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Atherosclerosis is a condition where vascular smooth muscle cells (VSMCs), inflammatory
cells, lipids, cholesterol and cellular waste accumulate in the inner lining of an artery,
producing a fibro-fatty plaque and resulting in the thickening of the arterial wall. The tumor
necrosis factor (TNF) family of cytokines plays a major role in the progression of athero-
sclerosis. Recently, TNF-related apoptosis-inducing ligand (TRAIL), a member of the TNF
superfamily, has been implicated in the development of atherosclerosis since it has been
detected in normal and diseased atherosclerotic tissue. Not only is TRAIL involved in
apoptosis and immune regulation, recent studies have provided a new function of TRAIL
on vascular cells, such that TRAIL can promote endothelial cell (EC) and VSMCs migration
and proliferation. In addition, TRAIL is implicated in regulating vascular tone. This review
discusses our current understanding of TRAIL expression, regulation and function, and

summarises the recent data implicating a role for TRAIL in atherosclerosis.
Crown Copyright © 2007 Published by Elsevier Inc. All rights reserved.

1. Atherosclerosis

No longer considered just a degenerative disorder of ageing,
atherosclerosis is a highly dynamic chronic arterial disease
that leads to the pathogenesis of myocardial infarction, stroke
and gangrene. It is the most common cause of mortality in the
western world and subsequently remains a burden on health
care costs (reviewed in Ref. [1]). Atherosclerotic lesions can
occur as early as adolescence and progression of disease relies
on genetic and environmental factors [1]. The progression of
an atherosclerotic lesion is depicted in Fig. 1. Atherosclerotic
lesions usually develop in the arterial intima where vascular
smooth muscle cells (VSMCs), inflammatory cells, lipids and
connective tissue accumulate. Initiation of lesion progression
occurs due to dysfunction of the endothelium and accumula-
tion of low-density lipoprotein (LDL) in the subendothelial
matrix. Monocytes and T lymphocytes attach to these
lipoproteins and migrate between endothelial cells. This
interaction is mediated by adhesion molecules and chemo-
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tactic factors released by altered endothelium, adhered
leukocytes and VSMCs.

Beneath the arterial surface, foam cells are generated from
macrophages through the accumulation of highly oxidised
LDL. Together with leukocytes, foam cells produce the fatty
streak. Fatty streaks are not clinically significant but can
ultimately progress to form more advanced lesions. ‘Fibrous’
lesions are described by the accumulation of VSMCs and lipid-
rich necrotic debris. Proliferation of cells under normal
physiological conditions is regulated by growth factors and
cytokines, and continued VSMCs proliferation, accumulation
of extracellular lipid and VSMCs derived extracellular matrix,
give rise to a fibrous plaque. The most important clinical
complication of advanced atherosclerotic plaques is plaque
rupture, followed by formation of a thrombotic occlusion and
either myocardial infarction or sudden death. Atherosclerosis
therefore, represents a unique case of inflammatory and
immune responses evoked by complex interactions between
vascular cells, immune cells and lipids. Due to the highly
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Fig. 1 - Schematic diagram of atherogenesis and plaque progression. (A) The normal artery intima consists of a single layer
of endothelial cells resting on basement membrane. In humans, there may also be vascular smooth muscle cells (VSMCs)
present. (B) Atherogenesis starts with lipid insudation into the vessel wall, where it is trapped in the intima. The
endothelium above the collection becomes dysfunctional, resulting in monocytes rolling and then adhering to the
endothelium, prior to migrating into the intima (C), resulting in a macrophage collection. Macrophages ingest lipid to
become resident foam cells (D). (E) VSMCs migrate and proliferate over the lipid and macrophage accumulation to create the
fibrous cap, a structure separating the lipid core from the lumen. (F) A stable plaque is created with a thick fibrous cap, a low
proportion of macrophages and a relatively small lipid core. In contrast, macrophages release matrix metalloproteinases
that degrade extracellular matrix, and VSMCs undergo apoptosis and become senescent, thinning the fibrous cap (G). If the
cap ruptures, platelets accumulate at the site (H), followed by thrombus formation (I). If the event is not fatal, the thrombus
is reorganised by VSMCs migrating into it, and depositing new matrix and cells, creating a new fibrous cap. In this way, the
plaque grows by repeated rounds of rupture and repair (J).
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complex nature of atherosclerosis, the molecular and cellular
interactions mediating disease progression are not completely
understood.

2. TRAIL

Tumour necrosis factor (TNF)-related apoptosis inducingligand
(TRAIL/Apo2lL) is a member of the TNF family of ligands. It was
originally identified and characterised by high sequence
homology to CD95L/FasL and TNF [2]. TRAIL is a type II
transmembrane protein and like other TNF ligands, TRAIL
occurs as a trimer, which can be proteolytically cleaved at its C-
terminus to form a soluble ligand. Both the membrane-bound
and soluble forms of TRAIL rapidly induce apoptosis in multiple
transformed cell lines and tumour cells, although normal cells
appear to be resistant [2-4]. This is not surprising, given that
TRAIL expression is detected in a variety of human tissues and
cells [2]. Based on these observations, and on in vivo studies
demonstrating little toxicity [5-7], TRAIL is considered to be a
promising therapeutic agent for anti-tumour therapy.

2.1.  TRAIL receptors—human

TRAIL signalling is the most complex of all TNF family
members since it is known to bind five different receptors
(reviewed in Ref. [8]). TRAIL induces an apoptosis signal
following engagement with its specific death-domain contain-
ing receptors, DR4 (TRAIL-R1) and DR5 (TRAIL-R2/APO2/Killer/
TRICK?2) [9,10]. Studies have identified additional membrane-
bound receptors of TRAIL including, DcR1 (TRAIL-R3/TRID/LIT)

which lacks the intracellular death domain and is anchored to
the membrane via a glycophosphatidyl inositol (GPI) tail, and
DcR2 (TRAIL-R4/TRUNDD), which lacks a functional death
domain by virtue of a truncation [9-13]. TRAIL also binds
osteoprotegerin (OPG, TR1), the only known secreted receptor
for TRAIL, which regulates osteoclastogenesis by binding
receptor activator of nuclear-factor B ligand (RANKL) [14-16]
(Fig. 2). It is suggested that these decoy receptors can compete
with DR4 and DRS5 for ligand binding and thus protect cells
from the induction of apoptosis [9,10]; however, the biological
significance of all decoy receptors in vivo needs further
elucidation.

