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Abstract 

Although the core cerebrospinal fluid (CSF) Alzheimer’s disease (AD) biomarkers amyloid-β (Aβ1-42) 

and tau show a high diagnostic accuracy, there are still limitations due to overlap in the biomarker 

levels with other neurodegenerative and dementia disorders.  

During Aβ1-42 production and clearance in the brain, several other Aβ peptides and APP fragments are 

formed that could potentially serve as biomarkers for this ongoing disease process. Therefore, this 

review will present the current status of the findings for APP and Aβ peptide isoforms in AD and 

clinically related disorders.  

In conclusion, adding new Aβ-isoforms to the AD biomarker panel may improve early differential 

diagnostic accuracy and increase the CSF biomarker concordance with AD neuropathological findings 

in the brain. 
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 Introduction 

Alzheimer’s disease (AD) is the most common neurodegenerative disorder in elderly, leading to 

dementia. An accurate and early diagnosis of AD is important to select the optimal patient care and 

will be critical in current clinical trials. Its value will grow even more so when a disease modifying 

treatment is available. To date, diagnosis of AD is still based on a full clinical work-up, including 

neuropsychological testing [1] and brain imaging such as magnetic resonance imaging and positron 

emission tomography. However, clinical dementia diagnosis does not always correspond to the 

neuropathological definite diagnosis with clinical diagnostic accuracy levels ranging between 82 and 

84% [2,3]. When a clinician should discriminate AD from a non-AD dementia relying on (non-

biomarker based) clinical diagnostic criteria, 16% of the patients have a doubtful AD versus non-AD 

diagnosis [3–5]. Therefore it is important to increase the clinical diagnostic accuracy, which will be 

even harder at an early stage of the disease. Since biochemical changes are believed to take place 

and be detectable through biomarkers around two decades before clinical symptom onset [6,7], they 

will be important tools in the clinical set-up for early dementia (differential) diagnosis. 

 

Neuropathologically, AD is characterized by the formation of extracellular cortical senile plaques [8] 

and intracellular neurofibrillary tangles composed of hyperphosphorylated tau (P-tau) mainly found 

in the limbic and association cortices [9,10]. The core structure of the senile plaques mainly 

comprises the amyloid-β (Aβ) peptide, which is derived from the amyloid precursor protein (APP) 

[11]. While many different Aβ-isoforms are present in the brain, the hydrophobic 42 amino acid long 

Aβ (Aβ1-42) peptide in particular is prone to self-accumulation into soluble oligomers. These oligomers 

further form larger fibrils and aggregate into insoluble extracellular plaques, both are believed to 

possess neurotoxic properties [12,13]. The exact cause of the accumulation and deposition of Aβ1-42 

into plaques is still unknown, though it has been hypothesized that an imbalance in production and 

clearance may be one of the reasons [14]. An imbalance in the regulation of protein kinases and 

phosphatases is believed to lead to hyperphosphorylation of microtubule-associated protein tau, 

which causes it to dissociate and accumulate into paired helical filaments that compose the 

intraneuronal neurofibrillary tangles [15].  

 

Interestingly, it has been shown that patients that are clinically diagnosed with a high likelihood of 

AD due to a typical AD profile with an amnestic syndrome, portrait postmortem with a 

neuropathological tangle intensive (as graded by Braak staging) profile that involves hippocampus 

[16]. On the contrary, patients with a neuropathologically confirmed diagnosis of AD with a plaque 

intensive profile (as graded by the Consortium to Establish a Registry for Alzheimer's Disease; CERAD) 

were clinically diagnosed with a moderate likelihood of having AD due to an atypical clinical profile 

[16]. Together with the demand for early diagnosis, these findings support the need for in vivo 

biological verification of the disease [17]. Decades of research have resulted in the development of 

three core cerebrospinal fluid (CSF) biomarkers for the neurobiochemical diagnosis of AD [18] of 

which, especially in early diagnosis of atypical clinical cases, Aβ1-42 may prove to be an invaluable tool 

for AD detection.  

