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Abstract

Background. Tau protein is a microtubule-associated protein in neuronal axons. Tau concentration in cerebrospi-
nal fluid (CSF) has been used as a diagnostic marker for degenerative changes in the CNS. CSF/total tau is high-
ly elevated in Alzheimer’s disease (AD), but could be elevated in non-AD dementias as well.

Objectives. The aim of the study was to evaluate diagnostic accuracy of an AD test based on CSF/total tau con-
centration.

Material and Methods. A total of 102 persons were included in the study: 58 AD patients, 24 patients with va-
scular dementia (VD) and 20 nondemented controls. CSF samples were collected by routine lumbar puncture. The
level of tau protein was determined by sensitive sandwich enzyme-linked immunosorbent assay (ELISA).
Results. CSF/total tau in the AD group (median 385.6 pg/ml) was higher than in VD group (median 101.2 pg/ml),
and the controls (median 1.37 pg/ml). The differences were statistically significant. The cutoff value of 150 pg/ml
distinguished AD from VD groups with sensivity 79.2% and specifity 79.3%. Differences in tau protein concen-
tration among the groups with AD, VD and control were attributable neither to the age nor sex of patients. Corre-
lation between the Mini-Mental State Examination scores and CSF/total tau level in the AD group was high
(r =-0.66) and statistically significant.

Conclusions. CSF/total tau concentration can be a valid diagnostic marker for AD (Adv Clin Exp Med 2005, 14,
3, 505-509).
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Streszczenie

Wprowadzenie. Biatko tau, zwigzane mikrotubulami komérkowymi, wystepuje w zakoniczeniach neuronalnych.
Badanie st¢zenia w ptynie mézgowo-rdzeniowym stosuje si¢ do oceny zmian zwyrodnieniowych w o.u.n. Wyka-
zano znacznie podwyzszone stgzenie tego biatka w chorobie Alzheimera, moze by¢ rdwniez podwyzszone w otg-
pieniach niealzheimerowskich.

Cel pracy. Ocena diagnostycznej wartosci stgzenia catkowitego biatka tau w ptynie mézgowo-rdzeniowym w cho-
robie Alzheimera.

Material i metody. Badania przeprowadzono w grupie 102 oséb, w tym u 58 chorych na chorob¢ Alzheimera oraz
u 24 z rozpoznaniem otgpienia naczyniowego. Dwadziescia 0séb bez otgpienia stanowito grupe kontrolng. Ptyn
mdbzgowo-rdzeniowy pobierano za pomocg punkcji ledZzwiowej. Badania stezenia biatka tau przeprowadzono tech-
nikg ELISA.

Whyniki. Stgzenie catkowitego biatka tau w grupie pacjentéw z rozpoznang chorobg Alzheimera byto wigksze (me-
diana 385,6 pg/ml) w grupie z otgpieniem naczyniowym (mediana 101,2 pg/ml) i w grupie kontrolnej (mediana
1,37 pg/ml). Réznice byty statystycznie istotne. Wartos¢ odcigcia 150 pg/ml réznicowata chorobe Alzheimera od
otepienia naczyniowego z czutoscig 79,2% i swoistoscig 79,3%. Roznic w stezeniach biatka tau w poszczegdlnych
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grupach diagnostycznych (choroba Alzheimera, otgpienie naczyniowe) i w grupie kontrolnej nie mozna byto od-
nies¢ zaréwno do wieku, jak i pici badanych. Korelacja miedzy punkcja w skali MMSE a stezeniem catkowitego
biatka tau w ptynie mézgowo-rdzeniowym w grupie pacjentéw z chorobg Alzheimera byta wysoka (r = —0,66)

1 statystycznie istotna.

Whioski. Stezenie catkowitego biatka tau w ptynie mézgowo-rdzeniowym moze by¢ waznym markerem diagnos-
tycznym choroby Alzheimera (Adv Clin Exp Med 2005, 14, 3, 505-509).

