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current needs in neurodegenerative disease research 

treatment of Alzheimer´s Disease (AD) starts too late 

and critical time windows are missed  

need for novel preventive treatments 

need to identify subphenotypes of multi-genetic (sporadic) AD responding 

differentially to treatment interventions 

need to identify novel treatment targets;  

molecular biomarker research is not only promising to improve the  

early and differential diagnostics of dementias, but it also points to  

novel molecular treatment targets 
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novel concepts of clinical-molecular  

phenotyping call for biomarker-guided diagnosis 
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Amyloid cascade hypothesis  
of Alzheimer´s Dementia 
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CSF dementia biomarker and time to AD  
(Ab1-42, total-Tau, & phosho-Tau181) 

CSF abnormal: 

high risk for AD 

CSF normal:  

low risk for AD 

 0 20 40 60 

Time (months) 

 1.0 

 0.8 

 0.4 

 0.2 

 0.0 

 0.6 

P
ro

b
a
b
ili

ty
 o

f 
n
o
 A

D
 

CSF-NDD of AD 

• Validated by autopsy  

controlled studies 

• Meta-analysis: specificity &  

sensitivity appr. 85% 

• Evidence validated on 

S3 level of national diagnostic  

guidelines (DGN/DGPPN 2010) 

• Meanwhile, an EU wide research 

initiatives has been launched to 

improve the diagnostic reliability 

and validity of CSF-NDD 

(e.g. BIOMARK-ADP) 
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Prognostic value of CSF AD biomarkers  
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Prognostic value of CSF AD biomarkers  
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Amyloid-PET 

Fagan et al 2006 

Klunk et al., 2004 

Meanwhile several 

 18F-Amyloid PET tracers  

are available which allow  

multicenter studies 
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Ishii 2014, Am J Neuroradiol 

Etiology of 

cognitive deficit 

Amyloid  

deposition 

MCI due to AD + or ++ 

AD (mild) ++ 

AD (moderate) ++ 

DLB + or ─ 

FTD ─ 
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CBD ─ 
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MCI:   Mild Cognitive Impairment 

AD:     Alzheimer´s Disease/Dementia 

DLB:   Dementia with Lewy bodies 

FTD:   Frontotemporal Dementia 

SD:    Semantic Dementia 

PSP:   Progressive Supranuclear Palsy 

CBD:  Corticobasal Degeneration 

VaD:   Vascular Dementia 

Differential diagnosis within the group of primary neurodegenerative 

dementias is significantly improved by combined in-vivo/in-vitro  

clinical phenotyping by Amyloid-PET & CSF dementia biomarkers 
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Tan et al., JAD, 2014;  Jack et al., Lancet Neurol. 2010 
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Bateman et al., NEJM, 2012 

Biomarker cascade in dominantly inherited AD 

Biomarker Decline prior to 

 estimated 

 dementia onset 

 (years) 

CSF  

Abeta1-42 

25 

PIB-PET 15 

CSF Tau 15 

Brain atrophy 15 
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memory 

10 
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5 

CDR 5 
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Maler JM, et al., Wiltfang J (2007) Proteomics 
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N-modified Aβ peptide species for AD blood assay ? 

One feature ROC analysis 

Aβ1-42/2-40 

Aβ1-42/1-40 

Aβ1-42/Aβ-3-40 is significantly superior to 
the conventional ratio Aβ1-42/Aβ1-40.  
In contrast to Aβ1-42/Aβ1-40  the new ratio 
is correlated to CSF biomarkers (Tau, Abeta) 
and neuroimaging (data not shown) 

Wiltfang et al., patent submitted 

80% of early AD/high risk MCI  
patients versus controls (n=64) 
can be classified correctly 
accoding to their blood plasma 
ratio Aβ1-42/Aβ-3-40 
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Quantitative mass spec of human blood plasma Abeta peptides 
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High correlation of Abeta1-42/-3-40 ratio with 18F-Amyloid plaque load 
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Specific beta amyloid  peptide variants  

appear to be procuded independently of BACE-1  

SY5Y APPwt cell culture supernatants after  

72 h treatment with membrane-anchored  

BACE inhibitor or DMSO (control)  

