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CELL TRAFFICKING

MEMBRANE TRAFFICKING AUTOPHAGY
Traditional vesicular trafficking

Process of signals and metabolites exchange between
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CELL TRAFFICKING

Process of signals and metabolites exchange between
cellular compartments,

iCia-Cazorla 2022

49 genes >370 genes

(2011) (2024)
One of the largest categories in the IMD
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All processes are interrelated
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EXOCYTOSIS Movement OUTSIDE from the cell.

Secretory pathway and membrane proteins

(other organelles)

network extending from ER

Speculation

Endoplasmic ERGIC Golgi System
Reticulum ERES
- @ CelPress
Erlgf'lc:-aolgi protein delivery
through an interwoven, tubular

COPII Neck ERFS

(GTP-bOUl\d) G ( P lx yund)

ERNDIM , A Weigel, Cell 2021
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Movement OUTSIDE from the cell.
Secretory pathway and membrane proteins

ER — Golgi defects mutations affecting

Early onset| Congenital-postnatal ucephaly + ID TRAPP
NDD, adquired pcephaly + muscle TANGO2, TRAPP

Late onset | Motor dysfunction TANGO?2
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scientific reports

OPEN  Mitochondrial dysfunction
associated with TANGO2 deficiency

Paige Heiman?, Al-Walid Mohsen?, Anuradha Karunanidhit, Claudette St Croix?,
Simon Watkins?, Erik Koppes?, Richard Haas*, Jerry Vockley’? & Lina Ghaloul-Gonzalez"?** !

! ins’, ErikRoppes, RI 18y ¥ ! Y zalez m UNIVERSITAT o
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Scientific Reports|  (2022) 12:3045
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| \ | E N DOCYTOSlS Movement INSIDE to the cell.

o, Secretory pathway and membrane proteins
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| \ | E N DOCYTOSlS Movement INSIDE to the cell.

o, Secretory pathway and membrane proteins

A

Recycling Endosome

A Rapid recycling
B Degradation via autophagy
CQ) C Membrane receptors recycling
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Movement INSIDE to the cell.
E N DOCYTOSIS Secretory pathway and membrane proteins

%On Q

Early Endosome

/ >Late Endosome

Cargo Plasma membrane
1

RETROMER: “Master regula@”, vafds'tysosermal d
I 0

Internalization Recycling

Proposed model for retromer assembly

7 traluminal %
vesicle

No SNX27/ j__} g
retromer Y —e )
Gershilk et al, Curernt Biol 2017. @Q Lysosome ;bi)& S:;I)giratus O] Mult Vesicular Body
(T S cictace
Lee et al, Nature @2
1- Endosome recruits retromer
2- Cargo binds retromer via SNX27
3- Membrane deformation via SNX-BAR Phagolysosome

4- Tubulation SNX-BAR + Actin + WASH complex
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E N DOCYTOSlS Movement INSIDE to the cell.

Secretory pathway and membrane proteins

Recycling Endosome
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OO

Golgi - endoseomes defects

Complex early-onset encephalopathies that may

. . - ae SLC9A6
associate with multisistemic involvement
Late endosome - lysosome defects

Neonatal seizures ATP6A2
Complex multisystemic SNAP29
Peripheral neuropathy RAB7
Lysosome biogenesis defects Lowe syndrome
HOPSANDSs (HOPS Associated Neurological Disorders)
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E N DOCYTOSlS Movement INSIDE to the cell.

Secretory pathway and membrane proteins

Golgi - endoseomes defects

Complex early-onset encephalopathies that may
associate with multisistemic involvement

SLCO9A6

Late endosome - lysosome defects
I

doi:10.1093/brain/awab161 BRAIN 2021: 144; 2610-2615 | 2610
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HOPS-associated neurological disorders /

(HOPSANDs): linking endolysosomal
dysfunction to the pathogenesis of dystonia

(®Edoardo Monfrini,»? Michael Zech,?* Dora Steel,>® Manju A. Kurian,*>®

Juliane Winkelmann®%7-8 and ®Alessio Di Fonzo?
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AUTOPHAGY
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AU TO P H AGY cellular pathway for the degadation of dysfunctional components
through a lysosome-dependent regulated mechanism
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endocytosis +
cell trafficking

inter-organelle metabolism
communication

immunologic cell signaling
processes LYSOSOME:

