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a b s t r a c t

Introduction: Accumulating evidence suggests that inflammation plays an important role in the acute
phase of ischemic stroke. CD40 L is a well recognized atherosclerotic inflammatory marker, whereas
recent evidence suggests a pro-inflammatory role of Fetuin-A. To analyze the role of an inflammatory
marker such as CD40 L and of a candidate pro-inflammatory marker such as Fetuin-A in acute stroke we
evaluated their serum levels in subjects with acute ischemic stroke and their possible association with
other laboratory and clinical variables.
Materials and methods: We enrolled 107 consecutive patients with a diagnosis of acute ischemic stroke
admitted to the Internal Medicine Department at the University of Palermo between November 2006 and
January 2008, and 102 hospitalized control patients without a diagnosis of acute ischemic stroke.
Results: Patients with acute ischemic stroke in comparison to control subjects without acute ischemic
stroke had significantly higher CD40 L levels and Fetuin-A serum levels. No significant differences in
plasma CD40 L or Fetuin-A levels among different TOAST groups were detected. At intragroup (intra-
TOAST-subtype) correlation analysis, among subjects classified as lacunar, CD40 L plasma levels were

positively correlated with LDL-cholesterol and with diabetes, whereas Fetuin-A was significantly (pos-
itively) correlated with hypertension and white blood cell count. Among subjects with LAAS subtype,
CD40 L levels were positively correlated with triglyceride plasma levels and Fetuin-A, whereas Fetuin-A
levels were positively correlated with LDL-cholesterol.
Discussion: Our findings suggest a pro-inflammatory role of Fetuin-A and CD40 L in acute stroke setting.
Whether this role should be construed as direct or as a simple expression of a general inflammatory

ture
activation will be up to fu

. Introduction

Recent investigations have focused on the potential role of

etuin-A or alpha2-Heremans–Schmid glycoprotein (AHSG) as a
on-traditional cardiovascular risk factor [1]. Fetuin-A is a mem-
er of the cystatin superfamily of cysteine protease inhibitors [2],

t is expressed in the adult liver and accumulates in the skeleton
uring mineralization, due to its high affinity for hydroxyapatite

∗ Corresponding author at: Dipartimento Biomedico di Medicina Interna e Spe-
ialistica, Università degli Studi di Palermo, P.zza delle Cliniche n.2, 90127 Palermo,
taly. Tel.: +39 091 6552128; fax: +39 091 6552285.
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021-9150/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.atherosclerosis.2009.07.032
studies to clarify.
© 2009 Elsevier Ireland Ltd. All rights reserved.

[2]. There is a general consensus that Fetuin-A acts as a systemic
inhibitor of ectopic calcification [3], but the clinical significance of
its serum concentration is not entirely clear. In dialysis patients,
low Fetuin-A levels have been found to be related to increased vas-
cular calcification [4], to calcific uraemic arteriolopathy [5], and to
cardiovascular mortality [6,7].

CD40 ligand (CD40 L), a member of the tumor necrosis fam-
ily of transmembrane glycoproteins, is rapidly and transiently
expressed on the surface of recently activated CD4+ T cells. Inter-
actions between CD40 L and CD40 induce B cell immunoglobulin
production as well as monocyte activation and dendrite cell

differentiation. Some authors have demonstrated that the multi-
potent immunomodulator CD40 L and its receptor CD40, expressed
on vascular endothelial cells, smooth muscle cells, mononuclear
phagocytes, and platelets, promote a wide array of pro-atherogenic
functions in vitro [8–11].

http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
mailto:brunotutto@unipa.it
dx.doi.org/10.1016/j.atherosclerosis.2009.07.032
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A recent study provided evidence that human plasma Fetuin-
levels are strongly associated with the metabolic syndrome

nd an atherogenic lipid profile [12]. These states are character-
zed by subclinical inflammation and hypoadiponectinemia [13].

ore recently Hennige et al. [14] provided novel evidence that the
ecreted liver protein Fetuin-A induces low-grade inflammation in
erms of TNF and IL1� mRNA expression and represses adiponectin
roduction in animals and in humans.

There is very little information on the relation between serum
evels of Fetuin-A and the severity of disease in patients with
therosclerosis not associated with end stage renal disease (ESRD)
r dialysis treatment.

