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In the last two decades, systematic studies have
provided convincing evidence that inflammation
plays a key role both in the initiation and progression
of atherosclerosis [1, 2]. In particular, it has been ev-
idenced that several well-known markers of systemic
inflammation such as C-reactive protein (CRP),
amyloid A, interleukin-6, matrix metalloprotease(s)
and others, have an important role in triggering 
atherosclerotic plaque formation as well as its grown.
Indeed, these molecules might also actively partici-
pate in plaque destabilization, finally leading to the
occurrence of acute coronary syndromes [1, 2].

Among these markers of inflammation, many
studies have been focused on CRP. This inflamma-
tory protein has been associated with increased car-
diovascular risk in prospective epidemiological
studies and it has been indicated as an important pre-
dictor of future cardiovascular adverse events [3]. In
particular, patients with acute coronary syndromes
and with elevated plasma levels of CRP have a sig-
nificantly worse outcome as compared to patients
with the same clinical presentation but with normal
plasma levels of this protein [4]. Again, in healthy
subjects, elevated CRP levels appear to be associat-
ed with the increased risk of develop future cardio-
vascular events [5]. Starting from these clinical ob-
servations, many studies have been designed to in-
vestigate the possible mechanism(s) of action of
CRP, to clarify how this acute phase protein might

be linked to cardiovascular events. Thus, it has been
demonstrated that CRP, besides being a marker of
inflammation, might exert direct effects on cells of
the vessel wall directly involved in the pathophysi-
ology of atherosclerosis and thrombosis such as en-
dothelial and smooth muscle cells [6].

In recent years, some epidemiological studies
have indicated that plasma levels of another well-
known marker of inflammation, neopterin, were sig-
nificantly elevated in patients with coronary artery
disease (CAD) and with acute coronary syndromes
[7-10].

Neopterin is a pteridine compound and a by-
product of the guanosine triphosphate-biopterin
pathway [11]. It is synthesized by macrophages,
that, once activated, release this substance. Since
macrophage are actively involved in inflammatory
mechanisms, neopterin is considered an index of
macrophage activity thus representing an inflamma-
tory marker [12]. Indeed, in clinical evaluation of
patients, measurements of plasma levels of
neopterin are usually used to evaluate progression of
viral infections, renal transplant rejection, severe
systemic inflammatory diseases, nephritic syndrome
and several autoimmune diseases [13]. In the rela-
tively recent point of view that ascribes to inflam-
mation an important role in the pathophysiology of
atherosclerosis, it is intriguing to consider for
neopterin an active role within vulnerable plaque in
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Inflammation plays a key role in the initiation and
progression of atherosclerosis but also in the pathophysiol-
ogy of atheromatous plaque disruption and the develop-
ment of acute coronary syndromes. Neopterin is a marker
of inflammation and of immune system activation, it is syn-
thesized by macrophages, that, once activated, release this
substance. Indeed, in clinical evaluation of patients, mea-
surements of plasma levels of neopterin are usually used to
evaluate progression of viral infections, renal transplant
rejection, severe systemic inflammatory diseases, nephritic
syndrome and several autoimmune diseases. This mediator
is able to induce a pro-atherothrombotic phenotype in cells
of the coronary circulation. Recent data indicate that
serum levels of neopterin are elevated in patients with
coronary and peripheral artery disease and seem to be a

prognostic marker for major adverse cardiovascular
events. In particular, neopterin levels predict future major
cardiac and vascular adverse events in patients presenting
with chronic coronary artery disease, with acute coronary
syndromes, and in those with critical limb ischemia. This
renders this molecule a useful marker of atherosclerotic
plaque activity, permitting the identification of the sub-
jects at highest risk for major adverse cardiovascular
events. In line with the above mentioned evidences, pa-
tients with high neopterin levels may require aggressive
risk factor modification and intensive medical treatment
irrespective of the severity of their coronary artery disease.
This data suggest a potential clinical use of neopterin as a
marker for disease activity in patients with cardiovascular
disease.
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the mechanism(s) responsible of acute coronary
syndromes.

