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Overview:

1) How did the concept of sterile inflammation and DAMPs develop?
2) What are DAMPs and what can they do?
3) Are DAMPs important in NASH?

4) What are the therapeutic implications of the biology of DAMPs for NASH?
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Pattern Recognition Receptors (PRRs) and sterile inflammation

Table 2. SUSCEPTIRILITY oF A/ Hed and C3H/HeJ MICE TO THE LETHAL
BFFECT OF ENDOTOXLK

Mouse strain Endotoxin L o (peg)*
AfHeJ E. cofi 0127 : HA (511
S, typhosa 0—-901 ——
3T He . ﬂﬂhjgglgg : ,EH 2,2%{} B. Sultzer
S, - :
tuphosa 0-901 1,020 Nature 1968

The immune system is designed to detect/respond to non-self

C3H/MHeJ (700) ...
C3H/HeMN(700) ...

rat (700} ...
human (¥O02) ..

mouse/rat

RFHLCLHYRDFI
RFHLCLHYRDFI

RFQLCLHYRDFI

PRFQLCLHYRDFI

712

17T 17T

GVAIAANIQE GFHKS.. (730)
GVAIAANIQEGFHKS.. (730)

GVALAANIIQEGFHKS. ..(730)
GVALAANIIHEGFHKS .. (732)
A. Poltorak et al Science 1998
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What about inflammation without
a pathogen (sterile inflammation)?

i$825-088 www.fotosearch.com

TOLERANCE, DANGER, AND THE
EXTENDED FAMILY*

Polly Matzinger

For many years immunologists have been well served by the viewpoint
that the immune system’s primary goal is to discriminate between self and
non-self. I believe that it is time to change viewpoints and, in this essay, I

and negative communications from an extended network of other bodily 3

tissues. P |
Ann. Rev. Immunology 1994 [Ziis
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Pattern Recognition Receptor (PRR)/Ligand Relationships

TLR1
TLR2
TLR3
TLR4
TLR5
TLR6
TLRY
TLR3
TLR9

Bacterial lipopeptides

Bacterial glycolipids lipopeptides, HSP70, HMGB1

Viral double stranded RNA

Bacterial LPS fibrinogen, heparan sulfate, hyaluronic acid
Flagellin

Mycoplasma lipopeptides

Viral single stranded RNA self single stranded RNA
Viral single stranded RNA self single stranded RNA

Bacterial double stranded DNA self double stranded DNA

PRRs sense pathogen-associated molecular products (PAMPs), AND
damage-associated molecular products (DAMPS)
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DAMPs are Released from Necrotic Hepatocytes

Chromatin
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Hepatocytes are not the only source of DAMPs

Platelets Neutrophils

Almhanawi, BH. Porto Biomedical Journal 2017 V Brinkmann JCB 2012
2rd

Neutrophil elastase: Green
Chromatin: Red
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DAMPS have Multiple Functions in Addition to Initiating Inflammation
Migration

McDonald B Science 2010

Proliferation of Embryonic Mesangioblasts

Proliferation

10% FCS
% O
§ 4 30 ng/ml
3 10 ng/ml
i 1 ng/ml
Palumbo R. JCB 2004
o 1 2 3 Day F%“cﬂHSH
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DAMPS have Multiple Functions in Addition to Initiating Inflammation

Angiogenesis

Control

Fibrogenesis

4 1 oa-SMA
« ZZ2Col1
3 0
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i
Cont HMGB1

Wang F. PLOS One 2013

Chorioallentoic membrane

rHMGB1

500 ng/ml ™ T

Van Beijnum JR. Oncogene 2013

Primary Human HSC
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Cells Under Stress Can Also Release DAMPs

HGBM1 Release in
Response to LPS
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What is the Hepatocyte Stress/Injury In
Human NASH?
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L_oss of Mitochondrial Adaptation in Human NASH
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Increased Mitochondrial ROS Production in Human NASH

ROS Production
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Key Question: How Do Metabolic Changes Result in Inflammation?

Modifications of DAMPs (Redox Sensitive ) Alters Responses to Them

Stress/Necrosis
Release HMGB1
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Modifications of mMtDNA (redox sensitive) Alters Responses

Cell-free
mtDNA
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Increase in Plasma mtDNA in Human (and Mouse ) NASH
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Base Editing of mtDNA

Guanine 8-Oxoguanine
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Oxoguanine glycosylase (OGG1)
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What Are the Therapeutic Implications of DAMP biology?
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APAP toxicity and Hepatocyte Specific HMGB1 Deficiency
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Overview

Overnutrition ——> Steatosis » inflammation
HIF-1a
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Digoxin reduces steatosis, and injury in 12 week HFD model of NASH when
given from week 8 (dose 1mg/Kg)
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Saline Digoxin

K Incubate cell lysate Remove  Elute complex Cut bands
with beads non-binding for SDS-PAGE
functionalizeddigoxin proteins

%& L. - % Digoxin binds
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Digoxin/PKM2 complex ( PKM 2)
Protein Score Peptides Coverage (%)
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-
What Are the Functions of PKM2? g
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Summary:

1) Sterile Inflammation is ubiquitous in the metabolic syndrome, but the
amplitude of the injury is greatest in the liver.

2) Multiple DAMPs are released by hepatocytes in NASH.

3) DAMPs initiate inflammation, proliferation, chemotaxis and fibrogenesis.

4) Inhibition of a single DAMP can reverse inflammation and steatosis.

5) DAMP pathways are amenable to therapeutic manipulation.

6) Low dose digoxin binds Pyruvate Kinase M2, inhibits HIF-1a and protects
in NASH
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