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Autophagy
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Intracellular protein degradation systems
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Autophagy history

Timeline | A history of autophagy

The Meijer laboratory finds a
stimulatory role for PI3K*.

|
The Ohsumi gronp clonesyeast

J.Beaulaton and R. Lockshin suggest
that autophagy functions as a cell-
death mechanism®,

Gordon and Seglen
identify the
amphisome asa

The Ohsumi laboratory reports
the first screen to identify yeast
autophagy mutants*, Several

C.deDuveand de Duve and R. Deter [ convergence point groups use different methods to ATG1 (REF. 40). Thirty more
othersdiscover | | show that glucagon G. Mortimore and C. Schworer find between autophagy isolate autophagy mutants ATG genes were identified in
the lysosome'. induces autophagy™. that amino acids inhibit autophagy®. | | and endocytosis”, (reviewed in REF. 39). yeasts #1777,

1955

1963 1967 1973 1977 1982 1988 1993 1995 1997 1998

de Duve describes the R.Bolender and E. Weibel P Seglenand P. Gordon carry | | Y.Ohsumi and colleagues A.Meijer and colleagues Mizushima et al. identify
morphological process and demonstrate the selective out the first biochemical show the morphology of document the stimulatory the first mammalian
coins the name ‘autophagy’. sequestration of an analysis of autophagy and autophagy inyeast’, role of rapamycin®. autophagy gene and show
organelle?, identify 3-methyladenine as conservation of Atg12-
an inhibitor*?7¢, Atg5 conjugation®’.

ATG1, autophagy-related gene-1; BCL2, anti-apoptotic protein B-cell ymphoma-2; BECN1, be
—

alian Atg8 homologue; PI3K, phosphatidylinositol 3-
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Klionsky DJ. Nat Rev Mol Cell Biol. 2007,




Autophagosome formation

Box 1| Autophagy — the basics
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Autophagy in human disease

Meurodaegeneration

Myopathies

Pro: Autophagy prevents
aggregate-prone protein
accumulation that leads to
prysiclogical dysfunction.

Con: Autophagy may contributa
to muscle wasting and defective

tein
autophagosome clearancs b
may intarfera with callular Proteasome
function.
Ageing

Pro: Autophagy removes
damaged organslles and
can limit production of
reactive owygen species.

Liver disease

Pro:

Bazal autophagy is a homeostatic

process that prevents intracellular proteins
from accumulating totoxic levals,

Con: Inefficient lysceomal clearance rasultz

in intracellular accumulation of autophagosomes,
which may process the amyloid precursor
protein into towic forms.

Cytosolic

Cytosol and
organg las

Proc Autophagy can alleviate endoplazmic

reticulum strass by degrading portions of
the organelle containing misfolded
protains.

Con: Excessive autophiady may
cause liver damage.

Haart disease

Pro: Aatophagy may be protectiva
during ischaemia and pressure ovaroad.

Con: Autophagy is hamnful during
reparfusion.

Cancer

Fro: Autophagy acts in tumour
suppreasion by removing damagesd
organelles and possibly growth factors,
and reduceas chromosome instability.

Con: Autophagy acts as a cytoprotective
mechanism that helps cancer cells resizt
anti-cancer treatments and survive in
conditions of low nutriant supply.

Infection and immunity

Fros Intracellular bacteria, viruses
and protozcans are removed from
host removed from hoat calls by

autophagy, and antigens are procassad
for MHC class || prasentation.
Autophagy may prevent auto-immuns
and inflammatory diseases.

Con: Some microbes have evobed
to subvert autophagy to establish a
replicative niche.

Nature. 2008 :451:1069-75.



Dual role of autophagy in carcinogenesis
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Concanavalin A induces autophagy against hepatoma
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Dual role of autophagy in carcinogenesis
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Galectin-1 induces

autophagy facilitates cisplatin resistance

Tumor microenvironment
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Tumor microenvironment
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M1 M2

~

Th1 RESPONSES Th2 RESPONSES;
FUNCTIONS - TYPE | INFLAMMATION; DTH TYPE Il INFLAMMATION; ALLERGY;
KILLING OF INTRACELLULAR PARASYTES KILLING AND ENCAFPSULATION OF PARASYTES;
TUMOR RESISTANCE MATRIX DEPOSITION AND REMODELLING;
TUMOR PROMOTION
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M1 polarizing stimuli
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IL-10 (pg/ml)

Hepatoma-secreted factors induce bone-marrow
derived macrophage polarization
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MCM causes lysosomal degradation of NF-kB p65

WT TLR2-/-
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MCM induces autophagy to degrade NF-xB in BMDMSs

MCM : MCM
= o
i ., g 8
o - - -

<« LC3-l
<« LC3-ll

<« B-actin

DMEM MCM shLuc shAtg5
0 12 120 0 1/2 1/20 <« MCM
s —— | 4= NF-xB p65

—_—— = I‘— Atg5
bt L- LC3-II

18
Chang CP, et al. Cell Death Differ. 2013



TLR2-signal from MCM is critical for p62 and LC3 to
target NF-xB p65 in BMDMs
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Inhibition of autophagy drives TAM to M1-like

macrophages
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Working model
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High autophagy activity in hepatoma-associated macrophages
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