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Marking the Markers of Alzheimer’s: Too good to diagnose,  
too bad to use?

One of the most important neurodegenerative diseases of our time is Alzheimer’s disease, 
which mainly affects the elderly population. The accumulation of β-amyloid and tau protein in 
the brain tissue is the most characteristic pathomechanical event of the disease, later causing 
neuronal cell death. Setting up an accurate diagnosis of Alzheimer’s disease has essentially 
changed recently, since besides psychometry, neurochemical and neuroimaging examinations 
are also gaining greater importance in the clinical routine. Thanks to the widening of diagnostic 
methods, in the future the disease could be recognised even during the preclinical phase. 
The most remarkable source of brain-derived compounds is the cerebrospinal fluid. Although 
obtaining cerebrospinal fluid is greatly unpleasant, it poses a low risk and is frequently used 
as part of the diagnostic procedure. The assay of cerebrospinal fluid means the identification 
of the level of β-amyloid(1-42), tau and phospho-tau and their ratio, but to get more specific 
and sensitive investigations there is intensive research work both on the utility of their 
combination and on finding even more specific biomarkers. This review gives a summary 
of the biomarkers that are being used and being researched for the diagnostic tests of both 
familial and sporadic forms of Alzheimer’s disease. Other notable sources of neurochemical 
compounds are the serum and the plasma, however, the identification of their biomarkers 
is under preclinical examinations. Unfortunately neither the validation of these markers nor 
the consistent acceptance of the experimental results is possible due to the wide range of 
protocols in international research. The importance of biomarkers in the development of 
potential drug candidates is also discussed. 
(Neuropsychopharmacol Hung 2012; 14(3): 165-176; doi: 10.5706/nph201209002)
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WHY BIOMARKERS?

It is claimed that biomarkers are specifically proven 
indicator molecules of biological and pathological 
processes, and their level shows notable changes as 
a pharmacological response. The ideal biomarker 
of Alzheimer’s disease (AD) was defined in 1998 by 
the Ronald and Nancy Reagan Research Institute 
of the Alzheimer’s Association and the National 
Institute on Aging Working Group as “it should 
detect the fundamental feature of neuropathology 
and be validated in neuropathologically-confirmed 
cases, and it should have a sensitivity of >80% for 
detecting AD and a specificity of >80% for distin-
guishing from other dementias; it should be reliable, 
non-invasive; simple to perform and inexpensive”  
(Rosenmann, 2011).

Currently the diagnosis of AD is based on the Diag-
nostic and Statistical Manual of Mental Disorders, 4th 
Edition (DSM-IV) or the National Institute of Neuro-
logical Communicative Disorders and Stroke and the 
Alzheimer Disease and Related Disorders Association 
(NINCDS-ADRDA) criteria, but setting up the ac-
curate diagnosis has some limitations, because the 
early psychological symptoms are very similar to the 
symptoms of frontotemporal dementia, Parkinson’s 
disease, diffuse Lewy body disease, Creutzfeldt-Jacob 
disease, cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy 
(de Rino et al., 2011). Distinguishing AD from other 
forms of dementia includes various types of examina-
tions, such as medical history, physical examination, 
neurophysiological elucidation, laboratory tests and 
neuroimaging tests. 
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Since the available treatments have the greatest ben-
efits at the early stage of the disease, our current aim 
is to establish the diagnosis of AD before the mem-
ory decline reaches the level of dementia. There are 
new, multidisciplinal diagnostic criteria compiled by 
Dubois et al. (2009; 2010), based on various imaging 
and laboratory investigations. As for the new criteria, 
to recognise AD minimum one of the minor criteria 
should be fulfilled in addition to the major crite-
rion. The major criterion is the presence of memory 
impairment, and the minor ones are medial tempo-
ral atrophy, pathological sites on neuroimaging of 
positron emission tomography (PET) and abnormal 
cerebrospinal fluid (CSF) markers. Abnormal CSF 
markers include elevated tau and phospho-tau levels 
and reduced amyloid level. 

One of the greatest advantages of CSF examina-
tion is that it is the direct environment of the brain, 
consequently it contains markers of the chemical 
changes occurring there. Despite the fact that bi-
omarkers for AD are known, diagnostic procedures 
accurate enough to screen for presymptomatic pa-
tients have not been developed yet (Mattsson et al., 
2009a, Mattsson et al., 2012). Distinguishing early or 
preclinical AD from other dementias has remained 
challenging until today, even in specialized dementia 
centres. However, there are several ongoing studies to 
identify and validate novel biomarkers to meet this 
urgent need. Fagan & Holzman (2010) summarized 
why more useful and reliable biomarkers have not 
been found:
•	 the identification of biomarkers strongly depends 

on the accurate diagnosis of the patient
•	 the golden standard of confirming AD is post-

mortem histological analysis
•	 to draw up an adequate healthy control group 

(age and gender matched) is extremely difficult
•	 limited number of CSF samples [lack of adjust-

ment according to age, gender, ethnicity and apoli-
poprotein E (APO E4) genotype]

•	 there is no standard protocol of sample collection, 
preparation and analysis for  laboratories

•	 misinformation of patients results in enrolment 
difficulties in studies 

 
“CORE BIOMARKERS” IN CONNECTION WITH 
PATOMECHANISM

The “core biomarkers” of AD include β-amyloid 1-42 
(Aβ(1-42)), tau and phospho-tau (P-tau). Aβ42 is 
involved in amyloid pathology and the formation of 
senile plaques. Tau and P-tau are in correlation with 

neurofibrillary tangles (Ballard et al., 2011). As for 
the amyloid hypothesis, altered amyloid processing 
causes amyloid burden in the brain tissue, and it may 
cause dementia due to cell death (Struble et al., 2010). 
Amyloid precursor protein (APP) is cleft by three 
types of protease enzymes, α-, β- and γ-secretases. 
Two of them (β and γ) are constitutively active and 
they are involved in the amyloidogenic pathway. If 
APP is cleft by β-secretase, the level of the large part 
of ectodomain (APPsβ) will increase; if it is cleft by 
γ-secretase, the level of Aβ(1-40) or Aβ(1-42) peptide 
will increase. These truncated peptides may accu-
mulate and form pathological senile plaques (Finder, 
2011). β-secretase 1 is a promising drug target, be-
cause its inhibition can reduce the level of APPsβ, 
Aβ(1-40) or Aβ(1-42) (Haass et al., 2012). Tau protein 
is a soluble microtubule-associated protein, and if it 
is hyperphosphorylated, it will form insoluble tangles 
(Meraz-Rios et al., 2010). Many phosphokinases are 
involved in the pathological hyperphosphorylation 
of tau filaments, for example glycogen syntase kinase 
(GSK3β), cyclin-dependent kinase 5, extracellular-
related kinase 1/2 (ERK1/2) and dual specificity 
tyrosine-phosphorylation-regulated kinase1A (Lee 
et al., 2011).

