WWW. .com

7 GeneTex

A L —. ~ yomop ~ P ™ P P M ~l 7~ —~
Autophagy in cancer and disease

Fine tuning of cellular microenvironment
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Autophagy

Autophagy: a basic cellular process in eukaryotes
Phagy = eating/lysosomal degradation
Autophagy = self-eating

Mechanism of breakdown of cytoplasm within the lysosome
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Underlying Mechanisms of Autophagy
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Autophagy
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Toxicants

Dose

Autophagy Necrosis

Apoptosis
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FIG. 1. Dose-response relationship of toxicant-induced modes of cell
death. The mode of cell death triggered by some toxicants is dose dependent.
Most often, exposure to low doses results in autophagy or apoptosis, whereas
higher levels of the same toxicant might cause necrosis.
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FIG. 4. Cross talk between different modes of cell death. Toxicants might
trigger different modes of cell death depending on which pathways can be
activated. Inhibition of one particular pathway might lead to cell death by
a different mechanism. However, some inhibitors (Bcl-2) can block several cell
death modalities. The p53 status of the cell is also important for the mode of
cell death that is induced.
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The molecular machinery of autophagy www.genétex.com
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Current trending of autophagy research
Physiology and pathology

Pathology

Liver disease

Infectious disease Diabetes Hepatocarcinoma Neu mde_gener?ti\fe disease
Obesity Hepatitis Huntington's disease
Pancreatitis . . . ) . Parkinson's disease
Fibrosis (o -antitrypsin mutations
Cardiac and muscle disease b P ) Alzheimer's disease
(Cardio) Myopathy Lafora disease
Pompe's disease Lysosomal Storage diseases
Stimulated autophagy
) Provides nutrients
Crohn's disease Cancer
Basal autophagy
Tissue Prevents accumulation of aggregates Longevity
homeostasis Reduces ER stress

Limits ROS production (elimination of
damaged mitochondria)

Differentiation Immunity
Erythrocyte Development Thymic selection
Adipocyte Pre-implantation of fertilized oocyte Effector of TLR signaling
Lymphocyte Elimination of maternal mRNAs Effector of Th1/Th2 polarization
Neuron Elimination of paternal mitochondria Antigen presentation
Apoptotic cell removal
Homeostasis of differentiated cells Hyaloid vessel regression
Neonate survival

Physiology



Current trending of autophagy research FA) hA

Physiology (basal autophagy)
Pathology (stimulated autophagy)

Cancer
Development

Inflammation

Differentiation

Neurodegenerative diseases
Immunity
Diabetes/obesity/pancreatitis

Infectious diseases
Crohn’s disease

Cardiac/heart diseases

publications

Liver diseases

2004~2014(E)

Adapted from GoPubMed




Dual Roles of Cancer-associated Autophagy

(A) Autophagy as tumor suppressor

(1) Functional autophagy (2) Dysfunctional autophagy

Proinflammatory
mediators

Senescence
=== Necrotic cells

« T Quality control « T ROS production, T mitochondrial and DNA damage, T genomic instability

« T Senescence o T p62 accumulation, T protein-aggregates accumulation, T Nrf2-ARE activity,
T proinflammatory NF-kB signaling, TIL-6 production

« T Macrophages infiltration

T Necrosis, when apoptosis is compromised

Key: @ Cancer Cell (CC) ;@ Apoptotic CC Gislr Senescent CC @ Macrophage @ Hypoxic/starved CC

@: Hypoxic/starved ACC @ Interleukin-6 ﬂ Cancer-associated fibroblast (CAF)




