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Overview

dBackground: What led my lab into studying this theme?

J Mitochondrial function in cellular & organismal health

J Mitochondria-centric review of recent scientific
advances in pulmonary medicine

v’ Its implications in pulmonary diseases (Asthma, COPD)

v’ Current researches in my laboratory

J Meaning of Mitochondria in Medicine/ Human Health



IL-18 Is Induced and IL-18 Receptor « Plays a Critical Role
in the Pathogenesis of Cigarette Smoke-Induced Pulmonary
Emphysema and Inflammation’

Min-Jong Kang,* Robert J. Homer, ¥ Amy Gallo," Chun Geun Lee,* Kristina A. Crothers,*
Soo Jung Cho,* Carolyn Rochester,* Hilary Cain,* Geoffrey Chupp,* Ho Joo Yoon,!

and Jack A. Elias**

CS induces & activates IL-18
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IL-18 Induces Emphysema and Airway and Vascular
Remodeling via IFN-v, IL-17A, and IL-13

Min-Jong Kang™, Je-Min Choi**, Bo Hye Kim', Chang-Min Lee', Won-Kyung Cho’,
Gina Choe', Do-Hyun Kim%3 Chun Geun Lee', and Jack A. Elias’
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What led us to study mitochondria?

Murine Study of AECOPD : CS + Influenza virus
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Role of TLR-3 in CS+pIC model :
not significant !
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RIG-I like Helicases (RLHs) & Mitochondrial
Antiviral Signaling Protein (MAVS)

Virus
Z. .
Fibs Intracelular dsRNA
dsRNA
| Mitochondria
| = IRF3/7 r MAVS (Cell. 2005)
> |ATF-2/c-Jun IPS-1 (Nat Immunol. 2005)
Cytoplasm | VISA (Mol Cell. 2005)
| * Cardif (Nature. 2005)
IFN- <
4

Nucleus




Mitochondrial Antiviral Signaling Protein

H1lb
H3§V$‘% HCV —> N81/4A
? 3 34@6 EREVPC HRPSP
Y < ’ . 508 ‘x".
L] Pl N
1 10 77 103 173 514 540
Jd The identified in the

context of innate immune system.

 Is localized to the outer mitochondrial membrane
and its localization on mitochondria is critical for
the proper functioning of MAVS.



The rise of Mitochondria in Medicine

Growth in Medical Publications
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Picard M et al. Mitochondrion. 2016;30:105 - 116



Mitochondria
- organelle controlling fundamental biologic functions

 Historically, mitochondria have been regarded as a
powerhouse within a cell.

J Recently, the role of mitochondria has been expanded
in vast areas of molecular and cellular biology ..
v’ Cell proliferation, differentiation & death
v Metabolism
v" Redox homeostasis/ Calcium homeostasis
v Immune signaling/ regulation...

J “Mitochondrial dysfunction” : implicated to have a
major pathogenic role in a wide range of diseases...



Mitochondrial Perspective of Pathogenesis

mtDNA variation
Ancient adaptive polymorphisms
Recent deleterious mutations

e
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Mitochondrial Bioenergetic Etiology of Disease
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+Chemiosmotic Model
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Mitochondrial bioenergetics & Airway Disease

Oxidative stress-induced mitochondrial dysfunction drives
inflammation and airway smooth muscle remodeling in
patients with chronic obstructive pulmonary disease

Wiegman CH et al. on behalf of COPDMAP. J Allergy Clin Immunol. 2015;136:769 - 80

1 In mice exposed to ozone, a source of oxidative stress,

" Jung inflammation and AHR associated with mitochondrial
dysfunction

= AWUm J,, mitochondrial oxidative stress 4%, mitochondrial
complex |, lll, and V expression .

d In ASM cells from patients with COPD

= AWm J,, mitochondrial complex expression ,, basal and
maximum respiration levels {,, respiratory reserve capacity
compared with those from healthy control subjects,

" |n contrast, I mitochondrial reactive oxygen species (ROS)



