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The Role of Macrophages in Atherosclerosis: An 
Overview

Knowlege of the mechanism of atherosclerosis in chronic and inflammatory diseases is important in health care manage-
ment. According to the World Health Organization, approximately 17.9 million people die from atherosclerosis annually. 
Macrophages played a major role in the immune response and pathophysiology of atherosclerosis. This review presents the 
role of macrophage in the development of atherosclerosis.
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INTRODUCTION

Atherosclerosis is a chronic and inflammatory disease caused by the accumulation of oxidized lipoproteins in the 
subendothelial layer of the arteries. According to the World Health Organization, approximately 17.9 million 
people die from atherosclerosis annually. In clinical practice, we often encounter cases of coronary artery disease, 
cerebrovascular disease, peripheral artery disease, or their complications. In the early stage of coronary artery 
disease, endothelial cells in the innermost layer of the arteries started to malfunction secondary to the presence 
of major risk factors such as diabetes, hypertension, hyperlipidemia, smoking, and genetic predisposition. Endo-
thelial dysfunction leads to a decrease in nitric oxide synthesis in endothelial cells, an increase in the release of 
chemoattractant substances, an increase in permeability, and infiltration of of atherogenic lipoproteins into the 
subendothelium. In this process, circulating monocytes differentiate into macrophages to phagocytose lipopro-
teins accumulated in the subendothelium through scavenger receptors (SRs) and mediate their transfer to the liver. 
Macrophages that phagocytose lipoproteins become foam cells (1–7). Intracellular lipid accumulation, especially of 
free cholesterol, causes the release of a number of cytokines that initiate foam cell death. Dead cell debris causes 
the accumulation of new macrophages into the subendothelium. As this vicious cycle repeats itself, necrosis occurs 
and atheromatous plaque nuclei are converted into lipids, cholesterol crystals, and cell debris (8). While macro-
phages play a key role in the development of atherosclerosis, inflammatory cells other than macrophages such as 
endothelial cells and smooth muscle cells also contribute substantially to this process. In this review, we discuss the 
importance and role of macrophages in atherosclerosis.

CLINICAL and RESEARCH CONSEQUENCES

A literature search was performed in English databases including PubMed/Medline, ISI Web of Science, SCOPUS, 
and Google Scholar from 2000 to March 2020. The following key words were used: “atherosclerosis,” “macro-
phage,” “macrophage lipophagy,” “lipid cycle in macrophage.” Related sections of identified articles were utilized 
for this review.

Macrophages Types
Macrophages have a major role in the immunse response and pathophysiology of atherosclerosis. When mac-
rophages are exposed to stimulating factors found in atherosclerotic plaque, macrophage types with different 
functions are formed (9). M1 macrophages are the first activated and proinflammatory phenotype. Studies in 
humans and mice have shown that the protein synthesis of M1 macrophages with proinflammatory properties 
leads to a larger and more unstable plaque formation. On the contrary, M2 macrophages play an antiatherogen-
ic role by reducing plaque size and increasing plaque stabilization through their anti-inflammatory effects. M2 
macrophages have a high number of SRs, galactose-type receptors, and mannose receptors. As a result, more 
tissue residues and apoptotic bodies are phagocytosed, thus preventing tissue damage. M2 macrophages are 
divided into four subgroups according to their function, namely, M2a, M2b, M2c, and M2d, and each of which 
have different effects on atherosclerosis. Mhem is another type of macrophage with antiatherogenic effect and 
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is activated by intraplaque bleeding (10–13). Unlike M1 or M2, 
Mox macrophages are known as CXCR4-induced macrophages 
that can affect atherogenesis in two ways. Mox macrophages have 
lower phagocytosis ability than M1 and M2 macrophages (11, 14). 
Although the role of M1 and M2 macrophages in atherosclerosis 
are well recognized, intensive studies on the exact role of macro-
phage types are still ongoing.

