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1. Introduction

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) belongs to the TNF
ligand superfamily. As the name suggests, TRAIL was identified and cloned based on its
sequence homology to the extracellular domain of TNF ligand family members (Pitti et al.,
1996; Wiley et al., 1995). Human TRAIL consists of 281 amino acids. TRAIL is a type II
transmembrane protein with a short intracellular amino-terminal domain and an extracellular
carboxy-terminal domain (Fig. 1). TRAIL is cleaved by cysteine proteases from the cell surface
to form a soluble ligand, and when released soluble TRAIL is measurable in human blood.
TRAIL contains cysteine residue (Cys 230) that interacts with the zinc ion, resulting in the
formation of a TRAIL homotrimer (Hymowitz et al., 1999) (Fig. 1). This trimerization is
necessary for TRAIL to bind to its receptors and to exert optimal biological activity, as is
described below. (Hao et al., 2004; Johnstone et al., 2008; Wang, 2008; Wu et al., 2004).

TRAIL binds to five different receptors found on a variety of cells. Of these receptors, two,
TRAIL-R1 (DR4) and TRAIL-R2 (DR5), contain a cytoplasmic death domain and trigger
TRAIL-induced apoptosis. Two decoy receptors lacking a functional death domain, TRAIL-
R3 (DcR1) and TRAIL-R4 (DcR2), compete with TRAIL-R1 and TRAIL-R2 for TRAIL
binding, possibly antagonizing apoptotic signaling. In addition, osteoprotegerin (OPG) is a
fifth soluble decoy receptor. Briefly, the TRAIL apoptosis pathway is initiated by the
binding of a TRAIL trimer to TRAIL-R1 or TRAIL-R2, which leads to receptor trimerization.
This receptor conformational change recruits the adaptor protein Fas-associated death
domain (FADD) through the death domains (DD) of each protein. Subsequently, FADD
interacts with caspase-8 and/or -10 through the death effector domain (DED) of each
protein, resulting in the assembly of a death-inducing signaling complex (DISC). In the type
I pathway, extrinsic signals proteolytically activate caspase-8 and/or -10 followed by
stimulation of effector caspase-3 and -7, the key mediators of apoptosis, triggering
apoptosis. In the type II intrinsic pathway, however, apoptotic commitment requires an
amplification step involving the mitochondrial pathway triggered by caspase-8-dependent
cleavage of the Bid protein to its active form, t-Bid (Corallini et al., 2006; Hao et al., 2004;
Testa, 2010; Wang, 2008). Since TRAIL-R3, TRAIL-R4, and OPG lack intracellular functional
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portions, it is conceivable that they do not mediate apoptosis (Fig. 2.). However, even
binding of TRAIL to death receptors such as TRAIL-R1 or TRAIL-R2 can antagonize
apoptosis and induce cell proliferation under certain conditions in some cells. For example,
TRAIL-R1 and TRAIL-R2 recruit receptor-interacting protein (RIP) through their DD, which
can activate nuclear factor kB (NF«B). RIP-mediated NF«kB activation appears to induce cell
proliferation by TRAIL (Hao et al., 2004). TRAIL triggers recruitment of cellular FLICE-like
inhibitory protein (cFLIP) to DISC through their DED in some instances. Some cFLIPs
appear to prevent TRAIL-induced apoptosis (Hao et al., 2004, Wang, 2008). TRAIL
stimulation also recruits phosphoprotein enriched in diabetes (PED) to the DISC. This
process inhibits downstream caspase activation in some cases (Hao et al., 2004) (Fig. 2.).
Therefore, two contradictory steps should be considered when determining the biological
effects of TRAIL besides simple apoptotic signaling. First, TRAIL has death receptors
(TRAIL-R1 and TRAIL-R2) and antagonized decoy receptors (TRAIL-R3, TRAIL-R4, and
OPQG) at the cell surface level. Second, these death receptors can counteract apoptotic
signaling at the intracellular level in certain contexts. Thus, TRAIL signaling is very
complicated.
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TRAIL consists of 281 amino acids with a transmembrane domain that separates the short intracellular
and extracellular domains. The extracellular domain of TRAIL is cleaved and released into the
bloodstream. TRAIL forms a homotrimer through interactions between zinc ions and each cysteine
residue.

