. Available at:
https://doi.org/10.1074/jbc.M611540200.

Lv, M. et al. (2017) ‘Structural insights into the recognition of phosphorylated FUNDC1 by LC3B in
mitophagy’, Protein and Cell, 8(1), pp. 25-38. Available at: https://doi.org/10.1007/s13238-016-0328-8.

Ma, K. et al. (2020) ‘Mitophagy, Mitochondrial Homeostasis, and Cell Fate’, Frontiers in Cell and
Developmental Biology. Frontiers Media S.A. Available at: https://doi.org/10.3389/fcell.2020.00467.

MacKenzie, L.R.A. et al. (2010) ‘Nomenclature and nosology for neuropathologic subtypes of
frontotemporal lobar degeneration: An update’, in Acta Neuropathologica, pp. 1-4. Available at:
https://doi.org/10.1007 /s00401-009-0612-2.

MacLaren, D.A.A. etal. (2018) ‘Pedunculopontine tegmentum cholinergic loss leads to a progressive decline
in motor abilities and neuropathological changes resembling progressive supranuclear palsy’, European
Journal of Neuroscience, 48(12), pp. 3477-3497. Available at: https://doi.org/10.1111/ejn.14212.

Maday, S., Wallace, K.E. and Holzbaur, E.LL.F. (2012) ‘Autophagosomes initiate distally and mature during

transport toward the cell soma in primary neurons’, Journal of Cell Biology, 196(4), pp. 407—417. Available
at: https://doi.org/10.1083/jcb.201106120.

24



Maeda, S. et al. (2007) ‘Granular tau oligomers as intermediates of tau filaments’, Biochemistry, 46(12), pp.
3856-3861. Available at: https://doi.org/10.1021/bi061359%0.

Marinkovi¢, M., Sprung, M. and Novak, I. (2021) ‘Dimerization of mitophagy receptor BNIP3L/NIX is
essential for recruitment of autophagic machinery’, Autophagy, 17(5), pp. 1232-1243. Available at:
https://doi.org/10.1080/15548627.2020.1755120.

Martina, J.A. et al. (2012) ‘MTORCI1 functions as a transcriptional regulator of autophagy by preventing
nuclear transport of TFEB’, Autophagy, 8(0), Pp- 903-914. Available at:
https://doi.org/10.4161/auto.19653.

Martini-Stoica, H. et al. (2018) “TFEB enhances astroglial uptake of extracellular tau species and reduces tau
spreading’,  Journal of Experimental Medicine, 215(9), pp. 2355-2377. Available at:
https://doi.org/10.1084/jem.20172158.

McDonald, K.K. et al. (2011) “TAR DNA-binding protein 43 (TDP-43) regulates stress granule dynamics
via differential regulation of G3BP and TIA-1’, Human Molecular Genetics, 20(7), pp. 1400-1410. Available
at: https://doi.org/10.1093 /hmg/ddr021.

Michel, M.A. et al. (2017) ‘Ubiquitin Linkage-Specific Affimers Reveal Insights into K6-Linked Ubiquitin
Signaling’, Molecular Cell, 68(1), pp- 233-2406.e5. Available at:
https://doi.org/10.1016/j.molcel.2017.08.020.

Mizushima, N., Yoshimori, T. and Ohsumi, Y. (2011) ‘The role of atg proteins in autophagosome
formation’, Annual Review of Cell and Developmental Biology, 27, pp. 107-132. Available at:
https://doi.otg/10.1146/annurev-cellbio-092910-154005.

Moore, K.M. et al. (2020) ‘Age at symptom onset and death and disease duration in genetic frontotemporal
dementia: an international retrospective cohort study’, The Lancet Neurology, 19(2), pp. 145-156. Available
at: https://doi.org/10.1016/S1474-4422(19)30394-1.

Murphy, M.P. (2009) ‘How mitochondria produce reactive oxygen species’, Biochemical Journal, pp. 1-13.
Available at: https://doi.org/10.1042/BJ20081386.

Nakamura, M. et al. (2020) ‘The kinesin-like protein Pavarotti functions noncanonically to regulate actin
dynamics’, Journal of Cell Biology, 219(9). Available at: https://doi.org/10.1083/jcb.201912144.

Nakamura, Y. et al. (1994) HEUROSCIENC| LETTERS Involvement of clathrin light chains in the
pathology of Pick’s disease; impilication for impairment of axonal transport, Neuroscience Letters.