Macrophage Lipophagy
At the initial stage of atherosclerosis (fatty streak), lipids, especially 
apolipoprotein B (Apo B)-rich lipoproteins, in plasma are passed 
to the subendothelium. Then, monocyte-derived macrophages 
and smooth muscle cells migrate to the subendothelium to remove 
oxidized low-density lipoproteins (oxLDL). As oxLDLs are phago-
cytosed by macrophages, structures called lipid droplets (LD) are 
formed within the macrophage. Macrophages containing LDs are 
defined as foam cells (6). Macrophages have many receptors that 
phagocytose oxLDL, but the major ones are SR type a (SR-A), 
cluster of differentiation 36 (CD36), and lectin-like oxidized LDL 
(oxLDL) receptor-1 (15). In particular, comparedwith LDL recep-
tors (LDLRs), SR-A plays a greater role in phagocytosing oxLDL 
into the macrophage (4, 16,). Because increasing levels of intra-
cellular cholesterol do not reduce the expression of SR-A, unlike 
the expression of other LDLRs, SR-mediated oxLDL uptake results 
in unlimited phagocytosis of lipoproteins and accumulation of ex-
tremely atherogenic lipoproteins in macrophages (17). Excessive 
lipid accumulation causes macrophage apoptosis. Cell contents 
released following apoptosis causes the infiltration of new mac-
rophages into the subendothelium, creating a vicious cycle (18). 
The uncontrolled accumulation of oxidized lipoproteins in the ath-
erosclerotic plaque increases the volume of the plaque, thereby 
narrowing the vessel lumen

Scavenger Receptor Type A
At present, it is accepted that SRs have important functions in 
many chronic diseases, such as phagocytosis of oxLDL in athero-
sclerosis, immune system response, inflammation, diabetes, and 
cancer. SR-A, which is an SR member and one of the most effective 
receptors in the phagocytosis of ox-LDLs, has five subgroups: SR-
A1, SR-A3, SR-A4, SR-A5, and SR-A6. (19). SR-A1 (SCARA1) 
is found mainly on monocytes, macrophages, dendritic cells, and 
mast cells. The salient feature of SR-A1 is its ability to phagocytose 
oxLDL particles. The expression of SR-A3 (SCARA3) increases 
with oxidative stress and thus protects cells against the destructive 
effects of reactive oxygen species. In addition to being an endocytic 
receptor for lipoproteins, SR-A4 plays a role in the recognition 
and internalization of oxLDL by vascular endothelial cells. SR-A5 
expression is limited to epithelial cells in the testis, thymus, respi-
ratory tract, and adrenal gland. SR-A5 has important functions in 
host defense. In the absence of any inflammatory reaction, SR-A6 
expression is limited to macrophages located in the lymph nodes 
and in marginal areas of the spleen. Similar to SR-A5, SR-A6 has 
important functions in host defense (20).

Lipid Cycle in Macrophages
Oxidized lipoproteins, LDL and VLDL, that are absorbed into 
the macrophages through SRs underwent macropinocytosis 
and phagocytosis in the lysosomes (21). The lipids within the 
lysosomes are exposed to lysosomal acid lipases and turn into 

free cholesterol and free fatty acids. Some of the free cholesterol 
particles formed in the cytoplasm are carried to the cell mem-
brane. These cholesterol particles are transferred either to the 
lipid-weak apoA1 via ATP-binding cassette subfamily A mem-
ber 1 (ABCA1) receptor or to mature high-density lipoproteins 
(HDL) via the ATP-binding cassette subfamily G1 (ABCG1) re-
ceptor (22). The remaining free cholesterol particles are esteri-
fied in the endoplasmic reticulum acetyl-coenzyme A cholesterol 
acyltransferase 1 and stored as cholesterol ester (CE) in the LD 
in the cytosol. Re-esterification protects the cells from the toxic 
effects of free cholesterol. Some free fatty acids are re-esterified 
and stored as triglycerides in LDs (23), and the remaining free 
fatty acids are transferred to the mitochondria for energy need. 
There are two known alternatives to the hydrolysis of CE stored 
in LDs: (1) hydrolysis that occurs after exposure of CE in LDs to 
neutral cholesterol ester hydrolase (nCEH) enzyme and (2) fusion 
of LDs with lysosomes secondary to autophagocytosis and sub-
sequent hydrolysis with lysosomal acid lipase enzyme. Free cho-
lesterol particles that are formed in both ways are transferred to 
the reverse cholesterol transport system via ABCA1 and ABCG1 
receptors (24).