Stowa kluczowe: biatko tau, choroba Alzheimera, otgpienie naczyniowe.

Tau protein (60-70 kD) is a microtubule-asso-
ciated protein. It has tandem repeats of a tubulin
binding domain, and promotes tubulin assembly.
The tau proteins in fact constitute a family whose
various members are made by alternative splicing
of a single gene. They are predominantly associated
with microtubules of the axon. Tau expression thus
plays a role in the formation and maintenance of the
integrity of the axonal structure. Aberrantly phos-
phorylated tau is also one of the major components
of the paired helical filaments (PHF) that accumula-
te in neurones to form the neurofibrillary tangles,
which with senile plaques constitute one of the neu-
ropathological hallmarks of Alzheimer’s disease
(AD) [1-3]. There is in fact a strong correlation be-
tween the occurence of neurofibrillary lesions and
dementia, but the presence of such tangles can be
determined in neuropathological analysis of speci-
mens obtained from brain biopsy or post mortem
[4]. Some authors have speculated that tau protein
accumulates in the cerebrospinal fluid (CSF) of AD
patients as a result of the progressive generation of
tau and the massive death of neurones in the central
nervous system (CNS) with the attendant spillage of
the cellular contents into the matrix [5-7].

In the search for an adequate biochemical test
allowing Alzheimer’s disease to be diagnosed and
its clinical course assessed without resorting to bio-
psy, it has been suggested that the tau protein level
should be measured in the cerebrospinal fluid of
AD patients in different stages of the disease [8—10].
At present, two biochemical markers, CSF-tau (total
and phosphorylated) and CSF-beta amyloid (1-42)
can be analysed to assess the progression of demen-
tia, in addition to clinical anamnesis and brain ima-
ging techniques. Various combinations have been
tested, including not only the absolute values of to-
tal tau, phosphorylated tau, and AP 42, but also va-
rious proportions among them [11-13]. Of conside-
rable importance from both the theoretical and cli-
nical perespective is differentiation in vivo between
AD, and other neurodegenerative diseases in older
patients that can produce clinical signs of dementia,
such as Lewy body dementia (LBD), frontotempo-
ral dementia (FTD), vascular dementia (VD), and
many other known clinical syndromes.

The aim of presented study was to evaluate diag-
nostic accuracy of an AD test based on CSF/total

tau concentration in determining differentiation Alz-
heimer’s disease from vascular dementia.

Material and Methods

AD and VD patients were outpatients, recruited
from members of the Lower Silesian Association of
Alzheimer Patients’ Families. The authors included
subjects without dementia as controls, suffering
from radicular disease, recruited from the Depart-
ment of Neurology at the Wroclaw Military Hospi-
tal. The clinical diagnosis of AD was based on the
NINCDS-ADRDA criteria [14]. The clinical dia-
gnosis of VD was made on the basis of NINCDS-
AIREN criteria for vascular dementia [15]. Demen-
tia severity was assessed and evaluated by means of
the Mini-Mental State Examination (MMSE). The
consent of the Regional Ethics Committee was ob-
tained. All the patients or their relatives signed an
informed consent prior to participation in the study.

Cerebrospinal fluid was collected from all pa-
tients by a routine lumbar puncture in the Depart-
ment of Neurology at the Wroclaw Military Hospi-
tal. The samples were centrifuged after collection
at 1500 rpm for 10 minutes, then aliquoted and
stored at —70°C until analysed. The level of tau
protein was determined using the sensitive sand-
wich enzyme-linked immunosorbent assay (ELISA)
technique developed by Vandermeeren et al. [16],
with the use of a reagent kit based on nonspecific
polyclonal antibodies made by Innogenetics (Bel-
gium) according to the manufacturer’s instruc-
tions. The assays of CSF-tau were performed in
duplicate, with the differences between duplicate
samples were under 10%.