Mesenchymal stem cells alleviate oxidative
stress—-induced mitochondrial dysfunction
in the airways

Li X et al. J Allergy Clin Immunol. 2018;141:1634 - 45

1 Coculture of iPSC-MSCs with human ASMCs attenuated CSM-
induced mitochondrial ROS, apoptosis, and AWm loss in ASMCs.

(J Mitochondrial transfer from iPSC-MSCs to ASMCs was observed

after direct co-culture and was enhanced by CSM.

d iPSC-MSCs attenuated ozone-induced mitochondrial dysfunction,

airway hyper-responsiveness, and inflammation in mouse lungs.



Major Signal Transduction Cascades
leading to Cell Death
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Mitochondrial Ca** Signaling & Airway Disease

Mitochondrial CaMKIl inhibition in airway
epithelium protects against allergic asthma

Sebag SC et al. JCI Insight. 2017

CaMKll Is Essential for the Proasthmatic Effects of Oxidation

Sanders PN et al. Sci Transl Med. 2013
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ER-Mitochondria Crosstalk

(A) Mammals (B) Yeast

TRENDS in Cell Blology

(A) Autophagy in mammals (8) Mitophagy in yeast

TRENDS in Cell Blology

1 ER stress and its signaling networks in asthma (Dr. Lee YC et al.)

v' Allery Asthma Immunol Res. 2015
v' Exp Mol Med. 2018



Immunometabolism
- Metabolic Control of Immune Cells

Organismal metabolism and immunity

ﬂ
-
Metabolic Instruction of Immunlty fl]
Buck M et al. Cell. 2017 \
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Mitochondrial Control of Immunity.
Mehta M et al. Nat Rev Immunol. 2017
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Increased mitochondrial arginine metabolism supports
bioenergetics in asthma Xu W et al. J Clin Invest. 2016
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Six Major Metabolic Pathways
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Pyruvate dehydrogenase has a major role in mast @Cmssm
cell function, and its activity is regulated by
mitochondrial microphthalmia transcription factor

Israa Sharkia, MSc,?* Tal Hadad Erlich, PhD,?* Nadine Landolina, PhD,” Miri Assayag, PhD,° Alex Motzik, MSc,?
Inbal Rachmin, PhD,?} Gillian Kay, PhD,? Ziv Porat, PhD,? Sagi Tshori, MD, PhD,® Neville Berkman, MD, PhD,®
Francesca Levi-Schaffer, PharmD, PhD,” and Ehud Razin, PhD? Jerusalem and Rehovot, Israel

GRAPHICAL ABSTRACT

Quiescent IgE-Ag Activation IgE-Ag Activation & CPI-613

MITF — Microphthalmia Transcription Factor + PDH — Pyruvate Dehydrogenase « Ag — Antigen « IgE — Immunoglobulin E
P — Phosphate Group « CPI-613 —~ Small Molecule that Inhibits PDH.

JACI. 2017;140:204



Mitochondria as Immune Signaling Hub
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Mitochondrial DAMPs (MitoDAMPs)

Kryosko DV et al. Trends in Immunol 2011;32:157 - 164
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Mitochondrial Innate Immunity &
Inflammatory Diseases

Mitochondprial Dysfunction
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The Journal of Clinical Investigation RESEA

Mitophagy-dependent necroptosis contributes
to the pathogenesis of COPD

J Clin Invest. 2014;124:3987

nature . .
medicine
VOLUME 22 | NUMBER 2 | FEBRUARY 2016 NATURE MEDICINE

Mitochondrial iron chelation ameliorates cigarette
smoke—induced bronchitis and emphysema in mice



Therapeutic Potential of
Mitochondrial Targeting

Mitochondrial transfer from bone-marrow-derived stromal
cells to pulmonary alveoli protects against acute lung injury

Mohammad Naimul Islam, Shonit R Das, Memet T Emin, Michelle Wei, Li Sun, Kristin Westphalen,
David ] Rowlands, Sadiqa K Quadri, Sunita Bhattacharya & Jahar Bhattacharya