2.2.  TRAIL receptors—murine

TRAIL signalling in mice appears to be similar to the human
system although there is only one known death-inducing
TRAIL receptor, namely mDR5 (TRAIL-R/MK) [17]. This recep-
tor has high sequence homology to the death domains of DR4
and DR5 (76% and 79%), with an overall sequence similarity of
43% and 49%, respectively [17]. Recently, two additional
receptors have been identified in the mouse TRAIL-signalling
system and resemble the human decoy receptors, since they
do not induce apoptosis [18]. mDcR1 and mDcR2 were
identified by sequence homology through genome mining of
classic cysteine-rich repeats found in TNF receptor family
members [18]. Interestingly, two alternatively spliced variants
of mDcR2 exist—the long (mDcR2L) membrane-bound recep-
tor, and the short (mDcR2S) secreted form [18]. Murine OPG is
also present and highly conserved to the human form [14]
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Fig. 2 - Summary of human and mouse TRAIL receptor-ligand interactions. DR4, DR5 and mDRS5 contain intracellular death
domains and upon ligand binding can signal to initiate apoptosis. DcR2 contains a truncated death domain. DcR1 and
mbDcR1 are Gp1 anchored receptors. mDcR2 has two spliced variants resulting in membrane-bound (long, L) or secreted

forms (short, S).
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3. TRAIL signalling
3.1.  Apoptotic role of TRAIL

Upon ligation of TRAIL, DR4 or DR5 undergo trimerisation and
recruit the formation of the death-inducing signalling com-
plex (DISC). TRAIL DISC components include Fas-associated
death domain (FADD) and the apoptosis initiator, caspase-8
[19]. Caspase-10 is also recruited and activated and can
transmit an apoptosis signal in the absence of caspase-8 [20].
Like FaslL, the response to TRAIL is cell type-specific and
characterised by two distinct cell type pathways (reviewed in
Ref. [21]) (Fig. 3). In the type 1 pathway, extrinsic signals result
in DISC formation with release of active caspase-8 to the
cytosol. Caspase-8 activation leads to cleavage of effector
caspases (e.g. caspase-3 and -7). In the type II pathway,
intrinsic signals (e.g. by DNA damage) direct the translocation
of Bax to the mitochondria, resultingin loss of transmembrane
potential, which induces release of cytochrome c and Smac/
DIABLO. Cytochrome c and Apaf-1 can then activate caspase-9
with subsequent activation of effector caspases. The complex-
ity of the apoptotic pathway is further demonstrated by
additional regulation involving Bcl-2 family members. For
example, while Bcl-2 and Bcl-X; can inhibit apoptosis, the pro-
apoptotic members Bax and Bak, can induce cytochrome c
release. Both the intrinsic and extrinsic pathways can direct

the apoptotic signalling cascade, and also involve cross-talk.
For example, when low concentrations of caspase-8 or -10 are
evident with insufficient activation of caspase-3, the cleavage
of Bid allows for translocation to the mitochondria where it
can activate Bax and Bak to stimulate apoptosis (Fig. 3).

3.2.  Anti-apoptotic role of TRAIL

Recent studies have illustrated anti-apoptotic functions of
TRAIL (reviewed in Refs. [22,23]). For example, studies using a
neutralising TRAIL monoclonal antibody defined a role for
TRAIL in immune surveillance against tumour development in
mice [24]. Administration of this antibody promoted out-
growth of TRAIL-sensitive tumours, but not of TRAIL-resistant
tumours [25]. Interestingly, TRAIL expression in ovarian
cancer and B chronic lymphocytic leukaemia is also associated
with longer cancer survival [26,27]. In corroboration of these
findings, TRAIL and its receptors (DR4 and DR5) have been
implicated in the survival and proliferation of multiple cells
including leukaemia cells, EC, VSMCs, eosinophils, and
fibroblasts [28-32].

It is now widely accepted that TRAIL, DR4 and DR5 can
activate the transcription factor NF-«kB, via release from the
inhibitory IkB proteins [28,33,34]. In response to stimuli, IxB
kinase (IKK) becomes activated and phosphorylates IkB, which
in turn results in the ubiquination and degradation of IkB, thus
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Fig. 3 - Schematic representation of TRAIL-receptor signalling. Ligation of TRAIL to DR4 or DR5 can lead to both the apoptotic
and survival pathways. TRAIL-DR4/5 can initiate apoptosis by recruiting FADD and caspase-8 or 10, followed by activation
of the caspase cascade. TRAIL-DR4/DRS can also initiate survival signals via NF-kB and JNK activation and subsequently

lead to upregulation of survival genes.
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releasing NF-«B/Rel proteins from the inhibitory complex and
allowing them to translocate to the nucleus. Once in the
nucleus, NF-«kB can activate anti-apoptotic genes including c-
IAP1 and c-IAP2 (cellular inhibitor of apoptosis proteins 1 and 2)
[35], XIAP (X-linked mammalian inhibitor of apoptosis protein)
[36], TRAF1 and TRAF2 (TNF-receptor associated factor 1 and 2)
[35], c-FLIP (cellular FLICE-like inhibitory protein) [37] and Bcl-X;,
[38]. TRAIL, DR4 and DRS5 can also activate ERK1/2 [29], mitogen-
activated protein kinase (MAPK) [29], c-Jun N-terminal kinase
(INK) [39] and Akt [32], processes involved in survival. Interest-
ingly, NF-«B and JNK activation is mediated by recruitment of
TRADD (TNF-R1-associated death domain protein) [40], RIP
(receptor-interacting protein) [41] and TRAF2 (TNF-receptor
associated factor 2) (Fig. 3) [41] and can occur independently of
caspase-8 or -10 [33,39]. The mechanisms for the anti-apoptotic
role of TRAIL at present are largely undefined.