In the present report we give a brief overview of
clinical, epidemiological evidences witnessing
neopterin role in atherothrombotic disease, illustrat-
ing the possible pathophysiological mechanim(s) in-
volved in the modulation of these phenomena.

Neopterin and Coronary Artery Disease

In recent years, some epidemiological studies
have pointed out the association existing between
increased plasma levels of neopterin, coronary
artery disease and acute coronary syndromes [7-10].

It has been demonstrated by Zouridakis et al.
that, in patients with stable angina, a close relation-
ship exists between increased plasma neopterin con-
centrations and a faster progression of coronary ath-
erosclerotic disease [10]. In another study per-
formed in patients with similar clinical characteris-
tics, Avanzas et al. demonstrated that elevated
neopterin concentrations were an independent pre-
dictor of major adverse coronary events [14]. Again,
in patients with history of hypertension, clinical
symptoms of chest pain and without angiographic
evidence of atherosclerotic disease, elevated plasma
levels of neopterin seem to be associated with a
higher incidence of cardiac adverse events over a 1-
year follow up [15].

Interestingly, also in women, which represent a
patient population which benefit of the protective ef-
fects of estrogens, Garcia-Moll et al. showed that el-
evated plasma concentrations of neopterin were as-
sociated with the significant increase of cardiovas-
cular risk [16].

Particularly interesting was the observation that
patients with unstable angina had higher measurable
plasma levels of neopterin as compared to patients
with stable angina [8], suggesting that this molecule
might play a role in plaque destabilization. In line
with this hypothesis, the same researchers evi-
denced, in patients with unstable angina which un-
derwent to coronary angiography, that neopterin
plasma levels were correlated with the number of
complex lesions, but not with extent and severity of
coronary atherosclerosis [17]. These data permit to
speculate that neopterin might be a marker of “ac-
tivity” of coronary disease rather than a measure of
its extent.

To date, the possible correlation between plasma
levels of neopterin and the extent of coronary ather-
osclerosis is still debated, because results of differ-
ent research groups were quite different. Specifical-
ly, Tanaka et al. evidenced that higher neopterin
concentrations were directly correlated to the sever-
ity of coronary atherosclerosis in patients with stable
angina pectoris [18]. On the contrary, Schumacher et
al. observed that increased neopterin levels in pa-
tients with stable CAD, were not associated to the
number or extent of coronary vessel involvement.
They failed to identify any significant difference in
neopterin levels between patients with minor and se-
vere CAD [8].

Neopterin levels are elevated also in patients with
acute myocardial infarction. Gupta et al. showed that
patients with unstable angina and myocardial infarc-

tion have significantly higher neopterin levels than
the patients of the control group or subjects with pre-
vious AMI [7].

As already described for CRP, several studies
have demonstrated that neopterin might predict a
worse outcome in patients with a first myocardial in-
farction. Specifically, Dominguez-Rodriguez et al.
evidenced a strong association between neopterin
levels and mortality in patients suffering acute my-
ocardial infarction with ST-segment elevation [19].
Auer et al., in a retrospective study, observed that
neopterin levels measured 72 hours after symptoms
onset were significantly higher in patients with a
clinical history of major cardiovascular events
(MACE: cardiovascular death, recurrent AMI,
stroke, hospital readmission for heart failure) during
a 22 ± 3 months follow-up [9,20]. On the contrary,
patients with the same clinical presentation at base-
line, but with low neopterin levels measured at the
same time-point, did not develop MACE. This pre-
dictive value of neopterin may be observed also in
patients with non-Q-wave myocardial infarction, as
demonstrated by Van Haelst et al. [21].

Neopterin and peripheral artery disease

Peripheral artery disease is usually associated
with a higher frequency of concomitant coronary
heart disease [22]. Thus, it is likely that neopterin
levels are elevated also in patients with peripheral
atherosclerosis. Indeed, Barani et al. evidenced that,
in patients with critical limb ischemia (CLI), elevat-
ed levels of this inflammatory mediator are indica-
tors of a more severe prognosis [23,24]. In particu-
lar, this study reported neopterin to be an indepen-
dent risk variable for death within 1 year in patients
with CLI [23]. Moreover, the same group evidenced
that neopterin levels correlated positively with
echocardiographic signs of congestive heart failure
[24]. In addition, patients with ischemic ECG 
modifications presented higher neopterin concentra-
tions and 1-year mortality rate [24].