As the level of intracellular cholesterol increases, some transcrip-
tion factors are activated, especially liver X receptor α and β (Lxra 
and Lxrb, respectively) and retinoid x receptor (Rxr) (25). Both Lxr 
and Rxr control the expression of ABCA1 and ABCG1 transport-
ers (26–28).

Lipid Droplets
LDs are organelles with neutral lipids in the center with single-layer 
phospholipids and various functional proteins on its boundaries. 
They are found in many mammalian cells, especially macrophages, 
epithelia, fibroblasts, and hepatocytes. Proteins found around LDs 
can influence changes in LD size, intracellular movement, and in-
teraction with other organelles. In mammals, perilipin (PLIN 1) and 
adipocyte differentiation-related protein/PLIN2 are more domi-
nant (29). Free cholesterol particles accumulated in cells can create 
cytotoxic cholesterol crystals, causing inflammation and fibrosis in 
cells (30, 31). LDs can store the accumulated free cholesterol par-
ticles in the form of CE to protect the cells from this harmful effect. 
LD-loaded macrophages containing CE cause foam cell formation 
specific to atherosclerotic lesions.

CE can be converted into free cholesterol by hydrolysis and trans-
ferred to HDL. Free cholesterol particles transferred to HDL are 
then transported to the liver and bile and removed from the body 
(6). The hydrolysis of CE in the atherosclerotic lesion is the first 
step in removing CE from the body, and nCEH is the enzyme 
responsible for this step (32).

Genetic View of Macrophage Functions
As atherosclerosis is a chronic, inflammatory disease with still 
unclear pathophysiology, it is important to investigate the struc-
ture of the associated genes, the synthesis of related proteins, 
and their extraordinary role in the overall functioning of me-
tabolism. The structure and functions of genes such as APOB, 
OLR1, CD36, MSR1, LDLR, SCARA3, and SCARB1, which 
play important roles in the transition of lipoproteins into the 
subendothelium and the phagocytosis of oxidized lipoproteins 
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in the atherosclerosis process, are presented in Table 1 (33). 
Defects in these genes cause a functional negative effect on cho-
lesterol metabolism and disrupt the optimal functioning of the 
cholesterol cycle. Consequently, more oxidized lipoproteins ac-
cumulate in peripheral tissues and the disease course worsens. 
With the above information, genetic research should be prioritize 
to enable development of new strategies in the treatment of ath-
erosclerosis.

CONCLUSION

Atherosclerosis is a common potentially serious disorder that may 

result in death due to partial or complete closure of the vessel, 
which is a result of the accumulation of fat, cholesterol, and other 
substances in the arterial wall. Macrophages have an outstanding 
role in the immune response and pathophysiology of atheroscle-
rosis. Therefore, it is crucial to know how macrophages influence 
homeostasis in response to different stimuli and how macro-
phages help prevent atherosclerosis as a complication of disease 
states such as diabetes, obesity, dyslipidemia, and metabolic syn-
drome, and minimize atherosclerotic damage. Thus, information 
in various diseases, especially atherosclerosis, will enable setting 
of new goals and corresponding different treatment strategies to 
improve quality of life.

Table 1. Genes affecting macrophage function in atherosclerosis (33)

APOB: Apolipoprotein B; OLR1: Oxidized low density lipoprotein receptor 1; MSR1: Macrophage scavenger receptor 1; LDLR: Low density lipoprotein receptor; 

SCARA3: Scavenger receptor class A member 3; HDL: High-density lipoprotein; SCARB1: Scavenger receptor class B member1

