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Despite significant improvements in the 
prevention and management of athero-
sclerosis, its consequences still remain a 
major cause of disability and mortality. 
Better understanding of pathophysiologi-
cal processes implicated in the initial stages 
of atherogenesis is critical for the discovery 
of effective approaches to prevent is-
chaemic stage of the disease and to reduce 
huge economic and social burden currently 
associated with atherosclerosis (1). 

According to the current paradigm the 
atherosclerotic process is primarily initi-
ated in the vascular wall itself where mono-
cyte-derived macrophages transform to 
‘foam’ cells by accumulating lipids (2). 
Consequent apoptosis or death of macro-
phages is largely responsible for necrotic 
core generation, progressive accumulation 
of free cholesterol and expansion of the ne-
crotic core within plaques. Often, unbal-
anced generation of inflammatory cyto-
kines by plaque monocyte-derived macro-
phages (e.g. via up-regulation of Toll-like 
receptors) as well as angiogenic promoting 
pathological plaque neovascularisation, 
and enzymes degrading extracellular ma-
trix results in destabilisation of athero-
sclerotic plaques (3–5). 

Whilst a critical role of vascular wall 
monocyte-derived macrophages in athero-
sclerotic plaque formation is widely recog-
nised, the impact of circulating monocytes 
on atherogenesis is less established. For 
example, accumulation of modified 

(mainly oxidised) lipids via scavenger re-
ceptors was, until recently, exclusively at-
tributed to vascular wall resident macro-
phages rather than circulating monocytes 
(6). Oxidised low-density lipoproteins 
(LDL) taken up via scavenger receptors 
(e.g. CD36 and CD204) are delivered to ly-
sosomes, where they undergo esterification 
by cholesterol esterase and are largely con-
verted into free cholesterol and fatty acids 
(6). It has been reported that CD36 con-
tributes 60–70% of cholesterol ester ac-
cumulation in macrophages exposed to ox-
idised LDL (7). Deletion of the genes en-
coding CD36 and CD204 retards the devel-
opment of atherosclerotic lesions in animal 
models of atherosclerosis (6). However, 
circulating monocytes are equipped with 
these same scavenger receptors and may 
thus start accumulating lipids even prior to 
their migration to tissues and differenti-
ation to macrophages (8). Exposure to 
modified LDL induces rapid ‘foam’ cell 
formation from freshly isolated peripheral 
blood monocytes, accompanied by up-
regulation of CD204 and CD36 (8). The 
clinical relevance of these findings is sup-
ported by the observation that an absence 
of CD36 on circulating monocytes in indi-
viduals from a Japanese population results 
in 40–50% reduction in oxidised LDL 
binding to monocyte-derived-macro-
phages compared to normal subjects (9). 
Certainly, monocyte counts are increased 
in patients with stenotic coronary artery 
disease and the Intermountain Heart Col-
laborative Study Group recently reported a 
population of 3,227 patients with or with-
out coronary artery disease whereby high 
monocyte counts were independent pre-
dictors of future myocardial infarction and 
death (10).  

However, the impact of monocytes in 
atherogenesis may go far beyond direct 
lipid accumulation as they are also actively 
involved in inflammatory responses at-
tributable to their principal function with-
in the innate immune system. Indeed, 
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monocytes carry numerous surface 
antigens acting as pattern recognition re-
ceptors: Toll-like receptors, CD14, Fc-re-
ceptors as well as scavenger receptors dis-
cussed above. Such receptors by definition 
are not specific to individual bacterial pa-
thogens and may even be activated follow-
ing ligation with the host’s own molecules 
(e.g. heat shock proteins) thus triggering 
potent inflammatory responses (11). The 
role of chronic inflammation in atherogen-
esis and atherothrombosis is progressively 
recognised (12–14).  

Monocytes and their subsets in 
atherogenesis: mouse models 

Circulating monocytes are not a homo-
geneous population of cells – whether de-
fined phenotypically and functionally – 
and include several subpopulations, which 
play complex roles in atherogenesis, each 
with their own potential for promotion of 
plaque formation. A substantial part of our 
knowledge on the role of monocyte subsets 
in atherogenesis derives from studies of 
mouse monocytes which include two 
major subsets: Ly-6Chi monocytes and Ly-
6Clow monocytes.  

Counts of Ly-6Chi monocytes are in-
creased dramatically in hypercholestero-
laemic apoE-deficient mice consuming a 
high-fat diet, actively adhere to activated 
endothelium, infiltrate atherosclerotic 
lesions, and became lesional macrophages 
(15). Ly-6Clo monocytes enter athero-
sclerotic lesions less frequently are prone to 
developing into plaque cells expressing the 
dendritic cell-associated marker CD11c, 
and appear to have enhanced atherogenic 
activity, indicating that phagocyte het-
erogeneity within plaques is linked to dis-
tinct sub-populations of infiltraiting 
monocytes.  

