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Biomarkers

A characteristic that is 
objectively measured and 
evaluated as an indicator of 
normal biological processes, 
pathogenic processes, or 
pharmacologic responses to 
a therapeutic intervention.

Genetic biomarkers

Neuroimaging biomarkers

Biochemical biomarkers 

(Serum, CSF, Urine)

Neurophysiologic biomarkers

Pathological biomarkers

Biomarkers
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Biomarkers

Ideal biomarker is 
reproducible, stable
over time, widely 
available and 
reflects directly the 
relevant disease 
process

Diagnostic marker 
Progression marker

CSF

Pros

 Less costly and potentially 
more widely available 
than amyloid imaging

Cons

 Hampered by the 
necessity for lumbar 
puncture

 Problems with 
standardizing analysis of 
samples 

 Important to collect CSF in 
tubes made of 
polypropylene rather than 
the usual polyethylene, to 
avoid underestimating 
amyloid β1–42 levels

Blood

Pros

 Blood analysis has 
advantages as an 
approach to population-
based disease screening

 Simpler and less invasive

Cons

 The blood-brain barrier 
and the blood-CSF barrier 
regulate the passage of 
solutes between blood 
and the central nervous 
system (CNS)

 So far with limited success



Pievani, M. et al. Nat. Rev. Neurol. 10, 620–633 (2014) 
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Core 
biomarke
rs of AD

Amyloid load
(A)

Tau pathology
(T)

Neurodegeneration

Fluid

Plasma
Decline
Aß1-42

- Increase t-tau

CSF
Decline
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p-tau181
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Imaging

MRI - - MRI and fMRI

PET Amyloid PET Tau PET [18F]FDG

Def. Biological marker (biomarker): A characteristic that is objectively measured and evaluated as an indicator of 
normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention. 

(N)

Core biomarkers of AD
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Emerging biomarkers of diagnosis AD

Amyloid precursor protein (APP): Aβ42, Aβ40, Aβ38, and α and β 
cleaved soluble amyloid precursor protein [sAPPα and sAPPβ]

Tangle Pathology: P-Tau

Neurodegeneration: T-tau, Neurofilament light protein [NFL], 
Neuron-specific enolase [NSE], Visinin-like protein 1 [VILIP-1], and 
heart fatty acid binding protein [HFABP]

Glial cell activation: YKL-40, monocyte chemotactic protein 1 [MCP-
1], and glial fibrillary acidic protein [GFAP]

Blood-brain barrier function: CSF to serum albumin ratio



Biomarker performance rating in patients with Alzheimer’s 
disease versus controls

CSF Serum and plasma

Biomarkers shown in green are significant with good effect sizes, purple significant 
with moderate effect sizes, red non-significant or significant with minor effect sizes. 

Lancet Neurol 2016; 15: 673–84



Biomarker performance rating in patients with Alzheimer’s 
disease versus controls

CSF Serum and plasma

Biomarkers shown in green are significant with good effect sizes, purple significant 
with moderate effect sizes, red non-significant or significant with minor effect sizes. 

Lancet Neurol 2016; 15: 673–84

Alzheimer’s disease is associated with lower CSF levels of Aβ42 and higher CSF levels of T-
tau and P-tau compared with controls. Furthermore, Alzheimer’s disease is associated with 
increased CSF levels of NFL, NSE, VLP-1, HFABP, and YKL-40. and increased plasma levels of 
T-tau. 

No significant differences between plasma 
or serum concentration of Aβ markers in 
Alzheimer’s disease and controls.

Supporting the hypothesis that plasma Aβ 
levels reflect peripheral Aβ generation 
more than they reflect AD brain pathology. 

By contrast, plasma levels of T-tau were 
signifi cantly associated with Alzheimer’s 
disease, more data are needed to verify 
this association.