4. Regulation of TRAIL

The regulation of TRAIL gene expression is limited (Table 1).
The human TRAIL promoter has been described and several
putative consensus transcription factor sites have been
identified, e.g. GATA, C/EPB, Spl, Apl, Ap3, CF-1 and ISRE
[42,43]. The interferon (IFN) family of cytokines, plays an
important role in the development of atherosclerosis [44] and
has been shown to regulate TRAIL expression [42,45-48]. IFNvy
stimulated Stat1 activation and increased secretion of soluble
TRAIL [47]. The role of Statl-dependent TRAIL expression has
also been described and involves stimulation by IFNB [45].
Using a RNAse protection assay and U3A cells deficient in
Statl, Choi et al. no longer observed the induction of TRAIL
mRNA by IFNB [45]. Interestingly, IFNa induced rapid activa-
tion of Statl and accumulation of IRF-1 [48]. Furthermore [FNa
stimulated Statl and IRF-1 DNA binding to the TRAIL
promoter, and SiRNA targeting both transcription factors
were able to inhibit IFNa-induced expression of TRAIL,
implying that both transcription factors are required for
inducible expression of TRAIL [48]. IRF-3 [49] and IRF-7 [50]
have also been implicated in regulating TRAIL expression.
Sendai virus infection (SeV) induced TRAIL mRNA in an IRF-3-
dependent manner in human foreskin keratinocytes [49] and
constitutively active IRF-3 (but not mutant IRF-3) activated the
TRAIL promoter [49]. IRF-3 was also demonstrated to bind the
interferon-stimulated response element on the TRAIL pro-

moter following SeV infection [49]. In contrast, adenovirus-
mediated transduction of IRF-7 was more potent than IRF-3 in
up-regulating TRAIL mRNA in primary macrophages [50].

The role of NF-«B-signalling and TRAIL regulation has been
implied, given that NF-kB-dependent induction of TRAIL has
been observed [51,52]. Virus-induced TRAIL RNA expression
and TRAIL surface expression was completely inhibited by the
IKK/IKB mutants in kidney cells [52]. Tax, an oncoprotein
encoded by human T-cell leukaemia virus induced apoptosis
(via TRAIL) which was dependent on NF-«kB-signalling [51].
Interestingly, Tax can mediate the activation of adhesion
molecules and may regulate the interaction of T cells with EC
[53]. Tax-inducible TRAIL expression was completely abro-
gated in IKKy-deficient Jurkat cells compared to parental cells
[51]. These findings suggest that the NF«kB pathway mediates
inducible expression of TRAIL by Tax [51]. Since TRAIL also
activates NF-kB-signalling, this may serve as a feedback
mechanism in the regulation of TRAIL.

Egr transcription factors have been implicated in the
development of atherosclerosis [54] and are known to regulate
TNF family members FasL, TRAIL and TNF [55]. In particular,
Egr2 and Egr3 transcription factors induced endogenous TRAIL
mRNA expression in intestinal epithelial cells which was
blocked by overexpression of Nabl, a co-repressor of Egr
transcription factors [55]. In contrast Egrl significantly repre-
ssed TRAIL mRNA expression in EC [56]. Interestingly, over-
expression of NAB2, upregulated TRAIL and abrogated the early
inhibitory effect of TNFa on TRAIL expression, implying that
Egrl may play a role in TNFa-induced repression of TRAIL [56].

Finally, insulin also plays arolein TRAIL mRNA expression. A
significant decrease in TRAIL mRNA and protein was observed
in the aortas of diabetic mice that received insulin compared
with control [57]. A similar finding was also observed in vitro
[57]. VSMCs release bioactive nitric oxide (NO) in response to
recombinant TRAIL [58,59], and this suggests that TRAIL may
regulate vascular tone under physiological conditions. Thus,
down-regulation of TRAIL by insulin may be recognised as a
likely pathway of diabetic vasculopathy [57].

5. Expression and function of TRAIL in
atherosclerosis

TRAIL and its receptors are expressed in normal arteries, in
lesions of atherosclerosis and in Monckeberg’s sclerosis, a

Table 1 - Regulation of TRAIL by transcription factors and cytokines

Agonist Transcription factors involved Effect Reference
IFNy Statl Increased protein [47]
IFNB Statl Increased mRNA [45]
IFNa Statl and IRF-1 Increased protein, promoter activity [48]
Viral infection IRF-3 Increased mRNA [49]
IRF-7 Increased mRNA [50]
NF-«B Tax Increased protein, mRNA [51,52]
Viral infection Egr2 and Egr3 Increased mRNA [55]
TNFa Egrl Decreased mRNA [56]
Insulin ? Decreased protein [57]

References are outlined in the text.
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form of arteriosclerosis typically occurring in diabetes [30,60-
65]. TRAIL expression can be found in VSMCs, EC and
inflammatory cells within the vessel wall [29,61,63,65-67].
TRAIL is also expressed in smooth muscle cells of the airways,
spinal cord and uterine spiral arteries [31,60]. Interestingly,
serum levels of soluble TRAIL are reduced in patients
predisposed to coronary artery disease [64,68] a trend also
observed in patients with type II diabetes [57]. These findings
suggest, that TRAIL may be an important factor regulating
cardiovascular disease.

5.1. Endothelial cells

Vascular EC act as barriers that limit thrombosis, and are the
principle targets of pro-inflammatory actions by T cells and
macrophages. The endothelium can also regulate inflamma-
tion, vascular tone and vascular remodelling in the vessel wall
[1] and apoptosis of EC can therefore increase the likelihood of
atherosclerotic plaque formation. TNF ligands have been
implicated in apoptosis of EC [69]. Furthermore, human aortic
EC (HAEC) and human umbilical vein EC (HUVEC) express
TRAIL, DR4, DR5, DcR1 and DcR2 [29,67] and in support of these
findings, TRAIL-induced apoptosis of EC in culture has been
reported [70]. Although only 30% of EC were subject to death by
TRAIL, the remaining 70% of EC did not die, and demonstrated
increased NF-«kB activity, and increased expression of E-
selectin, ICAM-1 and IL-8, molecules involved in promoting
leukocyte adhesion to EC [70]. The proadhesive activity of
TRAIL in EC was also observed by Secchiero at el., although in
contrast, no increase in NF-«B activity and no upregulation of
E-selectin, ICAM-1 and VCAM-1 was observed [71,72]. TNFa
and IL-1B strongly induce leukocyte adhesion to EC. Interest-
ingly, pre-treatment of EC with TRAIL significantly reduced the
pro-adhesive activity of these two cytokines [71]. Furthermore,
TNFa-induced mRNA expression of multiple cytokines
involved in leukocyte adhesion (e.g. CCL8, CXCL10, CCL20,
and CXCL5) was reduced with TRAIL pre-treatment [71]. These
studies imply that TRAIL may also play a role in leukocyte/EC
adhesion.