Dual Roles of Cancer-associated Autophagy

(B) Autophagy as tumor promoter

(1) Functional autophagy (2) Dysfunctional autophagy

Hypoxic
regions

» ‘Autophagy addiction’, especially in hypoxic regions

o T Tumor growth, Tmetastasis « T Cell death, especially in hypoxic regions

« | Anoikis « L Tumor growth, | metastasis
Key: @ Cancer Cell (CC) ;@ Apoptotic CC Gislr Senescent CC @ Macrophage @ Hypoxic/starved CC
@: Hypoxic/starved ACC @ Interleukin-6 ﬂ Cancer-associated fibroblast (CAF)
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Autophagy in oncology

» Tumor suppressor

* Isolate damaged proteins & organelles to limit instable cell growth
* Promote cell death of cancerous cells

v Loss of Beclinl renders mice tumor-
prone
v Defects in autophagy result in sustained
p62 (SQSTM1) expression and ROS
— produ_ction, v_vhich Is sufficient to promote
WA N O g — tumorigenesis

pb62 Degradation Tumor Suppression

Oxidative Stress Mitigation
Metabolic
tress
Cellular Damage — = Tumor Stability Cell
962 Upregu! Iahon

@ " Autophagy Suppresses Tumorigenesis
g through Elimination of p62

Robin Mathew, € Cristina M. Karp,*52 Brian Beaudoin,?® Nhan Vuong,® Guanghua Chen,? Hsin-Yi Chen,* Kevin Bray,®
Genome Instability Anupama Reddy,® Gyan Bhanot,*>7 Celine Gelinas,’-? Robert S. DiPaola,** Vassiliki Karantza-Wadsworth,*%
- Tu mo r Pri og ession and Eileen White1.2.3.5.*

p62 and p65 IF

Defective Autophagy
p62 Aggregate Persistence Cell Death
ROS Production Chromosome Instability
DNA, Protein, Organelle Damage  Deregulation of Signal Transduction
Altered Gene Expression

. 2009 Jun 12;137(6):1062-75.
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Autophagy in oncology

> Tumor survival

 Favor tumor cells to survive metabolic stress

a . ) . .
KRas;Atg5"* KRas:Atgs"" v" The increase in metabolic stress is offset
a0 o by autophagy functions
3 s v" Inactivate Atg5 accelerates the onset of
o S Vol ' Kras®12P-driven lung cancer, but
markedly impairs the tumor progression.
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Nat Commun. 2014;5:3056; Giutamine
Cold Spring Harb Symp Quant Biol. 2011;76:389-96.
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Autophagy and Cancer

Role

www.genete: com
Stage Tumor initiation Tumor progression Tumor maintenance
Autophagy levels LOW HIGH HIGH

ROS Hypoxia

Increased: Andi :
DNA damage Starvation e+ Metabolic shift
Decreased senescence Metabolic stress

Y Y

Result Cell transformation Cell survival Cell growth
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Dual Roles of Autophagy for Chemotherapy

Cancer cells Cancer cells
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Plasma membrane Growth factors
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Table 1 Human diseases associated with defective autophagy

Genes Functions in autophagy Associated human diseases
ATGS Autophagosome formation Genetic polymorphisms are associated with asthma [132, 133] and enhanced
risk of systemic lupus erythematosus [134, 135]
ATGIG6L1 Autophagosome formation T300A mutation is associated with increased risk of Crohn’s disease [90, 91, 136]
BECNI Autophagosome formation Monoallelic deletion is associated with risk and prognosis of human breast,
ovarian, prostate, and colorectal cancers [70-73, 75]
EI24/PIGS Autophagosome formation Mutations and deletions are associated with human early onset breast
and/or degradation cancers [32, 84,137]
EPGS5 Autophagosome maturation Recessive mutations are associated with Vici syndrome [27]
and degradation
IRGM Phagosome degradation Single-nucleotide polymorphisms (SNPs) and deletion mutation are
associated with enhanced risk of Crohn’s disease [101-103, 136]
NOD2/CARD15 Xenophagy induction SNPs and mutational variants are associated with enhanced risk of Crohn’s
disease [104-106, 136]
PARK2/Parkin Mitophagy induction Mutations are associated with autosomal recessive or sporadic early-onset
Parkinson’s disease [51, 52]
PARKG6/PINK 1 Mitophagy induction Mutations are associated with autosomal recessive or sporadic early-onset
Parkinson’s disease [51, 53, 54]
SMURF1 Selective autophagy SNP is associated with enhanced risk of ulcerative colitis [138]
SOSTM1/p62 A selective substrate Mutations are associated with Paget disease of bone [139] and amyotrophic
An adaptor protein for lateral sclerosis [140, 141]
selective autophagy
TECPR2 Autophagosome formation A frameshift mutation is associated with an autosomal-recessive form of
hereditary spastic paraparesis [35]
UVRAG Autophagosome degradation Deletion mutation is associated with human colorectal cancer [88]
WDR45/WIPI4 Autophagosome formation Heterozygous mutations are associated with static encephalopathy of
childhood with neurodegeneration in adulthood (SENDA) [12, 13]
ZFYVE26/SPG15 Autophagosome maturation Mutations are associated with hereditary spastic paraparesis type 15 [44, 45]

