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Nutrient-Sensing Nuclear Receptor
Coordinate Autophagy

Ouroboros

How Is autophagy reqgulated?
- Short-term vs. Long-term

Do nuclear receptor control
autophagy?

Can autophagy-associated
diseases be improved using
nuclear receptor pharmacology?
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Findings & Results

Induction of AG by GW7647 is PPARa-Dependent
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Findings & Results

Suppress of AG by by GW4064 is FXR-Dependent
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Findings & Results

What are the Molecular Mechanisms?
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Findings & Results

Opposite Transcriptional Responses of Atg-Related
genes to PPARa & FXR Activation
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Findings & Results

Determining the PPARa Cistromes In Liver

Direct Repeat 1 (DR1) PPARa HC binding peaks /
WT mouse liver
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Findings & Results

A Specific Example of PPARa ChlP-seq
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Findings & Results

Confirming Specificity of the PPARa Antibody
écchz:;% 5 kb | | mm3 |—>

LC3a s-i-m
WT + Vehicle
DR1
) E—) WT + GW7647
0_ SIS N — U —

Ppara’ + Vehicle

100 _

e — —————  — —_—— —_ A e — - - — M—

Ppara’ + GW7647

— -

RefSeq Genes

— — ——— -




Findings & Results

PPARo & FXR Cistromic Analysis

WT mouse liver
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Findings & Results

Competitive Binding of PPARo & FXR for a DR1 site
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Findings & Results

Competitive Binding of PPARa & FXR for a DR1 site
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Working Model
LETTER

Nutrient-sensing nuclear receptors coordinate
autophagy

Jae Man Lee', Martin Wagner'+, Rui Xiao', Kang Ho Kim', Dan Feng”f, Mitchell A. Lazar’ & David D. Moore'

doi:10.1038/nature13961
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l . Summary
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Lee, et al. Nature, 2014 Dec 4;516(7529):112-5



Complementary Mechanisms
LETTER LETTER

doi:10.1038 ' nature 13961 dhoi; 10,1038/ nature 13343

Nutrient-sensing nuclear receptors coordinate Transcriptional regulation of autophagy by an
autophagy FXR-CREB axis

. _ ) ) Sunmi Seok'*, Ting Fu'*, Sung-E Choi', Yang Li’, Rong Zhu', Subodh Kumar', Xiaoxiao Sun®, Gyesoon Yoon®, Yup Kang’,
lae Man Lee'. Martin Wagner'+. Rui Xiao'. Kang Ho Kim'. Dan Feng™. Mitchell A. Lazar® & David D. Moore Wenxmnan Fhone”™. lian Ma™. Byron Kemner' & Jongsonk Kim Kemner'
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Introduction of Autophagy

Autophagy-Derived Metabolites
for Diverse Anabolic Functions

Systemic
Protein amino acid| |Energy Gluconeogenesis
synthesis | [pool [ @/
a IN
mlno acids
b Lipids

d Ferrltm$® \ /

Haemoglobin \

/Fe’ \ NFatty acids —> @

Glucose Energy

Cytochrome

e
¢ Glycogen / \@

Glycolysis| |Nucleotide and
fatty acid biosynthesis




Findings & Results

Induction of AGs by GW7647 is PPARa-dependent
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Introduction of Autophagy

Autophagy

* Auto + Phagy =
self eating

Chaperone

Unfolded
substrate protein

Membrane
source

o—

Lysosomal
hydrolase

Modified from Mizushima et al., 2008 Nature



Introduction of Autophagy

Three Major Types of Autophagy
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Modified from Mizushima et al., 2008 Nature



Introduction of Autophagy

The Cellular Functions of Autophagy

Autophagosome
Lysosome

Autolysosome
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Introduction of Autophagy

The Role of Autophagy in Human Disease
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Introduction of Autophagy

Autophagy Inducers

Physiologic stress stimuli
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Hormonal stimuli
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Pharmacological agents
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Modified from Mizushima et al., 2008 Nature



