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GENERAL INTRODUCTION

1.1
introduction

dementia
dementia is a syndrome characterized by progressive deterioration of cognitive 
function interfering with daily life activities. most causes of dementia are of cerebral 
origin and progressive in nature. there are many causes of dementia, this thesis is 
focused on a disease named after the german neurologist and pathologist alois 
alzheimer.  

alzheimer’s disease
alzheimer’s disease (ad) is the most prevalent form of dementia. in its most typical 
form, impairment in episodic memory is the first complaint. as the disease progresses 
memory impairment is followed by a combination of disturbances of language, praxis, 
visuospatial and executive functions. 

a post-mortem diagnosis is based on the accumulation of extracellular amyloid 
and intraneuronal neurofibrillary tangles. during life, a probable diagnosis is made 
according to clinical criteria such as the nincds-adrda or dms–iV criteria.1,2 
according to these criteria there should be evidence for impairment in two or more 
cognitive domains, that interfere with activities of daily living, which are progressive, 
and are a decline from a previous level of functioning. ancillary investigations like 
brain mri and csf analysis are increasingly having a prominent role (see below) in 
establishing a more reliable diagnosis.3

pathology of ad
neuropathologically ad is characterized by two types of abnormalities, the 
accumulation of amyloid beta (ab) in senile plaques and (hyperphosphorylated) tau in 
neurofibrillary tangles.

senile plaques – amyloid
plaques are located extracellularly and consist mainly of the protein amyloid beta 
(ab). ab is continuously produced through proteolytic cleavage of amyloid precursor 
protein (app), in multiple steps.4 several amyloid proteins can stick together to form 
oligomers and subsequently fibrils, that in turn aggregate in plaques. there are several 
species of ab, with different numbers of amino-acids (e.g. ab37, ab38, ab39, ab40, 
ab42). although the concentration of ab40 in csf is considerably higher than that 
of ab42, the latter is the predominant component of the plaques.5 plaque formation 
may be the result of either overproduction or failure to clear ab42. for this reason 
focus has been on the importance of ab42, while the role of ab40 should be explored 
further.

neurofibrillary tangles - tau
tangles are located intracellularly, and abnormally hyperphosphorylated tau is their 
main component. tau protein is needed for axonal integrity, by binding to microtubules 
it increases the rate of polymerization of the microtubule.6 in addition, it acts as a 
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promoter of tubulin polymerization, and the protein is involved in axonal transport.6 
the tau protein can be phosphorylated, however the role of phosphorylation is not 
completely clear. it probably influences microtubule assembly, since phosphorylated 
tau is less effective in microtubule polymerization. in ad, hyperphosphorylated forms 
of tau are the principal component of the paired helical filaments. these abnormal 
cytoskeletal fibrils accumulate as neurofibrillary tangles.7 overall it is clear that there is 
a direct relationship between tau phosphorylation and tangle formation, however it is 
not yet clear whether phosphorylation is a cause or a consequence.8

risk factors for ad

age
age is the risk factor that is most consistently found for ad, presumably due to the 
fact that during life the brain is exposed to different forms of damage such as minor 
vascular events, white matter disease and inflammation. furthermore, the increasing 
risk of ad is probably a reflection of increasing amyloid plaque formation with age. 
clinical presentation is different between age groups. young patients, at post-mortem 
examination, typically have pure ad without other types of pathology. in these 
patients the most characteristic type of ad is seen with pronounced memory deficits, 
however there are also young patients presenting without memory complaints, but 
with mainly language and orientation problems.9 older patients often have a more 
mixed type of dementia with also vascular damage and lewy bodies, in addition 
to plaques and tangles. possibly there is a link in the pathogenesis of the different 
pathologies. for instance vascular damages may promote the aggravation of ad 
pathology. this is supported by autopsy studies which reported that vascular risk 
factors like hypertension were associated with greater numbers of amyloid plaques 
and neurofibrillary tangles in the brain.10,11

Figure 1. the hallmark 
pathologies of ad: amy- 
loid plaques and tau 
tangles
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Pathology of AD 

Neuropathologically AD is characterized by two types of abnormalities, the accumulation of 

amyloid beta (Aβ) in senile plaques and (hyperphosphorylated) tau in neurofibrillary tangles.