 

 The amyloid precursor protein and amyloid-β production 

The prevailing theory of AD etiology, the amyloid cascade hypothesis, postulates a central role of Aβ1-

42 as an initiator of AD pathology. The toxic Aβ oligomers and/or senile plaques cause 

hyperphosphorylation of tau and formation of neurofibrillary tangles, activation of glia and 

neuroinflammation, synaptic loss and ultimately neuronal degeneration. The Aβ1-42 is generated 

through the so called amyloidogenic pathway through sequential enzymatic cleavage of the APP 

protein by β-and γ-secretases. APP is a type-1 integral membrane protein and the β-secretase 

cleavage site (the β-site) is found in the extracellular amino terminal part of APP and thus the 



extracellular soluble APP (sAPPβ) fragment is also liberated, while γ-secretases cleavage occurs in the 

membrane domain of APP which also leads to the liberation of an intracellular domain into the 

cytosol. An alternative pathway, referred to as the non-amyloidogenic pathway, involves cleavage of 

APP within the Aβ domain by α-secretase to preclude the formation of intact full-lenght Aβ1-42. This 

pathway also liberates a 16 amino acid longer extracellular domain compared with the 

amyloidogenic pathway, an APP soluble fragment that has been termed sAPPα. There are several 

sites in the carboxyl terminal of Aβ domain for γ-secretase cleavage as well as many other possible 

cleavage sites for various enzymes in the Aβ sequence that may be involved in Aβ degradation and 

give rise to the multitude of Aβ peptides found in the brain [14,19]. 

 

 Biomarker characteristics and cerebrospinal fluid Aβ1-42 reflecting AD pathology 

For a biomarker to be an acceptable candidate for AD diagnosis it should be precise, reliable, 

inexpensive and non-invasive. In addition, the biomarker should be able to detect one of the 

pathological hallmarks of AD and this should be validated in neuropathologically confirmed cases. 

These biomarker features were established in the consensus paper by the Ronald and Nancy Reagan 

Research Institute of the Alzheimer's Association and the National Institute on Aging Working Group 

[20], which also stated that biomarker candidates should have a sensitivity of at least 80% for the 

detection of AD and a specificity for differentiation from other neurodegenerative disorders between 

75% and 85%.  

 

As cerebrospinal fluid (CSF) is in direct contact with the brain interstitial fluid, its contents reflect the 

biochemical changes taking place during a disease process, making CSF biomarkers good diagnostic 

candidates for brain disorders. The contamination of the CSF proteome by blood proteins is 

prohibited by the blood-CSF/blood-brain barriers, obstructing possible degradation, binding or 

dilution of the biomarker of interest by other non-brain derived and non-AD pathology-specific 

proteins [21,22]. The choice of CSF biomarkers over blood biomarkers, at least in the case of Aβ1-42, is 

supported by studies in plasma showing conflicting results but no overall difference between AD and 

controls when evaluated in a meta-analysis (22 study comparisons) [18]. Also, no correlation 

between plasma and CSF Aβ1-42 biomarker have been found [23,24]. Furthermore, Aβ1-42 in CSF has 

proven its potential to mirror the build-up of plaques, which is supported by the inverse correlation 

between the CSF Aβ1-42 levels and the amount of amyloid plaques found at neuropathological 

examination of AD brains [25] as well as the in vivo correlation to cortical amyloid load as measured 

by amyloid positron emission tomography (PET) with Pittsburgh Compound B in patients with AD 

[26]. Moreover, the CSF Aβ1-42 levels have also shown satisfactory sensitivity and specificity for the 

distinction between healthy subjects and AD cases in neuropathologically confirmed cohorts [3,27] 

as well as between pathologically confirmed AD and non-AD dementia cohorts [3,4,28,29]. Also, a 

recent meta-analysis of Aβ1-42 in CSF shows that the sensitivity and specificity for differential 

diagnosis between clinical AD and non-AD dementias reached the consented level for an acceptable 

AD biomarker [30].  