Endothelial nitric oxide synthase (eNOS), an enzyme which
stimulates the production of NO, plays an important role in the
regulation of cardiovascular function including vascular tone,
endothelial cell survival/migration, anti-thrombotic and anti-
inflammatory activity [73]. Recently, eNOS and NO have been
implicated in TRAIL-mediated EC biology. TRAIL stimulated
NO production and migration of HUVEC via the phosphoryla-
tion and subsequent activation of eNOS at ser’'’” in an Akt-
dependent manner [74]. Reorganisation of the cytoskeleton
can also lead to alteration of NO production [75]. Interestingly,
TRAIL-inducible NO synthesis occurs by regulating the
redistribution of eNOS from the plasma membrane to the
cytoplasm (Golgi) without inducing apoptosis [76]. Given that
eNOS is an important regulator of cardiovascular homeostasis
and vascular tone, these findings have significant implications
for TRAIL-mediated EC function.

Not only is TRAIL involved in migration of EC, TRAIL also
promoted proliferation and inhibited apoptosis by activating
Akt and ERK pathways [29]. Interestingly, TRAIL did not
activate p38, JNK or NF-«B [29]. Furthermore, Alladina et al
(2005) [67] showed that TRAIL at 100 ng/ml and 300 ng/ml

significantly increased EC numbers in low serum. When the
cells were co-treated with the PI3K inhibitor LY294002,
increased cell numbers were no longer observed. Instead,
PI3K inhibition reduced phosphorylation of Akt, c-FLIPs and
Bcl-2 expression and sensitised HUVEC to TRAIL-induced
apoptosis [67]. A summary of TRAIL signalling in EC is outlined
in Fig. 4A.

5.2. VSMCs

VSMCs are the principle cellular components in atherosclero-
tic plaques that produce collagen types I and III and
extracellular matrix, required to maintain tensile strength.
Excessive repair by VSMCs can lead to post event stenosis, for
example in restenosis after angioplasty or stenting. On the
contrary, reduction of VSMCs by apoptosis in advanced lesions
can contribute to plaque instability and rupture [77]. Although
not fully established, TRAIL, DR4, DRS and elements of the
apoptotic pathway have been implicated in VSMCs apoptosis
[61,62,64]. Apoptosis of VSMCs can lead to features of
atherosclerotic plaque rupture [77] and recently Michowitz
et al. [64] demonstrated increased TRAIL protein expression
from cells of plaques vulnerable to rupture, compared to cells
from stable plaques [64]. In addition, TRAIL is expressed in
atherosclerotic coronary artery lesions in regions of apoptosis
[62]. VSMCs express DR4 and DR5 and are susceptible to
apoptosis induced by TRAIL-expressing CD4+ plaque cells
[63,78]. In the study by Sato et al. [63], immunodeficient mice
were implanted with carotid plaque tissue with adoptive
transfer of CD4 T cells. VSMCs accounted for the majority of
apoptotic death in the plaque, and VSMCs apoptosis could be
blocked using an anti-TRAIL antibody. Furthermore, recombi-
nant TRAIL-induced apoptosis of VSMCs in culture was
inhibited by anti-DRS5 antibodies [63], implicating the TRAIL-
death receptor mediated pathway in VSMCs cytotoxicity, a
finding also supported by others [61,78].

Although apoptosis of VSMCs may control cell turnover in
the vessel wall and promote atherosclerotic plaque rupture,
recent studies have identified an opposing role for TRAIL in
VSMCs. Recombinant human TRAIL administration attenu-
ated development of plaques in diabetic ApoE-null animals,
and affected cellular composition of plaque lesions by
inducing apoptosis of macrophages and not VSMCs [65].
Instead, VSMCs content in the plaque was increased [65].
TRAIL also promoted the migration of human VSMCs (but not
of monocytes or macrophages) [65]. In support of this finding
the same group demonstrated that TRAIL protected VSMCs
from treatment with TNF-q, IL-1B, IFN-v, or serum withdrawal,
and promoted migration of VSMCs by activation of ERK1/2 and
Akt but not p38 [30].

Until recently NO generation in the vessel wall was believed
to be restricted to the endothelium [79]. We now know that
VSMCs from carotid and renal arteries, as well as aortas have
been shown to generate physiologically significant amounts of
NO [58,59]. VSMCs may also modulate vascular contractility in
the vessel wall. In light of this, TRAIL has been shown to
induce the release of bioactive NO by not only EC, but also in
VSMCs in culture [57]. This increase in NO synthesis was
inhibited by L-NAME, a pharmacological inhibitor of the eNOS
pathway [57]. Thus, implicating TRAIL as an endogenous
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Fig. 4 - TRAIL function in atherosclerosis. (A) In endothelial cells (EC), TRAIL can regulate multiple functions including
apoptosis, proliferation, leukocyte adhesion, migration and vascular tone. (B) In vascular smooth muscle cells (VSMCs),
TRAIL can promote apoptosis, proliferation, migration and vascular tone. (C) TRAIL can also regulate apoptosis and evoke
immune responses in inflammatory cells within the vessel wall.

regulator of myo-relaxation via a VSMCs-specific and
endothelium-independent NOS pathway [57]. The effects of
TRAIL on VSMCs is outlined in Fig. 4B.

5.3. Inflammatory cells

Atherosclerosis is characterised by the recruitment of mono-
cytes and lymphocytes into the vessel wall and this process
may act as a critical step from the transition of a stable plaque
to an unstable plaque [80]. T cells and macrophages generate
cytokines that regulate the biochemical processes during all
stages of atherosclerosis. TRAIL plays an important role in the
immune response, and has been shown to promote apoptosis
of macrophages and lymphocytes [81,82]. Removal of athero-
genic and inflammatory-prone macrophages by apoptosis
may be beneficial to the development of atherosclerosis. In
contrast, apoptosis of macrophages in advanced atherosclero-

sis may promote plaque instability [83], although our recent
data suggest that it does not [84].