Plaque recruitment of Ly-6Clo cells is 
CCR5 (but not CX3CR1)-dependent 
whilst Ly-6Chi monocytes unexpectedly 
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required CX3CR1 (normally expressed at 
low levels on these cells) in addition to 
CCR2 and CCR5 to accumulate within 
plaques (16). Genetic deletion of CCR2, 
CX3CR1 or their ligands markedly reduces 
atherosclerotic lesion size in animal models 
of atherosclerosis (17). Moreover, double 
deletion of CX3CL1 and CCR2 expression 
in mice has an additive effect and dramati-
cally reduces macrophage accumulation in 
the artery wall and development of athero-
sclerosis (17). Recently, triple inhibition of 
CCL2, CX3CR1, and CCR5 in hypercholes-
terolaemic mice has been shown to lead to a 
marked and additive 90% reduction in 
atherosclerosis (18). Of interest, in this 
study the lesion size highly correlated with 
the absolute number of circulating mono-
cytes, but particularly so with the Ly-6lo 
subset (18). 

Oxidised LDL promotes conversion of 
CD11c- monocytes to CD11c+ cells and a 
high-fat diet significantly increases the pro-
portion of LyC6lo/CD11c+ monocytes in 
apoE-deficient mice resulting in an in-
creased proportion of circulating CD11c+ 
monocytes with abundant lipid in the cyto-
plasm and the phenotype of ‘foam’ cells (19). 
This formation of CD11+ circulating ‘foam’ 
cells was associated with CD204 expression 
on their surface and was accompanied by 
abundant accumulation CD11c+ cells in the 
atherosclerotic plaques (19).  

Monocyte and their subsets in hu-
mans: relevance to atherogenesis 

Whilst human monocytes do not have di-
rect equivalent markers used for discrimi-
nation of mouse monocyte subsets, it is 
clear that subpopulations exist. At present, 
human monocyte subsets are characterised 
by surface expression of CD14 (lipopoly-
saccharide and apoptotic cell receptor) and 
CD16 (Fcγ receptor type III). About 85% of 
circulating monocytes are CD14+CD16– 
and minor CD16+ populations (normally 
below 15%). CD14+CD16– monocytes are 
considered as counterparts of LyC6hi mice 
monocytes and CD14lowCD16+ of LyC6lo 
mouse subset (20). 

The proportion of CD14low/CD16+ 
monocytes has been previously shown to 
positively correlate with serum cholesterol 

and triglyceride levels, and negatively cor-
relate with HDL cholesterol levels in pa-
tients with hypercholesterolaemia and is 
increased in those with developed coronary 
artery disease (21, 22). Also, CD14+CD16– 
monocytes from patients with familial hy-
percholesterolaemia preferentially take up 
native LDL whereas CD14lowCD16+ 
monocytes exhibit an increased uptake of 
oxidized LDL via CD36, an increased ex-
pression of CD11c and macrophage 
markers and a higher adherence to acti-
vated endothelial cells in response to ox-
idised or native LDL stimulation (23). Al-
though CD16+ monocytes express fewer 
CD36 binding sites at their surface than 
CD16– monocytes, they take up signifi-
cantly more oxidised LDL consistent with 
our observations of high expression of 
CD204 on these monocyte subsets (unpub-
lished data) (24). In light of recent data that 
mouse Ly6Clo monocytes (analogous of 
CD16+ human monocytes), in contrast to 
Ly6Chi cells, patrol arterial endothelial sur-
face, it seems possible that CD16+ mono-
cytes exert a specific role in the handling of 
oxidised LDL deposits on the vessel wall 
(19, 25). Indeed, monocytes isolated from 
patients with coronary artery disease also 
have increased CX3CR1 expression (26). 

However, acknowledging substantial 
role of monocytes and their subsets in athe-
rogenesis raises important issue of the in-
teractions of these cells with recognised 
cardiovascular risk factors. At present it is 
commonly accepted that cardiovascular 
risk factors exert atherogenic properties 
mainly through the damage of vascular 
wall and modulation of lipid metabolism. 

In this issue of Thrombosis and Haemos-
tasis, Hristov et al. demonstrate for the first 
time that presence and number of cardio-
vascular risk factors is significantly and dif-
ferentially associated with counts of mono-
cyte subsets (27). They report significant 
correlation of the ‘classic’ inflammatory 
CD14+CD16– monocytes with the 
number of risk factors present in patients 
with coronary artery disease suggesting 
novel mechanisms linking cardiovascular 
risk factors and chronic inflammation in 
atherosclerosis (27). Given that experimen-
tal data indicate CD14lowCD16+ mono-
cytes may be specifically involved lipid ac-
cumulation in atherosclerosis, the observa-

tion of the reduced levels of this subset in 
those with numerous risk factors might ap-
pear surprising. However, recent experi-
mental data demonstrates these cells are 
able to migrate promptly through arterial 
walls following their activation, but require 
prolonged time to be replenished (25). 
Consequently, one may speculate that a low 
count of CD14lowCD16+ cells in these set-
tings may simply reflect their accelerated 
accumulation at atherosclerotic sites. How-
ever intrinsic impairment of mobilisation 
of this monocyte subset, known to have 
some reparative properties is another 
possibility which can not be currently be 
clarified. 

Admittedly, whilst specific roles for dif-
ferent monocyte subsets in atherogenesis 
have been strongly suggested in animal 
studies, limited human data are available 
on this important issue. Clearly, much 
more research work is required to shed 
further light on the role of monocyte sub-
sets in the formation of atherosclerotic 
plaques. Additionally, some methodologi-
cal development is desirable to improve 
discrimination of monocyte subsets and 
perform their direct absolute count. More 
data on this interesting field are awaited 
with interest. 
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