Aβ 1-37

Aβ 1-38
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Aβ 1-39

Aβ 1-40

Aβ 1-42 BACE inhibitor-

resistant Aβ

DMSO BACE

inhibitor

Abeta-3-40/Abeta2-40 

Abeta-3-42/Abeta2-42 

Haußmann et al., Anal Chem, 2013, 85(17), 8142-9  
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After BACE1 inhibitor 
treatment of SH-SY5Y 
cells overexpressing 
wildtype APP,  
the majority of Aβ 
peptides is amino-
terminally modified 

SH-SY5Y cells overexpressing APPwt were incubated for 72 h with either 100 nM tripartite 
BACE1 inhibitor or 0.1% DMSO (vehicle control). IP (mAb 6E10) of Aβ peptides from cell   
culture supernatants with mAb 6E10 and analyzed by CIEF immunoassay or 2D western blot 

Haußmann et al., Anal Chem, 2013, 85(17), 8142-9  
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N-terminally modified Abeta species are highly abundant  in human AD 
brain  (Wiltfang et al.; JBC 2001) 
 
Transgenic animal models of AD and human AD brains differ 
dramatically regarding their relative abundance of N-terminally 
modified species  (Schieb et al., Jahn, Wiltfang, Klafki; JBC 2011). 

N-terminally modified Abeta peptides are among the first species to 
precipitate within beta-amyloid plaque maturation and they may 
accelerate seeded Abeta oligomerization 

Clinical significance of N-terminally modified Abeta peptides 
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Science 2009: Evidence for distinct gamma-secretase 

complexes with functional relevance for distinct APP processing 

Also evidence for distinct beta-secretase (BACE) activity 

with functional relevance for distinct APP processing ?? 
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Amyloid cascade hypothesis  
of Alzheimer´s dementia 

distinct -3/5-x β-Sekretase  activity?!?  

A. Alzheimer 
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Molecular Imaging by  

Fourier-transformed Near Infrared Spectroscopy  

as a novel biomarker for 

protein misfolding diseases 

Nabers, et al., Wiltfang et al., Journal of Biophotonics, 2015;  

patent pending 
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ATR-FTIR spectroscopic immuno sensor for neurochemical diagnosis of early AD  

 

A. Nabers, et al., Wiltfang et al.,  

Journal of Biophotonics, 2015;  

patent pending 

Schematic representation of the immuno-ATR-FTIR spectroscopic setup. The IR-beam is multiple total 

reflected in the IRE (A,B) and generates thereby an evanescent wave at the boundary layer. Thus 

monomeric (C) or beta-sheet enriched fibrillar Abeta peptides (D) could be detected after antibody-based 

capture from biological samples. The scheme exemplarily depicts the detection of different synthetic 

Abeta(42) conformations.  
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ATR-FTIR spectroscopic immuno sensor for neurochemical diagnosis of early AD  

 

Legend: The averaged and normalized amide I band maxima recorded of control and AD 

patient CSF (A) samples indicate a higher frequency in control samples, synonymous to 

a higher alpha-helical or random coil content, than the Abeta fraction in AD patients. 

Patent pending, unpublished patient data; A. Nabers et al., J. Wiltfang, paper under review 
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Summary 

• The molecular pathophysiology of Alzheimer´s Disease is launched more than 10 

years before cognitive brain deficits of Alzheimer´s Dementia become overt as 

amnestic MCI  

• beta-amyloid mediated neuropathology with neurotoxic soluble oligomer species 

preceedes Tau-mediated neuronal damage. Moreover, there is strong evidence for 

a Prion-like disease propagation. 

• A gain of endoproteolytic function in rare autosomal-dominant genetic AD is well 

documented. However, in sporadic AD (99% of cases) scientific evidence points 

more to a loss of catabolic clearance function 

• In case of multigenetic (sporadic) AD the final molecular cause has not been 

validated yet but Abeta & and Tau are at least highly correlated surrogate marker   

• Biomarkers (CSF, Amyloid/Tau-PET) can identify preclinical AD, which allows to 

validate promising preventive treatment strategies 

• N-terminally modified Abeta peptide species are likely to be generated by non-

BACE secretase activity, and they may offer new diagnostic and therapeutic 

molecular targets 
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Thank you for your attention 
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