Statistical differences in age and the CSF/to-
tal-tau concentration were analysed by means of
the Mann-Whitney U test. Receiver operating cha-
racteristic (ROC) was analysed to assess the most
appropriate cutoff values for the CSF/total-tau in
the distinction between AD and VD groups.

Results

102 persons were included (Tab. 1). The de-
mentia group consisted of 58 patients with suspect-
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Table 1. Summary of the patient population

Tabela 1. Dane demograficzne na temat populacji pacjentow

Group Number — Age MMSE
(Group) men/women | (Wiek)

(Liczba —

kobiety/

mezczyzni)
AD 58 (27/31) 68 +6.8 145+6.1
(Choroba
Alzheimera)
VD 24 (12/12) 65 £ 8.0 20.8+34
(Otepienie
naczyniowe)
No dementia | 20 (10/10) 645+99 | 283+1.1
(Brak
otepienia)

ed AD, and 24 VD patients. Control group consis-
ted of 20 subjects without dementia.

Differences in number of males and females
among groups with Alzheimer type dementia, vas-
cular dementia and control were minor and negli-
gible (x> = 0.28, p = 0.60). The groups differed
slightly in mean age. Patients with AD (mean
68 years) were somewhat older than patients in
VD group (mean 65 years), and persons in control
group (mean 64.5 years), but differences were not
significant (Mann-Whitney U test, Z = 1.33,
p = 0.18 and Z = 1.30, p = 0.20 respectively).
CSF/total-tau level in the group with Alzheimer
type dementia (mean 678.0, median 385.6 pg/ml)
was higher than concentration in both the VD
group (mean 106.9, median 101.2 pg/ml), and the
controls (mean 3.5, median 1.37 pg/ml) (Fig. 1).
These differences were highly significant (Mann-
Whitney U test, Z =—5.36, p < 0.0001 and Z = 6.44,
p < 0.0001 respectively). The difference in
CSF/total-tau between vascular dementia group
and control group were also statistically significant
(Mann-Whitney U test, Z = —4.87, p < 0.0001).

Correlation between the MMSE scores and
CSF/tau-total level in the AD group was high and
significant (r =-0.66, p < 0.001) (Fig. 2) but in the
VD group was low and not significant (r = —0.23,
p < 0.28). The age of patients had little influence
on CSF/tau level. The product moment correla-
tions between age and CSF/tau level showed
a trend toward increasing with age but did not
reach a significant level: in the group with AD
r=0.24, p = 0.07, in the group with VD r = 0.12,
p = 0.59, and in the control group r = 0.36,
p = 0.12. A gender has no statistically significant
influence on CSF/total-tau in the AD group
(Mann-Whitney U test, Z = -0.44, p = 0.66) nor in
the VD group (Mann-Whitney U test, Z = —0.35,
p = 0.73). Figure 3 shows ROC curve for
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Fig. 1. CSF/total tau concentration in Alzheimer’s
disease, vascular dementia, and control

Ryec. 1. Stgzenie catkowitego biatka tau w ptynie
moézgowo-rdzeniowym w chorobie Alzheimera, ote-
pieniu naczyniowym i w grupie kontrolnej
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Fig. 2. Correlation between CSF/total-tau concentra-
tion and MMSE score in Alzheimer’s dementia group

Ryc. 2. Zaleznos¢é migdzy ste¢zeniem catkowitego biat-
ka tau w ptynie mézgowo-rdzeniowym a punktacjg
MMSE w otepieniu typu Alzheimera
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Fig. 3. Receiver operating characteristic (ROC) for
the CSF/total-tau. An arrow shows an optimal cutoff
150 pg/ml with sensivity of 79.2% and specifity 79.3%

Ryc. 3. Charakterystyka czutosci/wrazliwosci dla stgze-
nia catkowitego biatka tau w ptynie mézgowo-rdzenio-

wym. Strzatka wskazuje na optymalng wartos¢ odcigcia
150 pg/ml z czutoscia 79,2% i swoistoscia 79,3%
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CSF/total-tau. The ROC curve demonstrates that
cutoff value of 150 pg/ml most reliably disting-
uished AD from VD groups. This cutoff yielded
a sensivity of 79.2% and a specifity of 79.3%. The
difference between AD and control groups was
larger. The lowest CSF/total-tau level for AD
group (65.2 pg/ml) was above the highest level for
the control group (13.3 pg/ml). One negative mea-
surement in AD group was considered as an arti-
fact.