Fig. 1. The Structure of TRAIL.

TRAIL has attracted clinical attention as a promising agent for the treatment of cancer since
it can induce apoptosis in various tumor cells without having any toxic effects on normal
cells (Finnberg and El-Deiry, 2008, Wang, 2008, Wu et al, 2004). Apart from high
expectations in the field of cancer, TRAIL also exhibits diverse biological effects on the
immune system, hematopoiesis, and metabolic disorders, including diabetes (Afford and
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Adams, 2005; Benito-Martin et al., 2009; Corallini et al., 2006; Testa, 2010; Vaccarezza et al.,
2007). Recently, the involvement of TRAIL in atherosclerosis and cardiovascular diseases
has been at the forefront of research efforts (Corallini et al., 2008; Kavurma and Bennett,
2008; Martin-Ventura et al., 2007). In this review, we focus on the role of TRAIL in the

cardiovascular system.
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Among the five known TRAIL receptors, TRAIL-R1 and -R2 can induce intracellular apoptotic signaling.
Upon binding of TRAIL to TRAIL-R1 or -R2, a death-inducing signaling complex (DISC) is formed
through the recruitment of Fas-associated death domain (FADD), and subsequently results in the
activation of caspase-8/10. In the type I intrinsic pathway, this activation is sufficient to conduct apoptosis
through downstream effector caspases. On the other hand, activated Bid by caspase-8 amplifies apoptotic
signaling through the mitochondria, which is a necessary step to induce effective downstream signaling in
the type II extrinsic pathway. In addition to this activation process, it appears that at least a few other
factors, such as receptor-interacting protein (RIP), cellular FLICE-like inhibitory protein (cFLIP), and
phosphoprotein enriched in diabetes (PED), are antagonistic to TRAIL-induced apoptosis.

Fig. 2. TRAIL receptors and downstream apoptotic signaling.

2. TRAIL and the cardiovascular system

TRAIL and its receptors are known to be expressed in the cardiovascular system. Therefore,
it is easily hypothesized that TRAIL systems may be involved in cardiovascular homeostasis
and disorders. To begin with, we will summarize several in vitro findings that demonstrate
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the direct effects of TRAIL on each cellular component in the arterial wall. We will then
discuss how TRAIL can act on the cardiovascular system based on evidence from animal
models. Subsequently, we try to make causal inferences relating to TRAIL’s role in
cardiovascular diseases from cross-sectional and longitudinal clinical studies in humans.
Finally, we report our recent clinical findings and debate whether TRAIL could be a
common biomarker that reflects early to advanced stage atherosclerotic changes.

2.1 Effects of TRAIL on cellular components in the arterial wall (in vitro findings)
Endothelial cells (ECs) and vascular smooth muscle cells (VSMCs) are the principal cellular
components of the normal arterial wall. Inmune-inflammatory infiltrates such as activated
T lymphocytes and macrophages play crucial roles in the onset and development of
atherosclerosis (Libby, 2002; Weyand et al., 2008). This process is triggered and exacerbated
by complicated interactions between modified lipoproteins and various cellular
components. Since TRAIL and its receptors are expressed in both physiological and
pathological arterial walls (Corallini et al., 2008; Kavurma and Bennett, 2008, Martin-
Ventura et al., 2007; Schoppet et al., 2004), it is hypothesized that TRAIL signaling could
regulate vascular wall homeostasis and morbid atherosclerosis. TRAIL is expressed in each
cellular component, both in resident cells (ECs, VSMCs) and in infiltrating cells (T
lymphocytes and macrophages) (Corallini et al., 2008; Kavurma and Bennett, 2008). To
determine the role of TRAIL in atherosclerosis, we must first determine the effects of TRAIL
on each cellular component based on results from in vitro studies.

