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ABSTRACT

Objectives
Increased clusterin levels have been reported in brain, CSF and plasma of Alzheimer’s 

disease (AD) patients. Because also in mild cognitive impairment (MCI) changes are 

observed, a possible relation between clusterin levels and early neurodegenerative 

changes in AD was suggested. Here, we determined whether clusterin concentrations 

could 1) serve as a diagnostic marker for AD, 2) predict disease progression in mild 

cognitive impairment (MCI) and 3) correlate with AD-biomarkers.

Methods
Clusterin levels in CSF and plasma, as well as AD biomarker Aɴ42, Tau and pTau levels in 

CSF and mini-mental state examination (MMSE-score) were determined in 67 controls, 

50 MCI and 107 AD patients. Repeated MMSE was obtained for 44 MCI and 72 AD patients 

after, on average, 2.7 years. 

Results
Elevated clusterin concentrations in plasma, but not in CSF, were a risk factor for AD (HR 

18.6; 95%CI 2.8-122), and related to cognitive decline in MCI (r=-0.38; P < .01). An inverse 

relation between plasma clusterin levels and cognitive decline was observed in AD 

patients (r=0.23; P ≤ .05). In CSF, but not in plasma, clusterin levels correlated with Tau 

and pTau in all groups. 

Conclusion
Elevated plasma clusterin levels in MCI confer an increased risk for progression to AD, 

and more rapid cognitive decline. We speculate that clusterin levels in CSF may reflect 

its involvement in the earliest neurodegenerative processes associated with AD pathology. 

Whereas neither clusterin levels in CSF nor in plasma had diagnostic value, plasma 

clusterin levels may serve as a prognostic marker for AD.
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INTRODUCTION

Clusterin, or apolipoprotein J, is a multifunctional lipoprotein that is involved in a plethora 

of physiological mechanisms1, and its expression in the brain is increased in Alzheimer’s 

disease (AD)2–4. The notion of clusterin being a key player in AD pathology is substantiated 

by results from immunopathological studies, in which clusterin was found co-localized 

with dystrophic neurites as well as Aɴ in the amyloid plaques in AD brain5–7. Clusterin 

probably influences various aspects of Aɴ clearance as clusterin can bind Aɴ in vitro and 

is found complexed with Aɴ in CSF8. On the other hand, when bound to Aɴ, clusterin 

was shown to inhibit Aɴ uptake by adult human astrocytes in vitro9. Recent studies 

indicated that single nucleotide polymorphisms of the clusterin (CLU-) gene predispose 

for the development of late onset AD3,4.

Since AD pathology starts years before clinical symptoms10, there is a need for diagnostic 

tools for the early detection of AD. Clusterin is involved in early stages of AD pathology2,11. 

Furthermore, clusterin associates with diffuse plaques already in non-demented cases6. 

Therefore, clusterin levels in body fluids may serve as an early diagnostic biomarker for 

AD or predict disease progression in patients with mild cognitive impairment (MCI). 

Studies that examined the clinical relevance of CSF clusterin levels for AD diagnosis have 

yielded inconclusive results. Some reported elevated clusterin levels in the CSF of 

advanced AD patients12,13, while others observed a decrease14. More consistent data were 

obtained for clusterin levels in serum or plasma. Elevated plasma clusterin levels in AD 

were found to correlate with disease pathology, prevalence and severity and have 

therefore been suggested as a peripheral signature of AD15,16. In addition, plasma 

concentrations of clusterin were related to longitudinal brain atrophy in MCI patients 

and reflect its presence in brain regions most vulnerable to AD pathology in early stages 

of the disease17. Nevertheless, plasma clusterin levels did not differ between preclinical 

AD patients and controls, concluding that clusterin provides no prognostic clinical 

insight18. 

While a considerable amount of literature has been published on clusterin as a biomarker 

for disease, most studies lacked follow-up clinical assessments and limited their analysis 

to either plasma or CSF. Moreover, these studies examined the usefulness of clusterin 

levels to distinguish patients with an advanced disease-state from healthy subjects. Due 

to their focus on disease stages, at least the CSF studies were unable to assess the 

potential of clusterin levels to predict incipient AD dementia and cognitive decline. 

In this study we assessed the diagnostic potential of clusterin levels in paired plasma and 

CSF samples in a total of 67 controls, 50 MCI and 107 AD patients. Additionally, we 

determined its ability to predict clinical progression from MCI to AD and its association 

with cognitive decline in MCI and AD patients.

2014187 proefschrift Wesley Jongbloed.indd   67 25-03-14   10:22



CHAPTER 3.3

68

MATERIALS AND METHODS

Participants
Paired plasma and CSF samples of 15 controls (spouses or relatives of AD patients), 50 

MCI and 107 AD patients were selected from the memory clinic based Amsterdam 

Dementia Cohort / NUBIN bank. In addition, paired plasma and CSF samples were 

included from another 52 controls (healthy volunteers recruited through advertisement). 

Diagnosis of MCI was made according to the criteria set by Petersen et al.19. The 

diagnosis of probable AD was made following the National Institute of Neurological 

and Communication Disease and Stroke/AD and Related Disorders Association 

(NINCDS-ADRDA) guidelines20. Clinical diagnoses were made by consensus of a 

multidisciplinary team and were independent of Aɴ42, Tau, pTau and clusterin 

concentrations. Global cognition was assessed using the Mini-Mental State Examination 

(MMSE). Both CAMCOG-scores and neurological tests were normal for the healthy 

volunteers. 

Follow-up diagnosis was available for all MCI patients, and MMSE-scores were available 

for 44 MCI patients and 72 AD patients. At follow-up, a total of 19 MCI patients had 

progressed to AD (12 males and 7 females, 69±9 years of age) and 31 remained stable 

(18 males and 13 females, 68±8 years of age). To assess the relation between clusterin 

levels and cognition, MMSE-scores at baseline were used. For both MCI and AD patients 

the change in MMSE-score between baseline and follow-up was calculated and divided 

by the number of years between the two assessments (annual change in MMSE).

The local ethical review board approved the study and all participants gave written 

informed consent. Demographical data on the study sample are presented in Table 1.

Table 1. Demographical data

Controls MCI AD

Number of subjects 67 50 107

Age; y 64 [8] 68 [9]a 65 [9]

Gender; m/f 24/43 30/20 54/53

MMSEc 29.1 [1.1] 26.5 [2.5]a 20.5 [5.0]a.b

Annual change in MMSE n.a. -1.4 [2.5] -2.8 [3.4]

Time until follow-up; y n.a. 2.9 [2.1] 2.5 [1.9]

Aɴ42; ng/L 977 [208] 598 [287]a 432 [182]a,b

Tau; ng/L 243 [102] 542 [528]a 772 [465]a,b

pTau; ng/L 43 [15] 73 [47]a 90 [41]a.b

Numbers depicted are mean [SD]. a P < .05 compared to controls. b P < .05 compared to MCI. c MMSE-score 
missing for three controls, and two AD patients.
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Sample handling and AD-biomarkers
CSF was acquired through lumbar puncture between the L3/L4, L4/L5 or L5/S1 

intervertebral space, collected in 12 mL polypropylene tubes. A small sample was used 

for routine analysis, including total cell-counts (leucocytes and erythrocytes), total 

protein and glucose levels. The remainder was centrifuged at 1.800 x g for 10 minutes 

at 4°C within two hours after lumbar puncture; whereafter the CSF was aliquoted and 

stored directly at -80°C for AD-biomarker and clusterin analysis. 

Aɴ42, Tau and pTau levels in CSF were determined using the Innotest sandwich ELISA 

(Innogenetics, Ghent, Belgium). The interassay CVs obtained were 11.3% (4.9%) for Aɴ42, 

9.3% (1.5%) for Tau, and 9.4% (2.5%) for pTau. Staff involved in AD-biomarker analysis was 

blinded for clinical diagnosis.

Blood was obtained in EDTA-treated tubes through venipuncture and was centrifuged 

at 1.800 x g for 10 minutes at 4°C. EDTA-plasma was aliquoted into polypropylene tubes 

and stored directly at -80°C until further analysis.

 

Clusterin ELISA
Plasma and CSF clusterin levels were detected with a sensitive in-house sandwich ELISA 

(Jongbloed et al, in press). Immobilized protein G - purified clusterin-specific mouse 

monoclonal antibody (clone G7)21 was used to capture clusterin in the sample, and a 

biotinylated rabbit polyclonal antibody (ALEXIS/Enzo life sciences, Zandhoven, Belgium) 

was used for detection. The signal was visualized with streptavidin poly-HRP (1:10.000 

diluted; Sanquin, Amsterdam, the Netherlands) and 3,5,3’,5’-tetramethylbenzidine (TMB; 

Sigma, Germany) were applied. Serial dilutions of human plasma-derived clusterin, 

isolated by affinity chromatography essentially as reported before21, were used as standard 

in the ELISA assay. Two pools of plasma and CSF samples with high and low clusterin 

content were included as internal control in every run. Clusterin concentrations were 

2.55 and 3.41mg/L for the CSF samples, and 47.6 and 79.6mg/L for EDTA-plasma. The 

inter-assay coefficient of variance (CV) was 8.8% and the intra-assay CV was 1.4%.

Statistics
IBM¶ SPSS Statistics Version 19.0 for Mac was used to perform the statistical analysis and 

to generate figures and tables. All AD-biomarkers (Aɴ42, Tau and pTau) and clusterin 

concentrations were normalized, through log-transformation, for our statistical analyses. 

One-way analysis of variance (ANOVA) was used to assess between-group differences 

in AD-biomarker and clusterin concentrations. Whether elevated clusterin levels in CSF 

or plasma confer a risk for MCI patients to develop AD was analyzed using Cox-

proportional hazard models. The group of MCI patients was categorized into quartiles 

(low-high), according to their CSF and plasma clusterin levels. Cox-proportional hazard 

models were performed using the quartiles as categorical variable (first quartile as 

reference), with correction for age and gender. Correlations between CSF and plasma 

levels of clusterin within each group, and the correlation of clusterin levels with AD-

biomarkers were determined using Pearson’s correlation coefficient (r). P-values below 

.05 were considered significant. 

2014187 proefschrift Wesley Jongbloed.indd   69 25-03-14   10:22



CHAPTER 3.3

70

RESULTS

Clusterin as a diagnostic biomarker
Plasma clusterin concentrations were different between AD, MCI and healthy controls 

(ANOVA; P < .05; Figure 1a). Post-hoc testing revealed that MCI patients (87 ±24 mg/L) 

had higher plasma clusterin levels compared to healthy controls (76 ±12 mg/L). 

Comparisons of CSF clusterin concentrations did not reveal any differences between 

groups (ANOVA; P = .39; Figure 1b). 

