NINDS Stroke Common Data Element (CDE) Project
Biospecimens and Biomarkers Subgroup: Recommendations
The Stroke Biospecimens and Biomarkers Subgroup recommended that stroke clinical studies consider collecting the FDA approved biomarkers. They also listed other emerging biomarkers, which are not yet FDA approved, that studies may want to collect.
FDA approved biomarkers:
· Protein assays:
· Alipoprotein A (ApoA)
· Alipoprotein B (ApoB)
· Brain natriuretic peptide (BNP)
· C-reactive protein (CRP)
· D-dimer
· Fibrinogen
· Lipoprotein(a) [Lp(a)]
· Lipoprotein-associated phospholipase A2 (Lp-PLA2)
· Troponin
· Von Willebrand factor (VWF)
· Genotyping assays:
· Cytochrome P450 2C19 (CYP2c19)
· Factor V Leiden
· Metabolite assays:
· Homocysteine (homoCYS)
· Uric acid
Non FDA approved, emerging biomarkers:
· Protein assays:
· Inter-Cellular Adhesion Molecule 1 (ICAM-1)
· Interleukin-6 (IL-6)
· Matrix-metalloproteinase (MMP)
· Neuron-specific enolase (NSE)
· Plasminogen activator inhibitor type 1 (PAI)
· P-selectin
· S100 calcium binding protein B (S-100B)
· Soluble CD40 ligand (sCD40 ligand)
· Tumor necrosis factor (TNF)
· Vascular cell adhesion molecule 1 (VCAM-1)
Genotyping assays:
· Angiotensin converting enzyme (ACE)
· Alipoprotein E (ApoE)
· E-selectin
· Methylenetetrahydrofolate reductase (MTHFR)
· Phosphodiesterase 4D (PDE4D)
· Prothrombin G20210A
The subsequent pages provide a short synopsis on each of the FDA approved biomarkers.
Alipoprotein A (ApoA)
Type of Assay
Protein
Annotation
Apo A-I is thought to be anti-atherogenic. It transports high density lipoprotein. ApoB-to-Apo A I ratio is associated with carotid plaque and with fatal and nonfatal ischemic stroke. One potential practical advantage of this ratio over conventional lipid markers, like LDL cholesterol, is that fasting is not be required for a reliable assessment. Apo A-I has also been associated with young adult stroke in some series (Erquo et al 2010).
References
(1) Gardener, H., Morte, D.D., Elkind, M., Sacco, R.L., Rundek, T. (2009). Lipids and carotid plaque in the Northern Manhattan Study (NOMAS). BMC Cardiovascular Disorders, 9, 55-63.
(2) Holme, I., Aastveit, A.H., Niklas, H., Jungner, I., Walldius, G. (2009). Inflammatory markers, lipoprotein components and risk of major cardiovascular events in 65,005 men and women in the Apolipoprotein MOrtality RISk study (AMORIS). J Internal Med., 265, 275-287.
(3) Walldius G, Aastveit AH, Jungner I. (2006). Stroke mortality and the apoB/apoA-I ratio: Results of the AMORIS prospective study. J Intern Med., 259, 259-266.
(4) Di Angelantonio E, Sarwar N., Perry P., Kaptoge, S., Ray, K.K. et al. (2009) Major Lipids, Apolipoproteins, and Risk of Vascular Disease Jama, 302(18), 1993-2000.
(5) Erqou S, Thompson A, Di AE et al. (2010). Apolipoprotein(a) isoforms and the risk of vascular disease: systematic review of 40 studies involving 58,000 participants. J Am Coll Cardiol, 11(19), 2160-2167.
Alipoprotein B (ApoB)
Type of Assay
Protein
Annotation
ApoB is thought to be atherogenic. ApoB is a transporter of very low density lipoprotein, intermediate-density lipoprotein and LDL particles. ApoB-to-Apo A-I ratio is associated with carotid plaque and with fatal and nonfatal ischemic stroke. One potential practical advantage of this ratio over conventional lipid markers, like LDL cholesterol, is that fasting is not be required for a reliable assessment. Apo B levels are reduced by statin use. Apo B is predictive of ischemic stroke in patients with previous transient ischemic attack. It has also been associated with young adult stroke and ApoB/ApoA is an independent predictor (Sabino 2008).