 

Due to its favorable characteristics and the relative inexpensive costs, much effort has been put into 

making Aβ1-42 manageable as an AD biomarker worldwide to be used in daily clinical dementia 

practice [31] as in vivo surrogate marker for plaque pathology. Though the absolute measurements 

of Aβ1-42 in CSF show inter-laboratory variability, mainly due to differences in pre-analytical and 

analytical procedures when performed on assays utilizing different calibrators, major efforts are 

undertaken to overcome these problems by introducing a certified reference material that can be 

used for value assignment of the assay calibrators [32–35]. Also, the Alzheimer’s Association external 

quality control (QC) program monitors site-to-site and batch-to-batch CSF test variation for the 

purpose of enabling the participating laboratories to synchronize their procedures [36]. These efforts 



will lead to precise and reliable measurements between laboratories that will enable the 

introduction of a world-wide cut-off point for CSF Aβ1-42 measurements for the purpose of clinical 

diagnostics and patient stratification in clinical trials.  

 

 Cerebrospinal fluid Aβ1-42 for early and differential AD diagnosis  

The present core AD CSF biomarkers, including Aβ1-42, total tau protein (T-tau), and tau 

phosphorylated at threonine 181 (P-tau181), have recently been incorporated into the research 

diagnostic criteria of AD, with a CSF profile suggestive for AD being low Aβ1-42 in combination with 

high T-tau and/or P-tau181 levels [17]. The inclusion of these biomarkers into the new criteria for AD 

diagnosis for research purposes is not only based on the correlation to the above mentioned imaging 

and neuropathology findings, but also on more than 100 studies showing the consistency of altered 

levels of the three core biomarkers in AD compared to controls, as well as over 10 papers showing 

the same alterations in patients with mild cognitive impairment (MCI) who later develop AD 

dementia compared to those who remain stable [18]. It should be emphasized that early biomarkers 

are especially important for the selection of preclinical AD (subjects who are asymptomatic at risk for 

AD or subjects who suffer from subjective cognitive decline (SCD) due to AD) and for the selection of 

patients in the earliest symptomatic stages of AD (prodromal AD or MCI due to AD). SCD and MCI are 

both very heterogeneous syndrome entities and it should be kept in mind that when solely clinically 

assessed, less than 50% of these subjects converted to dementia [37] even after an extensive follow-

up period of 6 years. Even fewer (18%) of these SCD and MCI subjects specifically developed a 

dementia due to AD [37]. Particularly, CSF Aβ1-42 is a more attractive biomarker for early AD 

detection than both CSF T-tau and P-tau181 as tau alterations seem to occur at a later time point in 

the disease process [38]. Early detection is likely to become even more important as soon as disease 

modifying pharmacological treatment for AD will be available, since medications that halt or prevent 

the disease are likely to be most efficient in an early stage, when neurodegeneration has not become 

too severe. At present, low CSF Aβ1-42 levels are an inclusion criterion for several clinical trials with 

potential disease-modifying drugs that target AD in its earliest (and even preclinical) stages. Hence, 

biomarkers reflecting the pathology targeted by specific clinical trials are crucial for monitoring 

treatment effects [39]. 

 

Although there is strong evidence for the importance of CSF Aβ1-42 as a biomarker for AD, there are 

still limitations to be overcome. One such limitation is the overlap of CSF Aβ1-42 between different 

neurodegenerative disorders. For instance, decreased CSF levels of Aβ1-42 have also been observed in 

patients with (subcortical) vascular dementia (VaD) [40–43], dementia with Lewy bodies (DLB) 

[44,45], Creutzfeldt-Jakob Disease (CJD) [46] and normal pressure hydrocephalus (NPH) [47,48] 

compared to healthy individuals. Though the Aβ1-42 levels are most often still lower in AD compared 

to VaD and DLB, a significant overlap nevertheless limits their discrimination [40,41,43,49]. 