Plasma and CSF clusterin levels correlated within the group of MCI patients (Pearson’s 

r=0.35; P < .01). No such relation was observed in healthy controls or AD patients. The 

use of individual CSF/plasma clusterin ratios did not improve the discrimination between 

diagnostic groups compared to plasma clusterin levels alone. The CSF/plasma clusterin 

ratio was negatively associated with the yearly change in MMSE-score in MCI patients 

(r= -0.36; P < .05), but not in AD. 

Clusterin as a prognostic marker for AD 
High plasma clusterin levels in MCI patients (entered as quartiles; categorical variable) 

were found to be a strong risk factor in MCI patients for future AD diagnosis, with a HR 

18.6 (95%CI 2.8-122, corrected for age and gender). The average time until AD diagnosis 

Figure 1. Clusterin levels in CSF and plasma. 
This figure displays the boxplots of clusterin 
levels in CSF (A) and plasma (B) from controls 
(n=67), MCI patients (n=50) and AD patients 
(n=107). Healthy and MCI patients had different 
levels of clusterin in plasma (P = .01)

A

B
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for a MCI patient in the fourth quartile was 1.9 (±0.4) years, compared to an average of 

3.8 (±0.6) years for all MCI patients. Clinical progression of the MCI patients in time in 

relation to their plasma clusterin levels, are visualized in Figure 2. Differences in levels of 

CSF clusterin were not associated with development of AD dementia. Interestingly, 

baseline CSF/plasma ratios differentiated MCI-AD from MCI-stable patients (32±17 versus 

24±9, T-test; P < .05).

Cognitive performance and decline
Higher plasma clusterin levels were associated to more severe cognitive decline over-

time in MCI (r=-0.38; P < .05). In contrast, higher clusterin was related to less cognitive 

decline in AD patients (r=0.23; P ≤ .05). Associations between plasma clusterin levels and 

cognitive decline are presented in Table 2a. CSF clusterin concentrations were not related 

to MMSE-scores at baseline or with the annual change in MMSE-score in MCI or AD 

patients.

Figure 2. Clinical progression of MCI patients with 
different plasma clusterin levels.
This graph shows the cumulative survival in time, 
with the group of MCI patients divided based on low 
(first quartile) to high (fourth quartile) plasma 
clusterin levels.

Table 2. Associations with global cognition and AD-biomarkers

Controls MCI AD

A) Plasma clusterin levels

Baseline MMSE 0.08 -0.18 -0.30b

Yearly change in MMSE -0.38b 0.23a

B) CSF clusterin levels

Aɴ42 0.12 0.29a 0.17

Tau 0.28b 0.39b 0.40b

pTau 0.24a 0.49b 0.45b

Table 2A shows the correlation coefficients (Pearson’s r) between plasma clusterin levels and cognitive 
performance per diagnostic group. Table 2B shows the correlations between CSF clusterin levels and CSF AD-
biomarkers. a P ≤ .05 b P ≤ .01
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Classical CSF AD-biomarkers in relation to clusterin levels
There was no correlation between plasma clusterin levels and CSF Aɴ42, Tau or pTau in 

any of the patients groups or healthy controls. By contrast, CSF clusterin levels were 

associated to both Tau and pTau concentrations in healthy controls, MCI and AD patients. 

For an overview of the associations and their respective correlation coefficients, see 

Table 2b. 

 

DISCUSSION 

Our main findings are that MCI patients with high clusterin plasma levels are at higher 

risk to develop AD, compared to those MCI with relatively low plasma clusterin levels, 

and that high clusterin levels at baseline are associated with a faster rate of cognitive 

decline in MCI. Clusterin seems to be deleterious or at least to be related to a more 

aggressive disease process in MCI, whereas in AD high plasma clusterin levels were 

related to a slower cognitive decline and thus seem protective. Despite our finding that 

AD cases could not be distinguished from MCI and healthy controls based on plasma or 

CSF clusterin levels and, thus, that clusterin is not a suitable diagnostic marker for AD, 

clusterin levels may have predictive value.

The above is illustrated by our finding that, whereas clusterin CSF levels did not differ 

between AD, MCI and controls, an increase in plasma clusterin levels in the MCI patient 

group, not in the AD group, compared to controls was observed (Figure 1). This finding 

is in concordance with two earlier studies16,28, but contrasts that of others18,29. Moreover, 

a relation between baseline plasma clusterin levels in MCI patients and yearly cognitive 

deterioration was observed (Figure 2), which is in line with results of earlier studies in 

which plasma clusterin levels were found to be predictive of cognitive performance in 

elderly individuals with MCI17 and AD22. The latter study also observed a highly significant 

correlation between plasma clusterin levels and entorhinal cortex atrophy in AD. Thus, 

peripheral clusterin levels seem interrelated with disease progression as well as region 

specific neurodegenerative changes. This conclusion is substantiated by findings from 

a longitudinal aging study, in which elevated retention of the amyloid specific Pittsburg 

compound B (PiB) was seen with positron emission tomography (PET) ten years after 

blood sampling in non-demented participants with high plasma clusterin concentrations22. 

The increased amyloid plaque load suggests that clusterin concentrations are raised very 

early and are possibly part of the etiology of AD. 

In our study, plasma clusterin levels were unrelated to CSF Aɴ42, Tau and pTau levels, 

which is in line with results from another study22. Possibly, our MCI cases are already in 

a too advanced stage of the disease process to be able to trace the relationship between 

clusterin levels and neurodegenerative changes. Indeed, the CSF AD biomarker (Aɴ42, 

Tau, pTau) levels are already intermediate between those of the control and AD groups 

(Table 1). On the other hand, clusterin levels in the CSF of AD, MCI as well as control 

cases were related to the levels of total Tau and pTau. In addition, we did find a relation 

between CSF levels of Aɴ42 and of clusterin in the MCI group (Table 2), which suggests 
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some type of relation between Aɴ metabolism and clusterin expression in early AD stages. 

Since Tau is released upon cell-death, it is considered a general marker for neuronal 

degeneration23. The correlation between Tau and CSF clusterin levels may therefore 

reflect the involvement of clusterin in neuronal cell-death, especially since clusterin 

levels were found to be associated with cortical atrophy in AD patients17. Clusterin levels 

may, however, also reflect a neuroprotective and neuroregenerative response7,24,25 to 

neuroinflammation and neurodegenerative changes, since we also found CSF clusterin 

to be associated with increased Tau and pTau levels in healthy subjects. This suggests 

that increased systemic and local clusterin synthesis occurs during normal aging. It 

remains to be investigated whether increased levels are associated with earliest AD 

related changes or that they are independent of AD-specific neuropathology. 

Our results do not support the conclusion of an earlier study16, which reported that 

baseline plasma clusterin levels were associated with severity and prevalence of AD, but 

not with future AD diagnosis. We did not detect an association between clusterin levels 

in plasma and baseline cognitive performance, nor could we distinguish AD-patients 

from healthy subjects. Another study, employing a newly developed multiple reaction 

monitoring (MRM) assay, found no difference in serum clusterin levels between healthy 

individuals and pre-symptomatic AD18. In contrast, we observed elevated levels in MCI 

patients compared to healthy individuals as well as between MCI-AD and MCI-stable 

patients, and conclude that high plasma levels are a strong risk factor for the incidence 

of AD in our group of MCI patients. 

Plasma clusterin levels may be elevated as a result of local and/or systemic inflammatory 

responses. Especially in elderly people with MCI or dementia various insults, including 

hip surgery and urinary tract infections, can induce systemic inflammation. In turn, 

systemic inflammation can cause delirious episodes associated with increased synthesis 

of cytokines and acute phase proteins, which accelerate processes underlying AD 

pathology26. Whether increased clusterin levels are a mediator of the neurodegenerative 

process or that increased clusterin serves a protective role in AD24,27, remains to be seen. 

The discrepant results between studies concerning plasma or serum clusterin are 

remarkable, and are likely to be influenced by the different approaches used to detect 

clusterin. More specifically, we and others analyzed clusterin in EDTA-plasma samples28,29, 

while citrate-plasma16 and serum18 have also been studied. The use of serum, citrate- or 

EDTA-plasma is known to directly influence the amount of clusterin that can be detected 

in immunological assays (Biovendor – Laboratorni medicina, a.s. and R&D systems, Inc. 

and Jongbloed et al., in press). In addition to the pre-analytical variables, also the platform 

of detection differs greatly between studies, ranging from mass-spectrometry14 and 

MRM-assays18 to multiplex immunoassays16. In order to allow concise multicenter 

comparison of patient data and to fully assess the diagnostic and prognostic potential 

of clusterin, consensus should be reached on the analytical conditions used for the 

detection of clusterin in plasma, serum and CSF.

In conclusion, high plasma clusterin levels are a risk factor for MCI patients to progress 

to Alzheimer’s disease and predict faster cognitive decline. Clusterin concentrations 

neither in CSF nor in plasma can be used as a diagnostic marker for AD. 
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Additionally, clusterin concentrations in CSF correlate with markers of neurodegeneration 

Tau and pTau, which indicates that clusterin is involved in neurodegenerative processes 

associated with AD-pathology.
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INTRODUCTION

Alzheimer’s disease (AD) pathology starts decades before clinical symptoms become 

apparent.1 With respect to the early detection of AD and AD etiology, people who visit 

the memory clinic with subjective complaints or mild cognitive impairment (MCI) are a 

particularly interesting population to investigate. Firstly, these persons are at a disease 

stage at which AD pathology and neuronal damage does not yet disturb daily living, 

which indicates a very effective window of possible therapeutic intervention. Secondly, 

pathophysiological processes studies in this population may provide novel insights in 

the etiology of AD. 

Genetic variations of the clusterin (CLU-) gene2,3, are second most associated genetic 

variants linked to late onset AD. Some variations were shown to influence the expression 

levels of clusterin4. Clusterin is one of the molecules that is up regulated5 and intimately 

involved in the earliest pathological stages of AD.6–8 Clusterin is a multifunctional protein 

that is involved in a wide variety of physiological mechanisms, ranging from a regulator 

of cell-death9,10 and a regulator of complement activation11 to a molecular chaperone12. 

Clusterin is found co-localized with diffuse or “early” amyloid plaques before clinical 

onset of dementia13,14. Because of clusterins’ intimate involvement in early AD 

pathogenesis, fluctuations in clusterin levels in cerebrospinal fluid or blood may be 

indicative of pathological alterations in the earliest phases of AD. 

