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Impact factor: 9.995



I n t r o d u c t i o n

Macrophage  po l a r i z a t i on



I n t r o d u c t i o n

M a c r o p h a g e  p o l a r i z a t i o n  s i g n a l i n g  p a t h w a y s

• M1 – TLR4/IFNg signal

• M2 – IL4/IL13 – STAT6 signal



I n t r o d u c t i o n

A r g i n i n e  m e t a b o l i s m  o f  m a c r o p h a g e s



I n t r o d u c t i o n

D i f f e r e n c e  i n  m e t a b o l i s m  o f  m a c r o p h a g e s

Glycolysis OXPHOS



I n t r o d u c t i o n

Macrophage  repo l a r i z a t i on



F i g u r e  1 .

Mouse M1 macrophages fail to repolarize to M2 upon IL-4 restimulation in vitro

✓ Mouse M1 macrophages didn’t response to M2 signal

M2 macrophage markers

24h24h

Bone marrow derived 
macrophages



F i g u r e  S 3 .

IL-4-induced M2 macrophages respond to LPS+IFNγ-stimulation

✓ M2 macrophages could repolarize to M1 macrophages

24h24hBone marrow derived 
macrophages



F i g u r e  2 .

Human inflammatory macrophages do not repolarize to M2 in vitro

✓ Human M1 macrophages also couldn’t repolarize to M2

M2 macrophage mRNA markers

M-CSF
6days

PB derived CD14+ monocytes

24h 24h



F i g u r e  3 .

Inflammatory macrophages fail to repolarize to M2 in vivo

✓ M1 macrophages didn’t respond to M2 signal in vivo

IP injection

IP injection

Harvest macrophages
in peritoneal



LPS+IFNγ treatment blunts mitochondrial oxidative respiration in mouse macrophages

✓ M1 signals didn’t impede IL-4/STAT6 pathway, but influenced on mitochondrial activity

F i g u r e  4 .

IL-4 receptor expression



LPS+IFNγ treatment blunts mitochondrial oxidative respiration in mouse macrophages

✓ M1 signals blunts mitochondrial oxidative respiration
ECAR: extracellular acidification rate, Glycolysis parameter
OM: oligomycin
2-DG: 2-deoxyglucose

F i g u r e  4 .

OCR: oxygen consumption rate, OXPHOS parameter
OM: oligomycin, block mitochondrial ATP synthase activity

OXPHOS

Glycolysis

M1
M2



LPS+IFNγ treatment blunts mitochondrial oxidative respiration in mouse macrophages

✓ M1 signals blunts mitochondrial oxidative respiration 
and fatty acid oxidation

ECAR: extracellular acidification rate, Glycolysis parameter
OM: oligomycin
2-DG: 2-deoxyglucose

F i g u r e  4 .

OCR: oxygen consumption rate, OXPHOS parameter
OM: oligomycin, block mitochondrial ATP synthase activity

Fatty acid oxidation



Suppressed OXPHOS in M1 cells is not caused by mitochondrial problem nor by 
reduced citrate synthase activity

✓ OXPHOS suppression was not caused by mitochondrial problem

F i g u r e  S 6 .

No decrease in M1 cells

No differences between normal and M1



LPS+IFNγ treatment blunts mitochondrial oxidative respiration in mouse macrophages

✓ M1 signals blunts OXPHOS complex 1, 2 hardly, 
and complex 3,4 moderately 

✓ IL4 couldn’t restore OXPHOS impairment

F i g u r e  4 .

M1Naive M2 M1→M2



F i g u r e  5 .

Mitochondrial function is required for the induction of an M2 phenotype

✓ OXPHOS function is required for M2 induction
✓ cf) FAO didn’t decrease OXPHOS activity

OM: oligomycin, block mitochondrial ATP synthase activity
2-DG: 2-deoxyglucose, block glycolytic flux 
ETO: etomoxir, block FAO

M2-associated genes

block mitochondrial ATP synthase activity
block glycolytic flux

block FAO

*inhibitors treated 30 mins 
before Macrophage activation



F i g u r e  6 .

Nitric Oxide blunts mitochondrial respiration and prevents plasticity in M1 macrophages

2-DG: 2-deoxyglucose, block glycolytic flux 
NAC: ROS scavenger
1400W: iNOS inhibitor (NO inhibitor)

✓ Inhibiting glycolysis and ROS didn’t restore OXPHOS activity
✓ Inhibiting NO restored OXPHOS activity (not fully)



F i g u r e  6 .

NO blunts mitochondrial respiration and prevents plasticity in M1 macrophages

1400W: iNOS inhibitor

✓ Inhibiting NO production prevents OXPHOS damage



Summar y

✓ M1 signal impede M2 repolarization

✓ M2 macrophages could repolarize to M1 macrophages

✓ M2 polarization needs mitochondrial OXPHOS system

✓ M1 signal blunt OXPHOS system

✓ NO made damage to OXPHOS system (maybe via ROS, 
damage to complexes)