Conflicting results have been shown in frontotemporal lobar degeneration (FTLD) were either no 

changes in Aβ1-42 levels or lower levels compared to controls have been found, though these levels 

were also still higher than in AD [50,51]. While AD pathology is often found to co-exist with both 

Parkinson’s disease and DLB as well as with cerebrovascular disease [3,45,52,53], decreased Aβ1-42 

levels in CSF of patients with pure VaD (related to subcortical small vessel disease), CJD, NPH or FTLD 

are most likely not due to plaque pathology. Proposed causes for the decreased concentrations of 

Aβ1-42 are a diminished production, an increased clearance or an enhanced binding to carriers that 

will mask the epitopes and therefor decrease the detection of Aβ1-42 by immunoassays. For example, 

CJD is characterized by presence of prion protein (PrPSc) depositions and physiological PrPC has been 

shown to promote the aggregation of Aβ1-42 into plaques, therefore influencing Aβ metabolism and 

its presence in CSF. As for subcortical VaD and NPH, the decreased levels of Aβ1-42 may be caused by 



the inhibition of axonal transport of APP, causing a disturbed APP metabolism, or by the altered 

clearance of Aβ due to disrupted CSF dynamics or alterations in enzymatic systems.  

 

 Additional APP/Aβ mediators to increase diagnostic specificity for AD 

Cerebrospinal fluid Aβ1-40 and Aβ1-38 in AD and other dementia disorders 

Both Aβ1-40 and Aβ1-38 are more abundant in CSF than Aβ1-42. They have been less extensively studied 

compared to Aβ1-42 as a biomarker for AD possibly due to early discouraging findings showing no 

difference between AD and controls [54,55]. Though there have been some conflicting results, the 

negative findings were confirmed in a recent meta-analysis showing only negligible overall decrease 

in Aβ1-40 levels with a small effect size in AD compared with controls (25 comparisons). Furthermore, 

no significant difference was found in the same meta-analysis (three studies included) for the 

comparison of CSF Aβ1-40 in patients with MCI that converted to AD at follow-up and subjects who 

maintained their MCI status [18]. It has also previously been shown that there was no difference 

between AD and non-AD neurodegenerative disorders (Mehta et al., 2000); however, the non-AD 

group contained small patient numbers in each scattered patient group precluding any subanalyses. 

Another Aβ peptide that was assessed in the meta analyses, summarized in the AlzBiomarker 

database (http://www.alzforum.org/alzbiomarker), that is also highly abundant in CSF and for which 

no differences between AD and controls have been found is Aβ1-38 (8 studies included) [18]. 

Importantly, both Aβ1-40 and Aβ1-38 have been further investigated for their ability to differentiate 

between AD and non-AD brain disorders and it has been shown in several studies that lower levels of 

both Aβ1-40 and Aβ1-38 are found in FTLD, VaD and DLB/Parkinson’s disease dementia (PDD) compared 

to AD and controls [56–60]. The differential diagnostic added value of Aβ1-40 and Aβ1-38 will be 

addressed below.  

 

So far, immunoassays have mainly been used for quantitative assessments of Aβ1-42, Aβ1-40 and Aβ1-38 

in human CSF, but it has also been shown that established quantitative methods based on mass 

spectrometry (MS) perform very well [61–64] and the measurements correlate highly with 

immunobased assays [33,65]. The interchangeable use of the methods for Aβ measurements is 

advantageous and an even more important role for MS is expected in the search for new biomarkers 

and new possible Aβ peptides that may contribute to the differential diagnosis of AD, but for which 

there are no (specific) antibodies available.  