Nelson, P.T. et al. (2009) ‘Brains With Medial Temporal Lobe Neurofibrillary Tangles But No Neuritic
Amyloid Plaques Are a Diagnostic Dilemma But May Have Pathogenetic Aspects Distinct From Alzheimer
Disease’, Journal of Neuropathology & Experimental Neurology, 68(7), pp. 774-784. Available at:
https://doi.org/10.1097 /NEN.0b013e3181aacbe9.

Neumann, M. (2013) ‘Frontotemporal lobar degeneration and amyotrophic lateral sclerosis: Molecular
similarities ~and  differences’, in = Revue  Neurologique, pp. 793-798.  Available at:
https://doi.org/10.1016/j.neurol.2013.07.019.

Neumann, M. and Mackenzie, L.R.A. (2019) ‘Review: Neuropathology of non-tau frontotemporal lobar
degeneration’, Neuropathology and Applied Neurobiology. Blackwell Publishing Ltd, pp. 19—40. Available
at: https://doi.org/10.1111/nan.12526.

25



Noda, K. et al. (20006) ‘Quantitative analysis of neurofibrillary pathology in a general population to reappraise
neuropathological criteria for senile dementia of the neurofibrillary tangle type (tangle-only dementia): The
Hisayama study’, Neuropathology, 26(6), pp. 508-518. Available at: https://doi.org/10.1111/.1440-
1789.2006.00722 x.

Padman, B.S. et al. (2019) ‘LC3/GABARAPs drive ubiquitin-independent recruitment of Optineurin and
NDP52  to  amplify  mitophagy’,  Nature  Communications,  10(1).  Available  at:
https://doi.org/10.1038/s41467-019-08335-6.

Panda, D. et al. (no date) Differential regulation of microtubule dynamics by three-and four-repeat tau:
Implications for the onset of neurodegenerative disease. Available at:
https:/ /doi.org/www.pnas.orgcgidoil0.1073pnas.1633508100.

Poole, L.P. et al. (2021) ‘ULK1 promotes mitophagy via phosphorylation and stabilization of BNIP3’,
Scientific Repotts, 11(1). Available at: https://doi.org/10.1038/s41598-021-00170-4.

Puri, C. et al. (2018) ‘The RAB11A-Positive Compartment Is a Primary Platform for Autophagosome
Assembly Mediated by WIPI2 Recognition of PI3P-RAB11A’, Developmental Cell, 45(1), pp. 114-131.e8.
Auvailable at: https://doi.org/10.1016/j.devcel.2018.03.008.

Rascovsky, K. et al. (2011) ‘Sensitivity of revised diagnostic criteria for the behavioural variant of
frontotemporal dementia’, Brain, 134(9), Pp- 2456-24717. Available at:
https://doi.org/10.1093 /brain/awr179.

Respondek, G. and Hoglinger, G.U. (2016) “The phenotypic spectrum of progressive supranuclear palsy’,
Parkinsonism and Related Disorders, 22, Pp- S34-8306. Available at:
https://doi.org/10.1016/j.patkreldis.2015.09.041.

Richter, B. et al. (2016) ‘Phosphorylation of OPTN by TBK1 enhances its binding to Ub chains and
promotes selective autophagy of damaged mitochondria’, Proceedings of the National Academy of Sciences
of the  United  States of  America, 113(15), pp. 4039-4044.  Available at
https://doi.org/10.1073/pnas.1523926113.

Rodriguez-Perifian, G. et al. (2023) ‘Progranulin Deficiency Induces Mitochondrial Dysfunction in
Frontotemporal Lobar Degeneration with TDP-43 Inclusions’, Antioxidants, 12(3). Available at:
https://doi.org/10.3390/antiox12030581.

Rogov, V. et al. (2014) ‘Interactions between Autophagy Receptors and Ubiquitin-like Proteins Form the
Molecular Basis for Selective Autophagy’, Molecular Cell, pp. 167-178. Available at:
https://doi.org/10.1016/j.molcel.2013.12.014.

Rogov, V. V. et al. (2017) ‘Phosphorylation of the mitochondrial autophagy receptor Nix enhances its
interaction with LC3 proteins’, Scientific Reports, 7(1). Available at: https://doi.org/10.1038/s41598-017-
01258-6.