Bone marrow—derived stromal cells (BMSCs) protect against acute lung injury (ALI). To determine the role of BMSC mitochondria
in this protection, we airway-instilled mice first with lipopolysaccharide (LPS) and then with either mouse BMSCs (mBMSCs) or
human BMSCs (hBMSCs). Live optical studies revealed that the mBMSCs formed connexin 43 (Cx43)-containing gap junctional
channels (GJCs) with the alveolar epithelia in these mice, releasing mitochondria-containing microvesicles that the epithelia
engulfed. The presence of BMSC-derived mitochondria in the epithelia was evident optically, as well as by the presence of
human mitochondrial DNA in mouse lungs instilled with hBMSCs. The mitochondrial transfer resulted in increased alveolar ATP
concentrations. LPS-induced ALI, as indicated by alveolar leukocytosis and protein leak, inhibition of surfactant secretion and
high mortality, was markedly abrogated by the instillation of wild-type mBMSCs but not of mutant, GJC-incompetent mBMSCs
or mBMSCs with dysfunctional mitochondria. This is the first evidence, to our knowledge, that BMSCs protect against ALI by
restituting alveolar bioenergetics through Cx43-dependent alveolar attachment and mitochondrial transfer.

Islam MN et al. Nat Med. 2012



Mitochondrial Innate Immuynity & COPD

Cigarette smoke selectively enhances viral
PAMP-— and virus-induced pulmonary innate
immune and remodeling responses in mice

Min-Jong Kang,! Chun Geun Lee,! Jae-Young Lee,! Charles S. Dela Cruz,!
Zhijian J. Chen,? Richard Enelow,! and Jack A. Elias'?

Kang MJ et al. J Clin Invest. 2008

Suppression of NLRX1 in chronic obstructive
pulmonary disease

Min-Jong Kang,"* Chang Min Yoon,' Bo Hye Kim,' Chang-Min Lee,” Yang Zhou,? Maor Sauler,’ Rober Homer,"* Anish Dhamija,*
Daniel Boffa,* Andrew Phillip West,? Gerald S. Shadel,? Jenny P. Ting,® John R. Tedrow,® Naftali Kaminski," Woo Jin Kim,’

hun Geun Lee,? Yeon-Mok Oh,® and Jack A. Elias? .
hun GeuneeHeon Hok® et Kang MJ et al. J Clin Invest. 2015



NLRX1

Nucleotide Binding Domain and Leucine-Rich-Repeat-containing Protein X1

v’ |dentified as a negative regulator of MAVS (Nature 2008)

v Negatively regulate TLR-induced NF-kB signaling by targeting
TRAF6 and IKK (immunity 2011)

v’ Located in matrix where NLRX1 interacts with a component of
OXPHOS IIl -> mtROS generation (J Cell Sci 2009)

v" Interact mitochondrial Tu translation elongation factor (TUFM)
and promote autophagy (Immunity 2012)



NLRX1 Expression in Humans — LTRC cohort

Figure 1. NLEX1 gene expression from patients with COPD
Mann-Whitney U test
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Correlation b/w NLRX1 vs.
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NLRX1 mRMNA Transcriptome

NLRX1 mRNA

Korean COPD Cohort
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Role of NLRX1 in murine COPD model
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NLRX1 - Beyond COPD

1 COPD
] EAE

 Tumorigenesis
v' Colon cancer

v' H. Sarcoma

For further mechanistic understanding..