APOB

OLR1

CD36

MSR1

LDLR

SCARA3

SCARB1

Gene

2p24.1

12p13.2

7q21.11

8p22

19p13.2

8p21.1

12q24.31

Location

29

6

19

12

18

11

15

Exon count

Liver, small intestine, and duodenum

Placenta, lung, appendix, bone marrow, brain, 

kidney, gall bladder, liver, adrenal, and urinary 

bladder

Heart, fat, placenta, spleen, lung, gall bladder, 

lung, small intestine, and duodenum

Lung, liver, gall bladder, placenta, adrenal, appen-

dix, urinary bladder, spleen, brain, colon, testis, 

kidney, and heart

Adrenal, lung, liver, gall bladder, stomach, ap-

pendix, heart, esophagus, prostate, colon, du-

odenum, small intestine, testis, placenta, bone 

marrow, endometrium, urinary bladder, pacreas, 

brain, and kidney

Endometrium, brain, gall bladder, placenta, pros-

tate, urinary bladder, thyroid, lung, esophagus, 

appendix, lymph node, small intestine ovary, 

kidney, skin, adrenal, heart, colon, salivary gland, 

stomach, duodenum, fat, and salivary gland

Adrenal, liver, fat, testis, ovary, gall bladder, pla-

centa, small intestine, lung, and heart

Expression in organs

Ligand-defective Apo B caused by the gene or its 

regulatory region may cause hypercholesterolemia, 

hypobetalipoproteinemia, normotriglyceridemic hy-

pobetalipoproteinemia, and diseases affecting plasma 

cholesterol and Apo B levels.

Defective oxidized low-density lipoprotein receptor 1 

may cause atherosclerosis, myocardial infarction, and 

Alzheimer’s disease.

Defective CD36 molecule may cause platelet glycopro-

tein deficiency.

Defective macrophage scavenger receptor 1 or its iso-

forms may cause many macrophage-related physiolog-

ical and pathological processes, including atherosclero-

sis, Alzheimer’s disease, and host defense.

Defective low-density lipoprotein receptor may cause 

autosomal dominant disorder and familial hypercholes-

terolemia.

Because of defective scavenger receptor class A mem-

ber 3, the reactive oxygen species are not depleted and 

cells are not protected from oxidative stress.

Because of defective scavenger receptor class B mem-

ber 1, cholesterol transfer to, and from high-density 

lipoprotein cannot occur.

Function



Damar and Eroz et al. Macrophage in Atherosclerosis12 Erciyes Med J 2021; 43(1): 9–12

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – İHD, RE; Design – İHD, RE; Su-
pervision – İHD, RE; Resource – İHD, RE; Materials – İHD, RE; Data 
Collection and/or Processing – İHD, RE; Analysis and/or Interpretation 
– İHD, RE; Literature Search – İHD, RE; Writing – İHD, RE; Critical 
Reviews – İHD, RE.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received 
no financial support.

REFERENCES

1. Winkels H, Ehinger E, Vassallo M, Buscher K, Dinh HQ, Kobiyama 
K, et al. Atlas of the Immune Cell Repertoire in Mouse Atherosclerosis 
Defined by Single-Cell RNA-Sequencing and Mass Cytometry. Circ Res 
2018; 122(12): 1675–88. [CrossRef]

2. Robbins CS, Hilgendorf I, Weber GF, Theurl I, Iwamoto Y, Figueiredo 
JL, et al. Local proliferation dominates lesional macrophage accumula-
tion in atherosclerosis. Nat Med 2013; 19(9): 1166–72. [CrossRef]

3. Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Cir-
culation 2002; 105(9): 1135–43. [CrossRef]

4. Moore KJ, Sheedy FJ, Fisher EA. Macrophages in atherosclerosis: a 
dynamic balance. Nat Rev Immunol 2013; 13(10): 709–21. [CrossRef]

5. Gimbrone MA Jr, García-Cardeña G. Endothelial Cell Dysfunction and 
the Pathobiology of Atherosclerosis. Circ Res 2016; 118(4): 620–36.

6. Glass CK, Witztum JL. Atherosclerosis. the road ahead. Cell 2001; 
104(4):503–16. [CrossRef]

7. World Health Organization. Cardiovascular Diseases. Available from: 
URL: https://www.who.int/cardiovascular_diseases/en/.