Accumulating evidence suggests that inflammation plays an
mportant role in the acute phase of ischemic stroke. Recently
ur group [15–17] showed that stroke patients, compared to con-
rols without stroke, have significantly higher median plasma levels
f some cytokines such as TNF-�, IL-6, IL-1� until 72 h after
nset of symptoms. CD40 L is a well-recognized atherosclerotic

nflammatory marker [8–11], whereas recent evidence suggests a
ro-inflammatory role of Fetuin-A [14]. Nevertheless, no study, to
ur knowledge has evaluated the role of Fetuin-A in acute car-
iovascular events such as acute myocardial infarction (AMI) or
troke. Few studies have evaluated the role of CD40 L in acute
schemic stroke and no study, to our knowledge, has analyzed the
elationship between CD40 L and vessel calcification markers such
s Fetuin-A.

To analyze the role of an inflammatory marker such as CD40 L
nd of a candidate pro-inflammatory marker such as Fetuin-A in
cute ischemic stroke we evaluated Fetuin-A and CD40 L plasma
evels both as expression of the atherosclerotic process and of
nflammatory cascade in subjects with acute ischemic stroke and
heir possible association with other laboratory and clinical vari-
bles.

. Materials and methods

.1. Patient selection

We enrolled consecutive patients with a diagnosis of acute
schemic stroke admitted to the Internal Medicine Department
t the University of Palermo between November 2006 and Jan-
ary 2008, and hospitalized control patients without a diagnosis
f acute ischemic stroke. Control subjects were patients admit-
ed, in the same period, to our Internal Medicine Department for
ny cause other than acute cardiovascular and cerebrovascular
vents.

Stroke was defined by focal neurological signs or symptoms
hought to be of vascular origin that persisted for >24 h confirmed
y brain CT and/or MRI in baseline conditions and brain CT with
ontrast medium after 48–72 h.

In order to match patients with acute ischemic stroke and con-
rols for cardiovascular risk and previous cardiovascular morbidity,
ontrols were included if they had vascular risk factors or a history
f myocardial infarction or cerebrovascular disease or peripheral
ascular disease, but they were excluded if they had either cur-
ent or recent (up to six months) cerebrovascular disease or one
f the exclusion criteria (see above). We selected this control group
atched for cardiovascular risk factor from a large population sam-

le represented by all the patients of age >60 years admitted to our
epartment from 2005 to 2008 (total number: 1858).
Cardiovascular risk factors were evaluated for both cases and
ontrols on the basis of the criteria shown below. Hypercholes-
erolemia was defined as the presence of total cholesterol blood
evels ≥200 mg/dL. Hypertension was defined as present if sub-
ects had been previously diagnosed according to the World
erosis 208 (2010) 290–296 291

Health Organization/International Society of Hypertension guide-
lines and were routinely receiving antihypertensive therapy.
Patients were defined as type 2 diabetics if they had known dia-
betes treated by diet, oral hypoglycaemic drugs or insulin before
stroke.

Previous coronary artery disease was determined on the basis of
a history of physician-diagnosed angina, myocardial infarction, or
any previous revascularization procedure assessed by a question-
naire.

Previous cerebrovascular disease (TIA/ischemic stroke) was
assessed by history, specific neurologic examination performed by
specialists, and hospital or radiological (brain computerized tomog-
raphy or brain magnetic resonance) records of definite previous
stroke.

The study protocol was approved by the local ethics committee,
and all participants gave written informed consent.

Every subject with ischemic stroke was matched for age (±3
years) and cardiovascular risk factors.

The type of acute ischemic stroke was classified according to the
TOAST classification [18]: (1) Large-Artery AtheroSclerosis (LAAS);
(2) CardioEmbolic Infarct (CEI); (3) LACunar infarct (LAC); (4) stroke
of Other Determined Etiology (ODE); (5) stroke of UnDetermined
Etiology (UDE).

2.1.1. Large-artery atherosclerosis (LAAS)
These patients have clinical and brain imaging findings of

either significant (>50%) stenosis or occlusion of a major brain
artery or branch cortical artery, presumably due to atherosclero-
sis. Clinical findings include those of cerebral cortical impairment
(aphasia, neglect, restricted motor involvement, etc.) or brain
stem or cerebellar dysfunction. Cortical or cerebellar lesions and
brain stem or subcortical hemispheric infarcts greater than 1.5 cm
in diameter on CT or MRI are considered to be of potential
large-artery atherosclerotic origin. Supportive evidence by duplex
imaging or arteriography of a stenosis of greater than 50% of an
appropriate intracranial or extracranial artery is needed. Diag-
nostic studies should exclude potential sources of cardiogenic
embolism.