ECs are located on the intima, which separates the blood stream from the vascular wall. In
addition, these cells have a critical function not only as a simple barrier but also as a
dynamic organ. Thus, ECs can regulate vascular tone, inflammation, thrombosis, and
vascular remodeling. Balanced homeostasis in ECs protects against atherosclerosis while
disruption of endothelial function results in the initiation and development of
atherosclerosis (Sandoo et al, 2010). Human ECs, both human umbilical vein ECs
(HUVECs) and human dermal microvascular ECs (HDMECs), express death receptors,
TRAIL-R1 and TRAIL-R2. As expected, TRAIL could induce apoptosis in ECs, although this
phenomenon was not observed in every cell (Li et al., 2003). This study also found that
apoptosis in ECs could be reduced by treatment with caspase inhibitors and by transfection
of dominant-negative FADD, suggesting the involvement of a FADD-caspase 8 pathway in
this apoptotic process (Li et al., 2003). Subsequently, Secchiero et al. showed that both
HUVECs and primary human aortic ECs express death TRAIL-R1, -R2 and decoy TRAIL-R3,
-R4. As predicted, the removal of serum and endothelial cell growth factor (tropic
withdrawal) from the cell culture system led to apoptosis. Surprisingly, TRAIL protected
HUVECs from tropic withdrawal-induced apoptosis. Activation of phosphatidylinositol 3-
kinase (PI3K)/Akt pathway by TRAIL appears to be involved in this anti-apoptotic action.
In addition to this unexpected anti-apoptotic property, TRAIL stimulated proliferation of
ECs in an ERK 1/2 dependent manner in this cell system (Secchiero et al., 2003). It has also
been reported that TRAIL alone can increase HUVEC cell proliferation (Alladina et al.,
2005). As reported above (Secchiero et al., 2003), inhibition of the PI3K/Akt pathway
sensitizes EC cells to TRAIL-induced apoptosis (Alladina et al.,, 2005). More detailed
investigations have found that inhibition of PI3K/Akt leads to activation of both extrinsic
and intrinsic apoptotic pathways and appears to sensitize HUVECs to TRAIL-induced
apoptosis by concurrent down-regulation of anti-apoptotic cFLIPs and Bcl-2 (Alladina et al.,

www.intechopen.com



Multifunctional Role of TRAIL in Atherosclerosis and Cardiovascular Disease 23

2005). Taken together, these results suggest that the effects of TRAIL on ECs appear to
depend on cell culture conditions. Aside from cell apoptosis/proliferation, ECs have a
protective role against atherosclerosis by producing nitric oxide (NO), one of the most
important vasoactive factors. NO, a potent vasodilator, has antithrombotic and anti-
inflammatory activity (Sandoo et al., 2010). Interestingly, TRAIL stimulates NO production
through activation of endothelial NO synthase (eNOS) in HUVECs (Zauli et al., 2003). In
particular, eNOS trafficking appears to be involved in TRAIL-induced eNOS activation.
TRAIL can translocate eNOS from the cell membrane to the cytoplasm in HUVECs (Di
Pietro et al., 2006). However, microtubule disruption with nocodazole inhibits the eNOS
activity induced by TRAIL, suggesting that translocation of eNOS through cytoskeletal
reorganization may be necessary for TRAIL-induced NO production (Di Pietro et al., 2006).
NO synthesis with cytoskeletal alteration by TRAIL is possibly linked to the migration of
HUVECs stimulated by TRAIL treatment (Zauli et al., 2003).

In terms of atherosclerosis, attachment of blood leukocytes to ECs is recognized as the first
step in the initiation of this phenomenon (Libby, 2002). It is probable that TRAIL regulates
this process as well. An adhesion assay using co-cultured HUVECs and HL-60 leukocytes
showed that TRAIL increased the binding of leukocytes to ECs (Li et al., 2003). A later report
reproduced the pro-adhesive activity of TRAIL, although its effect was much less than that
of pro-inflammatory cytokines such as TNFa and interleukin-1p (Secchiero et al., 2005).
When TRAIL and pro-inflammatory cytokines were evaluated at the same time, TRAIL pre-
treatment showed reverse inhibition of TNFa- and IL 1B- induced HL-60 leukocyte
adhesion to HUVECs. This inhibitory effect of TRAIL on cell attachment was mediated by
down-regulation of the inflammatory chemokines CCL8 and CXCL10, which were
stimulated by TNFo (Secchiero et al., 2005). In particular, TRAIL-R1 and TRAIL-R2
contributed to the TRAIL-induced down-regulation of chemokine release (Secchiero et al.,
2005). Again, TRAIL has multiple context-dependent effects. At any rate, TRAIL may play
an important role in EC function, both physiologically and pathologically.