CURRENT STATUS OF DIAGNOSTICAL 
BIOMARKERS OF FAMILIAL ALZHEIMER’S 
DISEASE

According to international databases, approximately 
1-6% of all AD cases have the familial form with the 
development of the diseases between 30 to 65 years 
of age. Almost 60% of them have multiple cases of 
AD in the family, and nearly 13% are inherited in 
the autosomal dominant form of the illness (at least 
3 generations are affected) (Campion et al., 1999). 
Early onset familial AD (EAOFAD) is caused by the 
mutations of presenilin-1 (PSEN1) or presenilin-2 
(PSEN2) or (APP) (Bekris et al., 2010). In presymp-
tomatic patients carrying some of these mutations 
the development of AD can be predicted with 100% 
certainty (Ringman et al., 2012). There are several 
advantages of examining these patients to find new 
biomarkers. 
•	 They are more homogenous, so a smaller cohort 

size is needed.
•	 They are younger, thus they have fewer age- 

dependent neurologic and somatic changes.
On the other hand, the disadvantages of these 

examinations are that the pathogenesis of EAOFAD 
is in connection with the overproduction of Aβ(1-42) 
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instead of the decline of Aβ(1-42) degradation, which 
is the main pathomechanism in late-onset, sporadic 
AD (Bekris et al., 2012; Ringman et al., 2012). 

Table 1 presents specifications of the three most 
important EAOFAD mutations, which are also used 
in the diagnosis (Bettens et al., 2010).

CURRENT STATUS OF DIAGNOSTICAL 
BIOMARKERS OF LATE ONSET, SPORADIC 
ALZHEIMER’S DISEASE

Sensitivity and specificity of CSF biomarkers  
in recognising AD

NINCDS-ARDA criteria show 80% sensitivity and 
much lower specificity in recognising AD, while 
an ideal marker should have >85% sensitivity and 
>75% specificity with a standardized protocol, ac-
cording to the National Institute on Aging (Knopman 
et al., 2001). Early diagnosis is absolutely necessary 
to delay memory loss with the availability of new, 
disease-modifying drugs on the market in the future. 
The prediction of mild cognitive impairment (MCI) 

switching to AD based on the changed level of a single 
marker has a specificity and sensitivity lower than 50% 
(Brandt et al., 2008). When we use the internationally 
validated combination of the three biomarkers to di-
agnose AD, the specificity and sensitivity will be much 
higher than 80% (Blennow et al., 2010). Table 2 shows 
the values of CSF biomarkers obtained from AD  
patients and control subjects (Humpel, 2011). Welge 
et al. (2009) used the combination with a sensitivity 
and specificity of 88%. Bibl et al. (2008) found that 
the oxygenated form of Aβ(1-40) was elevated in the 
CSF of AD patients compared to vascular dementia 
patients and controls. As huge variations in findings 
may be experienced in the research centers, Mattsson 
et al. (2009b) published the results of a multicentered 
study, concluding that the ratio of Aβ(1-42)/tau and 
Aβ(1-42)/P-tau may predict the conversion of MCI to 
AD with 83% sensitivity and 72% specificity. 

Another large international study by cNEUPRO 
(involving 14 academic research partners) investigat-
ed new biomarkers and tried to unify sample handling 
protocols (Spitzer et al., 2010). They examined sAPPα, 
sAPPβ, total tau and Aβ(1-42) levels of MCI and AD 

APP mutation PSEN1 PSEN2

Prevalence of all EAOFAD 10% to 15% 18% to 50% Rare

Mutation 32 (in 80 families) 178 (in 393 families) 14 (in 23 families)

Age of development mid 40s-50s as early as 30s 45-88 years

Localization 21q21 14q24.2 1q42.13

Protein APP695 presenilin 1 (467aa) presenilin 2 (448aa)

Alternative splicing APP714, APP751, APP770, 
APP563 not identified tissue-specific

Function

primary function is not known
impact on regulation of synapse 
formation processed in the 
endosomal-lysomal pathway 
implicated in mitochondrial 
dysfunction

PSEN1, nicastrin, Aph-1, PSEN 
enhancer 2 are required for 
the stability and activity of 
γ-secretase complex

component of γ-secretase

Changes in levels of 
markers

increased Aβ42 level relative to 
levels of other Aβ isoforms

relative increase in the ratio of 
Aβ to Aβ40 peptides

relative increase in the ratio of 
Aβ to Aβ40 peptides

Reasons

¤ increasing Aβ42
¤ decreasing Aβ40
¤ �increasing Aβ42 while 

decreasing Aβ40

¤ increased Aβ42 production
¤ decreased Aβ40 production 
¤ combination of them

¤ increased Aβ42 production
¤ decreased Aβ40 production 
¤ combination of them

Table 1  The specifications of the three most important mutations of EAOFAD
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patients with high sensitivity. To further enhance the 
specificity and sensitivity more biomarkers should be 
used. The researchers of cNEUPRO identified other 
markers not related to APP processing. They found 
that the level of ERK1/2 is responsible for the eleva-
tion of tau hyperphosphorylation (Klafki et al., 2009). 
The level of glial fibrillary acidic protein, a marker of 
astrogliosis did not increase significantly (Jesse et 
al., 2009). The level of 3-nitrotyrosine, the marker 
of nitrosative stress, was also higher compared to 
controls (Korolainen & Pirttilä, 2009). Surprisingly, 
they did not find any change in total carbonylation,  
a marker of oxidative stress, which is one of the initial 
events of AD (Ryberg et al., 2004). They found that 
the level of ubiquitin (a small molecule related to 
protein degradation) also increased, however, it was 
not specific in AD but characteristic of all dementias 
examined (Blennow et al., 1994). The level of s100 
calcium binding protein, an astroglial marker, also 
increased not only in the CSF but in the serum as 
well (Jesse et al., 2009).