2.1.2. CardioEmbolic infarcts (CEI)
This category includes patients with arterial occlusions pre-

sumably due to an embolus arising in the heart. Cardiac sources
are divided into high-risk and medium-risk groups based on the
evidence of their relative propensities for embolism. At least one
cardiac source for an embolus must be identified for a possible
or probable diagnosis of cardioembolic stroke. Clinical and brain
imaging findings are similar to those described for large-artery
atherosclerosis. Evidence of a previous TIA or stroke in more than
one vascular territory or systemic embolism supports a clinical
diagnosis of cardiogenic stroke. Potential large-artery atheroscle-
rotic sources of thrombosis or embolism should be eliminated. A
stroke in a patient with a medium-risk cardiac source of embolism
and no other cause of stroke is classified as a possible cardioembolic
stroke.

2.1.3. LACunar infarct (LAC)
The patient should have one of the traditional clinical lacu-

nar syndromes and should not have evidence of cerebral cortical

dysfunction. A history of diabetes mellitus or hypertension sup-
ports the clinical diagnosis. The patient should also have a normal
CT/MRI examination or a relevant brain stem or subcortical
hemispheric lesion with a diameter of less than 1.5 cm demon-
strated.
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.1.4. Stroke of Other Determined Etiology (ODE)
This category includes patients with rare causes of stroke, such

s non-atherosclerotic vasculopathies, hypercoagulable states, or
ematologic disorders. Patients in this group should have clinical
nd CT or MRI findings of an acute ischemic stroke, regardless of the
ize or location. Diagnostic studies such as blood tests or arteriog-
aphy should reveal one of these unusual causes of stroke. Cardiac
ources of embolism and large-artery atherosclerosis should be
xcluded by other studies.

.1.5. Stroke of UnDetermined Etiology (UDE)
In several instances, the cause of a stroke cannot be determined

ith any degree of confidence. Some patients will have no likely
tiology determined despite an extensive evaluation. In others, no
ause is found but the evaluation was cursory.

All the ischemic stroke patients underwent: medical history

ith recording of potential stroke risk factors, blood and coag-

lation tests, 12-lead ECG, 24-h electrocardiography monitoring,
rans-thoracic echocardiography, carotid ultrasound, brain CT or

RI at admission (repeated between the third and the seventh days
f stroke onset).

able 1
eneral characteristics and immuno-inflammatory variables of stroke patients and contro

ariable Stroke pts (n: 107)

ge (years) 71 (63–80.5)
ex (M/F) 66/41
lucose Blood Levels (mg/dl) 148.5(97–213)
otal Cholesterol Blood Levels (mg/dl) 231(189–250)
DL-cholesterol (mg/dl) 138 (104–164)
riglyceride Blood Levels 177.5 (130.75–201.75)

hite blood cells (WBC) (per mm3) 9200 (6000–13000)
RP (mg/dl) 3.2 (2.1–3.8)
eutrophils (%) 6180 (5071–9000)
iabetes (n/%) 44 (41.12)
ypertension (n/%) 50 (45.72%)
ody weight (kg) 25.8
MI 76.2
etuin (g/L) 0.450 (0.489–0.586)
D40 L (ng/ml) 0.775/(1.19–1.83)
IHSS 19.41 ± 10.06

sRankin score at discharge
I 20 (18.69)
II 22 (20.56)
III 20 (18.69)
IV 24 (22.45)
V 21 (19.62)

eath (n/%) 7 (6.5)
revious TIA/stroke 35 (32.71)
AD (n/%) 38 (35.51)
HF (n/%) 21 (19.62)
icroalbuminuria (n/%) 41 (38.31)

arotid plaque (n/%) 61 (57)
VH (n/%) 45 (42.05)

MHLS (n/%) 27 (25.23)

remorbid antithrombotics
ntiplatelet drugs (n/%) 41 (38.31)
ntivitamin K drugs (n/%) 33 (30.84)

remorbid cardiovascular drugs
ce-inhibitors (n/%) 39 (36.44)
RBs (n/%) 28 (26.18)
tatins (n/%) 42 (39.25)

ntidiabetic drugs (n/%) 21 (19.62)
Biguanids (n/%) 12 (11.21)
Sulphonilureas (n/%) 9 (8.41)
Thiazolidinediones (n/%) –

nsulin 23 (21.49)

SS: Scandinavian Stroke Scale score; NIHSS: National Institutes of Health Stroke Scale; CA
HF: congestive heart failure; LVH: left ventricular hypertrophy; WMHLS: white matter
namnestic data are expressed as n (percentage). Fetuin-A, CD40 L and other laboratory v
erosis 208 (2010) 290–296

Neurological deficit score on admission was evaluated by NIH
Stroke Scale (NIHSS).