Jd Inflammasomes

] Senescence

] Mitochondrial

autophagy (Mitophagy)



Senescence-Associated Secretory Phenotype and Its Possible
Role in Chronic Obstructive Pulmonary Disease
Manish Kumar', Werner Seeger", and Robert Voswinckel'* AJRCMB. 2014;51:323 - 333

Telomere
Shortening due

to continuous
replication

Premature
Senescence

I)nly if mediated by

persistent DNA
damage

Replicative
Senescence

xR

Figure 1. Many roads lead to senescence, but not all cause the senescence-associated secretory
phenotype (SASP) response. HRAS, transfection of GTPase HRas; OIPS, oncogene-induced
premature senescence; PTEN, phosphatase and tensin homolog; SIPS, stress-induced premature
senescence.
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RNA-seq Data set (Heat map generated by Partek)

WT CD4 Naive T cell (3m); WT CD4 Memory T cells (3m); KO CD4 Memory T cells (3m);
WT CD4 Memory T cells (12m); KO CD4 Memory T cells (12m); WT CD4 Memory T cells (18m)
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Role of NLRX1 in Inflammasomes Activation

[ NLRX1**
A 300 - M NLRX1" *kk B +/+ +/+ -/- -/- NLRX1
- + - + Nigericin
£ + + + + LPS
?Q;_; 200 - -
4 *k o o s s | IL1B (pro)
=|é 100 - | ~= == | IL1B (active)
ol — -
0 15 30 45 60
C Nigericin, min D Cyto MT
+/+ +/+ -/- -/- NLRX1 H+ ++ [~ /- +/+ +/+ -/- -/- NLRX1
- + - + Nigericin -+ -+ - + - + Nigericin
+ + + + LPS + + + + + + + + LPS

- ..l Caspase-1 (pd5) o co a0
NLRP3 (long exposure)
- ‘ Caspase-1 (p20) I“:. bt -
EErp— | ASC

—— NLRX1

NLRP3 (short exposure)

A e e [ B-Actin

| — e | ATP5A

— s o @ | CypD

— e e = | \[DAC

— . — — B-Tubulin




Role of NLRX1 in murine COPD model
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IHC: IL-18
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NLRX1 - the site of expression in lungs
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Inflammasome

- assembly mechanism, regulation & signaling
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Inflammasomes in Health & Disease

1 A central player in innate immune and inflammatory responses.

[ During infection or injury, inflammasomes are activated and, under normal
circumstances, culminate in the resolution of infection or inflammation and
return to homeostasis. However, inappropriate or chronic activation of

inflammasomes can lead chronic inflammation and autoimmune disease states.
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MAVS-dependent Emphysema

Figure. Representative histologies and measurements of alveolar surface area after 3-
month-CS-exposure in wild type (WT) controls, NLRX17-and NLRX17/MAVS” mice ( **
p <0.01, two-way ANOVA test; size bar = 400um).
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MAVS-dependent Inflammasomes in
CS-induced Inflammation in vivo
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Multimeric aggregation of MAVS
: a critical event of its sighaling

IN VIVO
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Human Relevance ?

Fig. 8 The exaggerated MAVS aggregation

in CS-induced or associated inflammation Control COPD

cS -+ -4 026 022 192 186
Virus - - + + IB:AVIAVS
SM, kDa _ 1048kDa — )
1048 |
BN-PAGE : "
MAVS ) 720kDa — MAVS
: aggregates a t
IB: MAVS720_ 2 480kDA Aggregates
48Q ‘ 242kDa —
242 | . . |
146kDa —
146
— w 75kDa—]
'S | aEnaEn s 1B: VDAC Q IB:MAVS
SDS o 50kDa—]
- (7]
1| S — - | |B: MAVS o
PAGE g « IB:@B-Actin
L s s smm e | 1B: B-Actin




<
= -
£ e Ctrl BN-PAGE
3 £¢2 >
L E, 25 SM, kDa 146 242480 720
- % 50 8 £ L1 1 |
s 2=00®
0O 200 x >
SM, kD2, s e o w228 o
o
1048 — < 132 =
> ] MAVS
720 - a | 50—
BN-PAGE oo MAVS . s fe; oA
IB: MAVS | . : aggregates -
242 - v 25
146 ] ]
+NIG BN-PAGE
-
SM,kDa 146 242480 720
| | | |
BN-PAGE 720 — 20 &
LY X XX X J o 100 S
IB: VDAC 480 — 2 |- . ] S
a . MAV
[7)] — e
@ | so
i S ey — . . +a VDAC
- 1-& | 1B: MAVS -
(I-I; = 37— —— — v R
2 o | IB: VDAC
B | | 75" e e en| 1B:MAVS + CCCP BN-PAGE
@ (E) 50 Sl
37 | - B B-Actin SM,kDa 146 242480 720
B I
L |30
75
MAVS aggregation-inducing |7 2w
7
[ ] [ [ [ ] 37 - VDAC
mitochondrial stimuli
v