Besides biochemical markers, neuroimaging stud-
ies like PET or MRI investigations are also available, 
and by putting various data together we may get a 
much clearer picture of the patient’s status (de Leon 
et al., 2004). As for De Souza et al. (2011), hippocam-
pus atrophy significantly correlated with the altered 
level of P-tau, but the rate of atrophy did not have any 
implications for the Aβ level. Vos et al. (2011) showed 
that the altered Aβ(1-42)/P-tau ratio  may also predict 
a reduction in hippocampal volume, but the cutoff 
values should be validated in all of these cases.

Biomarkers in blood

Although the CSF is a really good source of new bio-
markers, its utility in clinical routine is low, since 
invasive procedures may have various side-effects. 
That is why serum and plasma are getting more im-
portant in identifying new biomarkers (de Souza et 

al., 2011). Obtaining blood samples is really easy and 
poses minimal risks, but the standardisation of the 
measured difference and the replicability of results 
are quite problematic since the proteom of blood may 
be modified by comorbid diseases including obesity 
(Costa et al., 2011), diabetes (Hong & Lee, 1997) or 
metabolic syndrome (Schönknecht et al., 2002). 

Just as in the case of CSF, specificity and sensi-
tivity for the blood markers are as high as 71-99% 
and 91% if we use them in combination to follow 
the progression of AD (Ait-Ghezala et al., 2008).  
The altered level of tau has the most predictive 
value, however, measuring tau in blood samples is 
very difficult, consequently researchers focus on the 
change of Aβ. Although the protein extract of CSF is 
200 times lower, it contains 10 times more Aβ than 
plasma (Song et al., 2009; Ewers et al., 2011). As we 
know, the circulating Aβ is not derived exclusively 
from the brain tissue, its level may also increase due 
to liver catabolism or renal excretion (Salin et al., 
2008) and platelets can also secrete Aβ (Chen et al., 
1995). Another problem is the circulating Aβ bind-
ing to albumin, so when it is depleted, most of the 
markers are lost (Maler et al., 2007). Gloeckner et al. 
(2008) found that the level of Aβ in blood, especially 
Aβ(1-42), decreased in patients with various types 
of dementia. The results of cNEUPRO showed the 
same Aβ(1-42)/Aβ(1-40) ratio, decreased in the early 
stage of AD, and this reduction may elevate the risk 
of rapidly developing dementia (Spitzer et al., 2010). 

Biomarkers in the focus of the research

Recent publications reported that CSF biomarkers 
beyond tau and Aβ supported the additional diag-
nostic information given by multiple antibody-based 
screens. Researchers found changes in the levels of 
some proteins involved in neurodegeneration, blood 
brain barrier, early role of inflammation, oxidative 
stress and synapse turnover (Ringman et al., 2012). 

Biomarker AD (pg/ml) Controls (pg/ml)

Aβ1-42 <500 794±20

Total tau >600 341±171

P-tau-181 >60 23±2

Table 2  Internationally validated biomarkers in CSF
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Biomarkers in Alzheimer’s disease Drug Research

Target validation biomarkers

demonstrate the interaction between
the candidate and the target

Toxicity biomarkers

	 - detect adverse effects
	 - prediction of adverse effects

Disease-releated biomarkers

	 - patient selection
	 - sample stratification 
	 - course prediction
	 - defining disease severity

Pharmacokinetic biomarkers

	 - aspects of drug absorption
	 - distribution
	 - metabolism
	 - excretion

Pharmacodynamic biomarkers

	 - target engagement
	 - dose selection
	 - treatment response

Figure 1  Different types of biomarkers in the development of potential drug candidates

Table 3 shows a summary of the most important 
markers with their characteristics, which may help 
to distinguish late onset, sporadic AD from other 
dementias. Some CSF biomarkers shown in Table 3 
can also be found in either plasma or serum. Potential 
blood markers could be APOE, clusterin, progranu-
lin, cAMP-dependent protein kinase 1 subunit α1 
(CDKα1) and α1-antitrypsin (Harold et al., 2009). 
Carriers of the APOE4 allele had a higher rate of 
nitration and glycation, which may also be indica-
tors of the early stage of AD (Lambert et al., 2009). 
APOE and sortilin-related receptor L1 (SORL1) have 
shown lower specificity and sensitivity in diagnostic 
trials, but phosphatidylinositol-binding clathrin as-
sembly protein (PICALM) and complement receptor 
1 (CR1) were also associated with late onset, sporadic 
AD (Mayeux & Schupf, 2011). Bridging integrator 1 
(BIN1) showed decrease but it was not significant 
(Harold et al., 2009).

The compounds of the molecular mechanism of 
AD may serve as potential disease-modifying drug 
targets. The studies of molecular biology of Aβ, tau 
protein, hyperphosphorylated tau, intracellular 
signal pathways, mitochondrial dysfunction, syn-
aptic abnormalities and cell death have shown that 
pharmacologic manipulation of these pathological 
events could be an effective therapeutic strategy. 
According to the Food and Drug Administration 
(FDA), potential biomarkers should be integrated 
into clinical development (Goodsaid & Frueh, 2007),  
because of their wide-ranged utility shown in Figure 1  
(Cummings, 2011). 

There have been only a few studies so far that 
aimed to show the effectiveness of compounds on 
CSF markers. In spite of the difficulties in examining 
CSF markers, few compounds were proven effective 
on CSF markers. Table 4 summarizes the list of ex-
amined drug candidates.
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CONCLUDING REMARKS

In the last decade significant steps have been taken 
in the process of using promising biomarkers in the 
diagnosis of AD. The combined analysis of CSF Aβ 
and tau proteins increased the sensitivity and spe-
cificity, so that they became suitable for a more exact 
diagnosis of AD. However, the accurate pathophysi-
ological role of new biomarkers in the development 
of AD remains to be clarified. The further progress of 
research requires application of biomarkers not only 
from CSF, but also from the blood. 
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SORL1		  sortilin-related receptor L1

Corresponding author: Oláh Zita, Dél-Alföldi Neurobiológiai 
Tudásközpont, Szikra utca 2., 6725 Szeged, Hungary
telefon: 06/62-54-68-51
e-mail: olah.zita.87@gmail.com



Marking the Markers of Alzheimer’s...       � re  v iew 

Neuropsychopharmacologia Hungarica 2012. XIV. évf. 3. szám 173

REFERENCES

1.	 Aisen, P.S., Saumier, D., Briand, R., Laurin, J., Gervais, F., 
Tremblay, P., Garceau, D. (2006) A Phase II study targeting 
amyloid-beta with 3APS in mild-to-moderate Alzheimer dis-
ease. Neurology 67: 1757-1763.