According to the report by Barani, also Bertz et
al. [25] reported that serum levels of neopterin, were
elevated in patients with CLI. Specifically, these au-
thors observed higher levels on neopterin in patients
with CLI and diabetes as compared to patients with
the same vascular disease but without diabetes.
Moreover, they demonstrated a clear relationship
between the extent of peripheral vascular disease, its
severity and neopterin levels. In addition, to witness
the correlation existing between peripheral and
coronary artery disease, Erren et al. found higher
neopterin levels in patients with peripheral arteries
disease and concomitant coronary artery disease
than in patients with coronary disease alone [26].

Also in patients with atherosclerotic disease of
carotid artery, neopterin levels are usually elevated
[27] and, interestingly, these elevated plasma con-
centrations are associated with an increased rate of
stroke or transient ischemic attack [28].

Neopterin and artery disease: pathophysiology

Despite clinical observation described above
that neopterin levels are strongly correlated to car-
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diovascular adverse events in patients with coronary
as well as peripheral artery disease, the pathophysi-
ology of these phenomena still remains largely in-
complete. Indeed, as for CRP, the story goes from
“bedside to the bench” because the researchers have
focused their attention to the cardiovascular mecha-
nisms of action of neopterin only in recent times.

Studies dealing with the potential effects of
neopterin provided evidence that promotion of 
oxidative stress is a fundamental principle of neopter-

in’s mode of action [29]. In particular, it has been re-
cently demonstrated that neopterin is able to deter-
mine oxidative stress by means of iNOS induction
[30]. Oxygen free radicals are highly reactive mole-
cules with well-known effects on cardiovascular
system [31]. Thus, it is very likely that neopterin
might exert its effects on vessel wall cells thought
this mechanism of action.

In line with these previous observation, we have
recently demonstrated that neopterin has direct ef-

Table 1. - Neopterin and cardiovascular disease

Author Patients Results

Gupta et al. [7] 10 pts with AMI Pts with AMI and UA have significantly higher levels
67 pts with remote AMI of neopterin than pts with remote AMI or control-group 
17 pts with UA patients

Schumacher et al. [8] 21 pts with AMI Neopterin was significantly increased in pts with stable CAD 
62 pts with stable CAD and more pronounced in pts with AMI than control-group patients

Auer et al. [9, 20] 25 pts with ACS Neopterin is significantly increased in pts with ACS and 
31 pts with stable CAD elevated neopterin levels predict MACE during follow-up

Zouridakis et al. [10] 124 pts with stable CAD Rapid CAD progression in pts with stable CAD is associated
with increased neopterin levels

Avanzas et al. [14] 297 pts with stable CAD Serum neopterin levels is an independent predictor of MACE 
in pts with stable CAD

Avanzas et al. [15] 58 pts with hypertension Pts who developed MACE during follow-up had significantly 
and without obstructive higher neopterin levels than control-group patients
CAD

Garcia-Moll et al. [16] 82 pts with stable CAD Pts with UA had significantly higher neopterin levels than pts
32 pts with UA with stable CAD. Pts with stable CAD and with MACE during

follow-up had significantly higher neopterin levels than those
without MACE

Garcia-Moll et al. [17] 82 pts with stable CAD Neopterin levels is associated with the presence 
50 pts with UA of angiographically demonstrated complex lesions

Tanaka et al. [18] 78 pts with stable CAD Neopterin levels is a useful marker of the severity CAD

Dominguez-Rodriguez et al. [19] 82 pts with AMI Serum neopterin levels predict MACE in pts with AMI

van Haelst et al. [21] 210 pts with NQMI Serum neopterin levels predict MACE in pts with NQMI

Barani et al. [23] 259 pts with CLI Serum neopterin levels is an independent predictor of 1-year
mortality in pts with CLI