LS

Cell research, 2014, 24:69-79




Table 2. Association of Autophagy-Related Factors and Human Disease.*

Gene

BECN1

UVRAG
ATGS

ATGI6LI
NOD2

IRGM

LAMP2

PARK2

p62/SOSTM1
SMURF1

Association

Monoallelically deleted at high frequency in human breast,
ovarian, and prostate cancers®’*°

Altered expression found in many human tumors***?

Deleted at high frequency in human colon cancers*?

SNPs associated with risk of systemic lupus erythematosus**

SNPs associated with risk of childhood and adult asthma
and decline in lung function*>*®

SNPs associated with increased risk of Crohn’s disease!”"*°

SNPs associated with increased risk of Crohn’s disease and
susceptibility to Mycobacterium leprae infection***9:2°

SNPs associated with increased risk of Crohn’s disease**?;

one SNP associated with increased resistance to

M. tuberculosis infection®?
X-linked deletion associated with Danon’s cardiomyopathy??

Mutations associated with Parkinson’s disease and colon,
lung, and brain cancers”*

Mutations associated with Paget’s disease®’

SNP associated with increased risk of ulcerative colitis?®

* SNP denotes single-nucleotide polymorphism.
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N Engl J Med 2013;368:651-62.



Current trending of autophagy research
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Keystone Symposia on Molecular and Cellular Biology
Autophagy : Fundamentals to Disease (E2)
May 23-28, 2014 Hyatt Regency Austin, Austin, Texas, USA
Scientific Organizers: Christina H. Eng, Daniel J. Klionsky, Guido Kroemer and Li Yu
(Sponsored by Cell Research and Shire Human Genetic Therapies)
Impact of Autophagy in Cancer
Guido Kroemer : Autophagy vs. anticancer immune response
Ravi K. Amaravadi : Targeting autophagy vs. cancer therapy
Jayanta Debnath : Autophagy vs. secretion and cancer
Eileen P. White : Autophagy vs. cancer metabolism
Pharmacological Manipulation of Autophagy
Christina H. Eng :(pfizer) Autophagy components vs. oncology drug targets
Natalie D’Amore : Targeting autophagy for cancer therapy
Junying Yuan : Chaperone-mediated autophagy vs. mutant p5
Autophagy and disease
Beth Levine : Autophagy and immunity
Andrea Ballabio : Transcriptional control of autophagy in health and disease
Ken H. Cadwell : Anti-inflammatory functions of autophagy in Crohn’s Disease
Junichi Sadoshima : Autophagy vs. Cardiomyopathy
Interplay between Autophagy, Metabolism and aging
Ana Maria Cuervo : Selective autophagy vs. metabolism in aging
Frank Madeo : Spermidine vs. age associated disease
Myung-shik Lee : Autophagy vs. obesity and diabetes
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Autophagy
Functional integration of the Autophagy Interaction Network
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utophagy