Figure 1.1 The hallmark pathologies of AD: amyloid plaques and tau tangles 

Senile plaques – Amyloid 

 Source: AHAF (American Health Assistance Foundation 

Source: American Health Assistance Foundation 
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apoe genotype
the polymorphism of apolipoprotein e (apoe) is the 
most important genetic risk factor for ad. apoe exists 
in three common polymorphisms (ε2, ε3 and ε4). apoe 
ε4 heterozygotes have a 2-3 times, and ε4 homozygotes 
even have a 6-8 times higher risk of developing ad than 
non ε4 carriers.12 

the apoe ε4 genotype has been found to be 
associated with an increased rate and extent of amyloid 
beta deposition and neurofibrillary tau pathology in 
post-mortem studies.13-15 furthermore, non-demented 
subjects carrying the apoe ε4 allele were more likely to 
have amyloid plaques and neurofibrillary tangles than 
non-carriers.16 it is not yet clarified which mechanisms, 
and to what extent, play a role for apoe ε4 carriers 
in the development of ad. theories relate increased 
amyloid production to increased accumulation in 
plaques,13,15,17 but there are also hypotheses related 
to the apoe ε4 genotype as vascular risk factor,18,19 increased inflammation20,21 and 
impaired repair mechanisms in apoe ε4 carriers.22 furthermore, studies have shown 
that the apoe genotype with the clinical phenotype of ad. the typical amnestic 
phenotype, presenting mainly with memory problems seems to be promoted by 
the apoe ε4 allele, whereas the atypical non-memory phenotype (presenting with 
language and orientation difficulties) occurs in the absence of the apoe ε4 allele.23 
interestingly, these patients, with an atypical clinical presentation lacking the apoe ε4 
allele, are also often younger than the apoe ε4 carriers.24

Biomarkers for ad
cerebrospinal fluid (csf) provides a ‘reflection of the brain’, since it is in direct contact 
with the brain, where the pathological processes like senile plaque and neurofibrillary 
tangle formation take place. in the csf ab42, as marker for amyloid, and tau and 
ptau-181, as markers for tangle pathology, can be measured.

ab42
the concentration of amyloid beta 1-42 (ab42) in csf is reduced by about 50% in 
ad.25  sensitivity is about 86% at a specificity of 90% for the discrimination of ad and 
healthy aging.26,27 decreased levels of ab42 are thought to reflect amyloid pathology 
in the brain, which is supported by post-mortem studies which showed that csf 
ab42 levels were well related with amyloid pathology.28,29 in addition, in-vivo amyloid 
imaging studies using pet, showed that increased amyloid deposition is reflected by 
reduced levels of csf ab42.30,31 however, it is as yet unclear why levels of csf ab42 
are lower (as opposed to higher) in ad patients. it has been hypothesized that due 
to deposition of amyloid, less amyloid is diffused to the csf. ab42 could also form 
oligomers in the csf of ad patients, which results in less available monomers for 
measurement in an elisa setting.32

6

Figure 1.2. APOE genotype in the pathogenesis of AD following the ‘amayloid cascade’ 

hypothesis 

APOE genotype 

The polymorphism of apolipoprotein E (APOE) is the most important genetic risk factor for 

AD. APOE exists in three common polymorphisms (ε2, ε3 and ε4). APOE ε4 heterozygotes 

have a 2-3 times, and ε4 homozygotes even have a 6-8 times higher risk of developing AD

than non ε4 carriers.12

The APOE ε4 genotype has been found to be associated with an increased rate and extent of 

amyloid beta deposition and neurofibrillary tau pathology in post-mortem studies.13-15

Furthermore, non-demented subjects carrying the APOE ε4 allele were more likely to have 

amyloid plaques and neurofibrillary tangles than non-carriers.16 It is not yet clarified which

mechanisms, and to what extent, play a role for APOE ε4 carriers in the development of AD. 

Theories relate increased amyloid production to increased accumulation in plaques,13,15,17 but 

there are also hypotheses related to the APOE ε 4 genotype as vascular risk factor,18,19

increased inflammation20,21 and impaired repair mechanisms in APOE ε4 carriers.22

Furthermore, studies have shown that the APOE genotype with the clinical phenotype of AD. 