 

Cerebrospinal fluid Aβ peptides in AD  

One of the first attempts to characterize Aβ species in human CSF was undertaken in the early 1990s 

when there was still much doubt about its existence in CSF. The peptides identified by laser 

desorption MS confirmed the presence of Aβ species, all beginning with aspartic acid in the Aβ (Asp 

1) carboxyl-terminus (C-terminal), containing 27, 28, 30, 34, 35, 40, 42, or 43 amino acids [66]. 

Through a further refined method that employed a combination of immunoprecipitation (with 6E10 

and 4G8 antibodies) and MS (IP-MS) it was shown that a whole range, including the above 

mentioned species, of Aβ fragments (1-13 – 1-20, 1-32 - 1-34, 1-37 - 1-42) truncated in the amino-

terminus (N-terminal) were captured, but also many shorter C-terminally truncated peptides (2-, 3-, 

4-, 5-, 6-, -8, 11-, 12-, 14-, 15-, 16-, and 17-) of different lengths [67]. This method has since paved the 

way for characterization of Aβ fragments in human CSF. While CSF candidates for the differentiation 

between AD and controls, such as Aβ1-16, Aβ1-33, and Aβ1-39, have been lifted forward using IP 

(antibodies 6E10 and 4G8)-MS with label free (semi) quantification [68] most of these peptides have 

not yet been quantitatively assessed and the results have not been verified by others. The combined 

levels of Aβ1-15/16 were investigated further but no difference was found between AD and controls, 

while there was a significant decrease in Parkinson’s disease (PD) and PDD, multiple system atrophy 

and progressive supranuclear palsy compared to controls [69]. One argument in support of the above 



Aβ1-16 findings is if increased levels of Aβ1-16 were masked by a concomitant decrease in the 

concentration of Aβ1-15 in AD, this would render the overall change non-significant with this assay 

set-up. However, Aβ1-15 was not suggested to be decreased in AD in above study. Also, no significant 

changes in the above peptides (Aβ1-15, Aβ1-16, Aβ1-33, or Aβ1-39) or any other Aβ peptides assessed (Aβ1-

13, Aβ1-14, Aβ1-17, Aβ1-19, Aβ1-20, Aβ1-30, Aβ1-34, Aβ1-37, Aβ1-38 or Aβ1-40) except for Aβ1-42 were seen 

between sporadic AD and healthy controls in another IP-MS attempt [70]. Another candidate that 

was lifted forward by IP (antibodies 6E10, 4G8 and antibody directed against Aβ21-34)-MS using 

isobaric quantification was Aβ1-34 (slightly decreased, but not significant after Bonferroni correction), 

while in another MS study that also employed isobaric labelling Aβ22-40 was found to be reduced in 

AD compared to controls [71]. Neither study verified the other study findings. Thus, there are so far 

no other Aβ peptides except for Aβ1-42 that seem to be specific for AD versus controls.   

 

Cerebrospinal fluid Aβ-oligomers in AD  

The interest in Aβ-oligomers as a biomarker arose when it was shown that they may be toxic and 

cause synaptic dysfunction and inhibit long term potentiation. Since oligomers are, according to the 

amyloid cascade hypothesis, the preceding step to the formation of amyloid plaques it was hoped 

that they would serve as even earlier biomarkers than Aβ1-42. Although significantly higher levels of 

high molecular weight CSF Aβ-oligomers (40-200kDa) were found in AD compared to controls [72], 

and in AD and MCI due to AD compared to controls [73], contradictory results have been shown by 

another study [74], were no differences were found for Aβ-oligomers in CSF between MCI patients 

that developed AD, MCI patients that remained stable or non-demented controls. This discrepancy 

could be due to differences in assay design and performance that favor detection of different 

analytes or Aβ-oligomers. It was further stated in the above study, were differences between patient 

groups were found, that Aβ oligomers have not potential as biomarkers due to a high degree of 

overlap between the diagnostic groups and the oligomers did not perform better than CSF Aβ1-42. 

