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Overview

Background: What led my lab into studying this theme? 

Mitochondrial function in cellular & organismal health

Mitochondria-centric review of recent scientific 

advances in pulmonary medicine

 Its implications in pulmonary diseases (Asthma, COPD)

Current researches in my laboratory

Meaning of Mitochondria in Medicine/ Human Health



IL-18R Mediates CS-induced 
Emphysema

CS induces & activates IL-18

Kang MJ et al. J Immunol. 2007



Kang MJ et al. AJRCCM. 2012
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What led us to study mitochondria?

Murine Study of AECOPD : CS + Influenza virus



Role of TLR-3 in CS+pIC model : 
not significant !



MAVS-dependent Pulmonary 
Inflammation & Remodeling

Morphometry ELISA - BAL BAL Inflammation 

Kang MJ et al. J Clin Invest. 2008



Recognition of 

Intracellular dsRNA

MAVS (Cell. 2005)

IPS-1 (Nat Immunol. 2005)

VISA (Mol Cell. 2005)

Cardif (Nature. 2005)

RIG-I like Helicases (RLHs) & Mitochondrial 
Antiviral Signaling Protein (MAVS)



Mitochondrial Antiviral Signaling Protein 
(MAVS)

 The first mitochondrial protein 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.

HCV



The rise of Mitochondria in Medicine

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.

 Recently, the role of mitochondria has been expanded 
in vast areas of molecular and cellular biology .. 

Cell proliferation, differentiation & death

Metabolism

Redox homeostasis/ Calcium homeostasis

 Immune signaling/ regulation...

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



Wallace DC. J Clin Invest. 2013;123:1405-12. A 
Mitochondrial Bioenergetic Etiology of Disease

Mitochondrial Perspective of Pathogenesis





Mitochondrial bioenergetics & Airway Disease

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

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

 lung inflammation and AHR associated with mitochondrial 
dysfunction 

 ΔΨm ↓, mitochondrial oxidative stress ↑, mitochondrial 
complex I, III, and V expression ↓. 

 In ASM cells from patients with COPD

 ΔΨm ↓, mitochondrial complex expression ↓, basal and 
maximum respiration levels ↓, respiratory reserve capacity ↓
compared with those from healthy control subjects, 

 In contrast, ↑ mitochondrial reactive oxygen species (ROS)



 Coculture of iPSC-MSCs with human ASMCs attenuated CSM-

induced mitochondrial ROS, apoptosis, and ΔΨm loss in ASMCs. 

 Mitochondrial transfer from iPSC-MSCs to ASMCs was observed 

after direct co-culture and was enhanced by CSM. 

 iPSC-MSCs attenuated ozone-induced mitochondrial dysfunction, 

airway hyper-responsiveness, and inflammation in mouse lungs.

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



Major Signal Transduction Cascades 
leading to Cell Death

Green DR et al. Science. 2014;345:1466 (1250256)



Mitochondrial Ca++ Signaling & Airway Disease

Sebag SC et al. JCI Insight. 2017

Sanders PN et al. Sci Transl Med. 2013

Sanders PN et al. Sci Transl Med. 2013 Sebag SC et al. JCI Insight. 2017



ER-Mitochondria Crosstalk

 ER stress and its signaling networks in asthma (Dr. Lee YC et al.) 
 Allery Asthma Immunol Res. 2015

 Exp Mol Med. 2018



Immunometabolism
- Metabolic Control of Immune Cells

Mitochondrial Control of Immunity. 
Mehta M et al. Nat Rev Immunol. 2017

Metabolic Instruction of Immunity.
Buck M et al. Cell. 2017



 Mice lacking Arg2 had greater Th2 inflammation than WT mice

 Arginine flux preserves cellular respiration and suppresses 

pathological signaling events

Xu W et al. J Clin Invest. 2016



Six Major Metabolic Pathways

A Guide to immunometabolism for immunologists. 
O’Neill L et al. Nat Rev Immunol. 2016



JACI. 2017;140:204



Mitochondria as Immune Signaling Hub

Cloonan SM, Choi AMK.  Curr Opinion Microbiol. 2013;16:327 - 338



Mitochondrial DAMPs (MitoDAMPs)
Kryosko DV et al.  Trends in Immunol.  2011;32:157 - 164