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Brain natriuretic peptide (BNP)
Type of Assay
Protein
Annotation
Brain natriuretic peptide (BNP) is a sensitive marker of cardiac contractile dysfunction. Levels of BNP have been shown to predict atrial fibrillation. BNP has been measured subacutely in patients with ischemic stroke, and levels associated with cardioembolic stroke mechanism and atrial fibrillation. Levels of BNP are also increased in congestive heart failure and renal failure.
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C-reactive protein (CRP)
Type of Assay
Protein
Annotation
High sensitivity C-reactive protein (hsCRP) is an inflammation-related biomarker related to risk of stroke in several studies. A meta-analysis including 54 prospective cohort studies (n=160,309) found an increased risk of ischemic stroke (RR per SD logCRP 1.44, 95% CI 1.32-1.57) adjusted for age and sex; this attenuated (RR 1.27, 95% CI 1.15-1.40) when further adjusted for other risk factors. Those with hsCRP>2 mg/L and <1 other risk factor may benefit from treatment with rosuvastatin or other statins, based on the results of a large RCT. CDC/AHA guidelines recommend considering measuring hsCRP for primary preventive purposes only in patients at intermediate risk of vascular disease. The role of hsCRP in secondary prevention after stroke remains uncertain, though some studies suggest hsCRP predicts mortality and recurrent events. Furthermore, hsCRP is acutely elevated in children with stroke that is associated with non-moyamoya arteriopathy (Bernard et al 2010).
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Cytochrome P450 2C19 (CYP2c19)
Type of Assay
Genotyping
Annotation
This test is only FDA approved in the context of its inclusion in the Roche AmpliChip P450, which allows for the identification of genetic variants in CYP2d6 and CYP2c19 genes. Genetic variation in 2c19 allows for the identification of poor metabolizers of medications that are metabolized through the 2c19 pathway, including anti-epileptics, anti-convulsants, and psychotherapeutic drugs. Although CYP2c19 variants can also identify poor metabolizers of Clopidogrel (Plavix), there is no specific mention of this intended use.
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D-dimer
Type of Assay
Protein
Annotation
As products of fibrinolysis, serum D-dimer concentrations are acutely elevated in adult ischemic stroke patients, but serum D-dimer concentrations do not independently have the necessary sensitivity nor specificity to singularly serve as a reliable diagnostic marker (Haapaniemi 2009). In other studies, D-dimer levels have been associated with early clinical deterioration, stroke severity, poor clinical outcomes in patients with both ischemic and hemorrhagic stroke. However, D-dimer levels alone lack the robustness to serve as independent predictors of these endpoints (Barber 2006; Delgado 2006). D-dimer is elevated in acute childhood stroke and decreases over time in non-cardioembolic stroke (Bernard et al 2010). It is persistently elevated in childhood cardioembolic stroke (Bernard et al 2010).
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Fibrinogen
Type of Assay
Protein
Annotation
Controlling for diabetes and hypertension, higher fibrinogen levels are associated with the development of ischemic stroke (Fibrinogen Studies Collaboration 2005). After controlling for age and initial stroke severity, higher initial fibrinogen levels have been associated with poor outcomes in adults (del Zoppo et al 2009). Fibrinogen is also associated with childhood stroke that is associated with arteriopathy and cardiac disorders (Kopyta et al 2010).
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Factor V Leiden
Type of Assay
Genotyping
Annotation
The factor V (Leiden) mutation (1691G→A) occurs primarily in Caucasian populations and is a major risk factor for venous thrombosis and a lesser risk factor for arterial thrombosis. Factor V mutation analysis is also recommended to confirm positive APCR (activated Protein C resistance) tests. It is associated with stroke in childhood (Barrierinho et al, 2003; Duran et al, 2005; Kenet et al, 2007; Nowak-Gottl et al, 1998).