2.	 Ait-Ghezala, G., Abdullah, L., Volmar, C.H., Paris, D., Luis, C.A., 
Quadros, A., Mouzon, B., Mullan, M.A., Keegan, A.P., Parrish, 
J., Crawford, F.C., Mathura, V. S., Mullan, M.J. (2008) Diag-
nostic utility of APOE, soluble CD40, CD40L, and Abeta1-40  
levels in plasma in Alzheimer’s disease. Cytokine 44: 283-287.

3.	 Akiyama, H., Barger, S., Barnum, S., Bradt, B., Bauer, J., Cole, 
G.M., Cooper, N.R., Eikelenboom, P., Emmerling, M., Fiebich, 
B.L., Finch, C.E., Frautschy, S., Griffin, W.S., Hampel, H., Hull, 
M., Landreth, G., Lue, L., Mrak, R., Mackenzie, I.,R., McGeer, 
P.L., O’Banion, M.K., Pachter, J., Pasinetti, G., Plata-Salaman, C.,  
Rogers, J., Rydel, R., Shen, Y., Streit, W., Strohmeyer, R., Tooyo-
ma, I., Van Muiswinkel, F.L., Veerhuis, R., Walker, D., Webster, 
S., Wegrzyniak, B., Wenk, G., Wyss-Coray, T. (2000) Inflam-
mation and Alzheimer’s disease. Neurobiol Aging 21: 383-421.

4.	 Ballard, C., Gauthier, S., Corbett, A., Brayne, C., Aarsland, D., 
Jones, E. (2011) Alzheimer’s disease. Lancet 377: 1019-1031.

5.	 Bateman, R.J., Siemers E.R., Mawuenyega, K.G., Wen, G., Brown-
ing, K.R., Sigurdson, W.C., Yarasheski, K.E., Friedrich, S.W., 
Demattos, R.B., May, P.C., Paul, S.M., Holtzman, D.M. (2009)  
A gamma-secretase inhibitor decreases amyloid-beta produc-
tion in the central nervous system. Ann Neurol 66: 48-54.

6.	 Bekris, L.M., Yu, C.E., Bird, T.D., Tsuang, D.W. (2010) Genetics 
of Alzheimer Disease. J Geriatr Psychiatry Neurol 23: 213-227.

7.	 Bettens, K., Sleegers K., Van Broeckhoven, C. (2010) Current 
status on Alzheimer disease molecular genetics: from past, to 
present, to future. Hum Mol Genet 19: R4-R11.

8.	 Bettens, K., Brouwers, N., Engelborghs, S., Lambert, J.C., 
Rogaeva, E., Vandenberghe, R., Le Bastard, N., Pasquier, F., 
Vermeulen, S., Van Dongen, J., Mattheijssens, M., Peeters, K., 
Mayeux, R., St George-Hyslop, P., Amouyel, P., De Deyn, P.P., 
Sleegers, K., Van Broeckhoven, C. (2012) Both common varia-
tions and rare non-synonymous substitutions and small inser-
tion/deletions in CLU are associated with increased Alzheimer 
risk. Mol Neurodegener 7: 3.

9.	 Bibl, M., Mollenhauer B., Esselmann, H., Schneider, M., Lewc-
zuk, P., Welge, V., Gross, M., Falkai, P., Kornhuber, J., Wiltfang, 
J. (2008) Cerebrospinal fluid neurochemical phenotypes in 
vascular dementias: original data and mini-review. Dement 
Geriatr Cogn Disord 25: 256-265.

10.	 Blennow, K., Davidsson P., Wallin, A., Gottfries, C.G., Svenner-
holm, L. (1994) Ubiquitin in cerebrospinal fluid in Alzheimer’s 
disease and vascular dementia. Int Psychogeriatr 6: 13-22; dis-
cussion 59-60.

11.	 Blennow, K, Hampel, H, Weiner, M, Zetterberg, H. (2010) Cer-
ebrospinal fluid and plasma biomarkers in Alzheimer disease. 
Nat Rev Neurol 6:131-144.

12.	 Brandt, C., Bahl, C.J., Heegaard, N.H., Waldemar, G., Johannsen,  
P. (2008) Usability of cerebrospinal fluid biomarkers in a terti-
ary memory clinic. Dement Geriatr Cogn Disord 25: 553-558.

13.	 Brunden, K.R., Yao, Y., Potuzak, J.S., Ferrer, N.I., Ballatore, C., 
James, M.J., Hogan, A.M., Trojanowski, J.Q., Smith, A.B.3rd, 
Lee, V.M. (2011) The characterization of microtubule-stabiliz-
ing drugs as possible therapeutic agents for Alzheimer’s disease 
and related tauopathies. Pharmacol Res. 63: 341-351.

14.	 Campion, D., Dumanchin, C., Hannequin, D., Dubois, B., Bel-
liard, S., Puel, M., Thomas-Anterion, C., Michon, A., Martin, 
C., Charbonnier, F., Raux, G., Camuzat, A., Penet, C., Mesnage, 
V., Martinez, M., Clerget-Darpoux, F., Brice, A., Frebourg, T. 
(1999) Early-onset autosomal dominant Alzheimer disease: 

Prevalence, genetic heterogeneity, and mutation spectrum. 
Am J Hum Genet 65: 664-670.

15.	 Carrillo, M.C., Blackwell, A., Hampel, H., Lindborg, J., Sper-
ling, R., Schenk, D., Sevigny, J.J., Ferris, S., Bennett, D.A., Craft, 
S., Hsu, T., Klunk, W.. (2009) Early risk assessment for Alzhe-
imer’s disease. Alzheimers Dement 5: 182-196.

16.	 Chen, M., Inestrosa, N.C., Ross, G.S., Fernandez, H.L. (1995) 
Platelets are the primary source of amyloid beta-peptide in hu-
man blood. Biochem Biophys Res Commun 213: 96-103.

17.	 Costa, A., Bini, P., Hamze-Sinno, M, .Moglia, A., Franciotta, D., 
Sinforiani, E., Ravaglia, S., Bole-Feysot, C., Hökfelt, T., Déch-
elotte, P., Fetissov, S.O. (2011) Galanin and alpha-MSH au-
toantibodies in cerebrospinal fluid of patients with Alzheimer’s 
disease. J Neuroimmunol 240-241: 114-120.