Furthermore, there was no correlation at all to Aβ1-42 levels, indicating other possible mechanisms for 

the aggregation of Aβ1-42 into plaques [73]. 

 

Cerebrospinal fluid sAPPα and sAPPβ in AD and other dementia disorders 

As the extracellular part of the APP protein is being released by β- and α-secretases as soluble APP 

fragments (sAPPβ and sAPPα, respectively) these were proposed to be able to serve as upstream 

biomarkers for the amyloid and non-amyloid pathways in CSF. Unfortunately, it has been shown in 

the AlzBiomarker database meta-analysis that neither sAPPβ nor sAPPα holds the potential to serve 

as AD biomarkers, since the levels are not significantly different in AD compared to controls (10 

publications for sAPPβ and 9 for sAPPα) or in MCI patients that developed AD at follow-up compared 

to those who were stable in their MCI syndrome (3 publications including sAPPβ and sAPPα) [18]. It 

should be noted that for the measurement of sAPPα many of the assays do not specifically capture 

fragments cleaved at the α-secretase cleavage site and therefore may include both fragments that 

are shorter and longer than intended.  

 

Both sAPPβ and sAPPα have also been investigated for their potential as differential diagnostic tools. 

In one study, patients with clinical dementia disorders with either an AD supportive or an AD 

dismissive CSF profile were investigated for their sAPP profiles. Decreased levels of both both sAPPβ 

and sAPPα were found in the dementia patients with a negative AD CSF profile compared to those 

with a CSF profile indicative of AD [75]. Further characterization of sAPP alterations in non-AD 

dementias have shown sAPPβ to be significantly decreased in FTLD compared with AD [60,76], while 

no difference was observed between the levels in AD and DLB or PDD [77]. Furthermore, CSF sAPPβ 

has been shown to be inversely correlated with white matter lesion volume in patients with 

cerebrovascular disease [78] and acute stroke [79] possibly indicating dysfunctional axonal transport 



in patients with small vessel disease. Moreover, sAPPα and sAPPβ levels have been shown to be 

decreased in CSF in NPH compared with healthy subjects [80] and to be strong markers for the 

differentiation between AD and NPH [47]. The alterations in sAPPα and sAPPβ have been shown to 

be independent of Aβ pathology, though it may be that changes take place much earlier in the 

cascade causing a disconnection to current tissue pathology, and it has been suggested that sAPP 

may rather reflect metabolic impairment in the brain tissue possibly caused by ischemia [81]. 

 

Aβ peptide ratios to increase diagnostic accuracy for AD 

It has been shown previously that a combination of the core AD biomarkers are superior compared 

to the single biomarkers alone; however, it has also been shown that tau does not perform as well as 

Aβ1-42 in the early stages of disease [38]. Thus if there are other amyloid metabolites in CSF that can 

be added to the AD biomarker panel to improve early differential diagnostic accuracy this would be 

immensely important.  

The introduction of Aβ ratios may prove to be of importance for early differential AD diagnosis. First 

of all, it has been demonstrated that the Aβ1-42/Aβ1-40 ratio shows better concordance with amyloid 

load in the brain as assessed by PiB-PET than Aβ1-42 alone [56,82,83]. The Aβ1-42/Aβ1-40 ratio has been 

revealed to be decreased in AD compared with controls, FTLD, VaD, DLB and PDD, the latter 4 groups 

being inseparable, and was more accurate for differentiating AD from the other types of dementia 

than Aβ1-42 alone [56,57,84,85]. Also, the CSF Aβ1-42/Aβ1-40 ratio has been shown to be superior or 

equal to Aβ1-42 alone when concerned with the distinction between MCI patients who progress to AD 

dementia and MCI patients who remain stable [86,87] and the Aβ1-42/Aβ1-40 ratio has been shown to 

perform equally well as the combination of Aβ1-42, P-tau181 and T-tau in differentiating between AD 

and other non-AD dementias [85,88]. In another study, it was shown that adding the Aβ ratio to the 

core biomarkers (T-tau not included) improved the accuracy when distinguishing between AD and 

non-AD dementias in cases with intermediate P-tau181 [89]. Along the same line, the added value to 

the core biomarkers has also been assessed in a clinical setting where it was shown that in cases with 

a discrepancy in the AD core biomarker profile the Aβ1-42/Aβ1-40 ratio pointed in the direction in over 