Sarraf, S.A. et al. (2013) ‘Landscape of the PARKIN-dependent ubiquitylome in response to mitochondrial
depolarization’, Nature, 496(7445), pp. 372-376. Available at: https://doi.org/10.1038/nature12043.

Scekic-Zahirovig, J. et al. (20106) © Toxic gain of function from mutant FUS protein is crucial to trigger cell
autonomous motor neuron loss °, The EMBO Journal, 35(10), pp. 1077-1097. Available at:
https://doi.org/10.15252/embj.201592559.

26



Seelaar, H. et al. (2010) ‘Frequency of ubiquitin and FUS-positive, TDP-43-negative frontotemporal lobatr
degeneration’, Journal of Neurology, 257(5), pp. 747-753. Available at: https://doi.org/10.1007/s00415-
009-5404-z.

Sellier, C. et al. (20106) ‘ Loss of C9 ORF 72 impairs autophagy and synergizes with poly(QQ Ataxin-2 to induce
motor neuron dysfunction and cell death ’, The EMBO Journal, 35(12), pp. 1276-1297. Available at:
https://doi.org/10.15252/embj.201593350.

Settembre, C. etal. (2011) “TFEB Links Autophagy to Lysosomal Biogenesis’, Science, 332(6030), pp. 1429—
1433. Available at: https://doi.org/10.1126/science.1204592.

Shen, H.M. and Mizushima, N. (2014) ‘At the end of the autophagic road: An emerging understanding of
lysosomal functions in autophagy’, Trends in Biochemical Sciences, pp. 61-71. Available at:
https://doi.org/10.1016/j.tibs.2013.12.001.

Shiba-Fukushima, K. et al. (2012) ‘PINK1-mediated phosphorylation of the Parkin ubiquitin-like domain
primes mitochondrial translocation of Parkin and regulates mitophagy’, Scientific Reports, 2. Available at:
https://doi.otg/10.1038/step01002.

Shimura, H. et al. (2000) ‘Familial Parkinson disease gene product, parkin, is a ubiquitin-protein ligase’,
Nature Genetics, 25(3), pp. 302—-305. Available at: https://doi.org/10.1038/77060.

de Silva, R. et al. (2006) ‘An immunohistochemical study of cases of sporadic and inherited frontotemporal
lobar degeneration using 3R- and 4R-specific tau monoclonal antibodies’, Acta Neuropathologica, 111(4),
pp- 329-340. Available at: https://doi.org/10.1007/s00401-006-0048-x.

Sinha, K. et al. (2013) ‘Oxidative stress: The mitochondria-dependent and mitochondria-independent
pathways  of  apoptosis’,  Archives of  Toxicology, pp. 1157-1180.  Available at:
https://doi.org/10.1007/s00204-013-1034-4.

Spinelli, E.G. et al. (2017) “Typical and atypical pathology in primary progressive aphasia variants’, Annals
of Neurology, 81(3), pp. 430—443. Available at: https://doi.org/10.1002/ana.24885.

Sridhar, S. et al. (2012) ‘Autophagy and disease: Always two sides to a problem’, Journal of Pathology, pp.
255-273. Available at: https://doi.org/10.1002/path.3025.

Tanaka, Y. et al. (2013) ‘Increased lysosomal biogenesis in activated microglia and exacerbated neuronal
damage after traumatic brain injury in progranulin-deficient mice’, Neuroscience, 250, pp. 8—19. Available
at: https://doi.org/10.1016/j.neuroscience.2013.06.049.

Tanaka, Y. et al. (2014) ‘Possible involvement of lysosomal dysfunction in pathological changes of the brain
in aged progranulin-deficient mice’, Acta Neuropathologica Communications, 2(1). Awvailable at:
https://doi.org/10.1186/s40478-014-0078-x.

Tanaka, Y. et al. (2017) ‘Progranulin regulates lysosomal function and biogenesis through acidification of
lysosomes’, Human  Molecular Genetics, 26(5), Pp- 969-988. Available at:
https://doi.org/10.1093 /hmg/ddx011.

Tollervey, J.R. et al. (2011) ‘Characterizing the RNA targets and position-dependent splicing regulation by
TDP-43’, Nature Neuroscience, 14(4), pp. 452—458. Available at: https://doi.org/10.1038/0n.2778.

