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Editorial
Atherosclerosis is a chronic inflammatory disease characterized by

the development of atheromatous plaque, which triggers luminal
narrowing and when ruptured can result in myocardial infarction or
ischemic stroke. Atherosclerosis is pronounced in the intima of many
middle sized and large arteries, especially where the vessels divide, and
where blood flow is non-linear and exerts low shear stress, leading to
increased inflammatory signaling and recruitment of monocytes [1, 2].
Attracted monocytes adhere to and migrate into the vessel wall, where
they differentiate into macrophages and can become lipid loaded foam
cells. Upon atherosclerosis progression, additional immune cells
propagate the chronic inflammation and the plaque contains a wide
variety of cells and has a complex structure consisting of a necrotic,
lipid rich core, and a fibrous cap, the rupture of which by macrophages
secreted proteases leads to clinical phenotypes [3-5].

Among several cell types present in the plaque, macrophages are
known to play a central role in different stages of atherogenesis [6].
Microphages display high heterogeneity and in response to the
microenvironment adopt different polarization states such as
classically activated macrophages (M1), alternatively activated
macrophages (M2), Mox macrophages, and MCSF/CXCL4-dependent
macrophages (M4) [6]. The M1 macrophages are regarded as pro-
atherogenic [7], while M2 macrophages are regarded as both pro- and
anti-atherogenic [8]. The Mox macrophages are induced by oxidized
phospholipids, which are produced in atherosclerotic plaque, and are
thought to exert anti-inflammatory response [9], while the function of
recently identified M4 macrophages is poorly understood [10].
Although anti-inflammatory macrophages are present at the site of the
plaque, it is still enigmatic why the strong inflammatory response
persists at the site of artherogenesis and why it is failed to be resolved.
These questions led to the hypothesis that the altered gene expression
pattern of macrophages by epigenetic processes might contribute to
the long-term pro-inflammatory phenotype [11].

Numerous studies have shown the contribution of altered DNA
methylation pattern, aberrant histone post-translational modifications
(such as histone acetylation and methylation), and deregulated
miRNAs expression in the pathogenesis of atherosclerosis. Most, if not
all, these epigenetic processes are implicated in the progression of
atherosclerosis either by modulating endothelial cells, vascular smooth
muscle cells, or macrophages. Recently, much of the research is
focused on inhibiting macrophage proliferation or altering the
macrophages phenotype/polarization state by epigenetic modulators
in order to develop efficient strategies in management of
atherosclerosis. Pharmacological targeting of histone deacetylases
(HDACs), which remove acetylation modifications, is by far shown to
be efficient in treatment of many neurological diseases and cancer
[12]. Although broad spectrum HDAC inhibitors are shown to be
promising in treatment of various diseases, the side-effects associated

with these pan-HDAC inhibitors is of utmost concern. Therefore,
targeting of specific HDAC proteins or a specific cell type such as
macrophages is of key importance. Studies aimed at this end have
identified two HDACs namely HDAC3 and HDAC9 expression to be
highly associated with atherosclerosis [13,14]. Further studies have
shown that the deletion of HDAC9 from macrophages results in
reduced inflammatory gene expression, efficient lipid efflux and
decreased foam cell formation [13]. Similarly, studies on HDAC3
depleted macrophages revealed the failure of inflammatory gene
expression signature with majority of macrophages showing an anti-
inflammatory macrophage M2 phenotype [14,15]. Collectively, these
studies indicate that inhibition of HDAC3 and HDAC9 in
macrophages as a promising tool to treat not only atherosclerosis but
also other inflammatory diseases. However, safer and cell-type specific
targeting methodologies are necessary to avoid undesirable side-
effects. In this context, it is interesting to note that Duivenvoorden et
al., 2014 have advanced the specific targeting of macrophages by statin
containing high-density lipoprotein (HDL) nanoparticles, which
accumulate in atherosclerotic plaques and inhibit the inflammation
[16]. Henceforth, future studies aimed at HDL nanoparticles loaded
with HDAC inhibitors or therapeutic miRNAs might open up new
avenues for the treatment of atherosclerosis.