8. Takahashi K, Takeya M, Sakashita N. Multifunctional roles of macro-
phages in the development and progression of atherosclerosis in hu-
mans and experimental animals. Med Electron Microsc 2002; 35(4): 
179–203. [CrossRef]

9. Murray PJ, Allen JE, Biswas SK, Fisher EA, Gilroy DW, Goerdt S, et 
al. Macrophage activation and polarization: nomenclature and experi-
mental guidelines. Immunity 2014; 41(1): 14–20. [CrossRef]

10. Boyle JJ, Harrington HA, Piper E, Elderfield K, Stark J, Landis RC, et al. 
Coronary intraplaque hemorrhage evokes a novel atheroprotective mac-
rophage phenotype. Am J Pathol 2009; 174(3): 1097–108. [CrossRef]

11. Yang S, Yuan HQ, Hao YM, Ren Z, Qu SL, Liu LS, et al. Macrophage 
polarization in atherosclerosis. Clin Chim Acta 2020; 501: 142–6.

12. Shoulders H, Garner KH, Singla DK. Macrophage depletion by clo-
dronate attenuates bone morphogenetic protein-7 induced M2 mac-
rophage differentiation and improved systolic blood velocity in athero-
sclerosis. Transl Res 2019; 203: 1–14. [CrossRef]

13. Gordon S, Martinez FO. Alternative activation of macrophages: mech-
anism and functions. Immunity 2010; 32(5): 593–604. [CrossRef]

14. Kadl A, Meher AK, Sharma PR, Lee MY, Doran AC, Johnstone SR, 
et al. Identification of a novel macrophage phenotype that develops 
in response to atherogenic phospholipids via Nrf2. Circ Res 2010; 
107(6): 737–46. [CrossRef]

15. Ding Z, Liu S, Wang X, Theus S, Deng X, Fan Y, et al. PCSK9 regu-
lates expression of scavenger receptors and ox-LDL uptake in macro-
phages. Cardiovasc Res 2018; 114: 1145–53. [CrossRef]

16. Moore KJ, Kunjathoor VV, Koehn SL, Manning JJ, Tseng AA, Sil-
ver JM, et al. Loss of receptor-mediated lipid uptake via scavenger 
receptor A or CD36 pathways does not ameliorate atherosclerosis in 
hyperlipidemic mice. J Clin Invest 2005; 115(8): 2192–201. [CrossRef]

17. Rios FJ, Gidlund M, Jancar S. Pivotal role for platelet-activating factor 
receptor in CD36 expression and oxLDL uptake by human mono-
cytes/macrophages. Cell Physiol Biochem 2011; 27(3-4): 363–72.

18. Canfrán-Duque A, Rotllan N, Zhang X, Fernández-Fuertes M, 
Ramírez-Hidalgo C, Araldi E, et al. Macrophage deficiency of miR-21 
promotes apoptosis, plaque necrosis, and vascular inflammation during 
atherogenesis. EMBO Mol Med 2017; 9(9): 1244–62. [CrossRef]

19. Zani IA, Stephen SL, Mughal NA, Russell D, Homer-Vanniasinkam 
S, Wheatcroft SB, et al. Scavenger receptor structure and function in 
health and disease. Cells 2015; 4(2): 178–201. [CrossRef]

20. PrabhuDas MR, Baldwin CL, Bollyky PL, Bowdish DME, Drickamer K, 
Febbraio M, et al. A Consensus Definitive Classification of Scavenger 
Receptors and Their Roles in Health and Disease. J Immunol 2017; 
198(10): 3775–89. [CrossRef]

21. Tabas I, Bornfeldt KE. Macrophage Phenotype and Function in Different 
Stages of Atherosclerosis. Circ Res 2016; 118(4): 653–67. [CrossRef]

22. Remmerie A, Scotta CL. Macrophages and lipid metabolism Cellular 
Immunology. Volume 2018; 330: 27–42. [CrossRef]

23. Paul A, Lydic TA, Hogan R, Goo YH. Cholesterol Acceptors Regulate 
the Lipidome of Macrophage Foam Cells. Int J Mol Sci 2019; 20(15): 
3784. [CrossRef]

24. Ouimet M, Franklin V, Mak E, Liao X, Tabas I, Marcel YL. Autophagy 
regulates cholesterol efflux from macrophage foam cells via lysosomal 
acid lipase. Cell Metab 2011; 13(6): 655–67. [CrossRef]