Earlier studies have shown that clusterin levels in plasma correlate with pathology and 

prevalence15,16, but not with the incidence of AD17. Moreover, the levels of clusterin related 

to the amount of brain atrophy, as seen on MRI, and reflect the amount of pathology in 

brain regions that are vulnerable for AD. Furthermore, clusterin plasma levels were 

associated with changes in cognitive performance in patients with mild cognitive 

impairment18. Two studies that examined clusterin levels in cerebrospinal fluid (CSF) as 

a biomarker for AD, reported elevated levels of CSF clusterin in AD19,20. Overall, the 

involvement of clusterin levels in advanced stages of AD is well established. However, 

mostly due to insufficient longitudinal data, we feel that the pathophysiological role of 

clusterin in early stages of AD has not been adequately addressed in earlier studies.

In the present study, we have determined clusterin levels in paired CSF and plasma 

samples, as well as CSF AD-biomarkers in a large memory-clinic sample of predementia 

patients with mild cognitive impairment or subjective complaints. This enabled us to 

compare baseline samples of patients who showed disease progression with those that 

remained stable. Our study design provides the tools necessary to study the role of 

several key mechanisms in AD-pathology, and to assess the clinical value of clusterin 

quantification in both CSF and plasma. Here we describe how clusterin has a distinct 

role in the earliest stages of AD. Moreover, we describe the implications of our findings 

for understanding the role of clusterin in AD-etiology. 
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MATERIALS AND METHODS

Study population
Paired plasma and CSF samples of 206 participants with subjective complaints and 223 

patients with MCI were selected from the memory clinic based Amsterdam Dementia 

Cohort. Participants were considered to have subjective complaints when they presented 

with cognitive complaints, but neuropsychological examinations were normal and criteria 

for MCI, dementia or other neurological or psychiatric disorders were not met. Diagnosis 

of MCI was made according to the Petersen’s criteria.21The diagnosis of probable AD was 

made following the National Institute of Neurological and Communication Disease and 

Stroke/AD and Related Disorders Association (NINCDS-ADRDA) guidelines.22 Clinical 

diagnoses were made by consensus of a multidisciplinary team and were independent 

of Aɴ42, Tau, pTau and clusterin concentrations In retrospect all patients fulfilled NIA-AA 

core clinical criteria for the diagnosis of MCI.23 Follow-up took place by routine visits to 

our memory clinic, in which patient history, cognitive tests and general physical and 

neurologic examination were repeated. NINCDS-ADRDA criteria for probable AD were 

used22, but all patients with dementia due to AD also fulfilled NIA-AA criteria for AD24. 

Clinical diagnoses were made by consensus of a multidisciplinary team and were 

independent of Aɴ42, Tau, pTau and clusterin concentrations. Global cognition was 

assessed using the Mini-Mental State Examination (MMSE). 

At follow-up, 25 (12%) participants with subjective complaints showed clinical progression 

to MCI/dementia due to AD, while 181 patients showed no clinical progression. A total 

of 131 MCI patients had remained clinically stable, while 91 (41%) patients progressed to 

dementia due to AD at follow-up. For an overview of demographical data, see Table 1.

The local ethical review board approved the study and all participants gave written 

informed consent. 

Collection and storage of body fluids
CSF and plasma analyses were performed at the Clinical Chemistry department of the 

VU University Medical Center in Amsterdam. CSF was obtained by lumbar puncture 

between the L3/L4 or L4/L5 intervertebral space by a 25-gauge needle and collected in 

polypropylene tubes. EDTA plasma was collected in 7 mL tubes. 2.5 mL CSF was used 

for routine analyses and Aɴ42, Tau and pTau measurements using ELISA (Innogenetics, 

Belgium). 

CSF AD-biomarker quantification
Aɴ42, Tau and pTau levels in CSF were determined using the Innotest sandwich ELISA 

(Innogenetics, Ghent, Belgium). The interassay CVs obtained were 11.3% (4.9) for Aɴ42, 

9.3% (1.5%) for Tau, and 9.4% (2.5%) for pTau. Staff involved in AD-biomarker analysis was 

blinded for clinical diagnosis.
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Clusterin quantification in cerebrospinal fluid and EDTA-plasma 
Clusterin levels in CSF and plasma was determined in a sandwich ELISA using a clusterin-

specific mouse monoclonal antibody J29 (Mabtech, Stockholm, Sweden) diluted 1:250 

in phosphate buffered saline (PBS) for used to, and biotinylated mouse monoclonal 

antibody J84 (Mabtech, Stockholm, Sweden) diluted 1:2000 in Mabtech assay buffer for 

detection. After coating the primary antibody, the wells were blocked with 200µL PBS, 

containing 0.05% Tween 20 and 0.1% bovine serum albumin. Serial dilutions from 285 

to 1.11 µg/L of human plasma-derived clusterin in assay buffer were used as standard in 

the ELISA assay. Clusterin was isolated by affinity chromatography essentially as reported 

before11 using G7 coated Sepharose 4b beads25. Plasma was diluted 1:5000 and CSF 

1:200, respectively. All pre-dilutions of samples and standard material were performed 

in Mabtech assay buffer and polypropylene tubes. Detection of clusterin was visualized 

upon subsequent incubation with streptavidin-HRP (1:10.000 diluted in Mabtech 

Table 1. Demographical and biochemical data of the study population

Subjective complaints MCI

All Stable Progression All Stable Progression

Number 206 181 25 223 132 91

Age, years 61 (9) 60 (9) 66 (7)** 67 (8)*** 65 (8) 69 (8)***

Males/Females 121/85 104/77 17/8 129/94 87/45 42/49**

Baseline MMSE 28 (2) 28 (2) 28 (2) 27 (2)*** 27 (2) 26 (3)*

Follow-up 
duration, years

2.7 (1.7) 2.8 (1.7) 2.2 (1.7) 2.3 (1.3)** 2.4 (1.4) 2.2 (1.3)

APOEɸ4 carrier 85 (41%) 70 (39%) 15 (60%)* 130 (58%)*** 67 (51%) 63 (69%)**

Clusterin CSFa 8.9 (3.3) 8.7 (3.2) 10.7 (3.5)* 9.4 (3.4) 9.0 (3.3) 9.9 (3.5)

Clusterin plasmab 188 (35) 186 (34) 198 (38) 187 (30) 63 (69%)** 186 (30)

Aɴ42, ng/L 833 (245) 864 (226) 612 (269)*** 633 (276)*** 188 (30) 486 (146)***

Tau, ng/L 294 (203) 277 (196) 415 (219)*** 506 (356)*** 735 (299) 718 (405)***

pTau, ng/L 50 (23) 48 (21) 64 (29)*** 74 (37)*** 360 (222) 93 (37)***

Data are presented as mean (SD) or number (%). aData available for 191 subjective complaint and 211 MCI CSF 
samples. bData available for 201 subjective complaints and 210 MCI EDTA-plasma samples. All subjective 
complaints patients were compared to All MCI patients; Progression patients were compared to the Stable 
patients within the groups of subjective complaints and MCI. Follow-up duration is in years, APOEɸ4 carrier is 
the percentage of APOEɸ4 carriers in each group (dichotomous), CSF and plasma clusterin levels are in mg/L. 
Students T-test and chi-square tests were used when applicable. Please note that true values are shown, but 
statistical analyses were performed using log-transformed variables. 
* P<.05, **P<0.01 *** P<.001

2014187 proefschrift Wesley Jongbloed.indd   82 25-03-14   10:22



83

CLUSTERIN IN NON-DEMENTED INDIVIDUALS

3

incubation buffer), and which 3,5,3’,5’-tetramethylbenzidine (TMB; Sigma, Germany) in 

acetate/citrate buffer for 10 minutes. In each run a low and high clusterin control sample 

was included. These were aliquots of human EDTA plasma pools with either low (53mg/L) 

or high (217 mg/L) clusterin concentrations that were stored at -80°C until use. The 

intra-assay coefficient of variance (CV) was below 5% and the inter-assay CV was 9.8%.

APOE genotyping
APOE genotyping was performed after automated genomic DNA isolation from 7-10 

mL EDTA blood. It was subjected to PCR, checked for size and quantity using a QIAxcel 

DNA Fast Analysis kit (Qiagen, Venlo, The Netherlands) and sequenced using Sanger 

sequencing on an ABI130XL. Subjects were classified as APOEɸ4 negative or positive.

Statistical analysis
IBM© SPSS Statistics Version 19.0 for Mac was used to perform the statistical analysis 

and to generate figures and tables. All AD-biomarkers (Aɴ42, Tau and pTau) and clusterin 

concentrations were log-transformed or transformed into z-scores for our statistical 

analyses. Students T-test was used to assess differences in AD-biomarker and clusterin 

concentrations between all subjective complaints and all MCI, as well as between 

patients that remained stable and those that showed clinical progression. The predictive 

value of clusterin levels in CSF or plasma for disease progression was analyzed using 

Cox-proportional hazard models. For patients with subjective complaints, progression 

to MCI or dementia due to AD was taken as outcome measure and dementia due to AD 

was taken as outcome measure for patients with MCI. If patients with subjective 

complaints first progressed to MCI and then to AD, the moment of conversion to MCI 

was taken as time of clinical progression. Cox-proportional hazard models included 

z-scores of clusterin as a continuous variable with correction for age, gender, APOE 

genotype and baseline MMSE-score. The analysis was performed on the groups of 

subjective complaints and MCI patients separately. Correlations between CSF and 

plasma levels of clusterin, and the correlation of clusterin levels with AD-biomarkers 

were determined using Pearson’s correlation coefficient (r). P-values below .05 were 

considered significant. 

RESULTS

As shown in Table 1, the group of subjective complaints was younger at baseline (61±9 

y/o) than the MCI patients (67±8 y/o). On average, the CSF Aɴ42, Tau and pTau 

concentrations were more AD-like, in the MCI group compared to subjective complaints. 

In both patient groups, the individuals that showed clinical progression were older and 

had more AD-like CSF AD-biomarkers levels compared to the stable patients. The group 

of MCI patients that progressed to AD scored worse at their baseline cognitive assessment 

(MMSE) and contained relatively more females compared those that remained stable.
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Clusterin as a risk factor for progression
Baseline CSF clusterin levels differentiated individuals with subjective complaints that 

progressed to the AD trajectory from stable (8.7±3.2 mg/L versus 10.5±3.3 mg/L, T-test; 

P<.05), but similar in stable and progressive MCI patients. Plasma levels were equal in 

subjective complaints and MCI patients, as well as in stable and progressive patients in 

either group (Table 1). 

Cox-proportional hazards model showed that high clusterin levels in CSF conferred an 

increased risk for disease progression for individuals with subjective complaints, with a 

hazard ratio of 1.5 (95%CI 1.01-2.26 corrected for age, gender, baseline MMSE-scores 

and APOE genotype). No such relation was found for MCI patients. Clinical progression 

of the subjective complaints subjects, dichotomized into either high or low CSF clusterin 

based on the median, is depicted in Figure 1. Elevated plasma levels were not a risk factor 

for disease progression in either group (HR 1.4, 95%CI 0.91 – 2.06).