a cellular hub
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‘ Lysosome

\

Preautophagosomal Phagophore or

Autolysosome

Autophagosome

structure (PAS) isolation membrane
Starvation ) ; :
Rapamycin E| mTOR — _>Am|n<: acids
Torin1 eLG.
Lithium / T
T"g‘ﬁ'é’;g Knockout/knockdown Knockout/knockdown of Bafilomycin A1 Bafilomycin A1
BH3 mimetics of ATG genes ATG genes Vinblastine NH,CI, Chloroquine
(nucleation step) (elong%tion step) Nocodazole Protease inhibitors
PI3K inhibitors Atg4BC74A E64 tatin A etc.
(wortmannin, 3-MA) Atg16L1 dominant negative (EB4d, pepstalitih et )
ULK1 dominant negative
Presence of 7 l LC3/Atg8

marker proteins

LYSOSOMAL PROTEINS

Noboru Mizushima, et al. Methods in Mammalian Autophagy Research, Cell, 2010
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Table 2 | Human diseases linked to autophagy and clinical translation

Disease

Mechanism

Autophagy activation in neurodegenerative diseases

Alzheimer disease

U ©
(>
% Parkinson disease

ALS

Huntington disease
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mTOR inhibition (via 5-HT R activation)
Inhibition of AKT-mTOR pathway
ACAT1 inhibition

mTOR inhibition

AMPK activation

Lysosomal acidification

GSK3p and IMPase inhibition

Unclear mechanism

MTMR14 (autophagy inhibitor) inhibition
NRF2 activation

TFEB activation

Beclin 1 complex activation

TFEB regulation

Beclin 1 activation

Unclear mechanism

MTMR14 inhibition

mTOR inhibition

Unclear mechanism

Compounds

AVN-211; Lu AE58054 (idalopirdine); SB-742457
rAAV/A vaccine

F12511

Rapamycin, latrepirdine and metformin
Resveratrol and resveratrol-like small molecules
Nicotinamide

Lithium

Berberine

AUTEN-67

DMF

Curcumin analogue

BECN1 gene transfer

TFEB gene

Dual GLP-1-GIP receptor agonists

Berberine

AUTEN-67

Rapamycin

Berberine



AUTOPHAGY DEFECTS AS
PRIMARY CAUSE OF THE DISEASE

Beta-propeller Protein-Associated Neurodegeneration

(BPAN)
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Caused by Neurodegenerative Bi-phasic
mutations in WDR45 metabolic disease clinical course
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AUTOPHAGY DEFECTS AS

PRIMARY CAUSE OF THE DISEASE
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Deneubourg et al., Autophagy 2022



AUTOPHAGY DEFECTS AS
UNDERLYING ELEMENTS OF PATHOPHYS.

doi:10.1093/brain/awab161 BRAIN 2021: 144; 2610-2615 | 2610

HOPS-associated neurological disorders
(HOPSAND:s): linking endolysosomal
dysfunction to the pathogenesis of dystonia

(®Edoardo Monfrini,»*? Michael Zech,>* Dora Steel,>® Manju A. Kurian,>*¢
Juliane Winkelmann®%7+8 and (Alessio Di Fonzo?
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Article s e N Y Molecular Medicine

Unraveling autophagic imbalances and therapeutic
insights in Mecp2-deficient models

Alessandro Esposito /"™ Tommaso Seri’®)!, Martina Breccia?, Marzia Indrigo’,
Giuseppina De Rocco“''?, Francesca Nuzzolillo®, Vanna Denti‘® 4, Francesca Pappacena
Gaia Tartaglione', Simone Serrao " 4, Giuseppe Paglia®, Luca Murru'"'5, Stefano de Pretis®,

Jean-Michel Cioni', Nicoletta Landsberger ©©''2, Fabrizia Claudia Guarnieri (2% &
13X
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%mb MEMBRANE CONTACT SITES

Not membrane trafficking strictly, but crucial for communcation
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MEMBRANE CONTACT SITES

ER-Endosome:
-Parkinson Disease: VPS13C

ER-Lipid droplet:
-Spastic Paraparesis

U v BSCI 2 (Seipin) (*),
REEP1 and ATL1 (Atlas-
fin-1)

Lipid droplet-peroxisomes
-Spastic Paraparesis: Spastin
(SPAST), ABCD1

(ATP-binding cassette sub-fa-
mily D member 1)

ER-Mitochondria
-Amyotrophyc Lateral Sclerosis:
TARDBP, alphal receptor, VAPB,
SigR1
-Alzheimer’s Disease: Presenilin,
alpha-synuclein
-Spastic Paraparesis: REEP1, SigR1
-Chorea-Acanthocytosis: VPSI3A
-CMT: MEN2, alpha-synuclein
-GM1 gangliosidosis