Plasma NfL

W.Zhou, et al. Neuroscience, 2017 
Johanna Gaiottio, et al., PLOS One, Sep 2013 



Neurofilaments

• Comprise the neurofilament heavy (NFH), 
intermediate (NFM) and light (NFL) chain proteins

• Proteins of the axonal cytoskeleton
• Marker of axonal damage
• Increased in ALS, MS, FTD, VaD, etc
• Plasma NfL followed the same pattern; the 

correlation coefficients with CSF  NfL were high 

Henrik Zetterberg. Neuron 91, July 6, 2016  



CSF/ Plasma NfL in different subtype of FTD

Landqvist Waldö et al. BMC Neurology 2013, 13:54 

Henrik Zetterberg, et al., Neurology. September 27, 2016



Comparison of CSF biomarkers between Alzheimer’s disease, 
vascular dementia and normal cognitive subject

L.Cheewakriengkrai, N. Sirithanakit, in publication

*

**



Pievani, M. et al. Nat. Rev. Neurol. 10, 620–633 (2014) 
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FTLD spectrum

Syndrome: Behavioral variants, Language variants, Motor variants



Promising biomarker candidates for FTLD with 
evidence from multiple studies

International Society for Neurochemistry, J. Neurochem. (2016) 



Progranulin

• Progranulin is a highly conserved secreted protein 
that is expressed in multiple cell types, both in the 
CNS and in peripheral tissues. 

• Progranulin has a major role in regulation of 
lysosomal function and microglial responses in the 
CNS.

• Regulates cell growth, survival, repair, and 
inflammation

• Proteolytically processed into peptides called 
granulins

Progranulin protein levels are differently regulated in plasma and CSF.Neurology. May, 2014 

Progranulin: Functions and neurologic correlations, Neurology, January 2018



Trends in Neurosciences. July 2014



Progranulin

• Pathologic GRN mutations reduce progranulin levels 
or result in loss of function.

• PGRN ELISA were successful in predicting GRN
mutation status in serum, plasma, and CSF of 
patients with FTLD.

• PGRN levels are vary greatly
• No correlation between serum and CSF
• Need more studies to determine the sensitivity and 

specificity



New biomarker candidates

International Society for Neurochemistry, J. Neurochem. (2016) 



Neurogranin

• Calmodulin-binding postsynaptic neuronal protein 
that is abundantly expressed in perikaryal and 
dendritic cytoplasm (post synaptic protein)

• Neurodegenerative marker: synaptic plasticity and 
learning



From: Diagnostic and Prognostic Utility of the Synaptic Marker Neurogranin in Alzheimer Disease

JAMA Neurol. 2016;73(5):561-571. doi:10.1001/jamaneurol.2016.0086

Scatterplots of Cerebrospinal Fluid (CSF) Biomarker Levels by Clinical Diagnosis and Clinical Dementia Rating (CDR)



Pievani, M. et al. Nat. Rev. Neurol. 10, 620–633 (2014) 
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New revised criteria for the clinical diagnosis of probable and possible 
dementia with Lewy bodies

Ian G. Mckeith.el al., Neurology. July 4 2017



AD CSF biomarkers

• Aβ42 values were significantly lower in AD patients 
than in PD patients (with or without dementia) but 
showed no difference with DLB

• T-tau and p-tau are lower in DLB
• CSF p-tau may be a good marker for differentiation 

between AD and DLB

Journal of Neurological Sciences. Volume 345, 15 October 2014
Neurol Sci (2001) 22:77-78



PD vs NC

MSA vs NC

PSP vs NC

Movement disorder, May 2014

CSF α - synuclein
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International Journal of Alzheimer’s Disease, 2012



International Journal of Alzheimer’s Disease, 2012



CSF alpha-synuclein Meta analysis compare DLB vs AD

High sensitivity but low specificity



March 6, 2018 30



Summary 
biomarkers 
for DLB 

Tokuda T.,et al., Alpha-Synuclein in Cerebrospinal Fluid. Dementia with Lewy Bodies. Springer, 2017 Tokyo



Vascular dementia

Biomarkers in vascular dementia. Biomarkers and genomic medicine, 2015.



Vascular dementia

Biomarkers in vascular dementia. Biomarkers and genomic medicine, 2015.



Principle biomarkers and expression levels in the CSF in dementia

Adapt from Neurology; 2012:78:47-54, Neurobiology; 2016: 138-140



 Biochemical biomarkers are potentially more widely available 
than amyloid imaging

 Not ideally biomarker

 Currently acknowledged that AD core CSF biomarkers can 
discriminate AD from other dementia/NC, but it is hard to 
diagnose an individual patient only by measuring the value of 
single marker

 Many potential biomarkers are coming but need more 
researches

Conclusions
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