Blood samples were collected within 72 h of the ischemic event.
We immediately placed blood samples on ice after drawing and pro-
cessed them according to the recent recommendations regarding
the appropriate specimen and preparation for laboratory evalua-
tion of soluble CD40 L. Thus, blood samples were anticoagulated
in Na citrate 3.8% (1:9, v:v), centrifuged at 2000 × g for 10 min at
4 ◦C. Supernatants were collected and platelets and other cell types
were counted (Beckman Coulter). Plasma was stored at −80 ◦C until
analysis.

All subjects were asked to fast overnight for ≥8 h before addi-
tional blood specimen collection. Fasting glucose, triglycerides,
total cholesterol, LDL-cholesterol (LDL-C), white body count (WBC),
and haematocrit (HCT) were measured.

Serum Fetuin-A was determined by an enzyme linked

immunosorbent assay (ELISA) (Epitope Diagnostics, San Diego,
USA). Briefly, 10,000-fold diluted serum was added to microwells
coated with a polyclonal anti-Fetuin-A antibody; after a 2-h-
incubation, peroxidase-conjugated antibody was added to the
wells. Incubation with peroxidase substrates allows color devel-

ls.

Controls (n:102) p

68 (63–80) 0.79
57/55 0.022
129 (81.5–163.5) 0.001
220 (168–215) <0.001
129 (1047–155) 0.003
141 (96–205) 0.004
7400 (6500–9800) <0.001
1.8 (0.8–2.1) 0.003
4040 (3200–5800) <0.001
41 (40.19%) 0.263
46(45.09%) 0.301
25.2 0.421
74.5 0.351
0.125 (0.24–0.354) 0.031
0.375 (0.77–1.13) 0.022
–

–

– <0.001
32 (30.39) 0.52
37 (36.27) 0.44
15 (14.70) 0.065
18 (17.64) <0.001
33 (32.35) <0.001
21 (20.58) <0.001
12 (11.76) <0.001

34 (33.33) 0.74
27 (26.47) 0.54

30 (29.41) 0.041
21 (20.58) 0.40
32 (31.37) 0.35

22 (21.50) 0.21
14 (13.72) 0.35
8 (7.8) 0.67
–

19 0.28

D: coronary artery disease; CRP: C reactive protein; CAD: coronary artery disease;
hyperintensity lesions; ARBs: angiotensin II receptor blockers; demographic and

ariables are expressed as median and interquartile (lower and upper quartile).
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pment. Fetuin-A concentration was determined by interpolation
ith a standard curve. The analytical sensitivity of the assay was

.05 g/L.
Serum CD40 L was determined by an enzyme linked immunosor-

ent assay (ELISA) (Bender MedSystems, Vienna, Austria) with
similar protocol. The analytical sensitivity of the assay was

.005 ng/ml.

. Statistical analysis

Results are expressed as median (interquartile range), with
≤ 0.05 considered significant.
Statistical significance for intergroup differences with regard to
D40 L and Fetuin-A blood levels was assessed by Mann–Whytney
est.

To study the intragroup (intra-TOAST-subtype) correlation
etween quantitative variables, Pearson or Spearman test was used.

able 2
remorbid cardiovascular risk factors, clinical characteristics and antithrombotic medicat

ariable Lacunar LAAS

umber 32 41
ge (years) 76.31 ± 7.37 72.17 ± 6.83
ex (M/F) 19/12 29/12
iabetes (n/%) 17 (56.25) 18 (43.90)
ypertension (n/%) 18 (56.2) 17 (41.46)
ypercholesterolaemia (n/%) 7 (21.87) 16 (39.02)
trial fibrillation (n/%) 3 (9.3) 5 (12.19)
revious TIA (n/%) 5 (15.6) 13 (31.07)
revious stroke (n/%) 7 (21.8) 8 (19.5)
lucose blood levels (mg/dl) 169.12 ± 74.06 117.0 ± 53.4
otal cholesterol blood levels (mg/dl) 179.56 ± 40.07 175.02 ± 46
DL-cholesterol (mg/dl) 95.62 ± 38.65 103.247 ± 2
riglyceride blood levels (mg/dl) 170.16 ± 82.40 190.82 ± 16