27



Trempe, J.-F. et al. (2013) ‘Structure of Parkin Reveals Mechanisms for Ubiquitin Ligase Activation’,
Science, 340(6139), pp. 1451-1455. Available at: https://doi.org/10.1126/science.1237908.

Valente, E.M. et al. (2004) ‘Hereditary eatly-onset Parkinson’s disease caused by mutations in PINK1’,
Science, 304(5674), pp. 1158-1160. Available at: https://doi.org/10.1126/science.1096284.

Venneti, S. et al. (2008) ‘The Positron Emission Tomography Ligand DAA1106 Binds With High Affinity
to Activated Microglia in Human Neurological Disorders’, Journal of Neuropathology & Experimental
Neurology, 67(10), pp. 1001-1010. Available at: https://doi.org/10.1097/NEN.0b013¢318188b204.

Vij, N. (2008) ‘AAA ATPase p97/VCP: Cellular functions, disease and therapeutic potential: Point of View”,
Journal of Cellular and Molecular Medicine, 12(6A), pp. 2511-2518. Awvailable at:
https://doi.org/10.1111/}.1582-4934.2008.00462.x.

Villa, E. et al. (2017) ‘Parkin-Independent Mitophagy Controls Chemotherapeutic Response in Cancer
Cells’, Cell Reports, 20(12), pp. 2846—2859. Available at: https://doi.otrg/10.1016/j.celrep.2017.08.087.

Wang, M. et al. (2020) ‘C9orf72 associates with inactive Rag GTPases and regulates mTORC1-mediated
autophagosomal ~ and  lysosomal biogenesis’, Aging Cell, 19(4). Available at:
https://doi.org/10.1111/acel.13126.

Wang, P. et al. (2019) ‘TDP-43 induces mitochondrial damage and activates the mitochondrial unfolded
protein response’, PLoS Genetics, 15(5). Available at: https://doi.org/10.1371/journal.pgen.1007947.

Watts, G.D.J. et al. (2004) ‘Inclusion body myopathy associated with Paget disease of bone and
frontotemporal dementia is caused by mutant valosin-containing protein’, Nature Genetics, 36(4), pp. 377—
381. Available at: https://doi.org/10.1038/ng1332.

Wei, Y. et al. (2017) ‘Prohibitin 2 Is an Inner Mitochondrial Membrane Mitophagy Receptor’, Cell, 168(1—
2), pp- 224-238.¢10. Available at: https://doi.otg/10.1016/j.cell.2016.11.042.

Wu, W. et al. (2014) ‘ULK1 translocates to mitochondria and phosphorylates FUNDCI1 to regulate
mitophagy’, EMBO Reports, 15(5), pp. 566—575. Available at: https://doi.org/10.1002/embr.201438501.

Xia, Q. et al. (2016) * TDP -43 loss of function increases TFEB activity and blocks autophagosome—
lysosome  fusion °,  The EMBO  Journal, 35(2), pp. 121-142.  Available at:
https://doi.org/10.15252/embj.201591998.

Yamano, K. et al. (2018) ‘Endosomal Rab cycles regulate Parkin-mediated mitophagy’, eLife, 7. Available
at: https://doi.org/10.7554/eLife.31326.

Zhang, T. et al. (2016) ‘BNIP3 protein suppresses PINK1 kinase proteolytic cleavage to promote
mitophagy’, Journal of Biological Chemistry, 291(41), pp. 21616-21629. Available at:
https://doi.org/10.1074/jbc.M116.733410.

Zhang, W. (2021) ‘The mitophagy receptor FUN14 domain-containing 1 (FUNDC1): A promising
biomarker and potential therapeutic target of human diseases’, Genes and Diseases. Chongging University,
pp. 640—654. Available at: https://doi.org/10.1016/j.gendis.2020.08.011.

Zhou, R. etal. (2011) ‘A role for mitochondria in NLRP3 inflammasome activation’, Nature, 469(7329), pp.
221-226. Available at: https://doi.org/10.1038/nature09663.

28



Zhu, Y. et al. (2013) ‘Modulation of serines 17 and 24 in the LC3-interacting region of Bnip3 determines
pro-survival mitophagy versus apoptosis’, Journal of Biological Chemistry, 288(2), pp. 1099-1113. Available
at: https://doi.org/10.1074/jbc.M112.399345.

29



