Au%phagv
and skem cells




Stress

Cellular damage
(for example,
chemotherapy)

Intracellular pathogens

Nutrient/growth
factor deprivation

Hypoxia

Benefit

Removal of damaged
organelles

Limitation of infection

Metabolic substrates for:
¢ Adaptive protein synthesis
¢ Bioenergetic needs
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“Autophagy promotes life”

Autophagy (“self eating”) is an old, evolutionarily
conserved stress response that is present in all Living
cells. Like apoptosis, autophagy is a programmed
response and has several sub-pathways. Unlike
apoptosis, autophagy promotes Life rather than death.

Recent discoveries have shown that almost every genetic,
dia&arj, and pharmacologic maniputaﬁon proven to extend
Lifespan activates autophagy as part of iks mechanism of
action,
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Three different types of
Autophagy

" Macroautophagy
. Miﬁroo\uﬁophagv
* Chaperone mediated autophagy (CMA)

Share a common destiny of Lysosomal degradation,
but are mechanistically different from one another.
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Autophagy versus heterophagy

Preautophagosome (Yt090|lc protein

Cytosolic chaperone

Auto phﬂ()‘)’ con‘|p|ex @ UPS

= \/ N

Macroautophagy Autophagic
vacuole A Proteasome

Cytosol

Microautophagy Endocytosis

Plasma membrane

Heterophagy
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CMA

Chaperon-mediated autophaqy
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ALl cellular proteins undergo continuous
synthesis and degradation. This permanent
renewal is necessary to maintain a functional
proteome and to allow for rapid changes in
levels of specific proteins with regulatory
purposes.

Although for a long time lysosomes were considered unable to
contribute to the selective degradation of individual proteins, the
discovery of chaperone-mediated autophagy (CMA) changed this
notion,
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Steps and requlation of CMA:
Cytosolic proteins rerouted for
lysosomal degradation

c) Unfolding
b) Binding

a) Recognition

S

Substrate

Lipid
microdomains :
(2) Degradation
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Properties of the
CMA-tarqgeting motif

o Composition: a pentapeptide motif (ex: KFERQ) that is necessary and
sufficient for their targeting to lysosomes

Location: only requirement being that it becomes exposed or
accessible for chaperone binding. Mb protein: no CMA-targeting motif
except those in which a cytosolic fragment can be released.

o Abundance: Sequence analysis reveals that about 30% of soluble
cytosolic proteins contain a putative CMA-tarqgeting motif

o Selectivity: This motif has recently been shown to be also utilized for
targeting of proteins to late endosomes in order to undergo
microautophagy. In addition, it is possible that some KFERQ-like
motifs are utilized for targeting o: proteins thot exert a function at
the lysosomal membrane and do not necessarily undergo
degradation A this compartment.
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a) METABOLIC BALANCE

PROTEIN SYNTHESIS

i ~

; ; cochaperones
Amino acids

‘ lys-hsc70 lys-hsp90
\
ENERGY - " Substrate

Damaged proteins
Aggregate-prone proteins

A
SPECIALIZED FUNCTIONS ¢

Antigen presentation (or eMi?)

Lysosome oxidatively ¢
Neuronal survival x damaged proteins

Kidney growth

Transcriptional regulation

Defense against hypoxic stress QUALITY CONTROL
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CMA is inhibited on Lipid
d&e&&ry challenge and aging

Under normal cii,ef:m'v
conditions, the membrane
protein LAMP-2A focilitates
binding and transtocation of
Pro&ems in the cellular ejizosot
across the lysosomal membrane,
where they are degraded. A
fraction of LAMP-2A is normally
turned over i microdomains of
discrete Lapid composition at the
Ljsesomai membrane.

f LAMP-2A
CMA DEGRADATION

protein Lipid microcdomains

/o

Y
‘Ad
Cathepsin A

Substrate

LAMP-2A

Lysosome Lys-Hsc70 )
Lumen
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CMA is inhibited on Lipid
di@.&&ry challenge and aging

High-Lipid diets and aging
induce quantitative and
qualitative changes i the Lipid
composition of the lysosomal
membrane, favoring accelerated
deqgradation of LAMP-2A i this
compartment. The reduced levels
of LAMP-2A under these
conditions Limik the CMA
capacity of lysosomes.