hite blood cells (per mm3) 10041.37 ± 4167.31 11742.82 ± 9
eutrophile (%) 7384.51 ± 3769.68 7803.87 ± 4
CT (%) 39.20 ± 3.9 40.70 ± 4.24
etuin (g/L) 0.440 (0.428–0.565) 0.495 (0.472
D40 L (ng/ml) 0.650 (0.228–1.759) 0.825 (0.220
IHSS 18.65 ± 14.59 20.51 ± 16.0

sRankin score at discharge (n/%)
I 8 (25) 7 (17.07)
II 13 (18.75) 6 (14.63)
III 6 (40.62) 9 (21.95)
IV 3 (9.37) 10 (24.39)
V 2 (6.25) 9 (21.95)

eath (n/%) – 2 (4.8)
AD (n/%) 13 (40.6) 18 (43.91)
HF (n/%) 4 (12.5) 5 (12.19)
icroalbuminuria (n/%) 24 (75%) 11 (26.82)

arotid plaque (n/%) 22 (68.7) 27 (65.85)
VH (n/%) 18 (56.25) 17 (41.46)
revious brain infarct at neuroimaging 13 (40.62) 15 (36.58)
MHLS (n/%) 13 (40.6) 8 (25.80)

remorbid antithrombotics
ntiplatelet drugs (n/%) 11 (38.31) 20
ntivitamin-K drugs (n/%) 4 7
remorbid cardiovascular drugs
ce-inhibitors (n/%) 18 11
RBs (n/%) 10 11
tatins (n/%) 15 20

ntidiabetic drugs (n/%)
Biguanids (n/%) 10 (31.25) 7 (17.07)
Sulphonilureas (n/%) 6 (18.75) 3 (7.31)
Thiazolidinediones (n/%) 4 (12.5) 4 (9.7)

nsulin 11 (34.37) 6 (14.63)

SS: Scandinavian Stroke Scale score; NIHSS: National Institutes of Health Stroke Scale; C
ailure; LVH: left ventricular hypertrophy; WMHLS: white matter hyperintensity lesions;
xpressed as n (percentage). ARBs:Angiotensin-receptor blockers. Fetuin-A, CD40 L and oth
uartile).
erosis 208 (2010) 290–296 293

Therefore, to calculate the number of patients to be enrolled,
we defined as meaningful a significant difference in Fetuin-A and
CD40 L plasma levels between subjects with acute ischemic stroke
and controls without acute stroke and among each TOAST subtype,
with a beta error of 20% and a power of 0.80. The estimated sample
size was 100 patients.

4. Results

We enrolled 107 patients with acute ischemic stroke and 102
control subjects matched for age, sex, cardiovascular risk factors
and previous cardiovascular morbidity.

According to the TOAST criteria, the etiology of stroke was
large-artery atherosclerosis (LAAS) in 41 (38.31%) patients, car-

dioembolism (CEI) in 31 (28.97%) patients, lacunar stroke in 32
(29.92%) patients, while 3 (2.80%) subjects were classified as ODE.

Patients with acute ischemic stroke had significantly higher
CD40 L levels and significantly higher Fetuin-A levels compared to
control subjects (Table 1).

ion by ischemic stroke subtype.

CEI ODE p

31 3 <0.001
76.00 ± 8.79 49.00 ± 45.50 <0.001
23/8 4/0 <0.001
9 (29.03) 0 <0.001
14 (45.16) 1 (33.3) <0.001
9 (29.03) 0 0.038
24 (77.41) 0 <0.001
10 (32.2) 1 (33.3) <0.05
7 (22.05) 2 (50) <0.05

4 102.29 ± 7.68 92.29 ± 17.68 <0.05
.42 165.71 ± 30.64 169.00 ± 49.46 <0.05
8.9 84.67 ± 33.99 99.20 ± 32.81 <0.05
2.12 112.35 ± 32.36 148.00 ± 83.439 0.041
267.20 16282.41 ± 2556.64 10785.00 ± 5437.65 <0.05

303.00 6996.13 ± 3107.86 8418.00 ± 7481.19 0.031
41.386 ± 3.196 38.25 ± 9.54 0.044

–0.627) 0.431 (0.422–0.675) 0.411 (0.405–0.421) 0.56
–1.932) 0.850 (0.250–2.159) 0.820 (0.210–1.640) 0.059
6 15.64 ± 8.73 19.00 ± 12.72 0.044

4 (12.90) 1 (33.3)
3 (9.6) –
5 (16.19) 1 (33.3)
10 (32.22) 1 (33.3)
9 (29.03)

5 (16.12) – <0.001
7 (22.58) 0 <0.001
11 (35.48) 1 (33.3) <0.001
6 (19.35) 0 <0.001
14 (45.16) 0 <0.05
10 (32.25) 0 <0.05
10 (32.2) 2 (50) 0.65
5 (16.1) 1 (33.3) <0.05