Another physiological cellular component is the VSMCs, which are mainly localized in the
media and constitute the vascular structure. Once VSMCs are transformed, however, they
proliferate and migrate, contributing to the development of atherosclerosis (Ross, 1993). In
advanced atheromatous plaques, apoptosis of VSMCs in the fibrous cap may be involved in
plaque rupture. The former transformation exacerbates atherosclerosis (Libby, 2002),
whereas the latter leads to poorer outcome (Clarke et al., 2006). TRAIL participates in the
apoptosis and proliferation of VSMCs as well as ECs. For example, plaque-derived CD4 T
cells expressing TRAIL induce apoptosis of VSMCs, probably through the interaction of
TRAIL with TRAIL-R2 (Sato et al., 2006). On the other hand, TRAIL has been reported to act
on human and rat VSMCs as an anti-apoptotic factor through TRAIL-R1 and -R2 (Secchiero
et al., 2004). TRAIL promotes proliferation and migration of VSMCs through activation of
ERK (Secchiero et al., 2004). Furthermore, Kavurma et al. reported that TRAIL stimulated
proliferation of human VSMCs, although it induced apoptosis at high concentrations
(Kavurma et al., 2008). Interestingly, they showed the importance of insulin-like growth
factor-1 (IGF-1), one of the most potent growth factors, in TRAIL-induced proliferation of
VSMCs. Thus, TRAIL up-regulates expression of the IGF-1 receptor in an NFkB-dependent
manner (Kavurma et al., 2008). It is thus too soon to decide whether TRAIL causes apoptosis
or proliferation in VSMCs, even in vitro.

In addition to the seemingly contradictory findings in ECs and VSMCs, a few reports have
suggested that TRAIL has a pro-apoptotic effect on inflammatory lymphocytes (Janssen et

www.intechopen.com



24 Advances in the Diagnosis of Coronary Atherosclerosis

al., 2005) and macrophages (Kaplan et al., 2000). In either case, TRAIL appears to have
multiple functions in both physiological and pathological cells under various conditions. As
described previously, the existence of five different types of TRAIL receptors and the cross-
talk among multiple post-receptor signaling pathways may explain these diverse effects. On
the basis of in vitro findings, it is very difficult to speculate the impact of TRAIL on
atherosclerotic lesions in vivo, although the in vitro findings clearly indicate the involvement
of the TRAIL/TRAIL receptor system in atherogenesis. In the next section, we try
summarizing and discussing whether TRAIL protects against or exacerbates atherosclerosis
in ways aside from its function as a mere pro-apoptotic factor.

