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Experimental and clinical evidence accumulated since 1990 
have established inflammatory processes as important 
contributors to atherogenesis (1). Based upon this evi-

dence, protein markers of inflammation have been studied as 
non-invasive indicators of underlying atherosclerosis in appar-
ently healthy individuals and of the risk of cardiovascular events 
in patients with established atherosclerotic diseases. The most 
extensively studied biomarker of inflammation in cardiovascular 
diseases is C-reactive protein (CRP), an acute phase protein that 
is produced predominantly by hepatocytes under the influence of 
cytokines such as interleukin (IL)-6 and tumour necrosis factor 
(TNF)-α (2). Data from more than 30 epidemiologic studies 
have shown a significant association between elevated serum or 
plasma concentrations of CRP and the prevalence of underlying 
atherosclerosis, the risk of recurrent cardiovascular events 
among patients with established disease, and the incidence of 
first cardiovascular events among individuals at risk for athero-
sclerosis (3). Although it is plausible that CRP serum levels are 
increased as part of the acute phase response to inflammation, 
experimental evidence has also raised the possibility that CRP is 
a direct participant in the progression of atherosclerosis and its 
clinical consequences (4). Indeed, CRP infusion is associated 
with marked elevations in markers of both inflammation, such as 
IL-6, IL-8, and serum amyloid A, and coagulation, such as von 
Willebrand factor (vWF) antigen, prothrombin F1+2, D-dimer, 
and plasminogen activator inhibitor type 1 (PAI-1) (5). 

Regarding cerebrovascular diseases, the data in the literature 
indicate that CRP is an independent marker for the development 
and progression of early carotid atherosclerotic disease (6), the 
risk of ischaemic stroke (7), and the prognosis after stroke 
(8–10). In addition to CRP, other markers of inflammation are 
predictors of cardiovascular disease in healthy men and women. 
In men, plasma IL-6 concentrations have been shown to be pre-
dictive of a future myocardial infarction (11). Among patients 
with unstable or stable angina or even mild angiographic coron-
ary disease, increased serum levels of IL-18 may be an indepen-

dent predictor of cardiovascular mortality (12). One analysis 
found that circulating serum concentrations of soluble receptors 
for TNF-α are correlated with coronary risk among women (13). 
Other studies have found an association between the serum con-
centrations of soluble intercellular adhesion molecule-1 
(sICAM-1) and P-selectin and the future development or exacer-
bation of cardiovascular diseases (14). Elevated serum concen-
trations of soluble vascular cell adhesion molecule-1 
(sVCAM-1) and E-selectin also may have predictive value (14). 

In a study published in the current issue of Thrombosis and 
Haemostasis, Licata and his collaborators add to our knowledge 
on immuno-inflammatory markers and ischaemic stroke (15). 
By studying individuals with different subtypes of ischaemic 
stroke, classified according to the TOAST scheme, they demon-
strate that plasma levels of important inflammatory molecules, 
such as IL-6, TNF-α, and IL-1β, are significantly higher in sub-
jects with stroke of cardio-embolic origin than in subjects with 
other subtypes of stroke. In addition, they show that, in subjects 
with stroke, neurological deficit at admission, as measured by 
the Scandinavian Stroke Scale (SSS), is significantly and inde-
pendently correlated to IL-6 and TNF-α plasma levels. Licata’s 
findings are important for several reasons. First of all, they dem-
onstrate that different subtypes of ischaemic stroke are associ-
ated with different levels of activation of inflammatory markers. 
Second, the demonstration that increased plasma levels of in-
flammatory cytokines are particularly evident in cardio-embolic 
strokes provides support to the hypothesis that inflammation 
may be associated with atrial fibrillation and contributes to the 
pathogenesis of arrhythmic disorders (16). Finally, the fact that 
IL-6 and TNF-α plasma levels correlate with stroke subtype and 
SSS score suggests that the evaluation of these inflammatory 
markers might be useful for a better characterisation of subjects 
suffering from acute ischaemic cerebrovascular diseases. These 
findings might have important implications for the clinical man-
agement of subjects affected by ischaemic cardiovascular dis-
eases. 

© 2009 Schattauer GmbH, Stuttgart

800

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-25 | IP: 38.107.179.234



References 
1. Libby P. Inflammation in atherosclerosis. Nature 
2002; 420: 868–874. 
2. Ridker PM. Clinical application of C-reactive pro-
tein for cardiovascular disease detection and preven-
tion. Circulation 2003; 107: 363–369. 
3. Pearson TA, Mensah GA, Alexander RW, et al. 
Markers of inflammation and cardiovascular disease: 
application to clinical and public health practice: A 
statement for healthcare professionals from the Centers 
for Disease Control and Prevention and the American 
Heart Association. Circulation 2003; 107: 499–511. 
4. Nilsson J. CRP--marker or maker of cardiovascular 
disease? Arterioscler Thromb Vasc Biol 2005; 25: 
1527–1528. 
5. Bisoendial RJ, Kastelein JJ, Levels JH, et al. Acti-
vation of inflammation and coagulation after infusion 
of C-reactive protein in humans. Circ Res 2005; 96: 
714–716. 
6. Hashimoto H, Kitagawa K, Hougaku H, et al. 
C-reactive protein is an independent predictor of the 

rate of increase in early carotid atherosclerosis. Circu-
lation 2001; 104: 63–67. 
7. Ford ES, Giles WH. Serum C-reactive protein and 
self-reported stroke: findings from the Third National 
Health and Nutrition Examination Survey. Arterioscler 
Thromb Vasc Biol 2000; 20: 1052–1056. 
8. Muir KW, Weir CJ, Alwan W, et al. C-reactive pro-
tein and outcome after ischemic stroke. Stroke 1999; 
30: 981–985. 
9. Di Napoli M, Papa F, Bocola V. C-reactive protein 
in ischemic stroke: an independent prognostic factor. 
Stroke 2001; 32: 917–924. 
10. Winbeck K, Poppert H, Etgen T, et al. Prognostic 
relevance of early serial C-reactive protein measure-
ments after first ischemic stroke. Stroke 2002; 33: 
2459–2464. 
11. Fisman EZ, Benderly M, Esper RJ, et al. Interleu-
kin-6 and the risk of future cardiovascular events in pa-
tients with angina pectoris and/or healed myocardial in-
farction. Am J Cardiol 2006; 98: 14–18. 

12. Blankenberg S, Tiret L, Bickel C, et al. Interleu-
kin-18 is a strong predictor of cardiovascular death in 
stable and unstable angina. Circulation 2002; 106: 
24–30. 
13. Shai I, Schulze MB, Manson JE, et al. A prospec-
tive study of soluble tumor necrosis factor-alpha recep-
tor II (sTNF-RII) and risk of coronary heart disease 
among women with type 2 diabetes. Diabetes Care 
2005; 28: 1376–1382. 
14. Blankenberg S, Barbaux S, Tiret L. Adhesion mol-
ecules and atherosclerosis. Atherosclerosis 2003; 170: 
191–203. 
15. Licata G, Tuttolomondo A, Di Raimondo D, et al. 
Immuno-inflammatory activation in acute cardio-em-
bolic stroke in comparison with other subtypes of 
stroke. Thromb Haemost 2009; 101: 929-937. 
16. Aviles RJ, Martin DO, Apperson-Hansen C, et al. 
Inflammation as a risk factor for atrial fibrillation. Cir-
culation 2003; 108: 3006–3010.

801

Editorial Focus

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-25 | IP: 38.107.179.234