The typical amnestic phenotype, presenting mainly with memory problems seems to be 

promoted by the APOE ε4 allele, whereas the atypical non-memory phenotype (presenting 

Figure 2. apoe genotype 
in the pathogenesis of 
ad following the ‘amyloid 
cascade’ hypothesis
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tau
csf tau levels are increased 2-3 times in ad patients in comparison to non-demented 
controls. sensitivity is about 81% at a specificity of 90% for the differentiation of ad and 
healthy aging.26 tau levels can however also be raised due other causes. for example 
in creutzfeldt Jakob disease and after acute stroke, csf tau levels are extremely high. 
in these disorders there is a high rate of neuronal cell death. for this reason, csf tau 
has been suggested to be a more general marker for neuronal damage which reflects 
the degree of neuronal degeneration.33-38 

ptau-181
csf levels of tau phosphorylated at threonine 181 (ptau-181) in ad can be increased by 
one or two orders of magnitude compared with non-demented controls. sensitivity is 
about 80% at a specificity of 92% for the discrimination of ad from healthy aging.26 for 
the differentiation of ad from other types of dementia, ptau-181 has been considered 
to be more specific than ab42 and tau, although there are also contradictory reports.26 
in the literature it has been assumed that csf ptau reflects phosphorylation.36,39,40 in 
accordance, phosphorylated tau is considered to be a specific biomarker for ad as it 
is related to the process of neurofibrillary tangle formation.39-41 

plasma biomarker
until now there are no reliable biomarkers for ad that can be measured in plasma. 
methods for measurement of ab40 and ab42 in plasma have however been developed. 
plasma ab40 and ab42 levels were found to be predictive for the development of ad 
in healthy elderly,42,43 but have not yet been evaluated for the diagnosis of ad. 

aside from plasma biomarkers that are directly related to ad pathology, a recent 
promising study showed that a combination of signalling proteins could distinguish 
ad patients from controls.44 this study implicated that there was an overall reduction 
in the abundance of factors associated with hematopoiesis and inflammation during 
ad, as well as to deficits in neuroprotection, neurotrophic activity, phagocytosis 
and energy homeostasis. further, independent, studies are needed to confirm this 
hypothesis.

clinical challenges in ad 

differential diagnosis
other prevalent types of dementia are vascular dementia (Vad), frontotemporal lobar 
degeneration (ftld) and dementia with lewy bodies (dlB). csf biomarkers amyloid 
beta 1-42 (ab42), total tau (tau) and tau phosphorylated at threonine 181 (ptau-181) 
can be used as biomarkers for a more reliable clinical diagnosis, in research settings 
sensitivity and specificity of 80-90% were shown for differentiation of ad patients from 
controls.26,45 however, the value of these biomarkers in the differentiation of ad from 
other dementias is less clear.46-48 in addition, it is important to note that most studies 
on the diagnostic value of csf biomarkers have been done in specialized tertiary 
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referral settings that differ in many ways from local hospital memory clinics where a 
large part of demented patients are diagnosed. 

mci
a recent development has been the recognition of a state before dementia, called 
mild cognitive impairment (mci). mci is defined by memory complaints of the 
patient, preferably supported by an informant, in combination with an objective 
memory deficit without interference with activities of daily living.49 the relevance of 
recognizing this state is that 15%-20% progress to dementia (mostly alzheimer’s) per 
year, as compared to 1-2% of the elderly population.50 earlier studies have shown that 
identification of mci patients that will convert to ad is feasible with relatively high 
accuracy using csf biomarkers ab42, tau and ptau-181.51,52 in addition the apoe 
genotype was associated with an elevated risk for ad in mci patients.53 the combined 
effect of the apoe genotype and the csf biomarkers as predictors for progression is 
however not yet clear.

disease progression
ad, by definition, is a progressive disease, though the rate of progression is highly 
variable among individuals. little is known about determinants for the rate of 
progression. predicting progression and outcome in ad is clinically important, since it 
provides important information for patients and caregivers and could improve patient 
management. results could for instance be used in treatment trials, studies could focus 
on patients with expected rapid decline and thereby increase their power. in addition, 
it has scientific importance by giving insight in the possible processes involved in 
progression of the disease. csf biomarkers are associated with progression of mci 
to ad.51,52,54 results from studies to further cognitive decline in relation to the csf 
biomarkers, however, are conflicting, and often have limited statistical power.25,55-62 it 
would be equally important to find a biomarker that reflects the course of ad, in order 
to monitor disease progression and effects of possible future treatment options. there 
have been several studies evaluating biomarkers as disease stage markers,63 however 
until now these biomarkers showed little effects in longitudinal settings.64 further 
research is needed to find one or more biomarkers that reflect the stage of disease. 