18.	 Cummings, J.L. (2011) Biomarkers in Alzheimer’s disease drug 
development. Alzheimers Dement 7: e13-44.

19.	 de Leon, M.J., DeSanti, S., Zinkowski, R., Mehta, P.D., Pratico, 
D., Segal, S., Clark, C., Kerkman, D., DeBernardis, J., Li, J., Lair, 
L., Reisberg, B., Tsui, W., Rusinek, H. (2004) MRI and CSF 
studies in the early diagnosis of Alzheimer’s disease. J Intern 
Med 256: 205-223.

20.	 de Rino, F., Martinelli-Boneschi, F., Caso, F., Zuffi, M., Za-
beo, M., Passerini, G., Comi, G., Magnani, G., Franceschi, M. 
(2011) CSF metabolites in the differential diagnosis of Alzhe-
imer’s disease from frontal variant of frontotemporal dementia. 
Neurol Sci. in press.

21.	 de Souza, L.C., Chupin, M., Lamari, F., Jardel, C., Leclercq, D., 
Colliot, O., Lehéricy, S., Dubois, B., Sarazin, M. (2011) CSF tau 
markers are correlated with hippocampal volume in Alzheim-
er’s disease. Neurobiol Aging. 33, 1253-1257.

22.	 Dickey, C.A., Koren, J., Zhang, Y.J., Xu, Y.F., Jinwal, U.K., Birn-
baum, M.J., Monks, B., Sun, M., Cheng, J.Q., Patterson, C., 
Bailey, R.M., Dunmore., J., Soresh., S., Leon, C., Morgan, D., 
Petrucelli, L. (2008) Akt and CHIP coregulate tau degradation 
through coordinated interactions. Proc Natl Acad Sci USA. 
105, 3622-3627.

23.	 Divinski, I., Holtser-Cochav, M., Vulih-Schultzman, I., Steingart,  
R.A., Gozes, I. (2006) Peptide neuroprotection through spe-
cific interaction with brain tubulin. J Neurochem 98: 973-984.

24.	 Dubois, B., Feldman, H.H., Jacova, C., Cummings, J.L., DeKo-
sky, S.T., Barberger-Gateau, P., Delacourte, A., Frisoni, G., Fox, 
N.C., Galasko, D., Gauthier, S., Hampel, H., Jicha, G.A., Meg-
uro, K., O’Brien, J., Pasquier, F., Robert, P., Rossor, M., Salloway, 
S., Sarazin, M., de Souza, L.C., Stern, Y., Visser, P.J., Scheltens, 
P. (2010) Revising the definition of Alzheimer’s disease: a new 
lexicon. Lancet Neurol 9: 1118-1127.

25.	 Dubois, B., Picard, G., Sarazin, M. (2009) Early detection of 
Alzheimer’s disease: new diagnostic criteria. Dialogues Clin 
Neurosci 11: 135-139.

26.	 Ewers, M., Schmitz S., Hansson, O., Walsh, C., Fitzpatrick, A., 
Bennett, D., Minthon, L., Trojanowski, J.Q., Shaw, L.M., Faluyi, 
Y.O., Vellas, B., Dubois, B., Blennow, K., Buerger, K., Teipel, S.J., 
Weiner, M., Hampel, H., Alzheimer’s Disease Neuroimaging, 
Initiative (2011) Body mass index is associated with biological 
CSF markers of core brain pathology of Alzheimer’s disease. 
Neurobiol Aging. in press.

27.	 Fagan, A.M., Holtzman D.M. (2010) Cerebrospinal fluid bi-
omarkers of Alzheimer’s disease. Biomark Med  4: 51-63.

28.	 Finder, V.H. (2010) Alzheimer’s Disease: A General Introduc-
tion and Pathomechanism. J Alzheimers Dis 22: S5-S19.

29.	 Finehout, E.J., Franck, Z., Choe, L.H., Relkin, N., Lee, K.H.. 
(2007) Cerebrospinal fluid proteomic biomarkers for Alzhe-
imer’s disease. Ann Neurol 61: 120-129.

30.	 Gilman, S., Koller, M., Black, R.S., Jenkins, L., Griffith, S.G., 
Fox, N.C., Eisner, L., Kirby, L., Rovira, M.B., Forette, F.,  



re  v iew   � Zita Oláh et al.

Neuropsychopharmacologia Hungarica 2012. XIV. évf. 3. szám 174

Orgogozo, J.M., A.N.1792(QS-21)-201 Study Team. (2005) 
Clinical effects of Abeta immunization (AN1792) in patients 
with AD in an interrupted trial. Neurology 64: 1553-1562.

31.	 Gloeckner, S.F., Meyne, F., Wagner, F., Heinemann, U., Kras-
nianski, A., Meissner, B., Zerr, I. (2008) Quantitative analysis of 
transthyretin, tau and amyloid-beta in patients with dementia. 
J Alzheimers Dis 14: 17-25.

32.	 Goodsaid, F., Frueh, F. (2007) Biomarker qualification pilot 
process at the US Food and Drug Administration. AAPS J 9: 
E105-E108.

33.	 Haass, C., Kaether, C.,Thinakaran, G., Sisodia, S. (2012) Traf-
ficking and Proteolytic Processing of APP. Cold Spring Harb 
Perspect Med in press.

34.	 Harold, D., Abraham R., Hollingworth, P., Sims, R., Gerrish, 
A., Hamshere, M.L., Pahwa, J.S., Moskvina, V., Dowzell, K., 
Williams, A., Jones, N., Thomas, C., Stretton, A., Morgan, A.R., 
Lovestone, S., Powell, J., Proitsi, P., Lupton, M.K., Brayne, C., 
Rubinsztein, D.C., Gill, M., Lawlor, B., Lynch, A., Morgan, K., 
Brown, K.S., Passmore, P.A., Craig, D., McGuinness, B., Todd, 
S., Holmes, C., Mann, D., Smith, A.D., Love, S., Kehoe, P.G., 
Hardy, J., Mead, S., Fox, N., Rossor, M., Collinge, J., Maier, 
W., Jessen, F., Schürmann, B., van den Bussche, H., Heuser, I., 
Kornhuber, J., Wiltfang, J., Dichgans, M., Frölich, L., Hampel, 
H., Hüll, M., Rujescu, D., Goate, A.M., Kauwe, J.S., Cruchaga, 
C., Nowotny, P., Morris, J.C., Mayo, K., Sleegers, K., Bettens, 
K., Engelborghs, S., De Deyn, P.P., Van Broeckhoven, C., Liv-
ingston, G., Bass, N.J., Gurling, H., McQuillin, A., Gwilliam, 
R., Deloukas, P., Al-Chalabi, A., Shaw, C.E., Tsolaki, M., Sin-
gleton, A.B., Guerreiro, R., Mühleisen, T.W., Nöthen, M.M., 
Moebus, S., Jöckel, K.H., Klopp, N., Wichmann, H.E., Car-
rasquillo, M.M., Pankratz, V.S., Younkin, S.G., Holmans, P.A., 
O’Donovan, M., Owen, M.J., Williams, J. (2009) Genome-wide 
association study identifies variants at CLU and PICALM  
associated with Alzheimer’s disease. Nat Genet 41: 1088-1093.