Mitochondrial Innate Immunity & 
Inflammatory Diseases

Dela Cruz C, Kang MJ. Mitochondrion. 2018
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J Clin Invest. 2014;124:3987



Therapeutic Potential of 
Mitochondrial Targeting

Islam MN et al. Nat Med. 2012



Kang MJ et al. J Clin Invest. 2008

Mitochondrial Innate Immuynity & COPD

Kang MJ et al. J Clin Invest. 2015



NLRX1
Nucleotide Binding Domain and Leucine-Rich-Repeat-containing Protein X1 

 Identified as a negative regulator of MAVS (Nature 2008)

 Negatively regulate TLR-induced NF-κB signaling by targeting 

TRAF6 and IKK (immunity 2011)

 Located in matrix where NLRX1 interacts with a component of 

OXPHOS III -> mtROS generation (J Cell Sci 2009)

 Interact mitochondrial Tu translation elongation factor (TUFM) 

and promote autophagy (Immunity 2012)



NLRX1 Expression in Humans – LTRC cohort

Spearmann’s rho correlation

Kruskal-Wallis test Mann-Whitney U test
Total 44 fresh frozen tissues

 Controls  : 7

 COPD/Emphysema : 37

• GOLD stage 1 (7)

• GOLD stage 2 (10)

• GOLD stage 3 (10)

• GOLD stage 4 (10)

Kang MJ et al. J Clin Invest. 2015



Correlation b/w NLRX1 vs. Disease Severity

Spearmann’s rho correlation



Korean COPD Cohort

N =  94,        99 N =  94,     45,     53,     1

Kang MJ et al. J Clin Invest. 2015



Role of NLRX1 in murine COPD model
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NLRX1 - Beyond COPD

 COPD

 EAE

 Tumorigenesis 

 Colon cancer

 H. Sarcoma 

 Inflammasomes

 Senescence

 Mitochondrial 

autophagy (Mitophagy)

For further mechanistic understanding..



AJRCMB. 2014;51:323 - 333



NLRX1 &
Cell Senescence
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RNA-seq Data set (Heat map generated by Partek)
WT CD4 Naïve 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)



Role of NLRX1 in Inflammasomes Activation 
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Role of NLRX1 in murine COPD model



Increase of Serum IL-18 
in COPD patients

IHC: IL-18
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NLRX1 – the site of expression in lungs

(a) (b) 

(a) (b) 

Mouse

Human

WT non smoking control NLRX1-/- control

(c) 
NLRX1 

MAVS 

β-Actin 

NS  CS  

Westernblot Analysis 
(BAL cells)

0	

0.1	

0.2	

0.3	

0.4	

CS         -              +   	

D
e
n

s
it
y
 R

a
ti
o

  

(N
L

R
X

1
/ 
β

-a
c
ti
n

) 

**	



Inflammasome
- assembly mechanism, regulation & signaling

 a group of protein complexes

 recognize a diverse set of 

inflammation-inducing stimuli 

(PAMPs, DAMPs)

 Autocatalytic activation of 

inflammatory caspases (caspase-1)

 control the activation of pro-

inflammatory cytokines (IL-1β, IL-18)

pathogen-associated 

molecular patterns 

(PAMPs) 

danger-associated 

molecular patterns 

(DAMPs)

IL-1b

IL-18



Tumorigenesis

Epithelial Cell 
Regeneration

Inflammation

Atherosclerosis

Diabetes

Adipose Tissue - Obesity

Regulation of 
Microflora

Strowig T et al. Nature. 2012

Inflammasomes in Health & Disease

 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. 



MAVS-dependent Emphysema

Figure. Representative histologies and measurements of alveolar surface area after 3-

month-CS-exposure in wild type (WT) controls, NLRX1-/- and NLRX1-/-/MAVS-/- mice ( ** 

p < 0.01, two-way ANOVA test; size bar = 400μm).