Introduction of Autophagy Modified from Mizushima et al., 2008 Nature

The Macroautophagy Pathway
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Findings & Results

Suppression of AGs by GW4064 i1s FXR-dependent
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NEWS & VIEWS

CARMINE SETTEMBRE & ANDREA BALLABIO

Autophagy transcribed
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Introduction of NRs

Nuclear Receptors as Ligand-Dependent TFs

Modified from Shulman et al., 2005, NEJM



Introduction of NRs

Nuclear Receptors as Ligand- Dependent TFs

Coactivator
complex

Modified from Shulman et al., ,



Findings & Results

Summary: Autophagic Assays in Cell Culture

® \WB against LC3 & p62
® Autophagic flux assay with lysosomal inhibitors
® GFP-LC3 cleavage assay, etc

® PPARa activation increases AGs & induces autophagic flux
® FXR activation decreases AGs & suppresses autophagic flux

® MTORCI1-independent mechanisms based on WB against pS6/S6 ratio



Findings & Results

Autophagic Flux Assay
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PPARo Agonist Increases Autophagic Flux
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FXR Agonist Decreases Autophagic Flux
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Findings & Results

Nutrient Status Regulates Autophagy in WT Mouse Liver
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Introduction of Autophagy

GFP-LC3 Puncta Formation Assay

Autopha?osome Autolyscisome GFP-LC3 Tg mouse

Muzushima et al., 2004 Mol Biol Cell



Working Model

Inducer of Cytosolic lyspsamer,
autophagy proteins and
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Transcriptional &
Epigenetic Control of

Autophagy

Table 1 | Transcriptional control of autophagy*

Transcription Core autophagy genes regulated Effect on autophagy Refs
factor at the transcriptional level
ATF4 ATG5, BH3-only LC3 and ULK1 Enhanced autophagy 90-102
ATF5 mTOR Suppressed autophagy 103
B-catenin SOSTMI* Suppressed autophagy 104
C/EBPP BNIP3, LC3 and ULK1 Enhanced autophagy 105
CHOP ATG5and LC3 Enhanced autophagy 99
E2F1 ATG5, BNIP3,LC3 and ULK1 Enhanced autophagy 29,34,106
FOXO1 ATG5,ATG12,ATG14,BECN1, BNIP3, Enhanced autophagy 18,23,107,
LC3, and VPS34 108
FOX03 ATG4,ATG12, BECN1, BNIP3,LC3, Enhanced autophagy or 17,20,107,
ULK1, ULK2 and VP534 suppressed autophagy 109,110
CATAL LC3 Enhanced autophagy 111
HIF1 BNIP3 Enhanced autophagy 112,113
JUN BECN1&and LC3 Enhanced autophagy 114-116
NF-kB BCL2,BECN1, BNIP3* and SQSTM1 Enhanced autophagy or 34,117-119
suppressed autophagy
p53 ATG2, ATG4, ATG7, ATG10, BCL2#, In the cytosol: suppressed 42,120
BH3-only, ULK1 and UVRAG autophagy
In the nucleus: enhanced
autophagy
p63 ATG3, ATG4, ATGS, ATG7, ATG9, Enhanced autophagy 42 44
ATG10,BECN1,LC3 and ULK1
p73 ATG5,ATG7 and UVRAG Enhanced autophagy 42,43
SOX2 ATG10 Enhanced autophagy 121
SREBP2 LC3,ATG4B and ATG4D Enhanced autophagy 122
STAT1 ATG12* and BECN1* Suppressed autophagy 123
STAT3 ATG3,BCL2 and BNIP3 Suppressed autophagy 124,125
TFEB ATG4, ATG9,BCL2,L.C3, SQSTM1, Enhanced autophagy 49
UVRAG and WIPI
TKSCAN3 LC3%, ULK1* and WIPF Suppressed autophagy 52