WT NLRX1--
E
0 20 40 60 0 20 40 60 NIG (5uM), min
1 048kDa
w 720kDa MAVS
(O]
E. 480kDa
4
m | 242kDa IB: MAVS
146kDa
+/+ 4+ ++ 4+ - - /- - PINK1
SM. kDa i 24_52 i 3£4i6_0 Nigericin (min)
1048 —
BN-PAGE 720 —
. . . MAVS
480 — aggregates
IB: MAVS
242 —
146 —
BN-PAGE /20 —
IB: VDAC
242 —
T
< | o | °Teeemmm——— 1B: MAVS
&1 L | a7
8 25 | —— —— == | |B: VDAC
7,

Alteration of

Aggregates MAVS agg regatiOn

B +H+H [+ o[- o[- [~ - PINK1
-+ + + - + + + Nigericin (1 h)
Swioa 1804 Time
1048 —
720 — MAVS
BN-PAGE an
480 — “' . . i| aggregates
IB:MAVS 4, |
146 —
720 —
BN-PAGE = .
450 | - -
IB: VDAC
T
4 R B —— -
EI g . IB: MAVS
g o5 | 1B: VDAC



Mitochondrial Quality Control (MQC)

- MQC: A set of evolutionary conserved
mechanisms to maintain mitochondrial health

Mitochondrial Quality Control
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MQC: a matter of life and death for cells
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Mitophagy and Quality Control Mechanisms
In Mitochondrial Maintenance

Sarah Pickles', Pierre Vigié®*, and Richard J. Youle'-*

'Biochemistry Section, Surgical Neurology Branch, National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Bethesda, MD 20892, USA

2CNRS, IBGC, UMRS095, 1 rue Camille Saint-Saéns, F-33000 Bordeaux, France

Figure 1. Functional domains of

3 «“ﬁ - autophagy receptor proteins that operate
& _D (1 ) ¥ & in mitophagy.
A——-_1F A The mitophagy receptors Atg32, NIX and BNIP3

are localized to the mitochondrial outermembrane
and schematics of their functional domains are
depicted: AIM, Atg8 family interacting motif; TMD,
transmembrane domain; LIR, LC3-interacting
region. Autophagy receptor proteins involved in
mitophagy are shown bound to ubiguitinated
mitochondrial substrates (S) and similardy their
functional domains are shown: CC, coiled-coil
F domain; UBAN, ubiquitin binding in ABIN and

{ CC }{}{ CC }{ CC Hueanif]- > {SKEH{ L CC I  NEMO domain; ZF, zinc-finger domain; PB1,
+ [ i 0 Phox and Bem1 domain; ZZ, Z7-type zinc finger

domain; FW, four tryptophan domain; UBA, ubig-

uitin associated domain; SKICH, SKIP carboxyl

\'? o l‘-.‘.

.--"'..---;_5-"" #
(AW H I H Hoea- [P HZZ I e homology domain; NLS, nuclear localization sig-
& & 5:.‘ F nals; KIR, Keap interacting region.
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Current Biology

Mitophagy: a selective removal of mitochondria via autophagy

During autophagic process, cytoplasmic components are selected and tagged before being
sequestered into an autophagosome by means of , so called, “autophagy receptors.”

The recognition of target mitochondria by the autophagosome occurs often through
similar receptors, for which a term called mitophagic receptors has been designated.