18

CHAPTER 1.1

references
1. american psychiatric association. 

diagnostic and statistical manual of 
mental health disorders (4th ed).: 
american psychiatric association, 
Washington, dc., 1994

2. mckhann g, drachman d, folstein m, et al. 
clinical diagnosis of alzheimer’s disease: 
report of the nincds-adrda Work 
group under the auspices of department 
of health and human services task force 
on alzheimer’s disease. neurology 
1984;34:939-944.

3. dubois B, feldman hh, Jacova c, et 
al. research criteria for the diagnosis 
of alzheimer’s disease: revising the 
nincds-adrda criteria. lancet neurol 
2007;6:734-746.

4. haass c, selkoe dJ. cellular processing 
of beta-amyloid precursor protein and 
the genesis of amyloid beta-peptide. cell 
1993;75:1039-1042.

5. iwatsubo t, odaka a, suzuki n, et al. 
Visualization of a beta 42(43) and a beta 
40 in senile plaques with end-specific 
a beta monoclonals: evidence that an 
initially deposited species is a beta 
42(43). neuron 1994;13:45-53.

6. Buee l, Bussiere t, Buee-scherrer V, et 
al. tau protein isoforms, phosphorylation 
and role in neurodegenerative disorders. 
Brain res Brain res rev 2000;33:95-130.

7. grundke-iqbal i, iqbal k, tung yc, et 
al. abnormal phosphorylation of the 
microtubule-associated protein tau (tau) 
in alzheimer cytoskeletal pathology. proc 
natl acad sci u s a 1986;83:4913-4917.

8. sergeant n, delacourte a, Buee l. tau 
protein as a differential biomarker of 
tauopathies. Biochim Biophys acta 
2005;1739:179-197.

9. ross sJ, graham n, stuart-green l, et 
al. progressive biparietal atrophy: an 
atypical presentation of alzheimer’s 
disease. J neurol neurosurg psychiatry 
1996;61:388-395.

10. petrovitch h, White lr, izmirilian g, et 
al. midlife blood pressure and neuritic 
plaques, neurofibrillary tangles, and brain 
weight at death: the haas. honolulu-
asia aging study. neurobiol aging 
2000;21:57-62.

11. sparks dl, scheff sW, liu h, et al. 
increased incidence of neurofibrillary 
tangles (nft) in non-demented 
individuals with hypertension. J neurol 
sci 1995;131:162-169.

12. farrer la, cupples la, haines Jl, et al. 
effects of age, sex, and ethnicity on the 
association between apolipoprotein 
e genotype and alzheimer disease. a 
meta-analysis. apoe and alzheimer 
disease meta analysis consortium. Jama 
1997;278:1349-1356.

13. raber J, huang y, ashford JW. apoe 
genotype accounts for the vast majority 
of ad risk and ad pathology. neurobiol 
aging 2004;25:641-650.

14. czech c, forstl h, hentschel f, et 
al. apolipoprotein e-4 gene dose in 
clinically diagnosed alzheimer’s disease: 
prevalence, plasma cholesterol levels 
and cerebrovascular change. eur arch 
psychiatry clin neurosci 1994;243:291-
292.

15. schmechel de, saunders am, strittmatter 
WJ, et al. increased amyloid beta-
peptide deposition in cerebral cortex 
as a consequence of apolipoprotein e 
genotype in late-onset alzheimer disease. 
proc natl acad sci u s a 1993;90:9649-
9653.

16. Warzok rW, kessler c, apel g, et al. 
apolipoprotein e4 promotes incipient 
alzheimer pathology in the elderly. 
alzheimer dis assoc disord 1998;12:33-
39.

17. dolev i, michaelson dm. a nontransgenic 
mouse model shows inducible amyloid-
beta (abeta) peptide deposition and 
elucidates the role of apolipoprotein e in 
the amyloid cascade. proc natl acad sci u 
s a 2004;101:13909-13914.