2.2 Role of TRAIL in atherosclerosis and vascular injury (in vivo findings)

With regard to the role of TRAIL in the vascular wall, Secchiero et al. first demonstrated
compelling in vivo findings using diabetic apolipoprotein E (apoE)-null mice that mimic the
atherosclerotic lesions observed in humans (Secchiero et al., 2006). That is, intraperitoneal
administration of recombinant human TRAIL into these mice resulted in a transient high
concentration of TRAIL and subsequent protection against the development of
atherosclerosis (Secchiero et al., 2006). Secchiero et al. carefully investigated the effects of
TRAIL on in vivo atherosclerotic lesions using an adeno-associated virus containing TRAIL
to ensure a low but sustained expression of TRAIL, similar to physiological conditions.
TRAIL again attenuated the development of atherosclerotic plaques, even under these
conditions (Secchiero et al., 2006). One of the mechanisms responsible for this effect may be
selective apoptosis of infiltrating macrophages in plaque lesions. At the same time,
increased VSMC levels were also observed in the fibrous caps of the atherosclerotic lesions.
This increase may contribute to stabilization of the atherosclerotic plaques (Secchiero et al.,
2006). Therefore, TRAIL appears to act as a protective factor against atherosclerosis in vivo.
Subsequently, Kavurma’s group showed the direct effects of TRAIL on VSMCs in vivo. They
have already reported that TRAIL stimulates VSMC proliferation in vitro (Kavurma et al.,
2008). To prove this using an in vivo model, they used a cuff-induced vascular injury method
in TRAIL-null mice. In wild-type mice, this procedure can induce VSMC proliferation and
intimal thickening in response to vascular injury. However, TRAIL-null mice were protected
from neointimal formation and displayed reduced VSMC proliferation, suggesting a
significant role for TRAIL in VSMC proliferation in vivo (Chan et al., 2010). Although this
report showed the direct effects of TRAIL on VSMCs, the lack of atherogenic factors
involved in the formation of vascular lesions should be studied further. Very recently, it has
been reported that TRAIL attenuates the development of atherosclerosis using TRAIL
(TRAIL -/-)/apoE (apoE —/-) double-knockout mice (Watt et al., 2011). TRAIL —/- apoE
—/— mice had significantly larger atheromatous lesions compared with apoE —/— control
mice at 8 weeks. The larger lesions in TRAIL —/— apoE —/— mice appeared to be due to an
increase in the number of lesional VSMCs, suggesting the anti-atherogenic action of TRAIL.
Intriguingly, the difference in atheromatous lesion size among these mice became smaller at
12 weeks. In contrast to Secchiero’s findings, the lack of TRAIL had no effect on the
macrophage content in the atheromatous lesions. There are still unsolved and controversial
issues with regard to the precise mechanisms by which TRAIL acts on the arterial wall.
However, TRAIL at least appears to protect against atherogenic lesions as a whole in vivo.

2.3 TRAIL and cardiovascular disease and prognosis (clinical findings)
Clinical studies of the relationship between TRAIL and cardiovascular diseases are also of
interest. Recently, a significant relationship has been reported by a number of studies. The
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first study demonstrated that serum TRAIL levels were significantly lower in patients with
acute coronary syndrome (ACS) compared with those with stable angina and normal
coronary arteries (Michowitz et al., 2005). Subsequently, Schoppet et al. found a tendency
for serum TRAIL levels to be lower in patients with coronary artery disease (CAD)
compared with subjects without CAD, although this difference was not significant. To
further investigate this relationship, we examined serum TRAIL levels in 285 subjects who
underwent coronary angiography for suspected CAD. Interestingly, we found that serum
TRAIL levels were inversely associated with the severity of CAD (Mori et al., 2010). In
particular, TRAIL levels in patients with severe three-vessel disease (VD) were significantly
lower than in those without CAD (Mori et al., 2010). Moreover, TRAIL was an independent
and negative contributor for the presence of CAD (Mori et al., 2010). Taken together, these
results suggest that lower TRAIL levels may reflect the advancement of CAD.