35.	 Hock, C., Maddalena, A., Raschig, A., Müller-Spahn, F., Esch-
weiler, G., Hager, K., Heuser, I., Hampel, H., Müller-Thomsen, 
T., Oertel, W., Wienrich, M., Signorell, A., Gonzalez-Agosti, C., 
Nitsch, R.M. (2003). Treatment with the selective muscarinic 
m1 agonist talsaclidine decreases cerebrospinal fluid levels of 
A beta 42 in patients with Alzheimer’s disease. Amyloid 10: 1-6.

36.	 Hong, M., Lee VM. (1997) Insulin and insulin-like growth fac-
tor-1 regulate tau phosphorylation in cultured human neurons. 
J Biol Chem 272: 19547-19553.

37.	 Hu, X., Pickering, E., Liu, Y.C., Hall, S., Fournier, H., Katz, E., 
Dechairo, B., John, S., Van Eerdewegh, P., Soares, H., Alzheim-
er’s Disease Neuroimaging Initiative (2011) Meta-analysis for 
genome-wide association study identifies multiple variants at 
the BIN1 locus associated with late-onset Alzheimer’s disease. 
PLoS One 6 in press.

38.	 Humpel, C. (2011) Identifying and validating biomarkers for 
Alzheimer’s disease. Trends Biotechnol 29: 26-32.

39.	 Jesse, S., Steinacker, P., Cepek, L., von Arnim, C.A., Tumani, 
H., Lehnert, S., Kretzschmar, H.A., Baier, M., Otto, M. (2009) 
Glial fibrillary acidic protein and protein S-100B: different 
concentration pattern of glial proteins in cerebrospinal fluid 
of patients with Alzheimer’s disease and Creutzfeldt-Jakob dis-
ease. J Alzheimers Dis 17: 541-551.

40.	 Kauwe, J.S., Cruchaga, C., Bertelsen, S., Mayo, K., Latu, W., 
Nowotny, P., Hinrichs, A.L., Fagan, A.M., Holtzman, D.M., 
Alzheimer’s Disease Neuroimaging Initiative, Goate, A.M. 
(2010) Validating predicted biological effects of Alzheimer’s 
disease associated SNPs using CSF biomarker levels. J Alzhe-
imers Dis 21: 833-842.

41.	 Klafki, H.W., Lewczuk P., Kamrowski-Kruck, H., Maler, J.,M., 
Müller, K., Peters, O., Heuser, I., Jessen, F., Popp, J., Frölich, L., 

Wolf, S., Prinz, B., Luckhaus, C., Schröder, J., Pantel, J., Gertz, H.J., 
Kölsch, H., Müller, B.W., Esselmann, H., Bibl, M., Kornhuber,  
J., Wiltfang, J. (2009) Measurement of ERK 1/2 in CSF from 
patients with neuropsychiatric disorders and evidence for the 
presence of the activated form. J Alzheimers Dis 18: 613-622.

42.	 Lannfelt, L., Blennow, K., Zetterberg, H., Batsman, S., Ames, 
D., Harrison, J., Masters, C.L., Targum, S., Bush, A.I., Murdoch, 
R., Wilson, J., Ritchie, C.W., PBT2-201- EURO study group 
(2008) Safety, efficacy, and biomarker findings of PBT2 in tar-
geting Abeta as a modifying therapy for Alzheimer’s disease: a 
phase IIa, double-blind, randomised, placebo-controlled trial. 
Lancet Neurol 7: 779-786.

43.	 Lambert, J.C., Heath, S., Even, G., Campion, D., Sleegers, 
K., Hiltunen, M., Combarros, O., Zelenika, D., Bullido, M.J., 
Tavernier, B., Letenneur, L., Bettens, K., Berr, C., Pasquier, F., 
Fiévet, N., Barberger-Gateau, P., Engelborghs, S., De Deyn, P., 
Mateo, I., Franck, A., Helisalmi, S., Porcellini, E., Hanon, O., 
European Alzheimer’s Disease Initiative, Investigators, de Pan-
corbo, M.M., Lendon, C., Dufouil, C., Jaillard, C., Leveillard, 
T., Alvarez, V., Bosco, P., Mancuso, M., Panza, F., Nacmias, B., 
Bossu, P., Piccardi, P., Annoni, G., Seripa, D., Galimberti, D., 
Hannequin, D., Licastro, F., Soininen, H., Ritchie, K., Blanche, 
H., Dartigues, J.F., Tzourio, C., Gut, I., Van Broeckhoven, C., 
Alpérovitch, A., Lathrop, M., Amouyel, P. (2009) Genome-
wide association study identifies variants at CLU and CR1 as-
sociated with Alzheimer’s disease. Nat Genet 41: 1094-1099.

44.	 Lilly. (2009) Phase II data on Lilly’s antibody show it af-
fects amyloid beta, a protein believed to be associated with 
Alzheimer”s disease. PRNewswire-FirstCall via COMETX 
News Network 2009.

45.	 Knopman, D.S., DeKosky, S.T., Cummings, J.L., Chui, H., 
Corey-Bloom, J., Relkin, N., Small, G.W., Miller, B., Stevens, 
J.C. (2001) Practice parameter: diagnosis of dementia (an 
evidence-based review). Report of the Quality Standards Sub-
committee of the American Academy of Neurology. Neurology 
56: 1143-1153.

46.	 Korolainen, M.A., Pirttilä, T. (2009) Cerebrospinal fluid, se-
rum and plasma protein oxidation in Alzheimer’s disease. Acta 
Neurol Scand 119: 32-38.

47.	 Lee, V.M., Brunden, K.R., Hutton, M., Trojanowski, J.Q. (2011) 
Developing therapeutic approaches to tau, selected kinases, 
and related neuronal protein targets. Cold Spring Harb Per-
spect Med 1 in press.