18. Beeri ms, rapp m, silverman Jm, et al. 
coronary artery disease is associated with 
alzheimer disease neuropathology in 
apoe4 carriers. neurology 2006;66:1399-
1404.

19. engelborghs s, dermaut B, goeman 
J, et al. prospective Belgian study 
of neurodegenerative and vascular 
dementia: apoe genotype effects. 
J neurol neurosurg psychiatry 
2003;74:1148-1151.

20. akiyama h, Barger s, Barnum s, et al. 
inflammation and alzheimer’s disease. 
neurobiol aging 2000;21:383-421.

21. ophir g, amariglio n, Jacob-hirsch J, 
et al. apolipoprotein e4 enhances brain 
inflammation by modulation of the nf-
kappaB signaling cascade. neurobiol dis 
2005;20:709-718.



19

GENERAL INTRODUCTION

1.1
22. levi o, Jongen-relo al, feldon J, et al. 

Brain area- and isoform-specific inhibition 
of synaptic plasticity by apoe4. J neurol 
sci 2005;229-230:241-248.

23. van der flier Wm, schoonenboom 
sn, pijnenburg ya, et al. the effect of 
apoe genotype on clinical phenotype 
in alzheimer disease. neurology 
2006;67:526-527.

24. schott Jm, ridha Bh, crutch sJ, et al. 
apolipoprotein e genotype modifies the 
phenotype of alzheimer disease. arch 
neurol 2006;63:155-156.

25. hulstaert f, Blennow k, ivanoiu a, et al. 
improved discrimination of ad patients 
using beta-amyloid(1-42) and tau levels in 
csf. neurology 1999;52:1555-1562.

26. Blennow k, hampel h. csf markers for 
incipient alzheimer’s disease. lancet 
neurol 2003;2:605-613.

27. mulder c, Verwey na, van der flier Wm, 
et al. amyloid-{beta}(1-42), total tau, and 
phosphorylated tau as cerebrospinal 
fluid Biomarkers for the diagnosis of 
alzheimer disease. clin chem 2009;

28. engelborghs s, de Vk, Van de ct, 
et al. diagnostic performance of a 
csf-biomarker panel in autopsy-
confirmed dementia. neurobiol aging 
2008;29:1143-1159.

29. tapiola t, alafuzoff i, herukka sk, et al. 
cerebrospinal fluid {beta}-amyloid 42 and 
tau proteins as biomarkers of alzheimer-
type pathologic changes in the brain. 
arch neurol 2009;66:382-389.

30. forsberg a, engler h, almkvist o, et al. 
pet imaging of amyloid deposition in 
patients with mild cognitive impairment. 
neurobiol aging 2008;29:1456-1465.

31. grimmer t, riemenschneider m, forstl h, 
et al. Beta amyloid in alzheimer’s disease: 
increased deposition in brain is reflected 
in reduced concentration in cerebrospinal 
fluid. Biol psychiatry 2009;65:927-934.

32. englund h, degerman gm, Brundin 
rm, et al. oligomerization partially 
explains the lowering of abeta42 in 
alzheimer’s disease cerebrospinal fluid. 
neurodegener dis 2009;6:139-147.

33. riemenschneider m, Wagenpfeil s, 
Vanderstichele h, et al. phospho-tau/
total tau ratio in cerebrospinal fluid 
discriminates creutzfeldt-Jakob disease 
from other dementias. mol psychiatry 
2003;8:343-347.

34. van der Vlies, Verwey na, Bouwman fh, 
et al. csf biomarkers in relationship to 

cognitive profiles in alzheimer disease. 
neurology 2009;72:1056-1061.

35. arai h, morikawa y, higuchi m, et 
al. cerebrospinal fluid tau levels in 
neurodegenerative diseases with distinct 
tau-related pathology. Biochem Biophys 
res commun 1997;236:262-264.

36. hesse c, rosengren l, andreasen n, et 
al. transient increase in total tau but not 
phospho-tau in human cerebrospinal 
fluid after acute stroke. neurosci lett 
2001;297:187-190.

37. Buerger k, otto m, teipel sJ, et al. 
dissociation between csf total tau and 
tau protein phosphorylated at threonine 
231 in creutzfeldt-Jakob disease. 
neurobiol aging 2006;27:10-15.