25. Klappacher GW, Glass CK. Roles of peroxisome proliferator-activated 
receptor gamma in lipid homeostasis and inflammatory responses of 
macrophages. Curr Opin Lipidol 2002; 13(3): 305–12. [CrossRef]

26. Elia J, Carbonnelle D, Logé C, Ory L, Huvelin JM, Tannoury M, et 
al. 4-cholesten-3-one decreases breast cancer cell viability and alters 
membrane raft-localized EGFR expression by reducing lipogenesis and 
enhancing LXR-dependent cholesterol transporters. Lipids Health Dis 
2019; 18(1): 168. [CrossRef]

27. Wang N, Lan D, Chen W, Matsuura F, Tall AR. ATP-binding cassette 
transporters G1 and G4 mediate cellular cholesterol efflux to high-den-
sity lipoproteins. Proc Natl Acad Sci U S A 2004; 101(26): 9774–9.

28. Takeyama Y, Uehara Y, Anan A, Morihara D, Yokoyama K, Takata K, 
et al. Increased hepatic ABCA1 transporter is associated with hyper-
cholesterolemia in a cholestatic rat model and primary biliary cholangi-
tis patients. Med Mol Morphol 2017; 50(4): 227–37. [CrossRef]

29. Yang L, Ding Y, Chen Y, Zhang S, Huo C, Wang Y, et al. The pro-
teomics of lipid droplets: structure, dynamics, and functions of the or-
ganelle conserved from bacteria to humans. J Lipid Res 2012; 53(7): 
1245–53. [CrossRef]

30. Maxfield FR, van Meer G. Cholesterol, the central lipid of mammalian 
cells. Curr Opin Cell Biol 2010; 22(4): 422–9. [CrossRef]

31. Duewell P, Kono H, Rayner KJ, Sirois CM, Vladimer G, Bauernfeind 
FG, et al. NLRP3 inflammasomes are required for atherogenesis and 
activated by cholesterol crystals. Nature 2010; 464(7293): 1357–61.

32. Xu S, Zhang X, Liu P. Lipid droplet proteins and metabolic diseases. 
Biochim Biophys Acta Mol Basis Dis 2018; 1864(5 Pt B): 1968–83.

33. NCBI.Gene. Available from: URL: https://www.ncbi.nlm.nih.gov/
gene.

https://doi.org/10.1161/CIRCRESAHA.117.312513
https://doi.org/10.1038/nm.3258
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1038/nri3520
https://doi.org/10.1161/CIRCRESAHA.115.306301
https://doi.org/10.1016/S0092-8674(01)00238-0
https://doi.org/10.1007/s007950200023
https://doi.org/10.1016/j.immuni.2014.06.008
https://doi.org/10.2353/ajpath.2009.080431
https://doi.org/10.1016/j.cca.2019.10.034
https://doi.org/10.1016/j.trsl.2018.07.006
https://doi.org/10.1016/j.immuni.2010.05.007
https://doi.org/10.1161/CIRCRESAHA.109.215715
https://doi.org/10.1093/cvr/cvy079
https://doi.org/10.1172/JCI24061
https://doi.org/10.1159/000327962
https://doi.org/10.15252/emmm.201607492
https://doi.org/10.3390/cells4020178
https://doi.org/10.4049/jimmunol.1700373
https://doi.org/10.1161/CIRCRESAHA.115.306256
https://doi.org/10.1016/j.cellimm.2018.01.020
https://doi.org/10.3390/ijms20153784
https://doi.org/10.1016/j.cmet.2011.03.023
https://doi.org/10.1097/00041433-200206000-00011
https://doi.org/10.1186/s12944-019-1103-7
https://doi.org/10.1073/pnas.0403506101
https://doi.org/10.1007/s00795-017-0166-7
https://doi.org/10.1194/jlr.R024117
https://doi.org/10.1016/j.ceb.2010.05.004
https://doi.org/10.1038/nature08938
https://doi.org/10.1016/j.bbadis.2017.07.019