Barani et al. [24] 232 pts with CLI Neopterin concentration correlated positively with echocardiographic
signs of congestive heart failure and it is an indicators of a more
severe prognosis in pts with CLI

Bertz et al. [25] 259 pts with CLI Neopterin is significantly increased in pts with CLI and diabetes
than pts with CLI without diabetes

Erren et al. [26] 57 pts with CAD Pts with CAD and PAD have higher neopterin levels than in pts
17 pts with CAD and PAD with CAD alone
2 pts with PAD

Weiss et al. [27] 561 pts Pts with carotid atherosclerosis have higher neopterin levels
than in pts without

Anwaar et al. [28] 59 pts with stroke Plasma neopterin increased after stroke

AMI: acute myocardial infarction; UA: unstable angina; CAD: coronary artery disease; ACS: acute coronary syndromes; MACE:
major cardiovascular adverse events; NQMI: non-Q myocardial infarction; CLI: critical limb ischemia; PAD: peripheral artery disease.
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fects on human cells of the coronary circulation
shifting them towards a pro-atherothrombotic phe-
notype [32]. Specifically, in our study we have evi-
denced that this molecule plays an active role in the
initiation of the atherosclerotic disease by inducing,
in endothelial cells, the expression of two important
Cellular Adhesion Molecules (CAMs) such as
VCAM-1 and ICAM-1. These CAMs are responsi-
ble of attachment and trans-endothelial migration of
leukocytes [33] and are known to be directly in-
volved in the pathogenesis of atherosclerosis medi-
ating many of the stages of the disease progression [33].
In addition, serum concentration of CAMs are
strongly correlated with coronary artery disease [34]
and with the risk of cardiovascular events [35]. Fur-
thermore, neopterin is able to induce expression on
endothelial cells of Tissue Factor (TF), the initiator
of the extrinsic coagulation pathway, and trigger of
intravascular thrombosis [36, 37]. These observa-
tions might have important pathophysiological con-
sequences, since endothelial cells represent the in-
terface between the vessel wall and the flowing
bloodstream containing coagulation factors and
leukocytes. These neopterin effects on coronary en-
dothelial cells were mediated through oxygen free
radicals production and activation of the transcrip-
tion factor NF-κB. This transcription factor is pre-
sent but inactive in the cytoplasm of many cells such
as lymphocytes, monocytes, endothelial and smooth
muscle cells. It seems to be activated by several
stimuli during the atherosclerotic process and it is
responsible of the expression of inflammatory pro-
teins that actively participate in this process and
might lead to plaque disruption and acute coronary
events [38]. In particular, activation of NF-κB stim-

ulates the promoter for TF [39],
for CAMs [40] as well as for
Nitric Oxide genes [41].

Considering that NF-κB has
been demonstrated to be acti-
vated in the peripheral mono-
cytes [42], as well as within the
unstable plaques of patients
with acute coronary syndromes
[43], the finding that neopterin
induces TF and CAMs expres-
sion via activation of NF-κB
might explain, at least in part,
why patients with artery disease
and elevated neopterin serum
levels have a worse clinical out-
come than patients with normal
serum levels.

Taken together, these data
permit to design an hypothetical
mechanism of action in which
activated monocytes/macropha-
ges in atherosclerotic lesions
significantly increase local
neopterin levels; thus, they in-
duce expression of ICAM-1 and
VCAM-1 on endothelial cells in
coronary circulation. Increased
expression of CAMs may result
in increase binding of T lym-
phocytes, platelets and other

monocytes (that, once activated, further increase lo-
cal neopterin concentration), key players in the ath-
erosclerotic process. The endothelial activation
causes expression of TF, promoting an “endothelial
pro-thrombotic phenotype” and finally leading to
the occurrence of acute coronary syndromes.