38. Blennow k, Wallin a, agren h, et al. 
tau protein in cerebrospinal fluid: 
a biochemical marker for axonal 
degeneration in alzheimer disease? mol 
chem neuropathol 1995;26:231-245.

39. itoh n, arai h, urakami k, et al. large-
scale, multicenter study of cerebrospinal 
fluid tau protein phosphorylated at 
serine 199 for the antemortem diagnosis 
of alzheimer’s disease. ann neurol 
2001;50:150-156.

40. Buerger k, ewers m, pirttila t, et al. 
csf phosphorylated tau protein 
correlates with neocortical neurofibrillary 
pathology in alzheimer’s disease. Brain 
2006;129:3035-3041.

41. schoonenboom ns, pijnenburg ya, 
mulder c, et al. amyloid beta(1-42) and 
phosphorylated tau in csf as markers for 
early-onset alzheimer disease. neurology 
2004;62:1580-1584.

42. van om, hofman a, soares hd, et al. 
plasma abeta(1-40) and abeta(1-42) and 
the risk of dementia: a prospective case-
cohort study. lancet neurol 2006;5:655-
660.

43. graff-radford nr, crook Je, lucas J, et 
al. association of low plasma abeta42/
abeta40 ratios with increased imminent 
risk for mild cognitive impairment 
and alzheimer disease. arch neurol 
2007;64:354-362.

44. ray s, Britschgi m, herbert c, et 
al. classification and prediction of 
clinical alzheimer’s diagnosis based 
on plasma signaling proteins. nat med 
2007;13:1359-1362.

45. mattsson n, zetterberg h, hansson o, et 
al. csf biomarkers and incipient alzheimer 
disease in patients with mild cognitive 
impairment. Jama 2009;302:385-393.



20

CHAPTER 1.1

46. Vanderstichele h, de Vk, Blennow k, et al. 
analytical performance and clinical utility 
of the innotest phospho-tau181p 
assay for discrimination between 
alzheimer’s disease and dementia 
with lewy bodies. clin chem lab med 
2006;44:1472-1480.

47. pijnenburg ya, schoonenboom sn, 
Barkhof f, et al. csf biomarkers in 
frontotemporal lobar degeneration: 
relations with clinical characteristics, 
apolipoprotein e genotype, and 
neuroimaging. J neurol neurosurg 
psychiatry 2006;77:246-248.

48. Blasko i, lederer W, oberbauer h, et 
al. measurement of thirteen biological 
markers in csf of patients with alzheimer’s 
disease and other dementias. dement 
geriatr cogn disord 2006;21:9-15.

49. petersen rc, smith ge, Waring sc, et 
al. mild cognitive impairment: clinical 
characterization and outcome. arch 
neurol 1999;56:303-308.

50. Visser pJ, kester a, Jolles J, et al. ten-
year risk of dementia in subjects with 
mild cognitive impairment. neurology 
2006;67:1201-1207.

51. hansson o, zetterberg h, Buchhave p, et 
al. association between csf biomarkers 
and incipient alzheimer’s disease in 
patients with mild cognitive impairment: 
a follow-up study. lancet neurol 
2006;5:228-234.

52. Bouwman fh, schoonenboom sn, van 
der flier Wm, et al. csf biomarkers and 
medial temporal lobe atrophy predict 
dementia in mild cognitive impairment. 
neurobiol aging 2007;28:1070-1074.

53. herukka sk, helisalmi s, hallikainen m, et 
al. csf abeta42, tau and phosphorylated 
tau, apoe epsilon4 allele and mci type 
in progressive mci. neurobiol aging 
2007;28:507-514.

54. li g, sokal i, Quinn Jf, et al. csf tau/
abeta42 ratio for increased risk of mild 
cognitive impairment: a follow-up study. 
neurology 2007;69:631-639.

55. galasko d, chang l, motter r, et al. high 
cerebrospinal fluid tau and low amyloid 
beta42 levels in the clinical diagnosis 

of alzheimer disease and relation to 
apolipoprotein e genotype. arch neurol 
1998;55:937-945.

56. mecocci p, cherubini a, Bregnocchi m, 
et al. tau protein in cerebrospinal fluid: a 
new diagnostic and prognostic marker in 
alzheimer disease? alzheimer dis assoc 
disord 1998;12:211-214.