48.	 Maler, J.M., Klafki, H.W., Paul, S., Spitzer, P., Groemer, T.W., 
Henkel, A.W., Esselmann, H., Lewczuk, P., Kornhuber, J., Wilt-
fang, J. (2007) Urea-based two-dimensional electrophoresis of 
beta-amyloid peptides in human plasma: evidence for novel 
Abeta species. Proteomics 7: 3815-3820.

49.	 Matthews, C.Z., Woolf, E.J. (2008) Determination of a novel 
gamma-secretase inhibitor in human plasma and cerebrospi-
nal fluid using automated 96 well solid phase extraction and 
liquid chromatography/tandem mass spectrometry. J Chroma-
togr B Analyt Technol Biomed Life Sci. 863: 36-45.

50.	 Mattsson, N., Blennow, K., Zetterberg, H. (2009a) CSF Bi-
omarkers Pinpointing Alzheimer Pathogenesis. Ann Y Acad 
Sci 1180: 28-35.

51.	 Mattsson, N., Zetterberg, H., Hansson, O., Andreasen, N., 
Parnetti, L., Jonsson, M., Herukka, S.K., van der Flier, W.M., 
Blankenstein, M.A., Ewers, M., Rich, K., Kaiser, E., Verbeek, 
M., Tsolaki, M., Mulugeta, E., Rosén, E., Aarsland, D., Visser, 
P.J., Schröder, J., Marcusson, J., de Leon, M., Hampel, H., Schel-
tens, P., Pirttilä, T., Wallin, A., Jönhagen, M.E., Minthon, L., 
Winblad, B., Blennow, K. (2009b) CSF biomarkers and incipi-
ent Alzheimer disease in patients with mild cognitive impair-
ment. JAMA 302: 385-393.



Marking the Markers of Alzheimer’s...       � re  v iew 

Neuropsychopharmacologia Hungarica 2012. XIV. évf. 3. szám 175

52.	 Mattsson, N., Rosén, E., Hansson, O., Andreasen, N., Parnetti, 
L., Jonsson, M., Herukka, S.K., van der Flier, W.M., Blank-
enstein, M.A., Ewers, M., Rich, K., Kaiser, E., Verbeek, M.M., 
Olde Rikkert, M., Tsolaki, M., Mulugeta, E., Aarsland, D., Viss-
er, P.J., Schröder, J., Marcusson, J., de Leon, M., Hampel, H., 
Scheltens, P., Wallin, A., Eriksdotter-Jönhagen, M., Minthon, 
L., Winblad, B., Blennow, K., Zetterberg, H. (2012) Age and 
diagnostic performance of Alzheimer disease CSF biomarkers. 
Neurology 78: 468-476.

53.	 Mayeux, R., Schupf, N. (2011) Blood-based biomarkers for 
Alzheimer’s disease: plasma Aβ40 and Aβ42, and genetic vari-
ants. Neurobiol Aging 32: S10-19.

54.	 Meraz-Rios, M.A., Lira-De Leon, K.I., Campos-Pena, V., De 
Anda-Hernández, M.A., Mena-López, R. (2010) Tau oligom-
ers and aggregation in Alzheimer’s disease. J Neurochem 112: 
1353-1367.

55.	 Morgan, K. (2011) The three new pathways leading to Alzhe-
imer’s disease. Neuropathol Appl Neurobiol 37: 353-357.

56.	 Nitsch, R.M., Deng, M., Tennis, M., Schoenfeld, D., Growdon, 
J.H. (2000) The selective muscarinic M1 agonist AF102B de-
creases levels of total Abeta in cerebrospinal fluid of patients 
with Alzheimer’s disease. Ann Neurol 48: 913-918.

57.	 Oh, E.S., Troncoso, J.C., Fangmark Tucker, S.M. (2008) Maxi-
mizing the potential of plasma amyloid-beta as a diagnostic 
biomarker for Alzheimer’s disease. Neuromolecular Med 10: 
195–207.

58.	 Patel, A., Rees, S.D., Kelly, M.A., Bain, S.C., Barnett, A.H., 
Thalitaya, D., Prasher, V.P. (2011) Association of variants 
within APOE, SORL1, RUNX1, BACE1 and ALDH18A1 with 
dementia in Alzheimer’s disease in subjects with Down syn-
drome. Neurosci Lett 487: 144-148.

59.	 Pérez, M., Hernández, F., Lim, F., Díaz-Nido, J., Avila, J. (2003) 
Chronic lithium treatment decreases mutant tau protein  
aggregation in transgenic mouse model. J Alzheimers Dis 5: 
301-308.

60.	 Puchades, M., Hansson, S.F., Nilsson, C.L., Andreasen, N., 
Blennow, K., Davidsson, P. (2003) Proteomic studies of poten-
tial cerebrospinal fluid protein markers for Alzheimer’s disease. 
Brain Res Mol Brain Res 118: 140-146.

61.	 Reitz, C., Tokuhiro, S., Clark, L.N., Conrad, C., Vonsattel,  
J.P., Hazrati, L.N., Palotás, A., Lantigua, R., Medrano, M., 
Z. Jiménez-Velázquez, I., Vardarajan, B., Simkin, I., Haines, 
J.L., Pericak-Vance, M.A., Farrer, L.A., Lee, J.H., Rogaeva, E., 
George-Hyslop, P.S., Mayeux, R. (2011) SORCS1 alters amy-
loid precursor protein processing and variants may increase 
Alzheimer’s disease risk. Ann Neurol 69: 47-64.

62.	 Riekse, R.G., Li, G., Petrie, E.C., Leverenz, J.B., Vavrek, D., Vu-
letic, S., Albers, J.J., Montine, T.J., Lee, V.M., Lee, M., Seubert, P., 
Galasko, D., Schellenberg, G.D., Hazzard, W.R., Peskind, E.R. 
(2006) Effect of statins on Alzheimer’s disease biomarkers in 
cerebrospinal fluid. J Alzheimers Dis 10: 399-406.

63.	 Ringman, J.M., Schulman, H., Becker, C., Jones, T., Bai, Y., 
Immermann, F., Cole, G., Sokolow, S., Gylys, K., Geschwind, 
D.H., Cummings, J.L., Wan, H.I. (2012) Proteomic Changes in 

Cerebrospinal Fluid of Presymptomatic and Affected Persons 
Carrying Familial Alzheimer Disease Mutations. Arch Neurol 
69: 96-104.

