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Myocardial Healing and Remodeling: 
Critical Determinants of Outcomes!

Good healing!

Bad healing!

50% chance of death in next year!

Good prognosis!

Monocyte/ 
Macrophage 

Heterogeneity in 
Atherosclerosis!

Siamon Gordon, J. Clin. Invest. 
2007;117:89-93 

Mononuclear Phagocyte 
Heterogeneity in Atherosclerosis!

Monocytes that bear high levels of the surface marker Ly-6C 
have particularly pro-inflammatory functions!

Hyperlipidemia markedly expands 
circulating inflammatory monocytes in mice 

Swirski, F et al.!
J Ciin Invest 2007;117:195-205. !
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Does monocyte/ 
macrophage 

heterogeneity 
also influence 

acute 
inflammatory 

states such as 
myocardial 
infarction?!

Leukocyte Response Post 
Myocardial Infarction!
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Nahrendorf, M. et 
al. J. Exp. Med. 
2007;204:3037-3047 

The ischemic 
myocardium 

mobilizes 
Ly-6Chi and 

Ly-6Clo 
monocytes in 
two distinct 

phases 

Ly-6Chi!

Ly-6Clo!

Ly-6Chi!

Ly-6Clo!

Phase I! Phase II!

78%!

22%!

20%!

80%!

Sequential accumulation of Ly-6Chi and Ly-6Clo 
monocytes post myocardial ischemic injury!

*Nahrendorf & *Swirski et al., J Exp Med 2007!

Leukocyte Response to Healing Post Myocardial Infarction!
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*Nahrendorf & *Swirski et al., J Exp Med 2007!

Revised!
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Monocyte subsets exhibit specific functions!
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Revision of the monocyte 
response in MI healing!

“Demolition” 
Phase I!

“Reconstruction”!
Phase II !

Proteolysis!
Phagocytosis!

Angiogenesis!
Collagen Deposition!

Inflammation!

Ly-6Chi Monocytes! Ly-6Clo Monocytes!

*Nahrendorf & *Swirski et al., J Exp Med 2007!

Monocyte Heterogeneity in Healing of MI!

From where do the 
proinflammatory 

moncytes that appear 
in the myocardium 

hours after coronary 
ligation come?!

What mechanism(s) 
modulate the 
mononuclear 

phagocyte response at 
d. 5-7 in the healing 

infarct?!
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Nuclear receptor subfamily 4, group a, member 1 (Nr4a1) expressing 
myeloid cells accumulate in myocardial infarction (MI) tissue.  
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Adverse cardiac remodeling 
in Nr4a1−/− chimeric mice 7 
days after myocardial 
infarction (MI).  
7 days after myocardial infarction 
(MI). Immunohistochemical 
staining of MI tissue for CD11b, 
collagen 1 (Col1), CD31, and 
nonvascular smooth muscle α 
actin (SMA) in wild-type (WT) and 
Nr4a1−/− chimeric mice 7 days after 
MI. Results are mean±SEM, * 
P≤0.05, n=5 per group. Nr4a1 
indicates Nuclear receptor 
subfamily 4, group a, member 1. 
 
Hilgendorf I et al. Circulation Research. 
2014;114:1611-1622 

Enhanced accumulation of Nr4a1−/− monocytes and 
macrophages in myocardial infarct tissue  
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Enhanced accumulation of Nr4a1−/− monocytes and 
macrophages in myocardial infarct tissue  
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Nr4a1 limits 
left ventricular 
dysfunction 
post coronary 
ligation 
 
Hilgendorf I et al. 
Circulation Research. 
2014;114:1611-1622 

 

Ly-6Chigh monocytes infiltrate the infarcted myocardium 
and, unlike Ly-6Clow monocytes, differentiate to cardiac 
macrophages.!
In the early, inflammatory phase of acute myocardial 
ischemic injury, Ly-6Chigh monocytes accrue in 
response to a brief Ccl2 burst.!
In the second, reparative phase, accumulated Ly-6Chigh 
monocytes give rise to reparative Ly-6Clow F4/80high 
macrophages that proliferate locally.!
In the absence of Nr4a1, Ly-6Chigh monocytes express 
heightened levels of Ccr2 on their surface, avidly 
infiltrate the myocardium, and differentiate to abnormally 
inflammatory macrophages, which results in defective 
healing and compromised heart function.! H
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Biphasic monocyte/macrophage accumulation in myocardial infarction!
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T-regulatory cells (Tregs) promote transition of 
macrophage polarization post coronary ligation 
and Treg lack leads to impaired infarct healing 

Nahrendorf M , and Swirski F K 
Circulation Research. 2014;115:7-9 

Is there crosstalk 
between acute 

inflammation peri-
MI and plaque 
inflammation?!