Systemic administration of recombinant TRAIL in diabetic
ApoE knockout mice resulted in apoptosis of infiltrating
macrophages and attenuated the development of the plaque
[65]. Interestingly, TRAIL did not induce apoptosis of circulat-
ing CD14+ monocytes [65]. Plaque-infiltrating CD4 T cells are
also cytotoxic to EC and VSMCs [63,85], and TRAIL-mediated
cytotoxicity of VSMCs has been observed from plaque-derived
CD4 positive T cells [63]. [FNa stimulation of CD4 T cells from
patients with acute coronary syndromes also kills VSMCs in a
TRAIL-dependent manner [66]. TRAIL is expressed in plaque-
infiltrating CD3 and co-localises to regions in atherosclerotic
plaques expressing ox-LDL, a proinflammatory and proathero-
genic protein that promotes T cells/monocyte chemotaxis,
adhesion and induction of inflammatory genes [86]. These
studies are summarised in Fig. 4C and suggest that TRAILhas a
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key role in the inflammatory process by inducing apoptosis of
vascular cells and promoting the initiation, progression and
stability of atherosclerotic plaques.

6. Conclusions

The studies reviewed above provide greater insight into the
role of TRAIL in cells of the vasculature. However, the
pathogenesis of atherosclerosis is a multifactorial process
involving multiple cell types, and interactions between TRAIL
and its receptors could have multiple sequelae, that differ at
different stages of the disease, or that are conflicting. For
example, although TRAIL-induced apoptosis of EC could lead
to atherosclerosis, EC proliferation and migration induced by
TRAIL could help reduce monocyte/leucocyte infiltration into
the vessel wall. In VSMCs, TRAIL-induced apoptosis might be
beneficial during early stage atherogenesis. On the contrary,
TRAIL-induced VSMCs proliferation in early atherosclerosis or
in in-stent restenosis after percutaneous coronary interven-
tions may lead to renarrowing of the lumen. In late stage
atherosclerosis however, VSMCs proliferation may stabilise
the atheromatous plaque and prevent it from rupture. In
inflammatory cells, TRAIL predominantly functions to reg-
ulate an immune response or to induce apoptosis, but it is not
clear whether macrophage apoptosis has different effects at
different stages of the disease.

TRAIL function therefore demonstrates greater complexity
than originally envisaged, such that multiple pathways and
outcomes other than apoptosis, including differential regula-
tion of different cell types, are beginning to be described.
Further studies on TRAIL expression, regulation and function
need to be performed to fully understand the complex
signalling pathways mediated by TRAIL in atherosclerosis.
In particular, the current studies infer a role for TRAIL
signalling in vascular disease from the association of TRAIL/
TRAIL-R expression in the vessel wall with a particular cellular
phenomenon. We need to study what happens to athero-
sclerosis and other vascular pathologies when we manipulate
TRAIL signalling, both via administration of recombinant
TRAIL, and also more importantly by inhibiting TRAIL or TRAIL
receptors in vivo to determine the role of endogenous
expression of these proteins.

REFERENCES

[1] Lusis AJ. Atherosclerosis. Nature 2000;407(6801):233—-41.

[2] Wiley SR, Schooley K, Smolak PJ, Din WS, Huang CP, Nicholl
JK, et al. Identification and characterization of a new
member of the TNF family that induces apoptosis.
Immunity 1995;2(6):673-82.

[3] Marsters SA, Pitti RM, Donahue CJ, Ruppert S, Bauer KD,
Ashkenazi A. Activation of apoptosis by Apo-2 ligand is
independent of FADD but blocked by CrmA. Curr Biol
1996;6(6):750-2.

[4] Griffith TS, Chin WA, Jackson GC, Lynch DH, Kubin MZ.
Intracellular regulation of TRAIL-induced apoptosis in
human melanoma cells. ] Immunol 1998;161(6):2833-40.

[5] Kelley SK, Harris LA, Xie D, Deforge L, Totpal K, Bussiere J,
et al. Preclinical studies to predict the disposition of Apo2L/

tumor necrosis factor-related apoptosis-inducing ligand in

humans: characterization of in vivo efficacy,

pharmacokinetics, and safety. ] Pharmacol Exp Ther
2001;299(1):31-8.

Walczak H, Miller RE, Ariail K, Gliniak B, Griffith TS, Kubin

M, et al. Tumoricidal activity of tumor necrosis factor-

related apoptosis-inducing ligand in vivo. Nat Med

1999;5(2):157-63.

[7] Ashkenazi A, Pai RC, Fong S, Leung S, Lawrence DA,
Marsters SA, et al. Safety and antitumor activity of
recombinant soluble Apo2 ligand. J Clin Invest
1999;104(2):155-62.

[8] Held ], Schulze-Osthoff K. Potential and caveats of TRAIL in
cancer therapy. Drug Resist Updat 2001;4(4):243-52.

[9] Pan G, Ni ], Wei YF, Yu G, Gentz R, Dixit VM. An antagonist
decoy receptor and a death domain-containing receptor for
TRAIL. Science 1997;277(5327):815-8.

[10] MacFarlane M, Ahmad M, Srinivasula SM, Fernandes-
Alnemri T, Cohen GM, Alnemri ES. Identification and
molecular cloning of two novel receptors for the
cytotoxic ligand TRAIL. ] Biol Chem 1997;272(41):

25417-20.

[11] Zhang ], Cado D, Chen A, Kabra NH, Winoto A. Fas-
mediated apoptosis and activation-induced T-cell
proliferation are defective in mice lacking FADD/Mort1. Nat
Med 1998;392:296-300.

[12] Zhang ], Kabra NH, Cado D, Kang C, Winoto A. FADD-
deficient T Cells exhibit a disaccord in regulation of the cell
cycle machinery. J Biol Chem 2001;276(32):29815-8.

[13] Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M,
Baldwin D, et al. A novel receptor for Apo2L/TRAIL contains
a truncated death domain. Curr Biol 1997;7(12):1003-6.

[14] Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS,
Liithy R, et al. Osteoprotegerin: a novel secreted protein
involved in the regulation of bone density. Cell
1997;89(2):309-19.

[15] Kwon BS, Wang S, Udagawa N, Haridas V, Lee ZH, Kim KK,
et al. TR1, a new member of the tumor necrosis factor
receptor superfamily, induces fibroblast proliferation and
inhibits osteoclastogenesis and bone resorption. FASEB ]
1998;12(10):845-54.