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Homocysteine (homoCYS)
Type of Assay
Metabolite
Annotation
Extensive data supports a role for hyperhomocysteinemia as an independent risk factor for cerebrovascular atherosclerosis, leukoaraiosis, and ischemic stroke. Levels of homocysteine can be affected by folate or vitamin B12 deficiency, metabolic derangements, and many medications. In addition, levels of homocysteine increase after protein-rich meals. Methylenetetrahydrofolate reductase (MTHFR) is a key enzyme involved in degradation of plasma homocysteine. A common MTHFR substitution, 677C→T, causes reduced enzyme activity and increases plasma levels of homocysteine. Despite strong epidemiological data linking homocysteine to the pathogenesis of cerebrovascular disease, two secondary stroke prevention studies targeting homocysteine have failed to show a benefit to vitamin therapy. Homocysteine levels have been associated with stroke in children (Ganesan et al, 2003).
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Lipoprotein(a) [Lp(a)]
Type of Assay
Protein
Annotation
Lp(a) consists of a protein moiety, apolipoprotein B-100 (LDL) linked, on a 1:1 molar basis, by a disulfide bond to apolipoprotein (a). Lp(a) decreases systemic fibrinolytic activity through multiple mechanisms. Lp(a) inhibits binding of plasminogen to annexin, preventing the conversion of plasminogen to plasmin. Lp(a) increases circulating levels of plasminogen activator inhibitor (PAI), thus lowering levels of tPA. Epidemiological studies in cerebrovascular disease have provided conflicting evidence regarding the role lp(a) plays in stroke risk, recurrence, or outcome. Published studies have used different assays, making comparisons difficult. Aspirin and niacin, commonly used in a stroke-prone population, can affect lp(a) levels. Lp(a) has been associated with stroke in children with cardiac disease (Strater et al, 1999). It has also been associated with recurrent stroke in childhood (Strater et al, 2002). Furthermore, it has shown to be a risk factor for stroke (Nowak-Gottl et al, 1999).
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Lipoprotein-associated phospholipase A2 (Lp-PLA2)
Type of Assay
Protein
Annotation
Lp-PLA2 is a macrophage-derived enzyme involved in metabolism of LDL that is responsible for release of inflammatory mediators. Relative elevations in serum levels of Lp-PLA2 are associated with increased risk of incident ischemic stroke, independent of the effect of hsCRP. A large meta-analysis found evidence that LpPLA2 predicts risk of a first stroke. LP-PLA2 may also predict risk of recurrent stroke and other vascular events after a first stroke.
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Troponin
Type of Assay
Protein
Annotation
Cardiac troponins classically are associated with acute coronary syndrome and heart failure. Elevations in troponin have also been observed after stroke. This post-stroke elevation in cardiac troponins is associated with sympathoadrenal activation and is associated with electrocardiogram changes suggestive of acute coronary syndrome and with death. Troponin T has been associated with large infarcts involving the MCA distribution. Troponin I elevations have been associated with new onset atrial fibrillation soon after stroke. 
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Uric acid
Type of Assay
Metabolite
Annotation
Uric acid, a product of purine metabolism, is fairly abundant in human plasma, with normal concentrations ranging from 3.5 mg/dL to 8.3 mg/dL, and serves as one of the most important antioxidants in plasma. Compared to other biomarkers presented here, less data are available for uric acid in acute stroke. Increasing levels of uric acid have been associated with increasing risk of ischemic stroke and acute myocardial infarction (Bos 2006). In the setting of acute ischemic stroke, uric acid levels are increased and decline gradually over the course of days post-stroke. Declines in uric acid levels have been associated with stroke progression, increased morbidity and mortality (Brouns 2010). The potential neuroprotective effect of uric acid, serving as an antioxidant, in the setting of acute ischemic stroke is currently under study (Amaro 2007).
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Von Willebrand factor (VWF)
Type of Assay
Protein
Annotation
Megakaryocytes and endothelial cells synthesize von Willebrand factor. Clot stabilization is achieved once vWF becomes activated at the site of vascular injury, leading to binding of fibrin, transglutamination by factor XIII, and covalent crosslinking. vWF mediates the incorporation of platelets into thrombus.  Elevations in von Willebrand factor have been associated with an increased risk of ischemic stroke. Levels of vWF have been shown to be higher in patients with a greater burden of small vessel/lacunar strokes. vWF levels are also associated with many stroke risk factors such as atrial fibrillation, high grade carotid stenosis, and hyperhomocysteinemia. Single nucleotide polymorphisms in the promoter region of the vWF gene, affecting vWF levels, have been identified.
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