64.	 Roher, A.E., Maarouf, C.L., Sue, L.I., Hu, Y., Wilson, J., Beach, 
T.G. (2009) Proteomics-derived cerebrospinal fluid markers of 
autopsy-confirmed Alzheimer’s disease. Biomarkers 14: 493-501.

65.	 Rosenmann, H. (2012) CSF biomarkers for amyloid and tau 
pathology in Alzheimer’s disease. J Mol Neurosci 47: 1-14.

66.	 Ryberg, H., Söderling, A.S., Davidsson, P., Blennow, K., Caid-
ahl, K., Persson, L.I. (2004) Cerebrospinal fluid levels of free 
3-nitrotyrosine are not elevated in the majority of patients with 
amyotrophic lateral sclerosis or Alzheimer’s disease. Neuro-
chem Int 45: 57-62.

67.	 Salin, P., Castle, M., Kachidian, P., Barroso-Chinea, P., López, 
I.P., Rico, A.J., Kerkerian-Le Goff, L., Coulon, P., Lanciego, J.L. 
(2008) High-resolution neuroanatomical tract-tracing for the 
analysis of striatal microcircuits. Brain Res 1221: 49-58.

68.	 Schjeide, B.M., Schnack, C., Lambert, J.C., Lill, C.M., Kirch-
heiner, J., Tumani, H., Otto, M., Tanzi, R.E., Lehrach, H., 
Amouyel, P., von Arnim, C.A., Bertram, L. (2011) The role of 
clusterin, complement receptor 1, and phosphatidylinositol 
binding clathrin assembly protein in Alzheimer disease risk 
and cerebrospinal fluid biomarker levels. Arch Gen Psychiatry 
68: 207-213.

69.	 Schönknecht, P., Lütjohann, D., Pantel, J., Bardenheuer, H., 
Hartmann, T., von Bergmann, K., Beyreuther, K., Schröder, J. 
(2002) Cerebrospinal fluid 24S-hydroxycholesterol is increased 
in patients with Alzheimer’s disease compared to healthy con-
trols. Neurosci Lett 324: 83-85.

70.	 Song, F., Poljak, A., Smythe, G.A., Sachdev, P. (2009) Plasma 
biomarkers for mild cognitive impairment and Alzheimer’s 
disease. Brain Res Rev 61: 69-80.

71.	 Spitzer, P., Klafki, H.W., Blennow, K., Buée, L., Esselmann, H., 
Herruka, S.K., Jimenez, C., Klivenyi, P., Lewczuk, P., Maler, 
J.M., Markus, K., Meyer, H.E., Morris, C., Müller, T., Otto, M., 
Parnetti, L., Soininen, H., Schraen, S., Teunissen, C., Vecsei, L., 
Zetterberg, H., Wiltfang, J. (2010) cNEUPRO: Novel Biomark-
ers for Neurodegenerative Diseases. Int J Alzheimers Dis Arti-
cle ID 548145.

72.	 Struble, R.G., Ala, T., Patrylo, P.R., Brewer, G.J., Yan, X.X. 
(2010) Is Brain Amyloid Production a Cause or a Result of De-
mentia of the Alzheimer’s Type? J Alzheimers Dis 22: 393-399.

73.	 Vos, S., van Rossum, I., Burns, L., Knol, D., Sheltens, P, Soinin-
en, H., Wahlund, L.O., Hampel, H., Tsolaki, M., Minthon, L., 
Handels, R., L’Italien, G., van der Flier, W., Aalten, P., Teunis-
sen, C., Barkhof, F., Blennow, K., Wolz, R., Rueckert, D., Verhey, 
F., Visser, P.J. (2011) Test sequences of CSF and MRI biomark-
ers for prediction of AD in subjects with MCI. Neurobiol Ag-
ing (2012) in press.

74.	 Welge, V., Fiege, O., Lewczuk, P., Mollenhauer, B., Esselmann, 
H., Klafki, H.W., Wolf, S., Trenkwalder, C., Otto, M., Korn-
huber, J., Wiltfang, J., Bibl, M. (2009) Combined CSF tau, p-
tau181 and amyloid-beta 38/40/42 for diagnosing Alzheimer’s 
disease. J Neural Transm 116: 203-212.



re  v iew   � Zita Oláh et al.

Neuropsychopharmacologia Hungarica 2012. XIV. évf. 3. szám 176

Az Alzheimer-kór korunk egyik legjelentősebb, főleg az idősebb korosztályt érintő neuro-
degeneratív megbetegedése. Patomechanizmusában fontos szerepet játszik a β-amiloid 
és tau-protein felhalmozódása az idegszövetben, mely később a neuronok pusztulásához 
vezet. Az Alzheimer-kór diagnosztikája az elmúlt években jelentős változáson ment át,  
hiszen egyre jelentősebb szerepet kapnak a pszichometriai tesztek mellett a képalkotó és  
a neurokémiai vizsgálatok is. A diagnosztikai módszerek bővülése lehetővé teszi a betegség 
esetleges preklinikai fázisban történő felismerését. A neurokémiai markerek egyik legjelentő-
sebb forrása a gerincvelői folyadék, a liquor. Bár a mintavétel jelentős kellemetlenséggel jár, 
kockázata kicsi, így egyre gyakrabban alkalmazzák az Alzheimer-kór diagnózisában. A liquor 
neurokémiai vizsgálata során a β-amiloid(1-42), tau és foszfo-tau szintek, illetve hányadosaik 
meghatározását végzik, de a specifitás és szenzitivitás növelése érdekében intenzív kutatások 
folynak további, még specifikusabb markerek azonosítása és a már alkalmazott markerek kom-
binált vizsgálata irányában. Összefoglalónk áttekintést ad az Alzheimer-kór diagnosztikájában 
jelenleg is alkalmazott, valamint a napjainkban kutatott markerekről, mind a familiáris, mind 
a sporadikus Alzheimer-kór esetében. A kémiai markerek másik forrása a plazma és szérum 
lehet, az ezekből történő markerazonosítás azonban még kutatási fázisban tart. A markerek 
validálását és az eredmények egyhangú elfogadását sajnos még nem teszi lehetővé a nemzet-
közi kutatócsoportok metodikái között tapasztalható jelentős változatosság. A biomarkerek 
jelentőségét a gyógyszerkutatásban szintén tárgyaljuk. 

Kulcsszavak: Alzheimer-kór, β-amiloid, tau protein, biomarker, cerebrospinális folyadék, 
diagnosztikai módszerek

Az Alzheimer-kór markereinek jelentősége: diagnosztikai  
haszon, korlátozott alkalmazhatóság?