In addition to cross-sectional findings, recent studies have also suggested that TRAIL can be
a protective predictor against cardiovascular prognosis. As previously reported (Michowitz
et al., 2005), Secchiero et al. showed that serum TRAIL levels were significantly lower in
patients with acute myocardial infarction (AMI) at baseline (within 24 hours from
admission) compared with healthy subjects (Secchiero et al., 2009). Interestingly, serum
TRAIL levels at baseline were significantly lower in patients with in-hospital adverse events
compared with those who did not experience these events (Secchiero et al., 2009).
Subsequently, they observed that serum TRAIL levels in AMI patients gradually recovered
at discharge. Furthermore, low TRAIL levels at discharge were associated with an increased
incidence of cardiac death and heart failure in the 12-month follow-up (Secchiero et al.,
2009). The prognostic value of TRAIL was also examined in 351 patients with advanced
heart failure (HF). Again, low serum TRAIL levels were related to a worse prognosis. The
risk of mortality dropped by 70% in the highest quartile of TRAIL levels, suggesting that
TRAIL is a strong inverse predictor of mortality in patients with advanced HF (Niessner et
al., 2009). In addition, the role of TRAIL as a more general predictor of mortality and not
limited to patients with AMI or advanced HF was investigated by a large prospective
population-based study of older people (Volpato et al., 2011). Baseline TRAIL levels were
inversely related to all-cause mortality over a period of six years (Volpato et al., 2011). As
expected, more detailed analyses revealed that the prognostic effect of TRAIL levels was
strong and highly significant in subjects with prevalent cardiovascular diseases (Volpato et
al., 2011). These findings expand on the predictive ability of TRAIL at a population level
with a longer follow-up period. Moreover, Secchiero et al. focused not only on TRAIL but
also on OPG. As was described earlier, OPG is a soluble neutralizing receptor for TRAIL. In
contrast to TRAIL, it is known that serum OPG levels are positively associated with the
presence and severity of CAD and are inversely correlated with prognosis (Abedin et al.,
2007; Jono et al., 2002; Kiechl et al., 2004; Omland et al., 2008; Rhee et al., 2005; Schoppet et
al., 2003). In this context, both TRAIL and OPG were evaluated at the same time. The
researchers found that the OPG/TRAIL ratio was significantly higher in patients with acute
AMI who developed HF during the follow-up period (Secchiero et al., 2010). The increase in
OPG, which is a decoy TRAIL receptor, may act against TRAIL and thus negate its
protective effects on the cardiovascular system. Thus, an unbalanced OPG/TRAIL ratio may
be a more accurate predictor of prognosis after AMI.

2.4 Modulating factors in TRAIL-associated biological and clinical effects
Several reports suggest that expression and/or serum levels of TRAIL are modulated by
certain factors. As described above, serum TRAIL levels drop after AMI. Since proteolytic
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enzymes including matrix metalloproteinases (MMPs) are released following AMI,
researchers have investigated whether MMPs could cleave TRAIL and thus decrease TRAIL
levels, inducing AMI. In addition to MMPs, Secchiero et al. have simultaneously measured
tissue inhibitors of MMPs (TIMPs) that antagonize MMPs (Secchiero et al., 2010). Among the
examined MMPs and TIMPs, the circulating MMP2/TIMP2 ratio showed a significant
inverse correlation with serum TRAIL levels in AMI patients (Secchiero et al., 2010). Indeed,
MMP?2 cleaved TRAIL and abrogated its biological activity in vitro (Secchiero et al., 2010).
Therefore, an elevated MMP2/TIMP2 ratio following AMI may cause degradation of
TRAIL, resulting in a poorer outcome. With regards to TRAIL expression, insulin has been
reported to down-regulate TRAIL expression in VSMCs both in vitro and in vivo (Corallini et
al., 2007). Since VSMCs are also known to release bioactive NO in response to TRAIL, it is
hypothesized that chronic insulin exposure in VSMCs may induce vascular dysfunction
through TRAIL suppression in diabetic patients with hyperinsulinemia or those undergoing
insulin treatment. Moreover, it has been reported that activated protein C (APC), an
antithrombotic and anti-inflammatory serine protease, inhibits TRAIL expression in
HUVECs (O’Brien et al., 2007). In that study, intracellular signaling was thoroughly
examined (O’Brien et al., 2007). However, there has been some criticism of APC-mediated
decrease of TRAIL levels. It is currently unknown whether this reflects a decrease in cell-
surface TRAIL expression or of TRAIL release from its intracellular pool (Secchiero and
Zauli, 2008).

Statins also appear to down-regulate TRAIL expression in cytotoxic CD4 T cells in patients
with ACS, resulting in protection against destabilization of plaques (Sato et al., 2010). That
is, CD4 T cells are enriched in the blood of ACS patients and induce strong apoptosis of ECs,
probably through TRAIL-R2 (DR5) (Sato et al., 2010). This EC apoptosis may be involved in
the erosive progression of vulnerable plaques. Interestingly, statins directly block CD4 T
cell-mediated EC apoptosis (Sato et al., 2010). Therefore, this protection against endothelial
injury shown by statins may explain one of the pleiotropic effects of statins in cardiovascular
events. On the other hand, it has been reported that statins augment TRAIL-induced
apoptosis in tumor cells but not in normal cells (Jin et al., 2002), although this is not the case
in vascular cells. In this regard, pioglitazone, an anti-diabetic agent, also enhances TRAIL-
induced apoptosis in tumor cells (Goke et al., 2000). In clinical studies, use of various
medications against diabetes, hypertension, dyslipidemia, and so on is often unavoidable.
To interpret the association between TRAIL and cardiovascular lesions, it is important to
pay attention to the types of interventions used.