[16] Emery JG, McDonnell P, Burke MB, Deen KC, Lyn S,
Silverman C, et al. Osteoprotegerin is a receptor for the
cytotoxic ligand TRAIL. ] Biol Chem 1998;273(23):14363-7.

[17] Wu GS, Burns TF, Zhan Y, Alnemri ES, El-Deiry WS.
Molecular cloning and functional analysis of the mouse
homologue of the KILLER/DRS5 tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) death receptor.
Cancer Res 1999;59(12):2770-5.

[18] Schneider P, Olson D, Tardivel A, Browning B, Lugovskoy A,
Gong D, et al. Identification of a new murine tumor necrosis
factor receptor locus that contains two novel murine
receptors for tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL). J Biol Chem 2003;278(7):

5444-54.

[19] Kischkel FC, Lawrence DA, Chuntharapai A, Schow P, Kim
KJ, Ashkenazi A. Apo2L/TRAIL-dependent recruitment of
endogenous FADD and caspase-8 to death receptors 4 and
5. Immunity 2000;12(6):611-20.

[20] Kischkel FC, Lawrence DA, Tinel A, LeBlanc H, Virmani A,
Schow P, et al. Death receptor recruitment of endogenous
caspase-10 and apoptosis initiation in the absence of
caspase-8. ] Biol Chem 2001;276(49):46639-46.

[21] LeBlanc HN, Ashkenazi A. Apo2L/TRAIL and its death and
decoy receptors. Cell Death Differ 2003;10(1):66-75.

[22] Van Geelen CM, de Vries EG, de Jong S. Lessons from TRAIL-
resistance mechanisms in colorectal cancer cells: paving
the road to patient-tailored therapy. Drug Resist Updat
2004;7(6):345-58.

6



BIOCHEMICAL PHARMAGOLOGY 75 (2008) 1441-1450 1449

[23] Di Pietro R, Zauli G. Emerging non-apoptotic functions of
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL)/Apo2L. ] Cell Physiol 2004;201(3):331-40.

[24] Takeda K, Hayakawa Y, Smyth MJ, Kayagaki N, Yamaguchi
N, Kakuta S, et al. Involvement of tumor necrosis factor-
related apoptosis-inducing ligand in surveillance of tumor
metastasis by liver natural killer cells. Nat Med
2001;7(1):94-100.

[25] Takeda K, Smyth MJ, Cretney E, Hayakawa Y, Kayagaki N,
Yagita H, et al. Critical role for tumor necrosis factor-
related apoptosis-inducing ligand in immune surveillance
against tumor development. ] Exp Med 2002;195(2):161-9.

[26] Secchiero P, Tiribelli M, Barbarotto E, Celeghini C,
Michelutti A, Masolini P, et al. Aberrant expression of TRAIL
in B chronic lymphocytic leukemia (B-CLL) cells. J Cell
Physiol 2005;205(2):246-52.

[27] Lancaster JM, Sayer R, Blanchette C, Calingaert B, Whitaker
R, Schildkraut J, et al. High expression of tumor necrosis
factor-related apoptosis-inducing ligand is associated with
favorable ovarian cancer survival. Clin Cancer Res
2003;9(2):762-6.

[28] Ehrhardt H, Fulda S, Schmid I, Hiscott J, Debatin KM,
Jeremias I. TRAIL induced survival and proliferation in
cancer cells resistant towards TRAIL-induced apoptosis
mediated by NF-kappaB. Oncogene 2003;22(25):3842-52.

[29] Secchiero P, Gonelli A, Carnevale E, Milani D, Pandolfi A,
Zella D, et al. TRAIL promotes the survival and proliferation
of primary human vascular endothelial cells by activating
the Akt and ERK pathways. Circulation 2003;107(17):
2250-6.

[30] Secchiero P, Zerbinati C, Rimondi E, Corallini F, Milani D,
Grill V, et al. TRAIL promotes the survival, migration and
proliferation of vascular smooth muscle cells. Cell Mol Life
Sci 2004;61(15):1965-74.

[31] Robertson NM, Zangrilli JG, Steplewski A, Hastie A,
Lindemeyer RG, Planeta MA, et al. Differential expression of
TRAIL and TRAIL receptors in allergic asthmatics following
segmental antigen challenge: evidence for a role of TRAIL
in eosinophil survival. ] Immunol 2002;169(10):5986-96.

[32] Morel], Audo R, Hahne M, Combe B. Tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) induces
rheumatoid arthritis synovial fibroblast proliferation
through mitogen-activated protein kinases and
phosphatidylinositol 3-kinase/Akt. ] Biol Chem
2005;280(16):15709-18.

[33] Schneider P, Thome M, Burns K, Bodmer JL, Hofmann K,
Kataoka T, et al. TRAIL receptors 1 (DR4) and 2 (DR5) signal
FADD-dependent apoptosis and activate NF-kappaB.
Immunity 1997;7(6):831-6.

[34] Chaudhary PM, Eby M, Jasmin A, Bookwalter A, Murray J,
Hood L. Death receptor 5, a new member of the TNFR
family, and DR4 induce FADD-dependent apoptosis and
activate the NF-kappaB pathway. Immunity 1997;7(6):
821-30.

[35] Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin
AS]. NF-kappaB antiapoptosis: induction of TRAF1 and
TRAF2 and c-IAP1 and c- IAP2 to suppress caspase-8
activation. Science 1998;281:1680-3.

[36] Stehlik C, de Martin R, Kumabashiri I, Schmid JA, Binder BR,
Lipp J. Nuclear factor (NF)-kappaB-regulated X-
chromosome-linked iap gene expression protects
endothelial cells from tumor necrosis factor alpha-induced
apoptosis. ] Exp Med 1998;188:211-6.

[37] Micheau O, Lens S, Gaide O, Alevizopoulos K, Tschopp ]J.
NF-kappaB signals induce the expression of c-FLIP. Mol Cell
Biol 2001;21(16):5299-305.

[38] Chen C, Edelstein LC, Gelinas C. The Rel/NF-kappaB family
directly activates expression of the apoptosis inhibitor bcl-
x (L). Mol Cell Biol 2000;20:2687-95.