Conclusions

The studies reviewed have demonstrated that
neopterin levels are an important predictor of futu-
re cardiac as well as vascular adverse events. In par-
ticular, neopterin levels predict future major cardiac
and vascular adverse events in patients presenting
with chronic coronary artery disease [8, 10, 14, 16],
with acute coronary syndromes [7-9, 17, 19-21], and
in those with CLI [23, 24]. Many of the above cited
studies underline the strong association between
high neopterin levels and complex atherosclerotic
lesions but not with disease extension [8, 14, 16,
17], giving account for the prognostic properties of
neopterin. This renders this molecule a useful marker
of atherosclerotic plaque activity, permitting the
identification of the subjects at highest risk for
MACE.

Several researchers have reported the beneficial
effects of pharmacological intervention with statins
in reducing cardiovascular disease risk [44, 45].
This evidence provides an adjunctive hint to the
pathophysiology of plaque instability, suggesting
that at least part of the benefit observed using these
medications are related to their anti-inflammatory
effects. Indeed, it has been demonstrated, in vitro,
that neopterin effects on endothelial cells are signif-
icantly reduced by lovastatin [32]. In line with the

Figure 1. - The inflammation play a role key in the pathogenesis of atherosclerosis. Activated mono-
cytes/macrophages in atherosclerotic lesions significantly increase local neopterin levels. Neopterin
stimulates cytoplasmatic oxygen free radical generation. OFRs activate nuclear transcription factor
NF-κB. This transcription factor is responsible of mRNA transcription for Tissue Factor and Cellular
Adhesion Molecules. Statins might reduce these neopterin effects by inhibiting OFRs production.
OFRs: oxygen free radicals; TF: tissue factor; CAMs: cellular adhesion molecules.
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above mentioned evidences, patients with high
neopterin levels may require aggressive risk factor
modification and intensive medical treatment irre-
spective of the severity of their coronary artery dis-
ease.

Taken together, observations from all the studies
reviewed propose the existence of a strong link be-
tween high neopterin levels and cardiovascular risk
profile, suggesting a potential clinical use of
neopterin as a marker for disease activity in subject
with cardiovascular disease. This could help in iden-
tifying patients who are at a higher risk of develop-
ing cardiovascular adverse events who might bene-
fit from urgent preventive strategies exploitation or
extensive diagnostic work-up, as well as actual ther-
apy, depending from their co-morbidities.

Riassunto

L’infiammazione gioca un ruolo chiave nello
sviluppo e nella progressione della patologia atero-
sclerotica, ma anche nella fisiopatologia della rot-
tura della placca ateromasica e nello sviluppo delle
sindromi coronariche acute. La neopterina è un
marker infiammatorio oltre che di attivazione del si-
stema immunitario, sintetizzato dai macrofagi che
una volta attivati rilasciano tale sostanza. Tale mo-
lecola è adoperata usualmente in clinica per la va-
lutazione della progressione di infezioni virali, ri-
getto del trapianto renale, severe patologie infiam-
matorie sistemiche, sindromi nefritiche e patologie
autoimmunitarie. La neopterina è capace di indurre
un fenotipo pro-aterotrombotico in cellule del circo-
lo coronarico. Recenti evidenze cliniche indicano
che i livelli plasmatici di tale molecola sono incre-
mentati in pazienti con patologia del circolo arte-
rioso coronarico o periferico e tale marker ha di-
mostrato di avere un peso prognostico nello svilup-
po di maggiori eventi avversi cardiovascolari. Tutto
ciò determina che tale molecola risulta un utile
marker di attività della placca aterosclerotica per-
mettendo l’identificazione di soggetti a più alto ri-
schio per future eventi avversi cardiovascolari, che
richiedono un trattamento più aggressivo dei fattori
di rischio cardiovascolari. Questo lavoro suggerisce
un potenziale clinico utilizzo della neopterina come
marker di rischio in pazienti con patologie cardio-
vascolari.

LIST OF ABBREVIATIONS

CRP: C-reactive protein
IL-6: interleukin-6
MMPs: matrix metalloproteases
CAD: coronary artery disease
AMI: acute myocardial infarction
MACE: major adverse cardiovascular events
CLI: critical limb ischemia
ECG: electrocardiogram
CAMs: cellular adhesion molecules
TF: tissue factor
UA: unstable angina
ACS: acute coronary syndromes
NQMI: non-Q myocardial infarction
PAD: peripheral artery disease
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