CS

(-)

CS

(+)

WT NLRX1-/- MAVS-/-/ NLRX1-/-

M
e

a
n
 C

h
o

rd
 L

e
n

g
th

 (
µ

m
) 

0	

20	

40	

60	

80	

CS        -      -      -     +     +    +  

MAVS  +/+  +/+  -/-   +/+  +/+  -/- 

NLRX1 +/+  -/-   -/-   +/+  -/-    -/- 	

** ** 



MAVS-dependent Inflammasomes in 
CS-induced Inflammation in vivo 

-> To explore further mechanism(s) by which 
NLRX1 inhibits inflammasomes activation in 
the context of in vivo CS-induced inflammation



Multimeric aggregation of MAVS
: a critical event of its signaling

Hou F et al Cell. 2011 Cell.	2013;153:348	- 361
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Human Relevance ?
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MAVS aggregation-inducing 
mitochondrial stimuli
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Alteration of 
MAVS aggregation
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Mitochondrial Quality Control (MQC)

MQC: A set of evolutionary conserved 

mechanisms to maintain mitochondrial health 



MQC: a matter of life and death for cells

(A) The hierarchical network of 
mitochondrial QC mechanisms.

(B) Submitochondrial localization of 
proteases with functions in 
mitochondrial QC. Rugarli E et al. Embo J. 2012



 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.



Accumulation of Mitophagic Receptors 
on Mitochondria
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PINK1 
– a Regulator of Mitochondrial Health
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BiFC (Bimolecular Fluorescence Complementation)
Over the past decade, BiFC
has emerged as a key 
technique to visualize protein-
protein interactions in a 
variety of model organisms.

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. 

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

B. Folding topology

 b-strands (green arrows)

 -helices (orange boxes)

X Y



Dynamic Interaction of PINK1 with MAVS
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MAVS aggregation-inducing 
mitochondrial stimuli
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What is the trigger of 
MAVS aggregation ?
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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
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Proton-motive Force & Chemiosmotic Coupling

Δp = ΔpHm + ΔΨm

 proton-motive force (Δp)

 chemical gradient for protons (ΔpHm) 

 mitochondrial membrane potential (ΔΨm)



Deeper Meaning of Proton-motive Force (1)



Deeper Meaning of Proton-
motive Force (2)

- Bacteria

H+-driven transport of 
nutrients in bacteria





Human Relevance ?
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cGAS-STING Pathway

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



Crosstalk b/w RLHs & STING Pathways

Zevini A et al. Trends Immunol. 2017



MAVS: beyond 
antiviral signaling

Arnoult D	et	al.	Embo Report.	2011

• RLHs signaling

• NLRP3 
inflammasomes

• cGAS-STING 
cytosolic DNA 
sensing

Coordinated	by

• ER

• Autophagy

• Mito Dynamics

• Mitophagy, etc…

Sensing

Involved	in

• Innate Immunity

• Inflammation

• Apoptosis, etc..



The tree of life image 
that appeared 
in Darwin's On the 
Origin of Species, 
1859. It was the 
book's only illustration

https://en.wikipedia.org/wiki/Charles_Darwin
https://en.wikipedia.org/wiki/On_the_Origin_of_Species


Paradigm  change ?

Margulis L. “Origin of Eukaryotic Cells,” 1970
Martin W. Bioassays. 
1999:21:99-104



Mitochondria 
define 

Eukaryotes!

Bacteria

Archaea

Eukaryotes

* Endosymbiosis

* 



Bioenergetic Constrains on 
the Evolution of Complex Life

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

 All complex life on earth is eukaryotic.

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

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

 운명공동체:
Hidden Meaning of 
Endosymbiosis?



Mitochondria – Meaning of the Life

 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. )



Conclusion

A Mitochondrial Perspective 
on the Pathogenesis of 

Airway Disorders

Mitochondria-targeted 
Novel therapeutics
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What is Life?

Mitonuclear communication in homeostasis 
and stress. 

(Life = Energy + Information ?)
Life= Mitochondria (Bioenergetics) + Nucleus (Genetic Information)

.. 이둘의결합에의해벌어지는다양한합주,그것이바로생명현상.

The mitochondrial basis of Aging.

Nat Rev Mol Cell Biol. 2016;17(4):213-26.
Mol Cell. 2016;61:654-666.