LAMP-2A
DEGRADATION
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CMA contributes to maintain genome

stability by assuring nuclear proteostasis

Chaperoma—media&ed
autophagy (CMA) is activated
N response to cellular
stressors to Prevev& cellular
proteotoxicity through
selective deqgradation of

alkered pro&eéns i Ljsosome.s.

Functional \ Compromised
CMA . CMA

hsc70

Chk1
s @
Cell cycle b ¥ Chk1

progression

DNA damage h Cell cycle
arn @ o/ b 5 arrest
MRN ATR

DNA repair % ) | /‘—»
Nucleus N Deficient DNA repai

Reduced CMA activity conkributes ko the decrease
i pro&eome qu.ai.i.&v n disease and ageing.
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Pathology of

a) Neurodegeneration CMA}

Parkinson’s disease

& -ﬂ~§1‘ g

Substrate

-—o:)o:>

Lysosome

Blockage of CMA

-

“hsc70

g

Maintenance of
glycolysis
L]
Cell proliferation

\ 4

Tumor growth

Lysosomal Storage Disorders
Altered lipid metabolism
Diabetes

Aging
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CMA and m&croauﬁmphagg -
how are they differents

Substrate  Substrate

Late
endosome

Lysosome

In bulk selective

In bulk selective

COMPARTMENT

Endosomes Lysosomes

DELIVERY

Vesicles (MVB) Transporter

TARGETING

Motif

None KFERQ KFERQ

Chaperone

None hsc70 hsc70

Organelles

YES NO NO

Proteins

YES

Unfolding

YES

HSC70 BINDING

LAMP-2A

SELECTIVITY

Selective
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Ma&roau&ophagv VS
miﬂro&u&c}[ﬂhagv

MACROAUTOPHAGY: During macroautophaqy,

intact organelles (such as mitochondria)

and portions of the cytosol are sequestered

into a double-membrane vesicle, termed an — @
autophagosome, Subsequently, the completed Macroautophagy
autophagosome matures by fusing with an \ e
endosome and/or Ljsosome, &herebj S Microautophagy
forming an autolysosome. This Latter step D

exposes the cargo to lysosomal hydrolases

to allow iks breakdown, and the resulking

macromolecules are transported back into

the cytosol through membrane permeases

for reuse.

MICROAUTOPHAGY: direct engulfment of cytoplasm at the lysosome surface
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Autophagy versus heterophagy

a Macroautophagy b Microautophagy
Q°,

\ Autophagosome

— ® —_—
OQ‘ )

: Z - v
Isolation Proteins and Selective

membrane organelles o O (%/

Lipid droplet Chaperone /
Mitochondrion ‘In bulk’ @/ Organelles
. ~&° o5

Lipophagy O of
- v,

- C§ g @ Substrate

-
!

g protein

‘In bulk

TUUL

~
Mitophagy oo O < Lysosome

Ribosome

Chaperone —
Aggregated {
protein @
Chaperone-assisted

selective autophagy
Aggrephagy

Nature Reviews | Molecular Cell Biolog

Nature Reviews Molecular Cell Biotogj 12, §386-641, 2011
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Autophagy-related (ATG)

T
L H(e sy . o — .
@ ® 2 )

PAS autolysosome

autophagosome

initiation elongation closure maturation degradation

. VMP1 O mAtg9 D class | Ptdins3k complex ' ULK1/2 complex

.TP53INP2 0 o3 SR Atg12-Atg5-Atg16L complex () permeases

Current Opinion in Cell Biology

06_ACBB_Autophagy_Stem_Cells_2019.key - 12 October 2018



Autophagosome
or Cvt vesicle
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Autophagic control of cell
‘skeminess’

Bl EMBO

Perspective Lol Molecular Medicine
Autophagic control of cell ‘stemness’ ACCESS

Autophagic control of cell ‘stemness’

Huize Pant, Ning Cait, Mo Li?!, Guang-Hui Liu** Juan Carlos Izpisua Belmonte®3**

Keywords: autophagy; cellular reprogramming; iPSC; stem cells; stemness
DOI 10.1002/emmm.201201999
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Autophagy is required for the maintenance
of MSCs and inhibiks their deabh

DThe level of constitutive
au&ophagv it human
mesenchjmal stem cells m phagy
(hWMSC) is high. Once hMSCs (+)
are differentiated into
osteoblasts, however, basal

autophagy becomes MSCs
undetectable.