Cargo selection
Autophagy can selectively target superfluous or damaged organelles, specific proteins or
nvasive microorganisms, Some targets come with a built-in tag, as with prApe1 (propeptide)
and mitochondria (Atg32 in yeast and NIX in mammals), or a ubiquitin modification is added
to the cargo by a ubiguitin ligase such as parkin, Tags are recognized by receptors
(for example, Atg19, p62, NBR1 and NDP52) and/or adaptors {for example, Atg11
in yeast and ALFY in mammals) linking the cargo with nascent autophagosomes
by interacting with Atga (in yeast) and LC3 (in mammals).
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Cargo selection

Mitephagy in yeant Mitcphuagy o mammals
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Xanophagy in mammals &

Phagophore expansion

3 &
Phagophore expansion 2 _&Sumw
The initial sequestering compart } ‘ L —_— m
ment, the phagophore, expands - oD Membrarel

to form the autophagosome
probably by Incorporating
membrana from the ER, Golgi
complex, mitochondria and/or
plasma membrane.
Atg9 transport
Atgd s the primary transmem-
brane Atg protein required for
autophagesome formation. It is
detected in multiple discrete
puncta, which probably mark the
donor membranes for phagophare
Y d

Awtophagosome

P 9
of Atg¥ to the site of vesicle form-

ation, the PAS in yeast, requires Atg11,

Atg23 and Atg27. Retrograde movement

of Atg¥ back to the donor sites Involves

the Atgl-Atgl3 and Atg2-Atg18 complexes.

Atg18 and its mammalian homologues, WIPI1

and WIPI2, are recruited to Ptdins3P-marked
membranes (the phagophore) by the Pidins3K
complex. bn yeast, Atg9 transits through the secretory
pathway, and a population is lecated in reservoirs
Juxtaposed to mitochondria; In mammalian cells,
mATGS is initially localized to the trans-Golgl network.
Ubiquitin-like conjugation sy

Two ubiguitin-like protein conj systems regulate expansion. Atg8

is processed by the Atgh protease at its C-terminal amino acidl(s), activated

by Atg? {shown as Gly*) and conjugated to PE by Atg3. Atg12-Atg5-Atg16 may

act as an E3 ligase for Atg8-PE conjugation, and may dictate the site of conjugation.

Atg8 family members in mammals include LC3, GABARAR. GABARAPL1, GABARAPL2 (also
known as GATE16) and GABARAPLI. AtgS (LC3 in mammals) helps determine autophagosome
size, and it can be deconjugated from PE by a second Atgd-dependent cleavage.

Vacuols

Mo ooy

Yeast

m*‘ Phagophore expansion

Induction
Autophaqy occurs at a basal level but can be further induced during developmental
programmes and by various types of stress, including nutrient lmitation, hypoxia and
microbial infection. In yeast, the primary regulation of autophagy & nutrient dependent
“w._ 2ndis controlled by a complex network of positive and negative pathways. Proteins
S depicted in pink and green ultimately inhibit and stimulate, respectively, the
" activity of the Atg1 kinase complex (the ULKT and ULK2 complex in
mammals) and. subsequently, autophagy. The interactions with the Atgl
. kinase complex shown are not necessarily direct. The Atgl kinase
: . complex plays a crucial part in sutophagy induction and also acts
Cargo selection \\ at later stages of the process; however, it is likely that not all
\\of its physiological substrates have been identified.