Correlations with pathological markers
CSF clusterin levels were related Tau and pTau, but not with CSF Aɴ42 levels. There was 

no correlation between plasma clusterin levels and CSF AD-biomarkers in either 

subjective complaints or MCI patients. For an overview of the correlations, see Table 2.

DISCUSSION

Our main finding is that increased CSF clusterin predicted clinical progression in patients 

with subjective complaints. Our analyses indicated that every 3.3mg/L elevation in CSF 

clusterin was associated with a 1.5 times increased risk of disease progression. This effect 

was not observed in MCI, suggesting that up regulation of clusterin may be among the 

very first changes in AD. As such, it is conceivable that CSF clusterin can help to identify 

patients that will clinically progress to MCI or AD.

Table 2. Correlations with CSF AD-biomarkers

Subjective complaints CSF clusterina Plasma clusterinb

Aɴ42 -0.10 -0.15*

Tau 0.36*** 0.03

pTau 0.39*** -0.01

MCI 

Aɴ42 0.05 0.11

Tau 0.32*** -0.17* 

pTau 0.35*** -0.15* 

Numbers depicted are Pearson’s correlation coefficients (r). aCSF available for 191 subjective complaints and 
211 MCI patients. bEDTA-plasma was available for 201 subjective complaints and 210 MCI patients. *P<0.05, 
***P<0.001 
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Markers of neuronal damage, Tau and pTau, were closely related to CSF clusterin in both 

subjective complaints and MCI. Clusterin functions as a molecular chaperone, which 

may be actively secreted to facilitate the clearance of cellular debris. Indeed, clusterin 

was found to be up regulated upon neuronal damage, and as a response to protein 

misfolding or aggregation26–28. Hsp90, a heat-shock protein that chaperones misfolded 

proteins similar to clusterin29,30, together with co-chaperone FKBP51 is capable of 

rescuing the tau protein from degradation in the proteasome.31 The prevention of tau 

degradation, in turn, enabled the formation of toxic tau-oligomers, which can aggravate 

neurodegeneration. Similarly, clusterin has been shown to bind the Aɴ peptide32–34 and 

Aɴ-oligomers, where it prevented proteolytic degradation of the toxic Aɴ-oligomers35. 

These novel insights may partly explain the molecular mechanisms through which 

clusterin, which functions primarily as a neuroprotective protein in AD36,37, may pose a 

risk for disease progression. 

Earlier studies have shown that clusterin levels in plasma are associated to its 

concentration in brain regions most vulnerable for AD16, and may be related to cognitive 

performance in non-demented individuals38,39. Moreover, in an earlier study with a smaller 

and more advanced group of MCI cases, we found elevated plasma clusterin to be 

predictive of future AD diagnosis (data not shown); a result that has not been replicated 

in this independent study. Elevated clusterin in plasma was negatively associated to Aɴ 

levels in CSF in subjective complaints, suggesting a hazardous relation between peripheral 

clusterin levels and amyloid metabolism. In patients with MCI, however, plasma clusterin 

was negatively associated with levels of Tau and pTau, and so elevated clusterin levels 

reflected less neuronal damage in these patients. In agreement with a recent longitudinal 

study17, we conclude that the usefulness of total plasma clusterin levels as an early 

prognostic marker for AD seems limited.

Figure 1. Kaplan-Meier plot
Kaplan-Meier curves for clinical 
progression in subjective complaints. 
The two lines represent patients with 
relatively high- and low- clusterin 
levels in CSF, split based on the 
median value.
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A total of five, yet uncharacterized, isoforms of clusterin may be expressed specifically 

under apoptotic conditions.40 The truncated nuclear isoform of clusterin, for example, 

was shown to induce apoptosis9,10 and to accumulate in neurons destined to die41. 

Moreover, glycan modification of clusterin is altered under diverse pathological conditions 

such as stress of the endoplasmatic reticulum42, a well described pathological phenotype 

in AD43. In summary, cellular stress and pathological conditions directly influence the 

structural properties of clusterin. It is conceivable that these structural alterations may 

affect the interaction between clusterin and Aɴ or Tau. Future studies could develop 

isoform-specific detection methods to either genetic isoforms44 and/or alternatively 

glycosylated forms of clusterin mentioned above. We speculate that quantification of 

nonconventional isoforms may further enhance the usefulness of clusterin as a biomarker 

for AD.

A strong point of our study is that both plasma and CSF samples were collected under 

highly standardized procedures. We believe that strict experimental protocols are a 

prerequisite for accurate biomarker evaluation. Especially for clusterin, as multiple freeze-

thaw cycles and the use of different coagulants, for example, influence the amount of 

clusterin quantified by immunological assays25. Our study was designed in such a way 

that samples were selected only from patients that had returned for follow-up clinical 

assessment. Therefore, the patients that had not revisited our memory clinic have not 

been included. A drawback of this design is that the inclusion of a more progressive 

population of subjective complaints and MCI patients has likely led to an underestimation 

of the diagnostic and prognostic potential of clusterin. Moreover, MCI was used as an 

outcome measure for disease progression in subjective complaints patients while MCI 

is a rather heterogeneous patients population that does not guarantee future AD 

diagnosis. The unique longitudinal design of the study enabled us to exclude patients 

from our population that progressed to other forms of dementia. 

In conclusion, our study showed that CSF clusterin could help in the identification of 

those at risk for disease progression. Interestingly, CSF clusterin levels were related to 

Tau and pTau, which was independent of clinical diagnosis. Selection of patients based 

on CSF clusterin levels did not accurately predict disease progression, as many of the 

higher-level clusterin subjects remained clinically stable. Whether clusterin found in the 

central nervous system is up regulated as a physiological response to neuronal damage, 

or is that it is an active contributor of neurodegeneration, remains to be investigated.
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INTRODUCTION

According to the amyloid cascade hypothesis, a long-term imbalance in production and 

clearance of the amyloid beta (Aɴ) peptide leads to its accumulation in Alzheimer’s 

disease1. Clusterin, or apolipoprotein J, it is found associated with the extracellular 

amyloid beta depositions very early in the disease, even before clinical manifestation of 

the disease2. Clusterin functions as a molecular chaperone and has been shown to bind 

monomeric, oligomeric as well as fibrillar Aɴ3–5 as well as the constituent of neurofibrillary 

tangles, the Tau protein. Clusterin is involved in both the cellular degradation of Aɴ by 

microglia and astrocytes6, as well as it’s transport across the blood-brain barrier7 and 

into the cerebrospinal fluid. Single nucleotide polymorphisms in the clusterin (CLU-) 

gene are the second most associated risk factor for late onset Alzheimer’s disease8–10, 

and affect its concentration11 and likely its physiological role.

Clearance of Aɴ from the brain is for ten percent attributed through transport via the 

CSF7, and it is conceivable that chronically altered functionality of clusterin may lead to 

accumulation. Moreover, clusterin directly bind to Aɴ5,12–14 and found physically associated 

with the Aɴ peptide in CSF (Ghiso et al., 1993 and own data). The presence of complexes 

between clusterin and Aɴ (Clu-Aɴ) in CSF allows one to study this key physiological 

feature of clusterin in human samples. 

In the current study we have developed an in-house enzyme-linked immunosorbent 

assay that specifically detects Clu-Aɴ in CSF. With this test the presence of Clu-Aɴ 

complexes in CSF of non-demented individuals was determined, and also related to total 

clusterin levels in the respective CSF samples. In this way, the Aɴ-transport capacity of 

clusterin was determined very early in the AD disease process. To examine the transport 

capabilities of clusterin very early in the disease process, we selected cerebrospinal fluid 

samples from a memory-clinic population of non-demented individuals. Moreover, these 

patients had return-visits to the memory clinic, where they were clinically re-examined. 

This allowed us to study amyloid transport by clusterin in relation to disease severity and 

clinical progression over-time. 

 

MATERIAL AND METHODS

Patients
Paired plasma and CSF samples of 77 participants with subjective complaints (SC) and 

69 patients with mild cognitive impairment (MCI) were selected from the memory clinic 

based Amsterdam Dementia Cohort. Participants were considered to have subjective 

complaints when they presented with cognitive complaints, but neuropsychological 

examinations were normal and criteria for MCI, dementia or other neurological or 

psychiatric disorders were not met. Diagnosis of MCI was made according to the criteria 

set by Petersen et al.16 The diagnosis of probable AD was made following the National 

Institute of Neurological and Communication Disease and Stroke/AD and Related 

Disorders Association (NINCDS-ADRDA) guidelines.17 In retrospect all patients fulfilled 
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NIA-AA core clinical criteria for the diagnosis of MCI.18 Follow-up was performed at our 

memory clinic and patient history, cognitive tests and general physical and neurologic 

examination were repeated. NINCDS-ADRDA criteria for probable AD were used, but 

all patients with dementia due to AD also fulfilled NIA-AA criteria for AD19. Clinical 

diagnoses were made by consensus of a multidisciplinary team and were independent 

of Aɴ42, Tau, pTau and clusterin concentrations. Global cognition was assessed using 

the Mini-Mental State Examination (MMSE). 

At follow-up, a total of 12 SMC showed clinical progression in the AD trajectory, while 

64 patients showed no clinical progression. A total of 22 MCI patients had remained 

clinically stable, while 45 patients progressed to AD at follow-up. For an overview of 

demographical and biomarker values, see Table 1. The local ethical review board approved 

the study and all participants gave written informed consent. 