References
1. Moore KJ, Tabas I (2011) Macrophages in the pathogenesis of

atherosclerosis. Cell 145: 341-355.
2. Williams KJ, Tabas I (1995) The response-to-retention hypothesis of early

atherogenesis. Arterioscler Thromb Vasc Biol 15: 551-561.
3. Tabas I, Garcia-Cardena G, Owens GK (2015) Recent insights into the

cellular biology of atherosclerosis. J Cell Biol 209: 13-22.
4. Jonasson L, Holm J, Skalli O, Bondjers G, Hansson GK (1986) Regional

accumulations of T cells, macrophages, and smooth muscle cells in the
human atherosclerotic plaque. Arteriosclerosis 6: 131-138.

5. Libby P (2008) The molecular mechanisms of the thrombotic
complications of atherosclerosis. J Intern Med 263: 517-527.

6. Butcher MJ, Galkina EV (2012) Phenotypic and functional heterogeneity of
macrophages and dendritic cell subsets in the healthy and atherosclerosis-
prone aorta. Front Physiol 3: 44.

7. Murray PJ, Wynn TA (2011) Protective and pathogenic functions of
macrophage subsets. Nat Rev Immunol 11: 723-737.

8. Mosser DM, Edwards JP (2008) Exploring the full spectrum of macrophage
activation. Nat Rev Immunol 8: 958-969.

9. Kadl A, Meher AK, Sharma PR, Lee MY, Doran AC, et al. (2010)
Identification of a novel macrophage phenotype that develops in response
to atherogenic phospholipids via Nrf2. Circ Res 107: 737-746.

10. Gleissner CA, Shaked I, Little KM, Ley K (2010) CXC chemokine ligand 4
induces a unique transcriptome in monocyte-derived macrophages. J
Immunol 184: 4810-4818.

Pantakani and Asif, J Clin Cell Immunol 2015, 6:4 
DOI: 10.4172/2155-9899.1000e118

Editorial Open Access

J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal

Volume 6 • Issue 4 • 1000e118

Journal of 

Clinical & Cellular ImmunologyJo
ur

na
l o

f C
lin

ical & Cellular Im
m

unology

ISSN: 2155-9899

mailto:asif@med.uni-goettingen.de
http://www.ncbi.nlm.nih.gov/pubmed/21529710
http://www.ncbi.nlm.nih.gov/pubmed/21529710
http://www.ncbi.nlm.nih.gov/pubmed/7749869
http://www.ncbi.nlm.nih.gov/pubmed/7749869
http://jcb.rupress.org/content/209/1/13.abstract
http://jcb.rupress.org/content/209/1/13.abstract
http://www.ncbi.nlm.nih.gov/pubmed/2937395
http://www.ncbi.nlm.nih.gov/pubmed/2937395
http://www.ncbi.nlm.nih.gov/pubmed/2937395
http://www.ncbi.nlm.nih.gov/pubmed/18410595
http://www.ncbi.nlm.nih.gov/pubmed/18410595
http://www.ncbi.nlm.nih.gov/pubmed/22457649
http://www.ncbi.nlm.nih.gov/pubmed/22457649
http://www.ncbi.nlm.nih.gov/pubmed/22457649
http://www.ncbi.nlm.nih.gov/pubmed/21997792
http://www.ncbi.nlm.nih.gov/pubmed/21997792
http://www.ncbi.nlm.nih.gov/pubmed/19029990
http://www.ncbi.nlm.nih.gov/pubmed/19029990
http://www.ncbi.nlm.nih.gov/pubmed/20651288
http://www.ncbi.nlm.nih.gov/pubmed/20651288
http://www.ncbi.nlm.nih.gov/pubmed/20651288
http://www.ncbi.nlm.nih.gov/pubmed/20335529
http://www.ncbi.nlm.nih.gov/pubmed/20335529
http://www.ncbi.nlm.nih.gov/pubmed/20335529


11. Bekkering S, Joosten LA, van der Meer JW, Netea MG, Riksen NP (2015)
The Epigenetic Memory of Monocytes and Macrophages as a Novel Drug
Target in Atherosclerosis. Clin Ther 37: 914-923.