10 – <0.05
21 1 <0.05

10 – <0.05
7 – 0.041
7 0.031

4 (12.9) – <0.05
2 (6.45) <0.05
2 (6.45) <0.025

6 (19.35) – <0.05

AD: coronary artery disease; CAD: coronary artery disease; CHF: congestive heart
HCT: haematocrit, CRP: C-reactive protein; demographic and anamnestic data are
er laboratory variables are expressed as median and interquartile (lower and upper
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Table 3
Pearson correlation coefficients (r) between clinical and laboratory variables in sub-
jects with acute ischemic stroke.

CD40 L Fetuin

r p r p

Diabetes 0.361 0.021 0.191 0.321
Hypertension 0.331 0.033 0.211 0.440
Total cholesterol 0.171 0.321 0.320 0.410
LDL-cholesterol 0.111 0.544 0.347 0.021
Triglyceride 0.229 0.210 0.198 0.207
HCT −0.210 0.061 −0.294 0.021
NIHSS 0.271 0.072 0.291 0.0791
WBC 0.455 <0.05 0.426 <0.05
F

N
h

a

i
b
t
(
a
(

T
w
w
s
p

T
P
s

L

L

C

N
h

etuin-A 0.418 <0.05 – –

IHSS: National Institutes of Health Stroke Scale; WBC: white blood cell count; HCT:
aematocrit. Significative r and p are signed in bold.

No significant differences in plasma CD40 L and Fetuin-A levels
mong different TOAST groups (see Table 2) were detected.

Correlation analysis (see Table 3) among subjects with acute
schemic stroke showed a positive and significant correlation
etween CD40 L levels and diabetes (r = 0.361; p = 0.021), hyper-
ension (r = 0.331; p: 0.033), WBC (r = 0.455; p < 0.05), Fetuin-A
r = 0.418; p < 0.05), whereas Fetuin-A levels were significantly
nd positively correlated with LDL-C (r = 0.347; p = 0.021), WBC
r = 0.426; p < 0.05) and negatively with HCT (r = −0.294; p < 0.021).

At intra-group (TOAST subtype) correlation analysis (see

able 4), among subjects classified as lacunar group CD40 levels
as positively correlated with LDL-C levels (r = 0.410; p = 0.02) and
ith diabetes (r = 0.349; p = 0.015), whereas Fetuin-A levels were

ignificantly (positively) correlated with hypertension (r = 0.405;
= 0.021), and white body cell count (r = 0.396; p = 0.031).

able 4
earson correlation coefficients (r) between clinical and laboratory variables for each
troke subtype.

CD40 L Fetuin

r p r p

acunar subtype
Diabetes 0.349 0.015 0.145 0.211
Hypertension 0.29 0.087 0.405 0.021
Total cholesterol 0.185 0.072 0.307 0.060
LDL-cholesterol 0.410 0.021 0.185 0.613
Triglyceride −0.07 0.68 0.125 0.601
HCT 0.073 0.97 0.163 0.399
NIHSS 0.185 0.07 −0.015 0.936
WBC 0.185 0.34 0.396 0.031
Fetuin-A −0.130 0.477 – –

arge-artery atherosclerosis subtype
Diabetes 0.210 0.078 0.185 0.299
Hypertension 0.184 0.11 0.167 0.10
Total cholesterol 0.123 0.53 0.315 0.079
LDL-Cholesterol 0.034 0.833 0.421 <0.05
Triglyceride 0.394 0.011 0.185 0.199
HCT −0.344 0.032 −0.432 <0.05
NIHSS 0.205 0.065 0.303 0.061
WBC 0.410 0.031 0.448 <0.05
Fetuin-A 0.469 0.002 – –

ardioembolic subtype
Diabetes −0.107 0.573 0.0185 0.231
Hypertension 0.125 0.48 −0.390 0.030
Total cholesterol 0.113 0.789 −0.242 0.085
LDL-cholesterol 0.090 0.096 0.211 0.089
Triglyceride 0.607 0.132 0.14 0.44
HCT 0.496 0.341 −0.045 0.89
NIHSS 0.060 0.45 −0.073 0.696
WBC 0.234 0.42 −0.279 0.067
Fetuin-A −0.024 0.897 – –

IHSS: National Institutes of Health Stroke Scale; WBC: white blood cell count; HCT:
aematocrit. Significative r and p are signed in bold.
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Among subjects with Large-Artery Atherosclerosis stroke, CD40
L levels were positively correlated with triglyceride levels (r = 0.394;
p = 0.011), WBC (r = 0.410, p = 0.031) and Fetuin-A plasma levels
(r = 0.469; p < 0.05) and negatively correlated with haematocrit
(r = −0.432; p < 0.05), whereas Fetuin-A levels were positively cor-
related with LDL-cholesterol levels (r = 0.421; p < 0.05) and white
body cell count (r = 0.448; p < 0.05) and negatively correlated with
haematocrit (r = −0.432; p < 0.05).