Table 1. Demographical and biochemical data of the study population

Subjective complaints MCI

All Stable Progression All Stable Progression

Number 76 64 12 67 45 22

Age 60.4 (8.7) 59.2 (8.6) 66.1 (7.0)* 65.4 (7.8) *** 64.6 (7.3) 66.7 (8.6)

Males/Females 47/30 40/24 7/5 43/26 30/15 11/11

MMSE 28.0 (1.9) 28.1 (2.0) 28.1 (1.5) 26.4 (2.6) *** 26.7 (2.4) 26.0 (3)

Follow-up 
duration

2.1 (1.0) 2.2 (1.0) 1.7 (0.7) 2.1 (1.0) 2.1 (1) 2.4 (0.8)

APOEɸ4 carrier 32 (44.2%) 28 (43.8%) 6 (50%) 34 (50.7%) 23 (53.3%) 11 (50%)

Clusterin CSF 8.5 (3.0) 8.1 (3.0) 10.6 (3.2) *** 8.7 (3.3) 8.2 (2.9) 9.6 (3.9)

Clu-Aɴ 30.9 (13.1) 31.1 (14.0) 31.0 (8.3) 36.8 (15.5) * 36.6 (15.8) 37.6 (15.8)

Aɴ42 837 (262) 885 (220) 563 (311) *** 684 (268) *** 736 (298) 582 (183) *

Tau 264 (149) 222 (97) 488 (187) *** 454 (284) *** 342 (198) 686 (296) ***

pTau 48.2 (20.5) 43.4 (15.2) 74.4 (26.4) *** 72.0 (34.3) ***            60.7 (26.1) 95.3 (36.3) ***

Data are presented as mean (SD) or number (%) .  All subjective complaints patients were compared to All MCI 
patients; Progression patients were compared to the stable patients within the groups of subjective complaints 
and MCI separately. APOEɸ4 genotype was dichotomomized, CSF and plasma clusterin levels are in mg/L. 
Students T-test and chi-square tests were used when applicable. Please note that true values are shown, but 
statistical analyses were performed using log-transformed variables.
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Cerebrospinal fluid collection and AD-biomarkers
CSF was acquired through lumbar puncture between the L3/L4, L4/L5 or L5/S1 

intervertebral space, collected in 12 mL polypropylene tubes. A portion was used to 

determine total cell-counts (leucocytes and erythrocytes), total protein and glucose 

levels. The remainder was centrifuged at 1.800 x g for 10 minutes at 4°C within two hours 

after lumbar puncture, aliquoted and stored directly at -80°C for AD-biomarker and 

clusterin analysis. Blood was obtained through venipuncture, collected in 7 mL EDTA-

treated tubes and was centrifuged at 1.800 x g for 10 minutes at 4°C. EDTA-plasma was 

aliquoted into 0.5 mL polypropylene tubes and stored directly at -80°C until further 

analysis.

Aɴ42, Tau and pTau levels in CSF were determined using the Innotest sandwich ELISA 

(Innogenetics, Ghent, Belgium). The inter-assay CVs obtained were 11.3% (4.9) for Aɴ42, 

9.3% (1.5%) for Tau, and 9.4% (2.5%) for pTau. Staff involved in AD-biomarker analysis was 

blinded for clinical diagnosis. 

Human clusterin isolation and total clusterin ELISA
Clusterin was isolated by affinity chromatography using G7 coated Sepharose 4b beads, 

essentially as reported before20,21. Clusterin levels in CSF and plasma was determined in 

a sandwich ELISA using a clusterin-specific mouse monoclonal antibody J29 (Mabtech, 

Stockholm, Sweden), diluted 1:250 in phosphate buffered saline (PBS) for capture, and 

biotinylated mouse monoclonal antibody J84 (Mabtech, Stockholm, Sweden) diluted 

1:2000 in Mabtech assay buffer for detection. After coating the primary antibody, the 

wells were blocked with 200µL PBS, containing 0.05% Tween 20 and 0.1% bovine serum 

albumin. Serial dilutions from 285 to 1.11 µg/L of human plasma-derived clusterin in 

assay buffer were used as standard in the ELISA assay. All pre-dilutions of samples (1:200 

for CSF) and standard material were performed in Mabtech assay buffer and polypropylene 

tubes. Detection of clusterin was visualized upon subsequent incubation with streptavidin-

HRP (1:10.000 diluted in Mabtech incubation buffer), and which 

3,5,3’,5’-tetramethylbenzidine (TMB; Sigma, Germany) in acetate/citrate buffer for 10 

minutes. In each run a low and high clusterin control sample was included. These were 

aliquots of human EDTA plasma pools with either low (53 mg/L) or high (217 mg/L) 

clusterin concentrations, which were stored in polypropylene at -80°C until use. The 

intra-assay coefficient of variance (CV) was below 5% and the inter-assay CV was 9.8%.

Clu-Aɴ detection
Our in-house Aɴ-specific mouse monoclonal antibody VU1722, and clusterin-specific 

biotinylated mouse monoclonal antibody 2G7 (1g/L) was used for detection. VU17 was 

diluted to 2mg/L in coating buffer and 100µL was added per well and incubated for one 

hour at RT. The plate was blocked with 150µL PBS 0.2% casein. Serial dilutions from 480 

to 10 µg/L of plasma-derived clusterin that was pre-incubated with Aɴ for 1 hour at 37°C 

- a process in which SDS-stable Clu-Aɴ is formed -, were used as standard in the ELISA 

assay. Clusterin was isolated by affinity chromatography essentially as reported before20. 

CSF was diluted 1:5 in high performance ELISA (HPE) assay buffer (Sanquin, Netherlands). 
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All pre-dilutions of samples and standard material were performed in polypropylene 

tubes. Biotinylated 2G7 (1g/L) antibody was diluted 1:2000 in phosphate buffered saline 

(PBS) containing 0.5% milk powder (Nutricia) for detection. The signal was visualized with 

streptavidin-poly-HRP (1:10.000 diluted in PBS, 2% milk powder), after which 

3,5,3’,5’-tetramethylbenzidine (TMB; Sigma, Germany) was applied for signal visualization 

for 10 minutes. Fresh 60µL aliquots of two pools of CSF - one high and one low Clu-Aɴ 

- were included in every run to monitor the performance of the assay. The intra-assay 

coefficient of variance (CV) was below 5% and the inter-assay CV was 8%.

It should be noted that the concentration of Clu-Aɴ is based on the amount of clusterin 

that was used in the pre-incubation of the standard material. Since it is unknown what 

exact amount of Clu-Aɴ is formed in the pre-incubation step, the concentration of Clu-

Aɴ is depicted as arbitrary units (a.u.) throughout the manuscript.

Statistical analyses
IBM© SPSS Statistics Version 19.0 for Mac was used to perform the statistical analysis and 

to generate figures and tables. All AD-biomarkers (Aɴ42, Tau and pTau) and clusterin 

concentrations were normalized, through log-transformation, for our statistical analyses. 

Students’ T-tests were used to assess differences in AD-biomarker and clusterin 

concentrations between subjective complaints and MCI, as well as between stable and 

progressive patients. For patients with subjective complaints, progression to MCI or 

dementia due to AD was taken as outcome measure and dementia due to AD was taken 

as outcome measure for patients with MCI. If patients with subjective complaints first 

progressed to MCI and then to AD, the moment of conversion to MCI was taken as time 

of clinical progression. Correlations between CSF Clu-Aɴ and AD-biomarkers were 

determined using partial Pearson’s correlation coefficient (r), corrected for age and 

gender (data depicted in Table 2). To control for the total clusterin levels, these values 

were added as a covariate in the partial Pearson’s correlation coefficient in a series of 

additional analyses. P-values below .05 were considered significant. 

Table 2. Relation between Clu-Aɴ and CSF AD-biomarkers

Subj. compl.(n=76) MCI (n=67)

Aɴ42 0.25* -0.08

Tau 0.31** 0.02

pTau 0.35** 0.13

* P<0.05, ** P<0.01, Numbers depicted are Pearson’s r, 
corrected for age and gender
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RESULTS

As shown in Figure 1, Clu-Aɴ complex concentrations correlated strongly with the total 

levels of clusterin in CSF (r=0.55, P<0.01). In addition, the levels of Clu-Aɴ (r=0.2, P<0.05) 

as well as total clusterin levels (r=0.23, P<0.01) increased with age. 

Diagnostic and prognostic value
Individuals with subjective complaints had lower Clu-Aɴ levels in CSF (30.9 ±13.1 a.u.) 

compared to the group of MCI patients (36.7 8 ±15.1 a.u., P<0.05), while total CSF 

clusterin levels were similar. Also, the ratio of Clu-Aɴ and total clusterin levels was 

elevated in MCI patients compared to subjective complaints. The subgroups of stable 

and progressive patients, both in subjective complaints and MCI, had similar 

concentrations of CSF Clu-Aɴ. 

Relation to clusterin and AD-biomarkers 
Interestingly, Clu-Aɴ levels were also associated to all three biomarkers of AD pathology 

in CSF, but only in patients with subjective complaints. Total CSF clusterin levels were 

related to Tau and pTau in both subjective complaints and MCI (data not shown), but the 

relation between Clu-Aɴ and pTau and Aɴ in subjective complaints was independent of 

total clusterin levels.

 

DISCUSSION

Since Aɴ in the Alzheimer brain is hypothesized to accumulate over the course of multiple 

years or even decades, the impaired functionality of clusterin as an Aɴ transporter may 

be an early disease-related phenomenon. In this study we developed a Clu-Aɴ specific 

Figure 1. Correlation between 
clusterin and Clu-Aɴ levels in CSF.
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assay in order to estimate the amount of clusterin involved in Aɴ transport in non-

demented individuals. Our major finding is that patients without any cognitive impairment 

had detectably lower levels of Clu-Aɴ than patients those with MCI. This difference 

between subjective complaints and MCI patients might be due to the substantial AD-

related pathological burden in MCI patients23. The Aɴ depositions found in MCI brain 

parenchyma5,14 may, either directly or indirectly (activation of microglia) evoke local 

production of clusterin and other amyloid associated proteins. When local concentrations 

of Aɴ reach a certain threshold, which likely far exceed those of clusterin, unfavorable 

complexes may form that can have neurotoxic effects5. 

Apolipoprotein E (ApoE), of which the ApoEɸ4 genotype is the major genetic risk factor 

for late onset AD, has similar Aɴ binding24,25 capacity, and Aɴ transport functions as 

clusterin. Stable ApoE-Aɴ levels were related to an increase in CSF Aɴ-oligomer levels26. 

Interestingly, clusterin may have similar effects as it takes relatively small amounts of 

clusterin to stimulate monomeric Aɴ into neurotoxic Aɴ-oligomers14, although at a molar 

ratio of 10:1 and 1:1 of clusterin and Aɴ, clusterin is neuroprotective27. In contrast to our 

findings with Clu-Aɴ, the levels of ApoE-Aɴ were lower in AD compared to controls. 

Because of the strong relation between Clu-Aɴ levels and markers of neuronal damage, 

Tau and pTau, we conclude that there is a relation between increased levels of Clu-Aɴ 

and advancement of AD pathology. This association, however, is only found in patients 

that have no cognitive impairment. The relatively low association with Aɴ (r=0.25) was 

expected, since an estimated ten percent of Aɴ metabolism is through transport into 

CSF7. 

We postulate that the clearance of soluble Aɴ from the brain is still intact in subjective 

complaints and will gradually get hampered in MCI as a result of the AD disease process. 

The disease process is associated with higher Aɴ levels, formation of Aɴ aggregates and 

an innate immune response involving glial cells and the synthesis of acute phase reactants 

and proteins, including clusterin. As a consequence, transport of soluble Aɴ will be 

hampered, but because of raised levels of locally produced clusterin, the complex 

formation is also increased. Moreover, various receptors have been suggested to be 

involved in the clearance of Aɴ from the brain, including scavenger receptors and RAGE, 

which may be down regulated in AD28. In addition, receptors like LRP1 and LRP2 (megalin, 

gp330), which are receptors for ApoE and clusterin, are thought to be involved in the 

transport of ApoE-Aɴ29 and Clu-Aɴ27, respectively. 