50% of the cases to be in agreement with the clinical diagnosis [90]. These findings speak in favor of 

the added value of the Aβ1-42/Aβ1-40 ratio for early dementia differential diagnosis, when alterations 

in CSF tau are yet to be seen. The influence of the ratio could possibly be contributed to the fact that 

Aβ1-40 closely represents the total cerebral Aβ load and thus eliminates inter-individual differences in 

total Aβ concentrations. 

 

Other ratios that have been less well investigated but still show potential as biomarkers are Aβ1-

42/Aβ1-38 and Aβ1-42/Aβ1-37 [88,91–93]. These studies concluded that Aβ1-42/Aβ1-38 was the best ratio 

for the separation between AD and DLB and that it outperformed the single AD biomarkers. Also, 

Aβ1-42/Aβ1-37 has been shown to have an additive value for the differentiation between AD and FTLD 

[88]. More studies are needed to in order to determine which Aβ peptide ratios achieve the best 

separation in different diagnostic setting. 

 

 Conclusion 

In this review we summarize the possible added value of CSF APP and Aβ metabolites as biomarkers 

for early and differential AD diagnosis. It can be concluded that CSF Aβ1-42 is the superior AD 

biomarker that has consistently proven to be altered in AD compared to controls compared to other 

Aβ peptides or APP fragments. Additionally, both sAPPβ and various Aβ peptides (e.g. Aβ1-40, Aβ1-38 

and Aβ1-37) are altered in several non-AD neurodegenerative and dementia disorders and may 

therefore prove to be valuable tools for differential diagnosis, most likely combined in a ratio with 

Aβ1-42. However, it is far too early to state which specific Aβ peptide ratio combinations may prove to 

be the most accurate predictors when concerned with early differential diagnosis. Importantly, the 



Aβ ratio needs to capture the AD neuropathological changes taking place in the brain that leads to 

the build-up of plaques better than Aβ1-42. In the case of the Aβ1-42/Aβ1-40 ratio the concordance 

between CSF findings and amyloid load measured by PET imaging is higher than for Aβ1-42 alone and 

this seems to be a general feature for all the neurodegenerative and dementia diseases assessed. 

These findings are immensely important for patient selection to reach improved treatment effects 

when concerned with amyloid-based therapy.  

 

 Future perspectives 

With the prospective of disease modifying treatment for AD becoming available in the near future, 

an accurate diagnosis that reflects the neuropathology will be of great importance for selecting 

patients that will benefit from the treatment. Though a combination of the current AD core CSF 

biomarkers shows high accuracy for AD, they may be less efficient in the really early phases of 

disease due to the time dependence of tau to symptom onset. The Aβ-ratio may be a future 

substitute for early detection of AD amyloid pathology, since the decrease of CSF Aβ1-42 alone 

overlaps with other neurodegenerative and dementia diseases known to be less affected by plaque 

pathology. The concordance between CSF and amyloid PET imaging increases with the introduction 

of the CSF Aβ1-42/Aβ1-40 ratio, which speaks in favor of its clinical utility as an inexpensive in vivo 

biomarker of plaque pathology. Its potential of reflecting pathology should also be assessed in 

autopsy confirmed cases with and without plaque pathology, preferably including cases with other 

dementia diseases and mixed AD pathologies. Furthermore, the potential as an early differential 

biomarker must be evaluated in more longitudinal studies that include early MCI cases. Other Aβ 

ratios, with peptides such as Aβ1-38 and Aβ1-37, should also be included to assess their performance in 

comparison to Aβ1-42/Aβ1-40. The implementation of the Aβ1-42/Aβ1-40 ratio (or possibly another ratio) 

or the substitution of Aβ1-42 by the ratio will most likely increase the core AD biomarker accuracy and 

great focus should therefore be put on its validation in the very near future.  