- Autophagy
*@au&oyhagv induced bj Self-renewal J_
hjpoxm Promo&es the

maintenaince and self- Apoptosis
renewal of MSC

Doactivation of autophagy antagonized, while tnhibition of autophagy promoted
MSC &pop&osis during hjpoxia/serum deprivaf:ion
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Auto kagv i SCs
maintenaince and
differentiation

@ HSC: Hema&opoie&ia stem cells,
PSC Dermal skem cells
> EF:E,-SCS Epidermat skem cells

A
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Au&o!ﬂkagv remains at high levels in SCs and Froma&e_s
their maintenance; after induced differentiation,
au&opkag&c at::?:ivi,&j s down requlated.,

=
10

Self-renewal

10

Self-renewal

@) 10

<¥ ﬁ\ > < Self-renewal

HSC: Hema&opote&ic stem cells,
PSC Dermal stem cells
EPL—SCS E[ai.ciermod. skem cells

HSCs

Autophagy |
»

Differentiation

DSCs

Autophagy |
'

Differentiation

Epi:SCs
>
<\ > Differentiation
After induced differentiation, autophagic
at:EiviEj . immakure k‘erafzmocv&es,

fibroblasts and neubrophils is down
requlated to a basal level similar to that

observed in most cell bypes
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Auto kagv i SCs
maintenaince and
differentiation

@ NSCs neuronal skem cells,

@ CSCs cardiac stem cells

@ ESCs embryonic stem cells

D LPSCs induced Fi.u,ri,poﬁenﬁ skem cells
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Autophagy tn NSCs, CSCs and £SCs is up
requlated during their differentiation.

E NSCs

Autophagy 1
_>
Differentiation

CSCs

Differentiation

@ Autophagy 1
e 5

Autophagy 1

Differentiation

Autophaqy is up requlated during differentiation of neural
and cardiac stem cells
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Au&ophagj thereases the reprogramming
eﬁia:iem:j, and promotes the generation of
LSE.

Autophagy
lo

_—
Reprogramming

human iPSCs generated by inducing expression of the four
reprogramming factors (0CT-4, SOX-2, KLF-4 and c-MYC)
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Au&ophagosome clearance is inhibited in PD-
LPSC-derived dopaminergic neurons (DAW)

¢ Differentiation

- )

y \

\
{ Nucleus )

Autophagosome Q
Fusion

0 Lysosome

O

PDO-LPSC: Parkinson’s disease
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Rapamycin, an autophagy inducer, can effectively
facilitate the deqradation of progerin and thus prevent

progeria-associated ageing phenotypes in Hutchinson-
Gilford progeria syndrome (HGPS) fibroblasts.

E HGPS fibroblasts
Rapamycin

e lo

V-

 Nucleus ;)  EUSTIELY

4 ——

\“ " o \\“'.
» |

o
{ Progerin , )
Skt Degradation

1

Ageing

N

HGPS: Hutchinson-Gilford progeria syndrome
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Au&apkagv LA
cancer SCs

@D BCSC: breast cancer stem cells
D PCSC: po\v\areo&it‘: cancer skem cells
D GSC: glioblastoma stem cell
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Autophagy is required for the maintenance and the

tumourigenic potential of BCSCs, enhances the survival
of PCSCs, and plays an important role in GSC migration.

D

lO PCSCs Autophagy

Tumorigenesis ‘ @
‘ } Apopt03|s
BCSCs 2

q 1°

Self-renewal

BCSC: breast cancer skew cells
PESE: Panttraaﬁiﬁ cancer stem cells
G&SC: glioblastoma stem cell

- Gy

-
Migration/
invasion

4

-

\ 4
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assigiment
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Au&oph&gv and
stem cells

> group work (4 students/group)

» select an experimental article of
thterest

o Present the aim of the study and the
na A &xperimev\?:at agproar:h usiing
no more than 4 slides and 160 min
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