57. tapiola t, pirttila t, mehta pd, et al. 
relationship between apoe genotype 
and csf beta-amyloid (1-42) and tau 
in patients with probable and definite 
alzheimer’s disease. neurobiol aging 
2000;21:735-740.

58. samuels sc, silverman Jm, marin dB, 
et al. csf beta-amyloid, cognition, and 
apoe genotype in alzheimer’s disease. 
neurology 1999;52:547-551.

59. stefani a, martorana a, Bernardini s, et 
al. csf markers in alzheimer disease 
patients are not related to the different 
degree of cognitive impairment. J neurol 
sci 2006;251:124-128.

60. hock c, golombowski s, naser W, et 
al. increased levels of tau protein in 
cerebrospinal fluid of patients with 
alzheimer’s disease--correlation with 
degree of cognitive impairment. ann 
neurol 1995;37:414-415.

61. andreasen n, hesse c, davidsson p, et al. 
cerebrospinal fluid beta-amyloid(1-42) in 
alzheimer disease: differences between 
early- and late-onset alzheimer disease 
and stability during the course of disease. 
arch neurol 1999;56:673-680.

62. andreasen n, minthon l, clarberg a, et al. 
sensitivity, specificity, and stability of csf-
tau in ad in a community-based patient 
sample. neurology 1999;53:1488-1494.

63. Bouwman fh, van der flier Wm, 
schoonenboom ns, et al. longitudinal 
changes of csf biomarkers in memory 
clinic patients. neurology 2007;69:1006-
1011.

64. zhou B, teramukai s, yoshimura k, et al. 
Validity of cerebrospinal fluid biomarkers 
as endpoints in early-phase clinical trials 
for alzheimer’s disease. J alzheimers dis 
2009;18:89-102.







aims and outline 1.2





25

GENERAL INTRODUCTION

1.2

the overall objective of this thesis was to extend the insight in the clinical applicability 
of body fluid biomarkers for ad. to this end, we evaluated the biomarkers in relation 
to several other factors:

 » to explore the effects of apoe genotype, in relation to other risk factors, on csf 
biomarker levels

 » to explore the clinical applicability of csf biomarkers in differential diagnosis
 » to explore the value of csf biomarkers in relation to ad disease progression
 » to develop novel plasma biomarkers for ad

these four aims were pursued and the results of the studies resulted in the four 
following chapters:

alzheimer's disease and apoe genotype 
in this chapter we explored the role of the apoe genotype in relation to csf biomarker 
levels. in chapter 2.1 we looked at the relation of csf biomarkers levels in relation to 
age and the apoe genotype, in ad patients and controls. in chapter 2.2 we analyzed 
the combined effect of hypertension and apoe genotype on csf biomarker levels. 
in chapter 2.3 we followed-up mci patients, and investigated the effect of apoe 
genotype in the prediction models of csf biomarkers for progression of mci to ad. 
in chapter 2.4 we compared ad patients with multiple microbleeds with those lacking 
this pathology on csf biomarker levels and apoe genotype.

the value of csf biomarkers in differential diagnosis  
of alzheimer's disease
We subsequently explored the value of csf biomarkers in the differential diagnosis 
of ad. in chapter 3.1 we explored the value of csf biomarker testing in differential 
diagnosis for a clinician in a local hospital memory clinic. in chapter 3.2 we investigated 
the additional value of determination of cerebrospinal fluid ab40 levels in the 
differentiation of ad from controls, and frontotemporal lobar degeneration.

progression of alzheimer's disease and csf biomarkers
in chapter 4.1 we investigated the value of csf ab42, tau and ptau-181 in prediction 
models for cognitive decline in ad over time. in chapter 4.2 we investigated the use 
of several biomarkers (ab42, tau, ptau-181, ab40, neurofilaments and isoprostane) in 
a longitudinal follow-up study, to find out whether these markers are usable to monitor 
disease progression. 

development of novel plasma biomarkers  
for alzheimer's disease
in this chapter we described the use of newly developed plasma biomarkers for ad. in 
chapter 5.1 we described plasma ab42 and ab40 in the differentiation of ad patients 
from controls. in chapter 5.2 we described the use of messenger rna expression for 
several proteins related to inflammation, hematopoiesis and apoptosis.

in chapter 6 the main findings of this thesis are summarized and discussed and 
recommendations for future research are given.