In summary, although clusterin mediated clearance of Aɴ is beneficial30–34, depending 

on the molar ratio at the time of formation, the Clu-Aɴ complex itself can be either 

neuroprotective or potentially aggravate neurodegeneration5,35.
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ABSTRACT

Objective
We aimed to elucidate the association between CSF and plasma ApoE concentration 

and early clinical and pathophysiological manifestation of AD in non-demented patients 

with subjective complaints or MCI.

Methods
We measured CSF and plasma ApoE concentrations and classical CSF biomarkers Aɴ42, 

Tau and pTau in CSF using commercial ELISA’s in 430 non-demented patients with a 

baseline diagnosis of subjective complaints (n=207) or MCI (n=213) from our memory-

clinic based Amsterdam Dementia Cohort. All had undergone at least one annual follow-

up. We evaluated the predictive value of CSF and plasma ApoE concentrations using Cox 

proportional hazard models. Linear regression models were used to assess associations 

between CSF/plasma ApoE and classical CSF biomarkers. We performed separate models 

with and without APOE genotype. All models were adjusted for age, sex, baseline MMSE 

and baseline diagnosis. 

Results
Patients were on average 64.2±9.0 years old. Two-hundred sixteen patients (50%) were 

APOEɸ4 positive. Average follow-up was 2.5±1.5 years. CSF ApoE predicted clinical 

progression in APOEɸ4 carriers [HR(95%CI) 1.5 (1.1-2.0)], but not in APOEɸ4 non-carriers 

[HR(95% CI) 1.0 (0.8-1.2)]. Plasma ApoE did not predict clinical progression. In APOEɸ4 

carriers, CSF ApoE was strongly associated with CSF Tau and pTau, but not with Aɴ42. In 

APOEɸ4 non-carriers, CSF ApoE showed a weaker positive relation to CSF Tau/pTau and 

also a weakly positive relation to Aɴ42. 

Conclusion
CSF ApoE predicted clinical progression in APOEɸ4 carriers, but not in APOEɸ4 non-

carriers. We propose CSF ApoE4 may influence risk of clinical progression through its 

association with CSF Tau in APOEɸ4 carriers. Mechanisms unrelated to ApoE are likely 

to be more important for AD-risk in APOEɸ4 non-carriers.
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INTRODUCTION

Apolipoprotein E (ApoE) is a glycoprotein with three major isoforms (ɸ2, ɸ3 and ɸ4). Its 

resulting proteins (ApoE2, ApoE3 and ApoE4) differ structurally at only two amino-acids. 

The APOEɸ4 isoform is a major genetic risk factor for dementia due to Alzheimer’s disease 

(AD).1 In non-demented subjects, presence of the APOEɸ4 isoform predicted clinical 

progression to MCI or dementia due to AD. It is unknown, however, whether ApoE 

concentration predicts clinical progression in non-demented subjects and whether its 

predictive value differs between APOEɸ4 carriers and non-carriers. Many functional 

differences between ApoE3 and ApoE4 have been proposed to explain the increased 

risk of dementia due to AD associated with APOEɸ4.2-4 Which of these differences are 

most relevant in humans in vivo also remains to be elucidated.

ApoE concentrations have previously been measured in CSF and plasma. To date 

however, case-control studies have not resulted in a consensus as to whether high, low 

or unchanged ApoE concentrations are associated with dementia due to AD.5-11 

Nonetheless, several cross-sectional findings suggested plasma ApoE concentrations 

could be related to developing dementia due to AD in non-demented subjects.1,12  

Also, CSF ApoE related better to CDR at follow-up than to CDR at lumbar puncture in a 

large cohort study including non-demented and demented subjects.5

In this study we aimed to elucidate the association between plasma and CSF ApoE 

concentration and early manifestation of AD in non-demented patients with subjective 

complaints or MCI. To this end we assessed whether ApoE concentration predicted 

clinical progression over time. Also, we assessed cross-sectional associations between 

ApoE concentrations and AD pathophysiology using classical CSF biomarkers Aɴ42, Tau 

and pTau as endophenotype for AD.

 

METHODS

Subjects
Four-hundred-forty-eight non-demented patients with a baseline diagnosis of subjective 

complaints or Mild Cognitive Impairment (MCI) from our memory clinic based Amsterdam 

Dementia Cohort were eligible for this study, because they underwent at least one 

follow-up, APOE genotype had been determined and EDTA plasma and/or CSF samples 

were available for ApoE concentration measurements. Eighteen patients were excluded, 

because they progressed to another form of dementia than dementia due to AD, resulting 

in inclusion of 430 patients. Two-hundred and seven were considered to have subjective 

complaints at baseline and 223 had MCI at baseline.13 

Clinical evaluation at baseline and follow-up was described in detail elsewhere.14  

All patients underwent a standardized dementia screening including neuropsychological, 

physical and neurologic examination as well as laboratory tests, electro-encephalography 

(EEG) and brain magnetic resonance imaging (MRI). Diagnoses were made in a 

multidisciplinary meeting, without knowledge of APOE genotype or CSF results.  
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Patients were labelled as having subjective complaints when they presented with 

cognitive complaints, but ancillary investigations were normal and criteria for MCI, 

dementia or any other neurological or psychiatric disorder known to cause cognitive 

complaints were not met (i.e. cognitively normal elderly). MCI was diagnosed according 

to Petersen’s criteria.13 In retrospect all patients fulfilled NIA-AA core clinical criteria for 

the diagnosis of MCI.15 Follow-up took place by routine annual visits to our memory 

clinic, in which patient history, cognitive testes and a general physical and neurologic 

examination were repeated. NINCDS-ADRDA criteria for probable AD were used,16 but 

all patients with dementia due to AD also fulfilled NIA-AA core clinical criteria for AD.17 

Clinical progression was defined as progression to MCI or dementia due to AD in patients 

with subjective complaints and as progression to dementia due to AD in patients with 

MCI. If patients with subjective complaints first progressed to MCI and then to AD, the 

moment of conversion to MCI was taken as time of clinical progression.

APOE genotyping
APOE genotyping was performed after automated genomic DNA isolation from 7-10 mL 

EDTA blood. It was subjected to PCR, checked for size and quantity using a QIAxcel DNA 

Fast Analysis kit (Qiagen, Venlo, The Netherlands) and sequenced using Sanger 

sequencing on an ABI130XL. Subjects were classified as APOEɸ4 negative or positive.

CSF and plasma biomarker measurements
CSF and plasma analyses were performed at the Clinical Chemistry department of the 

VU University Medical Center in Amsterdam. CSF was obtained by lumbar puncture 

between the L3/L4 or L4/L5 intervertebral space by a 25-gauge needle and collected in 

polypropylene tubes. EDTA plasma was collected in 7 mL tubes. 2.5 mL CSF was used 

for routine analyses and Aɴ42, Tau and pTau measurements using ELISA (Innogenetics, 

Belgium). CSF and plasma were centrifuged and aliquotted into 0.5 mL vials before 

storage at -80°C until ApoE analyses. ApoE concentrations in CSF (n=403) and EDTA 

plasma (n=412) were measured using a commercial sandwich ELISA (Mabtech, Nacka 

Strand, Sweden) with mouse monoclonal antibody E276 as capturing, and biotinylated 

monoclonal E887 as detection antibody. To ensure OD values were in the linear part of 

the standard curve, CSF was diluted 1:2.000 and EDTA plasma 1:20.000. Serial dilutions 

of recombinant ApoE3 were used as standard in the ELISA. According to the manufacturer 

all three ApoE isoforms are detected equally. For quality control we used pools of routine 

plasma samples selected to either have high or low ApoE concentrations. These pools 

were aliquoted, stored at -80°C and tested in each run at 1 to 20.000 dilution to 

determine the inter-assay coefficient of variation (CV). Intra- assay CV’s were 2.7% for 

plasma and 3.0% for CSF, inter-assay CV’s were 10.4% and 10.3% for the low and high 

ApoE plasma controls, respectively. 

Statistical analyses
Data were analyzed using SPSS for Macintosh, version 20. Groups were compared based 

on their baseline diagnosis (subjective complaints vs. MCI) and outcome (stable vs. clinical 
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progression) using t-tests and chi square tests as appropriate. Because ApoE, Aɴ42, Tau 

and pTau concentrations were not normally distributed, they were log transformed and 

transformed to z-scores prior to analysis. T-tests were used to compare biomarker 

concentrations according to dichotomized APOE genotype. Correlations between ApoE 

concentrations in plasma and CSF and between ApoE concentrations and age were 

assessed using Pearson’s correlation coefficient. 

To investigate whether CSF and plasma ApoE concentration predicted clinical progression 

along the AD continuum, we used Cox proportional hazard models. We included two 

models. In the first model, the predictor was ApoE concentration in CSF or plasma. In 

the second, predictors were plasma or CSF ApoE concentrations and dichotomized 

APOE genotype, including their interaction. Clinical progression was taken as outcome 

measure. Results are presented as Hazard Ratio (HR) (95%CI). Because we converted 

log-transformed ApoE concentration to z-scores prior to analysis, HR’s represent the 

risk of clinical progression associated with 1 standard deviation increase in ApoE 

concentration. For illustration purposes, ApoE concentrations were additionally divided 

into quintiles in order to generate Kaplan Meier curves.

To investigate associations between ApoE concentration and CSF Aɴ42, Tau and pTau, we 

used linear regression models. We included the same two models as we did in the Cox 

proportional hazard models. CSF Aɴ42, Tau and pTau were dependent variables. Results 

are given as standardized Beta’s with 95% confidence interval (95% CI). 

All models were corrected for age, sex, baseline MMSE and (when performed across 

diagnostic groups) baseline diagnosis. In addition to performing analyses across 

diagnostic groups, we performed them for patients with subjective complaints and MCI 

separately. For main effects p<0.05 was considered significant, for interaction effects 

p<0.10. When we found an interaction between ApoE concentration and APOE genotype, 

results were subsequently stratified for APOE genotype in model 2. When this interaction 

was absent however, the interaction term was excluded from the model and results were 

corrected for APOE genotype. 

 

RESULTS

The 430 included patients were on average 64.2±9.0 years old. One hundred eighty 

(42%) were female. Two hundred sixteen patients (50%) were APOEɸ4 positive. Average 

follow-up for the whole group was 2.5±1.5 years. Patients with subjective complaints 

and MCI differed in the expected manner (Table 1). In both diagnostic groups, patients 

who showed clinical progression were older at baseline. They were also more often 

APOEɸ4 positive and their CSF biomarker concentrations were more consistent with AD. 

Baseline MMSE was lower in MCI patients who showed clinical progression than in those 

who did not. Also, MCI patients who showed clinical progression were more often female 

than those who did not. 