12. Falkenberg KJ, Johnstone RW (2014) Histone deacetylases and their
inhibitors in cancer, neurological diseases and immune disorders. Nat Rev
Drug Discov 13: 673-691.

13. Cao Q, Rong S, Repa JJ, St Clair R, Parks JS, et al. (2014) Histone
deacetylase 9 represses cholesterol efflux and alternatively activated
macrophages in atherosclerosis development. Arterioscler Thromb Vasc
Biol 34: 1871-1879.

14. Hoeksema MA, Gijbels MJ, Van den Bossche J, van der Velden S, Sijm A,
et al. (2014) Targeting macrophage Histone deacetylase 3 stabilizes
atherosclerotic lesions. EMBO Mol Med 6: 1124-1132.

15. Mullican SE, Gaddis CA, Alenghat T, Nair MG, Giacomin PR, et al. (2011)
Histone deacetylase 3 is an epigenomic brake in macrophage alternative
activation. Genes Dev 25: 2480-2488.

16. Duivenvoorden R, Tang J, Cormode DP, Mieszawska AJ, Izquierdo-Garcia
D, et al. (2014) A statin-loaded reconstituted high-density lipoprotein
nanoparticle inhibits atherosclerotic plaque inflammation. Nat Commun 5:
3065.

 

Citation: Pantakani DVK, Asif AR (2015) Atherosclerosis: Epigenetic Targeting of Macrophages in Disease Management. J Clin Cell Immunol 6:
e118. doi:10.4172/2155-9899.1000e118

Page 2 of 2

J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal

Volume 6 • Issue 4 • 1000e118

http://www.ncbi.nlm.nih.gov/pubmed/25704108
http://www.ncbi.nlm.nih.gov/pubmed/25704108
http://www.ncbi.nlm.nih.gov/pubmed/25704108
http://www.nature.com/nrd/journal/v13/n9/full/nrd4360.html
http://www.nature.com/nrd/journal/v13/n9/full/nrd4360.html
http://www.nature.com/nrd/journal/v13/n9/full/nrd4360.html
http://www.ncbi.nlm.nih.gov/pubmed/25035344
http://www.ncbi.nlm.nih.gov/pubmed/25035344
http://www.ncbi.nlm.nih.gov/pubmed/25035344
http://www.ncbi.nlm.nih.gov/pubmed/25035344
http://www.ncbi.nlm.nih.gov/pubmed/25007801
http://www.ncbi.nlm.nih.gov/pubmed/25007801
http://www.ncbi.nlm.nih.gov/pubmed/25007801
http://www.pubfacts.com/detail/22156208/Histone-deacetylase-3-is-an-epigenomic-brake-in-macrophage-alternative-activation
http://www.pubfacts.com/detail/22156208/Histone-deacetylase-3-is-an-epigenomic-brake-in-macrophage-alternative-activation
http://www.pubfacts.com/detail/22156208/Histone-deacetylase-3-is-an-epigenomic-brake-in-macrophage-alternative-activation
http://www.ncbi.nlm.nih.gov/pubmed/24445279
http://www.ncbi.nlm.nih.gov/pubmed/24445279
http://www.ncbi.nlm.nih.gov/pubmed/24445279
http://www.ncbi.nlm.nih.gov/pubmed/24445279

	Contents
	Atherosclerosis: Epigenetic Targeting of Macrophages in Disease Management
	Editorial
	References