BN-PAGE

SDS-PAGE

Accumulation of Mitophagic Receptors
on Mitochondria

Control COPD

026 022 192 186

1048kDa —

720kDa —

480kDa —

242kDa —

146kDa —

IB:AMAVS

MAVS
Aggregates

75kDa—

50kDa—]

-

- e

IB:EMAVS

p— *{ IB:B-Actin

Control COPD

0224892226 5271 537932194

IB:AMAVSA
(short@xposure)

IB:AMAVS
(longRexposure)

IB:ENDP52

IB:BTING

IB:362

IB:ETXN2

IB:&/DAC



PINK1
— a Regulator of Mitochondrial Health

mitochondrial mitochondrial mitochondrial mitochondrial

oxidative

rotective genes
g 9 stress
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BiFC (Bimolecular Fluorescence Complementation)
A B

Over the past decade, BiFC
has emerged as a key
technique to visualize protein-

protein interactions in a
variety of model organisms.

()

A. 3-dimensional structure of
a fluorescent protein, Venus
(B-strands & a-helices)

N terminal fragment

C-terminal fragment
Complemented FP

§ ° g B. Folding topology

- 0 3 2

x e X > Y 3 — B-strands (green arrows)
& = .
"-\ > 4 .
2 = — o-helices (orange boxes)

C. Principle of BiFC
- The BiFC assay is based on reconstitution of an intact fluorescent protein when

two complementary non-fluorescent fragments are brought together by a pair of
interacting proteins.



Dynamic Interaction of PINK1 with MAVS
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Role of Mitochondrial ROS
or Complex V activity ?
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Mitochondrial pH-dependent

MAVS aggregation

Santo-Domingo J et al. J Gen Physiol. 2012;139:415 - 423
Perspectives on: SGP Symposium on Mitochondrial Physiology and Medicine

The renaissance of mitochondrial pH
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Proton-motive Force & Chemiosmotic Coupling

SPACE

MATRIX

AV

v proton-motive force (Ap)
v chemical gradient for protons (ApHm)
v" mitochondrial membrane potential (AWm)



Deeper Meaning of Proton-motive Force (1)
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Deeper Meaning of Proton-
motive Force (2)
- Bacteria

Proton motive force

* The bacterial flagellum is driven by a rotary engine.
The engine is powered by proton motive force, i.e., by
the flow of protons (hydrogen ions) across the
bacterial cell membrane due to a concentration
gradient set up by the cell's metabolism

respiratory chain

ATP synthase
'
H*
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H‘ < > -<H’
lactose proline

H
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N‘O

bacterial b
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membrane H

(B) ANAEROBIC CONDITIONS

& (=
| =e| |,
lactose>< >"<Dtoline
i X

lysina W succinate

H*-driven transport of
nutrients in bacteria



Strength of electric field across membrane of
mitochondria (equal to that of lightning bolt)

Value 3e+7 V/m
Organism Generic

Reference Lane N, Martin W. The energetics of genome complexity.
Nature. 2010 Oct 21 467(7318):929-34. p.931 right colun

paragraph PubMedID 20962839

Method Dividing values in Comments section:
0.15V/(5%10"-9m)=3=10"7V/m



Human Relevance ?

Control COPD
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cGAS-STING Pathway

Viruses @

/ Bacteria
——

dsDNA +GTP /
®ATP .
cGAS c-di-AMP .

.~ €@ 3'3'cGAMP

¥
> Inflammatory
’ 4

Evolutionary Origins of cGAS-STING Signaling. Trends Immunol. 2017



Crosstalk b/w RLHs & STING Pathways
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Zevini A et al. Trends Immunol. 2017



IL-18
IL-18
Pyroptosis

o MAVS: beyond
’ antiviral signaling

NF-xB <
IRFs

Viral RNA

« RLHs signaling

« NLRP3 | Autophagy
inflammasomes " : Mito Dynamics

e cGAS-STING ) | Mitophagy, etc...
cyto§olic DNA
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Innate Immunity
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OF NATURAL HiSTORY Travels in the Great Tree of Life

YALE UNIVERSITY

What is th—e Tree of Life?
What is a Phylogenetic
Relationship?