Among subjects with cardioembolic stroke Fetuin-A levels were
negatively correlated with hypertension (r = −0.390; p = 0.030).

5. Discussion

Our study showed higher serum levels of Fetuin-A and CD40 L
in subjects with acute ischemic stroke compared to controls with-
out acute stroke, but no significant difference with regard to these
biomarker levels in relation to each TOAST subtype of ischemic
stroke. Nevertheless at intra-group (intra-TOAST-subtype) analysis
we observed some significant correlation between these biomark-
ers and some clinical and laboratory variables.

These data may support the hypothesis that fetuin-A and CD40
L may have an inflammatory role after acute ischemic stroke possi-
bly representing a novel adjunctive pathway in the development of
ischemic neuronal damage due to an immuno-inflammatory acti-
vation.

Inflammation is involved throughout the different stages of
atherosclerosis and is a strong determinant of plaque disruption
and thrombosis [19]. In a large study in humans, high serum fetuin-
A levels were found to be positively associated with the metabolic
syndrome and subclinical inflammation, suggesting that fetuin-A
may be causally involved in the pathophysiology of these conditions
[20]. Furthermore, a recent study [14] found that fetuin-A levels cor-
relate positively with CRP levels, and extended the information on
fetuin-A action by showing that fetuin-A promotes cytokine expres-
sion in monocytes and adipocytes, and represses the production of
the insulin-sensitizing adipokine adiponectin.

It has been reported that CD40 L propagates endothelial pro-
inflammatory reactions by stimulating CD40 L synthesis [21] and
by enhancing production of reactive oxygen species that act to
limit endothelial migration [22]. Ligation of CD40 on vascular wall
cells may promote mononuclear cell recruitment, participate in
the weakening of the plaque, and set the stage for thrombotic
events of crucial importance in the atherothrombotic process [21].
Furthermore, ligation of CD40 on endothelial cells, smooth mus-
cle cells, or mononuclear phagocytes triggers the expression of
various pro-inflammatory mediators, such as the cytokines inter-
leukin (IL)-1, IL-6, IL-12, tumor necrosis factor-�, and interferon-�;
the chemokines IL-8, monocyte chemoattractant protein-1, and
RANTES (regulated upon activation, normal T cell expressed and
secreted); intercellular adhesion molecule (ICAM)-1, vascular cell
adhesion molecule (VCAM)-1, matrix metalloproteinases as well as
the procoagulant tissue factor [21].

Cerebral ischemia initiates a complex cascade of events at
genomic, molecular, and cellular levels, and inflammation is impor-
tant in this cascade, both in the CNS and in the periphery. The entire
spectrum of inflammatory processes is likely to act in concert in
stroke, but cytokines [22,23] are important mediators of stroke-
induced immunological/inflammatory reaction which contributes
to brain infarct progression as well as to the disease severity and
outcome.

Our findings of higher plasma levels of Fetuin-A and CD40 L in

patients with an acute ischemic cerebrovascular event appear to be
novel and possible explanations are multifactorial:

First, high levels of both CD40 L and Fetuin-A may be an expression
of a more extensive atherosclerotic disease.
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Second, CD40 and Fetuin-A plasma levels may be due to acute
immuno-inflammatory activation in terms of cytokines, adhesion
molecules and selectins that have been reported to occur after
acute ischemic stroke [22,23].
Third, increased plasma levels of Fetuin-A may express the pro-
inflammatory role of this biomarker, possibly also explaining CD40
L and other cytokine plasma level increases in subjects with acute
ischemic stroke.

Our findings of no significant difference in terms of Fetuin-A and
D40 L serum levels in relation to each TOAST subtype, are not use-

ul to clarify the possibility of Fetuin-A as having a pathogenic role
r a simple inflammatory epiphenomenon owing to the fact that we
o not report any difference in Fetuin-A levels in atherothrombotic
ypes of stroke such as those of LAAS subtype or in those subtypes of
troke that we reported in our previous studies [15–17] as character-
zed by higher plasma levels of markers of immuno-inflammatory
ctivation, such as those of LAAS and CEI subtypes.