§ -Parkinson’s Disease: VDACT

‘ -Epileptic encephalopathy: PACSZ

ER-Golgi (TGN):
-Amyotrophyc Lateral Sclerosis: VAPB
-Intellectual disability: CERT1

|
T Endosome-Lysosome-Lipid droplet:

VPS13A and VPS13C bind to the ER, tethering
it to mitochondria (VPS13A), to late
endosome/ lysosomes (VPS13C) and to lipid
droplets (both VPS13A and VPS13C).

Choreoacanthocytosis: VPS13A
Parkinson’s Disease: VPS513C
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TRANSPORT ALONG THE CYTOSKELETON

Not an IMD per se, but probably will fall in the category in the future



TRANSPORT ALONG THE CYTOSKELETON

KIFSA, KIF5C, KIF1A,
KIF1C, KIF14, KIF16A,

S — KIF4A, KIF7, KIF12A,

o  Kinesin  KIF11, KIF10, KIF6,
{i qf’} KIF15, KIF2A, KBP
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C ﬁmtemgrade transport
2OQOC ’- = - ~0 ’“Y?’ -r—w‘f x‘ XYY Y : %
;8 R W» GG |
LA - Vf wfk Ay
\f""vv"v “\f\f"v\& ‘*{‘“Vv%f*-rw f\/\( \r‘vv/.'
&f j\. A AAAA A_M_A_M_A A S ;\_L_A_A_ _J\_/L_A_,A_L_
Retrograde transport Microtubules
TUBA1A, TUBA8, TUBB, TUBB?2,
Dynein / TUBB2B, TUBB3, TUBB4A,
DYNCIHI, DCTNI1, TUBB4B, TUBB6, TUBG1

BICDZ2, LIS1, NDE1
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Respiratory
system

Mucociliary clearance

\z Q
\
Endocrine,
Blood +
musculoskeletal, ,
: Immune system
cardiovascular B
Cytokine release
Pathogen removal

Nervous system

CNS development
Neuronal homeostasis
Synaptic communication
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KIFSA, KIFSC, KIF1A, / \

RELC NPt Earl Endosome
KIF16A, KIF4A, KIF7, r'y Endosome
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2 s O N (N0 Recycling Endos
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< Microtubules  TUBA1A, TUBAS, VPSS3
TUBB, TUBB2,
ovncint, oemng, TUBB28, TUBB3, GIARQF;JP%%ETN?I?ECZ)?SS O Rl dosome
BICD2, LIS1. NDE1 n TUBB4A, TUBB4B, : b : RABG
i TUBB6, TUBG1 RAB18, RAB3GAP2/1, >
K SEC31A, 248 RBSN SLCOAG, RAB7, ATP6AP2,
SNAP29

DENNDS5A,
— o

N —— q ARFGEF2
RAB6 AB2

g RAB33A/B
VPSI3B OYME " Lysosome
 Autophagosome
/ EPGS, WDR45 ,SNX14,
SPG11, ZFYVE26, AP5Z1,

\ RAB7, ATG5, SQSTM1
o

NTs loading:
transporters (MNVIAT2),
proton plimps.

Reserve pool:
synapsins, actin. Uncoating:
clathrin, auxilin

(DNAJCS), Hsc-70

Budding:
dynamin1 clathrin,
endodynamin,
amphiphysin,
endophilin,

\ synaptojanin 1, WASP

Mobilization:
CaMKII, synapsin

Docking:
GTPbinding proteins
(Rab), SNARES

Tethering/Priming:
SNARESs, NSF, SNAPS, = oating:
Complexin 1, 2, Tomo_syn, clathrin, GAK, AP2, AP-180,
CAPS, SV2A, Syntaphilin, Synaptotagmins,TPI1

\ \ - —
i S e et (O
ERNDIM VAMPZISNAPZ,S lSYNl : Synaptotagmin: SYT1 Endophilin, NSF, SNAPS,

Syntaphilin.
SYN2, STX1B, NAPB
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Cell trafficking is essential for cell function
and represents a growing disease category

All cell trafficking processes are
interconnected

CELL TRAFFICKING

Studying the cellular basis of cell
trafficking is critical to understand their
pathophysiology and define new
treatments

Autophagy is a promising therapeutic
target for these and other disorders
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