ApoE concentrations in CSF and plasma were not correlated (r=-0.02. p=0.64). CSF ApoE 

concentrations were correlated to age (r=0.18, p<0.001), while plasma ApoE was not 
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(r=-0.03, p=0.60). APOEɸ4 carriers had higher CSF ApoE concentrations (3.9±1.4 vs. 3.1± 

1.4, p<0.001) and lower plasma ApoE concentrations (27.1± 9.6 vs. 32.3± 10.4, p<0.001) 

than APOEɸ4 non-carriers. Also, APOEɸ4 carriers had more abnormal CSF Aɴ42 (848±267 

vs. 612±239, p<0.001) Tau (471±356 vs 338±240, p<0.001) and pTau values (70±55 vs. 

55±28, p<0.001) than APOEɸ4 non-carriers. 

We used Cox proportional hazard models to evaluate predictive value of CSF and plasma 

ApoE concentrations for clinical progression over time (Table 2). In model 1, adjusted 

for age, sex, baseline MMSE and baseline diagnosis, 1 SD increase in CSF ApoE 

concentration, was associated with a 1.3 times increased risk of clinical progression. In 

model 2, additionally including APOE genotype, we found an interaction between CSF 

ApoE concentration and APOE genotype. Therefore we subsequently stratified results. 

In APOEɸ4 carriers, a 1 SD increase in CSF ApoE was associated with a 1.5 times increased 

risk of clinical progression. In APOEɸ4 non-carriers, CSF ApoE did not predict clinical 

progression. When patients with subjective complaints and MCI were assessed 

separately, effect sizes were similar to those in the whole group, although the predictive 

value of CSF ApoE concentration in APOEɸ4 carriers did not reach significance in 

Table 1. Baseline characteristics according to baseline and follow-up diagnosis

Subjective complaints MCI

All Stable Progression All Stable Progression

n 207 181 26 223 132 91

Age, years 61.0±8.8 60.3±8.8 66.0±7.6** 67.1±8.2*** 65.4±8.0 69.5±7.9***

sex, female 86 (42%) 77 (43%) 9 (35%) 94 (42%) 45 (34%) 49 (54%)**

Baseline MMSE 28.3±1.6 28.3±1.6 27.9±1.7 26.6±2.4*** 26.9±2.2 26.1±2.6*

Follow-Up duration, years 2.8±1.7 2.8±1.7 2.5±2.1 2.3±1.3 2.4±1.4 2.2±1.3

Aɴ42, ng/L 833±245 864±226 618±265*** 633±276*** 735±299 486±146***

Tau, ng/L 296±205 277±196 428±224*** 506±356*** 360±222 718±405***

pTau, ng/L 50±23 48±21 64±28** 74±37*** 61±30 93±37***

APOEɸ4 carrier 86 (42%) 70 (39%) 16 (62%)* 130 (58%)** 67 (51%) 63 (69%)**

ApoE CSF, mg/L† 3.3±1.4 3.2±1.3 3.6±1.9 3.7±1.5** 3.5±1.4 4.0±1.6*

ApoE plasma, mg/L‡ 30.8±10.7 30.7±10.7 31.5±11.4 28.7±9.9* 28.9±10.8 28.5±8.6

Data are presented as mean±SD or no (%). †n=403. ‡n=412. CSF and plasma biomarker concentrations were 
log-transformed and converted to z-scores prior to analyses. All MCI patients were compared to all patients 
with subjective complaints and within each diagnostic group patients who showed clinical progression were 
compared to patients who remained stable. *p<0.05; **p<0.01; ***p<0.001.
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patients with subjective complaints. For illustration purposes, we created Kaplan-Meier 

curves for survival according to ApoE quintile in APOEɸ4 carriers and non-carriers 

separately (Figure 1). 

Cox proportional hazard models revealed plasma ApoE did not predict clinical progression 

in our non-demented subjects. When assessing diagnostic groups separately we found 

an interaction between ApoE concentration and APOE genotype in patients with 

subjective complaints (p<0.10). Effect sizes indicated higher plasma ApoE increased risk 

of clinical progression in APOEɸ4 carriers with subjective complaints, while they reduced 

risk in APOEɸ4 non-carriers. Neither individual effect was significant, however. 

We used linear regression models to study relationships between ApoE concentration 

in CSF or plasma and CSF Aɴ42, Tau and pTau (Table 2). In the first model (without APOE 

genotype), we found moderate positive associations between CSF ApoE and (p)Tau, but 

no association between CSF ApoE and Aɴ42. As interactions between CSF ApoE and APOE 

genotype were present (p<0.10 for Aɴ42, p<0.01 for Tau and p<0.05 for pTau), we stratified 

results based on APOE genotype in model 2. In APOEɸ4 carriers, we found no association 

between CSF ApoE and Aɴ42, but we did find strong associations between CSF ApoE and 

Tau and between CSF ApoE and pTau, which indicated CSF (p)Tau values were more 

indicative of AD when CSF ApoE was higher. We found no association between CSF ApoE 

Figure 1.  Kaplan Meier curves according to CSF ApoE quintiles.
Kaplan-Meier curves for clinical progression with separate lines for CSF ApoE quintiles: green=quintile 1, 
blue=quintile 2, purple=quintile 3, orange=quintile 4, red=quintile 5. Numbers at baseline and entering the second 
year interval are depicted below each figure.
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and Aɴ42 in APOEɸ4 carriers. In APOEɸ4 non-carriers, we found a small positive association 

between CSF ApoE and Aɴ42, indicating CSF Aɴ42 was slightly less indicative of AD when 

CSF ApoE concentrations were higher. We also found positive associations between CSF 

ApoE and CSF (p)Tau in APOEɸ4 non-carriers, but effect sizes were smaller than in 

APOEɸ4 carriers. 

Plasma ApoE was weakly associated to CSF Aɴ42 and pTau prior to correction for APOE 

genotype (Table 2). After additional correction for APOE genotype, only the association 

between plasma ApoE and pTau remained significant. 

Lastly, we performed linear regression analyses for each diagnostic group separately. 

These results are described in the supplementary results and tables (Supplementary table 

1A and B). 

Table 2. Predictive value of CSF/plasma ApoE for clinical progression along the AD continuum over time

Predictor Model Subjects

All Subjective 
Complaints

MCI

CSF ApoE 1 1.3 (1.1-1.6) 1.2 (0.8-2.0) 1.3 (1.1-1.7)

2 APOEɸ4 non-carriers 1.0 (0.8-1.4) 0.9 (0.5-1.7) 1.1 (0.8-1.2)

APOEɸ4 carriers 1.5 (1.1-2.0) 1.5 (0.8-2.9) 1.5 (1.1-2.1)

Plasma ApoE 1 1.0 (0.8-1.2) 1.0 (0.6-1.6) 1.0 (0.8-1.2)

2 APOEɸ4 non-carriers
1.1 (0.9-1.4)

0.6 (0.3-1.4)
1.1 (0.8-1.3)

APOEɸ4 carriers 1.5 (0.9-2.7)

Data are presented as HR (95% CI). CSF ApoE: n=403. Plasma ApoE: n=412. Model 1: cox regression model 
adjusted for age, sex, baseline MMSE and baseline diagnosis. Model 2: Model 1 with additional inclusion of 
APOE genotype. When we found an interaction (p<0.10) between ApoE concentration and APOE genotype, 
results were stratified for dichotomized APOE genotype. ApoE concentrations were log-transformed and 
transformed to z-scores prior to analysis. A HR of 1.3 therefore means 1 SD increase in ApoE concentration 
increases the risk of clinical progression 1.3 times at each moment in time: 2 SD increase in ApoE concentration 
increases risk of clinical progression 2.6 times; 3 SD increase, 3.9 times etc.

Table 3. Linear regression models for the association between ApoE concentrations in CSF/plasma and classical 
CSF biomarkers. 

Determinant Outcome Model 1 Model 2

APOEɸ4 non-carriers APOEɸ4 carriers

CSF ApoE Aɴ42 -0.02 (-0.11: 0.08) 0.13 (0.02: 0.25) 0.01 (-0.13: 0.15)

Tau 0.39 (0.31: 0.47) 0.29 (0.19: 0.39) 0.51 (0.38: 0.65)

pTau 0.43 (0.36: 0.51) 0.36 (0.25: 0.46) 0.53 (0.40: 0.60)

Plasma ApoE Aɴ42 0.14 (0.05: 0.23) 0.05 (-0.04: 0.13)

Tau -0.07 (-0.15: 0.02) -0.03 (-0.12: 0.05)

pTau -0.12 (-0.21: -0.04) -0.09 (-0.18: -0.001)

Data are depicted as standardized Beta (95% CI). CSF: n=403, plasma: n=412. Model 1: linear regression model 
adjusted for age, sex, baseline MMSE and baseline diagnosis. Model 2: Model 1 with additional inclusion of 
APOE genotype. As we found APOE genotype*ApoE concentration interactions in CSF (p<0.10 for Aɴ42; p<0.01 
for Tau; p<0.05 for pTau), we stratified results in model 2.
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DISCUSSION

In this study, we showed that high CSF ApoE concentration is associated to clinical and 

pathophysiological manifestation of AD in non-demented subjects, especially in APOEɸ4 

carriers. Most importantly, CSF ApoE predicted clinical progression in APOEɸ4 carriers, 

but not in APOEɸ4 non-carriers. Cross-sectionally, we mainly found associations between 

CSF ApoE and CSF Tau/pTau; these were also strongest in APOEɸ4 carriers. Contrary to 

CSF ApoE, plasma ApoE did not predict clinical progression. Associations between ApoE 

concentration in plasma and classical CSF biomarkers were generally absent or small. 

 APOEɸ4 non-carriers mainly produce ApoE3. In contrast, APOEɸ4 carriers either produce 

only ApoE4 (in homozygotes) or a combination of ApoE4 and ApoE3 (in heterozygotes). 

Others have shown the majority of CSF ApoE in APOEɸ4 heterozygotes is ApoE4.6 If this 

is the case, our findings support the thought that there is not only a structural, but also 

a functional difference between ApoE3 and ApoE4. While high CSF ApoE4 (in APOEɸ4 

carriers) did predict clinical progression, high CSF ApoE3 (in APOEɸ4 non-carriers) did 

not. A wealth of in vitro and animal model evidence supports the existence of functional 

differences between ApoE4 and ApoE3,2-4 but to our knowledge their clinical relevance 

has not been confirmed in in vivo material from humans before.