[39] Muhlenbeck F, Schneider P, Bodmer JL, Schwenzer R,
Hauser A, Schubert G, et al. The tumor necrosis factor-
related apoptosis-inducing ligand receptors TRAIL-R1 and
TRAIL-R2 have distinct cross-linking requirements for
initiation of apoptosis and are non-redundant in JNK
activation. J Biol Chem 2000;275(41):32208-13.

[40] Harper N, Hughes M, MacFarlane M, Cohen GM. Fas-
associated death domain protein and caspase-8 are not
recruited to the tumor necrosis factor receptor 1 signaling
complex during tumor necrosis factor-induced apoptosis. J
Biol Chem 2003;278(28):25534-41.

[41] Liu ZG, Hsu H, Goeddel DV, Karin M. Dissection of TNF
receptor 1 effector functions: JNK activation is not linked to
apoptosis while NF-kappaB activation prevents cell death.
Cell 1996;87(3):565-76.

[42] Wang Q, Ji Y, Wang X, Evers BM. Isolation and Molecular
Characterization of the 5'-Upstream Region of the Human
TRAIL Gene. Biochem Biophys Res Commun
2000;276(2):466-71.

[43] Gong B, Almasan A. Genomic organization and
transcriptional regulation of human Apo2/TRAIL gene.
Biochem Biophys Res Commun 2000;278(3):747-52.

[44] Wessely R. Interference by interferons: janus faces in
vascular proliferative diseases. Cardiovasc Res
2005;66(3):433-43.

[45] Choi EA, Lei H, Maron DJ, Wilson JM, Barsoum ], Fraker DL,
et al. Statl-dependent induction of tumor necrosis factor-
related apoptosis-inducing ligand and the cell-surface
death signaling pathway by interferon beta in human
cancer cells. Cancer Res 2003;63(17):5299-307.

[46] Herbeuval JP, Hardy AW, Boasso A, Anderson SA, Dolan M]J,
Dy M, et al. Regulation of TNF-related apoptosis-inducing
ligand on primary CD4+ T cells by HIV-1: role of type I IFN-
producing plasmacytoid dendritic cells. Proc Natl Acad Sci
USA 2005;102(39):13974-9.

[47] Miura Y, Tsujioka T, Nishimura Y, Sakaguchi H, Maeda M,
Hayashi H, et al. TRAIL expression up-regulated by
interferon-gamma via phosphorylation of STAT1 induces
myeloma cell death. Anticancer Res 2006;26(6B):

4115-24.

[48] Papageorgiou A, Dinney CP, McConkey DJ. Interferon-alpha
induces TRAIL expression and cell death via an IRF-1-
dependent mechanism in human bladder cancer cells.
Cancer Biol Ther 2007;6(6).

[49] Kirshner JR, Karpova AY, Kops M, Howley PM. Identification
of TRAIL as an interferon regulatory factor 3 transcriptional
target. J Virol 2005;79(14):9320-4.

[50] Romieu-Mourez R, Solis M, Nardin A, Goubau D, Baron-
Bodo V, Lin R, et al. Distinct roles for IFN regulatory factor
(IRF)-3 and IRF-7 in the activation of antitumor properties
of human macrophages. Cancer Res 2006;66(21):10576-85.

[51] Rivera-Walsh I, Waterfield M, Xiao G, Fong A, Sun SC. NF-
kappaB signaling pathway governs TRAIL gene expression
and human T-cell leukemia virus-I Tax-induced T-cell
death. J Biol Chem 2001;276(44):40385-8.

[52] Wurzer WJ, Ehrhardt C, Pleschka S, Berberich-Siebelt F,
Wolff T, Walczak H, et al. NF-kappaB-dependent induction
of tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) and Fas/FasL is crucial for efficient influenza virus
propagation. J Biol Chem 2004;279(30):30931-7.

[53] Valentin H, Lemasson I, Hamaia S, Cassé H, Konig S,
Devaux C, et al. Transcriptional activation of the vascular
cell adhesion molecule-1 gene in T lymphocytes expressing
human T-cell leukemia virus type 1 Tax protein. J Virol
1997;71(11):8522-30.

[54] Khachigian LM. Early growth response-1 in cardiovascular
pathobiology. Circ Res 2006;98(2):186-91.

[55] Droin NM, Pinkoski MJ, Dejardin E, Green DR. Egr family
members regulate nonlymphoid expression of Fas ligand,



1450 BIOCHEMICAL PHARMAGOLOGY 75 (2008) 1441-1450

TRAIL, and tumor necrosis factor during immune
responses. Mol Cell Biol 2003;23(21):7638-47.

[56] Fu M, Zhu X, Zhang J, Liang J, Lin Y, Zhao L, et al. Egr-1
target genes in human endothelial cells identified by
microarray analysis. Gene 2003;315:33-41.

[57] Corallini F, Celeghini C, Rizzardi C, Pandolfi A, Di Silvestre
S, Vaccarezza M, et al. Insulin down-regulates TRAIL
expression in vascular smooth muscle cells both in vivo
and in vitro. J Cell Physiol 2007;212(1):89-95.

[58] Brophy CM, Knoepp L, Xin J, Pollock JS. Functional
expression of NOS 1 in vascular smooth muscle. Am J
Physiol Heart Circ Physiol 2000;278(3):H991-7.

[59] Schwarz PM, Kleinert H, Férstermann U. Potential
functional significance of brain-type and muscle-type nitric
oxide synthase I expressed in adventitia and media of rat
aorta. Arterioscler Thromb Vasc Biol 1999;19(11):2584-90.

[60] Keogh RJ, Harris LK, Freeman A, Baker PN, Aplin JD, Whitley
GS, et al. Fetal-derived trophoblast use the apoptotic
cytokine tumor necrosis factor-alpha-related apoptosis-
inducing ligand to induce smooth muscle cell death. Circ
Res 2007;100(6):834-41.

[61] Gochuico BR, Zhang J, Ma BY, Marshak-Rothstein A, Fine A.
TRAIL expression in vascular smooth muscle. Am J Physiol
Lung Cell Mol Physiol 2000;278(5):L1045-50.

[62] Schoppet M, Al-Fakhri N, Franke FE, Katz N, Barth PJ,
Maisch B, et al. Localization of osteoprotegerin, tumor
necrosis factor-related apoptosis-inducing ligand, and
receptor activator of nuclear factor-kappaB ligand in
Monckeberg’s sclerosis and atherosclerosis. J Clin
Endocrinol Metab 2004;89(8):4104-12.