2.5 TRAIL as a possible biomarker in early atherosclerotic lesions

As noted above, lower TRAIL levels appear to be correlated with more severe
cardiovascular lesions and poorer prognosis. Thus, the next question is whether TRAIL
levels also inversely reflect early atherosclerotic lesions. We therefore examined the
association between TRAIL and intima-media thickness (IMT), which is a surrogate marker
for atherosclerotic changes, using ultrasonography in 416 diabetic patients. We found no
significant association between serum TRAIL levels and IMT (Kawano et al., 2011).
Interestingly, when we focused on subjects with macrovascular diseases such as CAD,
cerebrovascular diseases, and arteriosclerosis obliterans, there was a significant and
reproducible association between TRAIL levels and carotid IMT. These findings suggest that
TRAIL may not be a good candidate biomarker for early atherosclerotic lesions. However,
TRAIL still appears to be a good biomarker of advanced atheroscletoic lesions.
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In contrast to IMT, which indicates morphological wall thickening, endothelial dysfunction
is recognized as reflecting earlier functional vascular damage. Flow-mediated dilatation
(FMD) is a representative method of non-invasive evaluation of endothelial function. This
ultrasound-based method quantifies vasodilatation in response to NO production from
endothelial cells induced by shear stress (Corretti et al., 2002; Patel and Celermajer, 2006; Ter
Avest et al., 2007). Since in vitro findings have suggested various biological effects of TRAIL
on endothelial cells (as described previously), investigation of the association between
TRAIL and endothelial function is of interest. In this context, we tried measuring FMD and
TRAIL levels in 109 subjects (57 men and 52 women, aged 48.4 + 16.6 years). In the trial, we
focused on the following two points: First, we targeted healthy subjects to avoid various
confounding biases such as metabolic disorders with concomitant drug intervention.
Second, we made sure of the accuracy of FMD. It is often noted that the value of FMD is
highly dependent on the technique used by various institutions (Ter Avest et al., 2007). Very
recently, semi-automated equipment (Unex Co. Ltd., Nagoya, Japan) has become available
for evaluating FMD that gives good reproducibility (Tomiyama et al., 2008; Tomiyama and
Yamashina, 2010). We used this new equipment in this study. The serum TRAIL level was
measured by an enzyme-linked immunosorbent assay kit (R&D systems, Minneapolis,
USA). The mean serum TRAIL level was 75.2 + 20.7 pg/ml, with a range of 32.4-147.4
pg/ml. The TRAIL level was not significantly correlated with FMD (p = -0.128, p = 0.184)
(Fig. 3) (unpublished data). Again, these findings suggest that TRAIL may not be a good
candidate as a biomarker of early atherosclerotic lesions.
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Fig. 3. The association of TRAIL with endothelial function in 109 healthy subjects.

Flow-mediated dilatation (FMD) was used to evaluate endothelial function in 109 healthy
subjects. There was no correlation between serum TRAIL levels and FMD (p = —0.128, p = 0.148).
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3. Conclusions

Recent emerging evidence has suggested the definite involvement of TRAIL in
cardiovascular diseases. Taken together, these results have shown that lower serum TRAIL
levels appear to be associated with worse prognosis in patients with CAD and HF. One of
most important question is why TRAIL levels are lower in such conditions. It is necessary to
investigate how TRAIL is produced and cleared in humans in future studies. In addition, to
confirm the direct effects of TRAIL on cardiovascular diseases, administration of
recombinant TRAIL may be a powerful approach. In fact, recombinant TRAIL induces
apoptosis in a wide variety of tumor cells and prevents tumor progression and metastasis in
the field of cancer therapy (Johnstone et al.,, 2008; Wang, 2008; Wu et al., 2004). Further
studies are needed to address these problems.
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