Evolution Along the
Branches

Extreme Divergence!
Cenvergent Evolution
Convergent Insect Eaters
A Succulent Convergence
Big Surprises

Elephant Shrews
Afrotheria

Rafflesia

A Monumental Scientific
Challenge

Computational Complexity
Why Study the Tree of
Life?

Phylogentic Predictions

What is the Tree of Life?

In his 1859 masterpiece On the Origin
of Species, Charles Darwin included
just one illustration — a “tree”
depicting branching and extinction
through time.

With this he crystallized the idea that species share
commeon ancestors at various points back in time. He
referred to the genealogical relationships among all
living things as “the great Tree of Life.”

A detail from Darwin’s nceebook, drawn in
1837, showing his firse sketch of a tree
depicting phylogenetic relationships among
species.

The Syndies of Cambridge University Library

The great biologist Ernst Haeckel
praduced some of the best known trae
diagrams, including this one from 1855 on
the relationships of all living things.

Throughout the late 19th century there were many
attempts to portray evolutionary relationships with tree-like
diagrams. These were based on overall appearances —
shared similarities in the form and structure of organisms.

The tree of life image
that appeared

in Darwin's On the
Origin of Species,
1859. It was the
book's only illustration
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https://en.wikipedia.org/wiki/Charles_Darwin
https://en.wikipedia.org/wiki/On_the_Origin_of_Species
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the Evolution of Complex Life  Hidden Meaning of
Endosymbiosis?

d All complex life on earth is eukaryotic.

J Eukaryotes arose in a rare endosymbiosis,
which broke the energetic constrains on
prokaryotes.

J The endosymbiosis radically altered
selection on eukaryotes, potentially |
explaining the evolution of unique traits,
including the nucleus, sex, two sexes,
speciation, and aging.

Lane N. Cold Spring Harb Perspect Biol. 2014;6:a015982



Mitochondria — Meaning of the Life

d Endosymbiosis is the key event which enabled the
origin of eukaryotes and all of the complex life
beyond prokaryotes... We will never understand
what’s going wrong in diseases unless we
understand why the cell is the way it is...(Lane N.
“Power, Sex Suicide” / J Cell Biol. 2015. People & Idea,
Unearthing the first cellular innovations...)

 ...Thus, mitochondria occupy a central position in
our understanding of the cell, the “basic unit of life,”
and the study of mitochondria has, from the very
beginning, revealed not only details, but also
fundamental insights covering the entire spectrum

from biophysics to cell biology and genetics...
(Scheffler E. “Mitochondria”, Chapter 1.)

& Power,
F Sex, Suicide
E;:. Mitochondria and the
o Meaning of Life

. NICK LANE
[t Author of Oxygen

BWILEY

Mitochondria

Second Edition

IMMO E. SCHEFFLER




Conclusion

REVIEW hitp://chx.doi.org/10.4046/trd 2016.79.4.207
I1S5N: 1738-3536(Print)/2005-6184(Online) - Tuberc Respir Dis 2016;79:207-213

A Mitochondrial Perspective of Chronic
Obstructive Pulmonary Disease Pathogenesis

A Mitochondrial Perspective
on the Pathogenesis of
Airway Disorders

l

Mitochondria-targeted
Novel therapeutics

~_ Pulmonary Inflammation, /
all Death/ Tissue Damage
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What is Life?

(Life = Energy + Information ?)
Life= Mitochondria (Bioenergetics) + Nucleus (Genetic Information)
. 0| E2| Ao ool Ho{X|= ChFet &3, 11240| Hi = HH o4,

Mitonuclear communication in homeostasis The mitochondrial basis of Aging.
and stress.

Anterograde Retrograde Sirtuins

regulation response p53
PGC1a

Nuclear to Mitochondrial
= Signaling

DNA damage

MW

Mitochondrial to Nucl&

Signaling

Extracellular

communication Mitonuclear

feedback
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Mol Cell. 2016;61:654-666.
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