Although our aim was mainly clinical in nature, the most important consequence of our 

study may thus be pathophysiological. In literature, multiple different ways in which 

APOEɸ4 increases risk of dementia due to AD have been proposed.2-4 A first distinction 

can be made between routes related to its function within the brain and routes related 

to cardiovascular risk.2,3,18-20 As in other studies,5,21-23 CSF ApoE and plasma ApoE were 

not correlated in our study, which implies they have different sources. CSF ApoE is likely 

to be derived from the brain, while plasma ApoE is mainly derived from the liver.24,25  

We found CSF ApoE did predict clinical progression in APOEɸ4 carriers, while plasma 

ApoE did not. These results could imply, that the role ApoE plays in the brain is more 

important to risk of dementia due to AD than its cardiovascular role. This is in line with 

a prior population-based study in which APOE genotype and atherosclerosis were found 

to be independent risk factors for dementia due to AD.20 Five prior studies raised 

expectations that plasma ApoE would be able to predict clinical progression in non-

demented subjects, however.1,12 Four were cross-sectional studies in non-demented 

subjects.1,12 In the other, longitudinal, study, higher plasma ApoE concentrations were 

cross-sectionally associated to more gray matter atrophy and worse cognitive 

performance, but not to clinical progression after two years.1 

Within the brain, several ways in which ApoE4 could increase risk of AD have been 

proposed. These can roughly be divided into amyloid dependent and amyloid 

independent pathways.2,4 Cross-sectional associations between CSF ApoE concentration 

and classical CSF biomarkers may provide clues as to which of these mechanisms are 

mediated by ApoE concentration early in the clinical continuum of AD. In APOEɸ4 

carriers, we found strong associations between CSF ApoE and CSF Tau/pTau, but no 

association between CSF ApoE and CSF Aɴ42. Others have found similar results, mainly 

in patients with dementia due to AD.8,26,27 If this cross-sectional association reflects a 
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causal relationship between ApoE(4) and Tau, these results may indicate that amyloid 

independent pathways are more influenced by ApoE concentration in APOEɸ4 carriers 

than amyloid dependent pathways. Interestingly, several in vitro studies have suggested 

ApoE4 causes hyperphosphorylation of Tau and tangle formation, while ApoE3 does 

not.28-30 This would be in line with the interaction we found: in APOEɸ4 carriers the 

association between CSF ApoE and (p)Tau was much stronger than in APOEɸ4 non-

carriers. Other studies have found many factors other than APOE genotype are able to 

influence ApoE concentration, such as age, APOE promotor polymorphisms and insulin 

concentrations.5,31-33 By influencing ApoE concentrations these factors may indirectly 

influence CSF Tau and thus the risk of clinical progression in non-demented APOEɸ4 

carriers.

The exact manner in which Aɴ42 should be integrated in a framework in which CSF ApoE 

is mainly associated to Tau in APOEɸ4 carriers remains to be elucidated. CSF ApoE was 

not associated with CSF Aɴ42 in the present study. Nonetheless, as in other studies, we 

found presence of an APOEɸ4 allele was associated to lower (more AD like) Aɴ42 in non-

demented subjects. We previously found low Aɴ42 to be clinically relevant in non-

demented APOEɸ4 carriers, but only in combination with high CSF (p)Tau. This 

combination predicted clinical progression in APOEɸ4 carriers with subjective complaints, 

while either factor alone did not. In view of our current findings, one might hypothesize 

that the risk of clinical progression in non-demented APOEɸ4 carriers is highest when 

APOEɸ4 genotype has somehow lead to low CSF Aɴ42 and high ApoE concentration has 

additionally lead to high CSF Tau. 

APOEɸ4 non-carriers can develop dementia due to AD in spite of their more advantageous 

genotype. We found ApoE concentration did not predict clinical progression in non-

demented APOEɸ4 non-carriers. One may therefore conclude, risk of clinical progression 

is neither related to APOE genotype, nor to ApoE concentration in these patients. The 

associations we found between CSF ApoE and classical CSF biomarkers in APOEɸ4 non-

carriers were contradictory. While higher CSF ApoE was associated to higher CSF Tau 

(more indicative of AD), it was also associated to higher CSF Aɴ42 (less indicative of AD). 

One other study found similar results regarding Aɴ42, but did not investigate associations 

between CSF ApoE and Tau.5 In view of the lack of predictive value of ApoE concentrations, 

these cross-sectional associations seem to have little clinical value in APOEɸ4 non-

carriers. 

Literature concerning ApoE concentrations and AD is very diverse. Studies have resulted 

in all possible outcomes: ApoE concentrations in CSF and plasma were found to be 

lower, higher and unchanged in AD.5-11 There are several possible explanations for the 

variety of findings. As ApoE is a lipophilic protein it may adhere to tubes, causing falsely 

lower ApoE values. Results may also differ due to the smaller sample sizes used in many 

studies.6,26,34-36 Additionally, differences in kind of populations studied may have resulted 

in different outcomes. For example, it is possible the association between ApoE and AD 

pathophysiology changes as individuals grow older. Differences in APOEɸ4 prevalence 

between the studies could also have resulted in contradictory results, as most studies 

did not include interactions between ApoE concentration and APOE genotype. 
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Strengths of the current study include that we used a highly standardized protocol for 

CSF and plasma collection, storage and ApoE determination. We used antibodies that 

had previously been proven to perform well. Prior to the current study, they were 

thoroughly tested in our laboratory. Also, we investigated a large group of non-demented 

subjects with substantial longitudinal follow-up and included interactions between ApoE 

concentration and APOE genotype in our analyses. In retrospect, the study may have 

been improved by using isoform-specific antibodies. In an even larger group of patients 

it might have been possible to test the effects of ApoE concentration separately for each 

APOE haplotype, which may have given additional insight. In the current study we 

included patients with subjective complaints and MCI. This could be seen as a limit, 

because ApoE could have different effects along the AD continuum. In fact, we found 

an indication this may be the case, because we found an interaction between plasma 

ApoE concentration and APOE genotype in patients with subjective complaints, but not 

in patients with MCI when analysis were done separately for each diagnostic group. Main 

results did not differ between the diagnostic groups, however. 

Our results suggest CSF ApoE is an important mediator of APOEɸ4 associated risk of 

dementia due to AD. High CSF ApoE concentrations may be especially detrimental 

because of their association with (p)Tau. Whether this is indeed a causal relationship will 

have to be evaluated in studies using longitudinal CSF sampling. If these confirm current 

results, our study may have implications for future ApoE lowering therapy early in the 

course of AD in APOEɸ4 carriers. In APOEɸ4 non-carriers our results imply it may be 

most important to further elucidate disease mechanisms unrelated to ApoE.
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SUPPLEMENTARY RESULTS

When using linear regression models to assess the association between CSF/plasma 

ApoE concentrations and classical CSF biomarkers, interactions between CSF ApoE and 

APOE genotype remained significant when CSF Aɴ42 was the dependent variable in 

patients with subjective complaints, but not in patients with MCI. Conversely, interactions 

between CSF ApoE and APOE genotype remained significant when Tau or pTau were the 

determinants in patients with MCI, but not in patients with subjective complaints. An 

additional interaction between plasma ApoE concentration and APOE genotype was 

found in patients with MCI when Tau was the dependent variable. Subsequent stratified 

analysis showed higher plasma ApoE was associated to lower CSF Tau in APOEɸ4 non-

carriers, but not in APOEɸ4 carriers with MCI. 

Supplementary Table 1A. linear regression models for the association between ApoE concentrations in CSF/
plasma and classical CSF biomarkers for patients with subjective complaints. 

Predictor Outcome Model 1 Model 2

APOEɸ4 non-carriers APOEɸ4 carriers

CSF ApoE Aɴ42 -0.02 (-0.14: 0.11) 0.10 (-0.04: 0.23) -0.15 (-0.38: 0.08)

Tau 0.34 (0.25: 0.44) 0.32 (0.20: 0.44) 0.43 (0.28: 0.59)

pTau 0.38 (0.28: 0.48) 0.37 (0.25: 0.48) 0.44 (0.26: 0.63)

Plasma ApoE Aɴ42 0.11 (-0.00:0.23) 0.06 (-0.06: 0.17)

Tau -0.02 (-0.13: 0.09) -0.00 (-0.11: 0.11)

pTau -0.05 (-0.16: 0.06) -0.04 (-0.15: 0.08)

Data are presented as standardized Beta (95% CI). CSF: n=191. Plasma: n=202. Model 1: linear regression model 
corrected for age, sex and baseline MMSE. Model 2: Model 1 with additional inclusion of APOE genotype. As 
in the models taking all non-demented patients into account, we stratified for APOE genotype in model 2 when 
CSF ApoE was the predictor. In patients with subjective complaints, the interaction between CSF ApoE and 
APOE genotype was only significant when CSF Aɴ42 was the outcome measure (p<0.05), but not when Tau or 
pTau were taken as outcome measures.
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Supplementary Table 1B. Data are presented as standardized Beta (95% CI). CSF: n=191. Plasma: n=202. Model 
1: linear regression model corrected for age, sex and baseline MMSE. Model 2: Model 1 with additional inclusion 
of APOE genotype. As in the models taking all non-demented patients into account, we stratified for APOE 
genotype in model 2 when CSF ApoE was the predictor. In patients with subjective complaints, the interaction 
between CSF ApoE and APOE genotype was only significant when CSF Aɴ42 was the outcome measure (p<0.05), 
but not when Tau or pTau were taken as outcome measures. 

Predictor Outcome Model 1 Model 2

APOEɸ4 non-carriers APOEɸ4 carriers

CSF ApoE Aɴ42 -0.02 (-0.15: 0.12) 0.18 (-0.02: 0.37) 0.13 (-0.06: 0.31)

Tau 0.43 (0.30: 0.55) 0.25 (0.08: 0.43) 0.54 (0.35: 0.75)

pTau 0.48 (0.37: 0.60) 0.34 (0.16: 0.53) 0.57 (0.39: 0.75)

Plasma ApoE Aɴ42 0.17 (0.03: 0.30) 0.03 (-0.10: 0.15)

Tau -0.12 (-0.25: 0.01) -0.21 (-0.42: -0.01) 0.02 (-0.16: 0.19)

pTau -0.20 (-0.32: 0.07) -0.14 (-0.27: -0.01)

Data are presented as standardized Beta (95% CI). CSF: n=212. Plasma: n=210. Model 1: linear regression model 
corrected for age, sex and baseline MMSE. Model 2: Model 1 with additional inclusion of APOE genotype. As 
in the models taking all non-demented patients into account, we stratified for APOE genotype in model 2 when 
CSF ApoE was the predictor. In patients with MCI, the interaction between CSF ApoE and APOE genotype was 
significant when CSF Tau (p<0.05) or pTau (p<0.10) were taken as outcome measures, but not when Aɴ42 was 
taken as outcome measure. We found an addition interaction between plasma ApoE and APOE genotype 
(p<0.10) when Tau was taken as outcome measure and therefore additionally showed the stratified result for 
this analysis.
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