Hypothesis: 
An echo in the arterial 

wall of the inflammation 
due to acute myocardial 

infarction aggravates 
atherosclerosis!
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Clinton'SK,'Fleet'JC,'
Loppnow'H,'et'al.'Am.'J.'
Pathol.'1991;138:1005@14.'

Interleukin-1 gene 
expression in 
rabbit vascular 
tissue in vivo.!
!
Induction of IL-1α and b mRNA in aortic tissue 2 
hours after intravenous injection of 10 pg/kg of 
E. coli endotoxin in rabbits fed control and 
atherogenic diets for 10 weeks. Three 
centimeters of thoracic aorta from control rabbits 
weighed 54 ± 9 g (n = 4) and provided 58 ± 8 pg 
of RNA while a similar section from rabbits fed 
the atherogenic diet weighed 98 ± 11 g (n = 4) 
and provided 84 ± 9 mg of RNA. Twenty 
micrograms of total RNA was loaded into each 
lane for Northern analysis for rabbit IL-1a and 
IL-1b. The data presented represent one rabbit 
per treatment group. Similar results were 
observed for three additional rabbits per 
treatment.!

Atherogenic diets enhance endotoxin-stimulated interleukin-1 
and tumor necrosis factor gene expression in rabbit aortae!

Fleet JC, Clinton SK, Salomon RN, Loppnow H, Libby P.  J Nutr 1992;122:294-305. !

The “echo” phenomenon:!
!
A systemic inflammatory 
stimulus, intravenous 
endotoxin, evokes a local 
cytokine response in 
arteries dependent on the 
amount of pre-existing 
atherosclerosis!
!
J Nutr 1992;122:294-305. !
!

Infectious agents by systemic and local effects can activate artery wall cells  
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19 JULY 2012 | VOL 487 | NATURE | 325 !

Molecular Biology of the 
High-Risk Plaque!

After Libby P. Circulation 1995!
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Post MI, plaque necrotic cores 
enlarge and fibrous caps thin!

Progenitor numbers in spleen 
increase after MI!

No MI! MI!

No MI! MI!
MDPs 

GMPs 

M
D

P
s 

(1
06 )

/ s
pl

ee
n 

0.0 

0.6 

0.3 

**! *! *! *!

c-kit 

Li
ne

ag
e+

IL
7R
!

Sca-1 S
S

C
-A

 

c-kit 

C
D

11
5 

CD34 C
D

16
/3

2 

Week after MI!
1 3 6 12 

LSKs 

Long-term 
hematopoietic 

stem cell!

Short-term 
hematopoietic 

stem cell!

Granulocyte 
Macrophage 
progenitor!

Macrophage !
dendritic cell!

Progenitor (MDP)!

What are 
the signals 

for 
progenitor 

release 
from bone 
marrow?!

Frenette et al. Nature 2008; 452:442!

Bone marrow tyrosine hydroxylase (TH):!
The rate limiting enzyme in noradrenaline synthesis!
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Progenitor release from bone marrow: !
triggered by adrenergic signaling?!



Page 8!

β3 blocker treatment reduces progenitor 
release from bone marrow!

No MI MI MI + β3 blocker 
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β3 blocker treatment limits acceleration of 
atherosclerosis post experimental MI!
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β-adrenergic 
blocker 
administration 
associates with 
reduction in 
white blood cell 
and monocyte 
counts in 
patients after 
an acute 
coronary 
syndrome.!
Nature. 2012;487:325-9!

Increased splenic progenitor 
proliferation in patients after MI !
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MI enhances atherosclerosis!

Nature. 2012;487:325-9!
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Innate Immunity in 
Atherosclerosis!

Initiation!

Complication!

Progression!

Libby, Ridker, Maseri 
Circulation 2002!

Key Collaborators!

Filip Swirski! Matthias!
Nahrendorf!

Ingo!
Hilgendorf!