  



Executive summary 

Introduction 

 There is a need to improve early accurate clinical diagnosis of AD to improve the 

concordance with neuropathology diagnosis. 

 The amyloid plaque is one of the neuropathological hallmarks of AD and its major 

constituent, Aβ1-42, is an in vivo biological marker of AD. 

The amyloid precursor protein and amyloid-β production 

 The hydrophobic Aβ1-42 peptide is produced during amyloid precursor protein (APP) 

metabolism along with soluble APP fragments and a multitude of Aβ-isoforms. 

 Amyloid plaques and Aβ-oligomers are presumed to have neurotoxic effects ultimately 

causing synaptic dysfunction and neurodegeneration. 

Biomarker characteristics and cerebrospinal fluid Aβ1-42 reflecting AD pathology 

 A biomarker should reflect disease specific neuropathological hallmarks. 

 The favorable characteristics of CSF Aβ1-42 as in vivo biomarker for amyloid plaque 

pathology and as a CSF differential biomarker for AD diagnosis have led to great efforts for 

measurement standardization for the biomarker implementation into clinical routine. 

Cerebrospinal fluid Aβ1-42 for early and differential AD diagnosis  

 Of the three core biomarkers, Aβ1-42 is the most attractive for early disease detection. 

 The CSF Aβ1-42 biomarker value for AD differential diagnosis is hampered due to its overlap 

in concentration with other neurodegenerative disorders. 

Additional APP/Aβ mediators to increase diagnostic specificity for AD 

 Introducing Aβ peptide ratios (e.g. Aβ1-42/Aβ1-40) improve AD differential diagnostic 

accuracy and concordance between CSF measurements and amyloid PET imaging. 

Conclusion 

 The CSF Aβ1-42 peptide as a single marker is superior compared to other Aβ peptides and 

APP fragments alone for AD diagnosis. It is consistently altered in AD compared to 

controls. 

 One limitation for CSF Aβ1-42 as a biomarker is the overlap between AD and other 

dementia diseases. 

 Additional sAPP fragments or Aβ peptides (e.g. Aβ1-40, Aβ1-38 and Aβ1-37) that are altered in 

several non-AD neurodegenerative and dementia disorders may improve the accuracy of 

the AD biomarker panel. 

 The Aβ1-42/Aβ1-40 ratio (or possibly other Aβ ratios) seems to improve the accuracy for 

early AD differential diagnosis and better capture the AD neuropathological changes 

compared with Aβ1-42 alone. 

Future perspectives 

 The improved accuracy of the CSF Aβ1-42/Aβ1-40 ratio compared to Aβ1-42 alone to reflect 

plaque pathology should be further assessed both in combination with amyloid imaging 

and in autopsy confirmed cases with and without plaque pathology, importantly including 

cases with other dementia diseases and mixed AD pathologies. 

 Validation of the CSF Aβ1-42/Aβ1-40 ratio as an early differential biomarker must be 

evaluated in more large longitudinal cohorts that include early MCI cases as well as 

differential diagnoses. Additional Aβ ratios, with peptides such as Aβ1-38 and Aβ1-37, should 

be assessed alongside for their performance in comparison to Aβ1-42/Aβ1-40. 

 The implementation of the Aβ1-42/Aβ1-40 ratio (or possibly another ratio), or the 

substitution of Aβ1-42 by the ratio, will most likely increase the core biomarker accuracy for 

the detection of AD, thus great focus should therefore be put on its clinical and analytical 

validation in the very near future. 
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