[63] Sato K, Niessner A, Kopecky SL, Frye RL, Goronzy JJ,
Weyand CM. TRAIL-expressing T cells induce apoptosis of
vascular smooth muscle cells in the atherosclerotic plaque.
J Exp Med 2006;203(1):239-50.

[64] Michowitz Y, Goldstein E, Roth A, Afek A, Abashidze A, Ben
Gal Y, et al. The involvement of tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) in
atherosclerosis. ] Am Coll Cardiol 2005;45(7):1018-24.

[65] Secchiero P, Candido R, Corallini F, Zacchigna S, Toffoli B,
Rimondi E, et al. Systemic tumor necrosis factor-related
apoptosis-inducing ligand delivery shows
antiatherosclerotic activity in apolipoprotein E-null
diabetic mice. Circulation 2006;114(14):1522-30.

[66] Niessner A, Sato K, Chaikof EL, Colmegna I, Goronzy J],
Weyand CM. Pathogen-sensing plasmacytoid dendritic
cells stimulate cytotoxic T-cell function in the
atherosclerotic plaque through interferon-alpha.
Circulation 2006;114(23):2482-9.

[67] Alladina SJ, Song JH, Davidge ST, Hao C, Easton AS. TRAIL-
induced apoptosis in human vascular endothelium is
regulated by phosphatidylinositol 3-kinase/Akt through the
short form of cellular FLIP and Bcl-2. ] Vasc Res
2005;42(4):337-47.

[68] Schoppet M, Sattler AM, Schaefer JR, Hofbauer LC.
Osteoprotegerin (OPG) and tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) levels in atherosclerosis.
Atherosclerosis 2006;184(2):446-7.

[69] Sata M, Walsh K. Endothelial cell apoptosis induced by
oxidized LDL is associated with the down-regulation of the
cellular caspase inhibitor FLIP. ] Biol Chem
1998;273(50):33103-6.

[70] LiJH, Kirkiles-Smith NC, McNiff JM, Pober JS. TRAIL induces
apoptosis and inflammatory gene expression in human
endothelial cells. ] Immunol 2003;171(3):1526-33.

[71] Secchiero P, Corallini F, di Iasio MG, Gonelli A, Barbarotto E,
Zauli G. TRAIL counteracts the proadhesive activity of
inflammatory cytokines in endothelial cells by down-
modulating CCL8 and CXCL10 chemokine expression and
release. Blood 2005;105(9):3413-9.

[72] Secchiero P, Gonelli A, Carnevale E, Corallini F, Rizzardi C,
Zacchigna S, et al. Evidence for a proangiogenic activity of
TNF-related apoptosis-inducing ligand. Neoplasia
2004;6(4):364-73.

[73] Hobbs AJ, Higgs A, Moncada S. Inhibition of nitric oxide
synthase as a potential therapeutic target. Annu Rev
Pharmacol Toxicol 1999;39:191-220.

[74] Zauli G, Pandolfi A, Gonelli A, Di Pietro R, Guarnieri S,
Ciabattoni G, et al. Tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) sequentially upregulates
nitric oxide and prostanoid production in primary human
endothelial cells. Circ Res 2003;92(7):732-40.

[75] Ortiz PA, Garvin JL. Trafficking and activation of eNOS in
epithelial cells. Acta Physiol Scand 2003;179(2):

107-14.

[76] Di Pietro R, Mariggio MA, Guarnieri S, Sancilio S, Giardinelli
A, Di Silvestre S, et al. Tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) regulates endothelial
nitric oxide synthase (eNOS) activity and its localization
within the human vein endothelial cells (HUVEC) in
culture. J Cell Biochem 2006;97(4):782-94.

[77] Clarke MC, Figg N, Maguire JJ, Davenport AP, Goddard M,
Littlewood TD, et al. Apoptosis of vascular smooth muscle
cells induces features of plaque vulnerability in
atherosclerosis. Nat Med 2006;12(9):1075-80.

[78] Pryshchep S, Sato K, Goronzy JJ, Weyand CM. T cell
recognition and killing of vascular smooth muscle cells in
acute coronary syndrome. Circ Res 2006;98(9):1168-76.

[79] Lischer TF, Barton M. Biology of the endothelium. Clin
Cardiol 1997;20(11 Suppl 2). II-3-10.

[80] Libby P. Atherosclerosis: disease biology affecting the
coronary vasculature. Am ] Cardiol 2006;98(12A):3Q-9Q.

[81] Kaplan MJ, Ray D, Mo RR, Yung RL, Richardson BC. TRAIL
(Apo2 ligand) and TWEAK (Apo3 ligand) mediate CD4+ T
cell killing of antigen-presenting macrophages. ] Immunol
2000;164(6):2897-904.

[82] Janssen EM, Droin NM, Lemmens EE, Pinkoski MJ, Bensinger
SJ, Ehst BD, et al. CD4+ T-cell help controls CD8+ T-cell
memory via TRAIL-mediated activation-induced cell death.
Nature 2005;434(7029):88-93.

[83] Kavurma MM, Bhindi R, Lowe HC, Chesterman C,
Khachigian LM. Vessel wall apoptosis and atherosclerotic
plaque instability. ] Thromb Haemost 2005;3(3):465-72.

[84] Stoneman V, Braganza D, Figg N, Mercer ], Lang R, Goddard
M, et al. Monocyte/macrophage suppression in CD11b
diphtheria toxin receptor transgenic mice differentially
affects atherogenesis and established plaques. Circ Res
2007;100(6):884-93.

[85] Nakajima T, Schulte S, Warrington K], Kopecky SL, Frye RL,
Goronzy JJ, et al. T-cell-mediated lysis of endothelial cells in
acute coronary syndromes. Circulation 2002;105(5):570-5.

[86] Libby P. Inflammation in atherosclerosis. Nature
2002;420(6917):868-74.



	Expression, regulation and function of trail in atherosclerosis
	Atherosclerosis
	TRAIL
	TRAIL receptors-human
	TRAIL receptors-murine

	TRAIL signalling
	Apoptotic role of TRAIL
	Anti-apoptotic role of TRAIL

	Regulation of TRAIL
	Expression and function of TRAIL in atherosclerosis
	Endothelial cells
	VSMCs
	Inflammatory cells

	Conclusions
	References