N Autophagosome formation

\, and maturation
\»\ Expansion of the phagophore into an
\ autophagosome requires the generation
A“fmph“?“""‘s \ of the phospholipid Ptdins3F.
X om:at!;o:tag \\ Ptdins3K complex
me uf on A, The Vps34 complex generates Prdins3F,
\ which may allow recruitment of

\ certain Atg companents to the
ph hore, Thers are multip
\ Vps34 complexes, each of which
| contains the Vps34 lipid kinose,
| the Vips15 regulatory kinase
| {p150 in mammals) and Atg6
! {BECLIN 1 in mammals). During
| phagophore formation, the
Vps34 complex contains Atgl4
| (ATG14L in mammals), whereas
during maturation into an
| autclysosome in mammals the
| complex includes UVRAG,
| Additional modulating proteins in
e | mammalian cells include AMBRAL,
/ BIF1, RUBICON and HMGB1.

/ The omegasome
[ ATG14L targets the Prdlns3K
/  complex to the ER. The generation
/  of Prdins3P recruits WIPIZ, along with
/  ATG16L and ULK1, which in part direct
/ the conjugation of LC3 to PE. DFCP] also
/ binds Prdins3P and directs the formation of
the omegasome, 4 scaffold for phagophore
formation thet is involved in some types of
macrosutophagy,

Lysosame

Chaperone-mediated autophagy
CMA functions temporally after the induction of
macroautophagy. Individual proteins that contain
a loosely conserved KFERQ consensus motif are
unfolded by cytosalic HSC70 chaperones and
translocated across the lysosome membeane,
through the action of the LAMP2A membrane
receptor and lumenal HSC70, for degradation.

o

LAMPal

Daniel J. Klionsky and Vojo Deretic

April 2010 (http://www.nature.com/nrm/posters/autophagy)




Autophagy

Autophagy in health and disease

Disease or process Role of autophagy*
Cancer? v Functions in tumour suppression
X Used by cancer cells for cytoprotection

Neurodegenerative ¢/ Basal levels clear toxic protein aggregates

diseases™ in neurons; selectively removes damaged
mitochondria by mitophagy

X Amyloid precursor protein in autophagosomes
can generate pathology-associated peptides

v~ Removes proteins and organelles to prevent
the accumulation of protein aggregates or
dysfunctional organelles and maintain cellular
homeostasis

X Accumulation of autophagosomes when
maturation is impeded can compromise cellular
physiology; excessive levels cause muscle wasting

v Helps eliminate invasive microorganisms and
regulates innate immunity and the protective
inflammatory response to microbial products

Myopathies;
lysosomal storage
diseases’

Microbial
infection®”

X Some pathogens have adaptations that counter
autophagy or use it to promote their own growth

Immune response; / Processes endogenous antigens for MHCII

inflammatory presentation; regulates naive T cell repertoires,

bowel disease® T cell maturation and B cell and T cell
homeostasis; counters damaging inflammation

X May promote excess inflammatory cytokines
when defective

+ Role in organelle homeostasis allows portions of
the ER to be removed when protein misfolding
overloads the UPR and ERAD

X Excessive autophagic removal of the ER can cause
liver damage

Heart, vascular and o/ Its homeostatic properties are essential to

renal diseases'®*? cardiomyocytes and padocytes; protective during
ischaemia and pressure overload; may protect
against apoptosis in plaques; prevents glomerular
disease

X Can be harmful during reperfusion

Liver disease”

v Basal levels maintain normal islet structure and
function; involved in the response of B-cellsto a
high-fat diet; may affect neutral lipid metabolism

Diabetes™

X Exposure to free fatty acids can lead to excessive
autophagy and pancreatic B-cell death

v Removal of mitochondria by mitophagy in
reticulocytes is key to erythrocyte differentiation

X Unknown
Embryogenesis®®* / Required for embryo implantation; allows
neonates to survive after termination of the
transplacental supply of nutrients; involved in
the removal of dead cells during programmed
cell death
X Unknown

v/ Removes damaged organelles and oxidized or
aggregated macromolecules to increase health
and prolong life

X Increased levels may lead to muscle and organ
wasting in progeria

Development*>**

Daniel J. Klionsky and Vojo Deretic
April 2010 (http://www.nature.com/nrm/posters/autophagy)
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