Possible explanations of our findings regarding no difference
mong each TOAST subtype with regard to Fetuin-A and CD40 L
lasma levels may be:

First, Fetuin-A and CD40 L do not express infarct lesion volume so
as not to be differently activated in different subtypes of stroke
with different infarct size;
Second, we did not find any correlation with clinical score of acute
neurological deficit at admission such as NIHSS. This finding could
explain no difference in the two biomarkers between TOAST sub-
types in relation to any difference in acute stroke severity of each
subtype;
Third, Fetuin-A and CD40 L may represent only inflammatory vas-
cular markers not directly related, nor immediate expression of
the neuronal damage, but strictly linked to acute vascular events
such as thrombosis or embolic occlusion both in small and large
brain arteries starting the inflammatory cascade that can lead to
damage and neuronal death.

On this basis the role of these two biomarkers in acute stroke
etting seems to be different compared to the part played by some
ro-inflammatory cytokines such as TNF-�, IL-6 and IL-1� reported
15,16,22,23] as significantly associated with infarct size and prog-
osis, whereas Fetuin-A and CD40 L appear to act in this context
ainly as acute vascular injury markers.

Nevertheless, it is possible to obtain a further answer to the ques-
ion of the possible role of CD40 L and in particular of Fetuin-A in
cute ischemic stroke by evaluating our findings of some significant
orrelations at intragroup analysis in each TOAST subtype between
etuin-A and CD40 L and some clinical and laboratory variables.

In subjects with lacunar subtype of stroke we showed a
ignificant correlation between plasma levels of Fetuin-A and
ypertension and white blood cell count and this finding could
nderline the possible link of Fetuin-A with hypertensive small-
rtery disease (SAD) and sub-inflammation expressed by WBC.

In LAAS subtype we showed a significant (positive) correlation
etween Fetuin-A and white blood cell, LDL and CD40 L plasma lev-
ls confirming in this typical atherothrombotic stroke subtype the
ossible link between inflammation, large-artery atherosclerosis
nd Fetuin-A plasma levels whereas the finding of negative corre-
ation between haematocrit and Fetuin-A plasma level is not easily
xplainable. Weikert et al. provided [24] evidence for a link between
igh plasma Fetuin-A levels and an increased risk of myocardial
nfarction and ischemic stroke (IS) suggesting a possible athero-
enic and inflammatory role of this biomarker.

Our correlation analysis among the various subtypes of stroke
ay confirm the possible inflammatory role of Fetuin-A show-

ng significant correlation with white blood cells on one side

[
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and its atherogenic role showing significant correlation with LDL
and triglycerides plasma levels on the other. These correlations
observed in LAAS and lacunar stroke subtypes confirm the role of
these two biomarkers both in atherosclerosis and microvessel dis-
ease setting. In particular they may indicate a dual role of fetuin-A
as an atherogenic and pro-inflammatory marker.

This finding is also in agreement with literature reports con-
cerning Fetuin-A and atherosclerosis, with a strict relation between
Fetuin-A plasma levels and coronary and valvular calcification rate
mainly in patients with ESRD [6] and a pro-inflammatory and
anti-adiponectin role in diabetic subjects [14], delineating two pos-
sibly different pathways of atherogenesis linked to Fetuin plasma
levels.

Only point measurement could be a limitation of the study since
repeated measures and a time course analysis of fetuin-A and CD40
L may be necessary to define the variance as well as the predictive
nature of a biomarker [25], but in support of our findings several
studies previously reported the predictive value of only point mea-
surement of inflammatory biomarkers in atrial fibrillation [26] and
other clinical conditions such as congestive heart failure [26] and
acute myocardial infarction [27].

Another possible limitation is that our control subjects are age
matched (±3 years) but not always sex matched.

In conclusion we reported high plasma levels of both Fetuin-A
and CD40 L in subjects with acute ischemic stroke and significant
correlation between these two biomarkers and some clinical and
laboratory variables at intragroup (TOAST subtype) analysis.

The higher plasma levels of Fetuin-A and CD40 L in subjects
with acute ischemic stroke and their correlation with WBC count
underline a possible pro-inflammatory role of Fetuin-A and CD40
L. Whether this role should be construed as direct or as a simple
expression of a general inflammatory activation and further inter-
relation between these two vascular biomarkers both as expression
of atherogenesis and inflammation will be up to future studies to
clarify.
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