Discussion

The results of presented experiment support
the hypothesis of a significantly higher concentra-
tion of tau protein in the cerebrospinal fluid of AD
patients in comparison with VD patients and the
controls. The increase in CSF/total-tau in AD has
been demonstrated in a number of studies [1, 3-5,

9—11, 17]. The value of CSF/total-tau to discrimi-
nate between AD and other dementias is relatively
high, with sensitivity and specificity about 80%
[17, 23, 24]. The study yields similar values of
these parameters. Some newer studies showed that
CSF/phospho-tau slightly better discriminates AD.
Levels of p-tau(231) discriminated with a sensitiv-
ity of 90.2% and a specificity of 80.0% between
AD and all non-AD disorders. Moreover,
p-tau(231) levels improved diagnostic accuracy
compared with t-tau levels when patients with AD
were compared with healthy controls demented
subjects with frontotemporal dementia, but not
those with vascular and Lewy body dementias
[25]. Some findings suggest that total tau and
phospho-tau in CSF reflect different pathogenic
processes in the brain; total-tau the degree of
neuronal damage and phospho-tau the phosphory-
lation state of tau and thus possibly the formation
of neurofibrillary tangles [26].

References

[1] Mandelkow EM, Mandelkow E: Tau in Alzheimer’s disease. Cell Biol 1998, 8, 425-427.

[2] Goedert M: Tau protein and neurofibrillary pathology of Alzheimer’s disease, Trends Neurosci 1993, 16, 460—465.

[3] Blennow K, Vanmechelen E, Hampel H: CSF total tau, Abeta 42 and phoshorylated tau protein as biomarkers
for Alzheimers disease. Mol Neurobiol 2001, 1-3, 87-97.

[4] Hock C, Golombowski S, Naser W, Muller-Spahn F: Increased levels of Tau protein in cerebrospinal fluid of pa-
tients with Alzheimer’s disease — correlation with degree of cognitive impairment, Ann Neurol 1995, 37, 414-415.

[5] Galasko D: Biological markers and the treatment of Alzheimer’s disease. J Mol Neurosci 2001, 2, 119-125.

[6] Hu JJ, He SS, Wang XC, Duan QH, Khatoon S, Igbal K, Grundke-Igbal J: Elevated levels of phoshorylated
neurofilament proteins in cerebrospinalis fluid of Alzheimer disease patients. Neurosci Lett 2002, 3, 156-160.

[7] Jenkins SM, Zinnermann M, Garner C, Johnson GVW: Modulation of tau phosphorylation and intracellular
localization by cellular stress. Biochem J 2000, 345, 263-270.

[8] Andreasen N, Vanmechelen E, Van de Voorde A: Cerebrospinalis fluid tau protein as a biochemical marker for
Alzheimer’s disease: a community based follow-up study. J Neurol Neurosurg Psychiatry 1998, 64, 298-305.

[9] Arai H, Terajima M, Miura M: Tau in cerebrospinalis fluid: A potential diagnostic marker in Alzheimer’s disease,
Ann Neurol 1995, 38, 649-652.

[10] Lau LF, Schachter JB, Seymour PA, Sanner MA: Tau protein phosphorylation as a therapeutic target in
Alzheimer’s disease. Curr Top Med Chem 2002, 4, 395-415.

[11] Hampel H, Goernitz A, Buerger K: Advances in the development of biomarkers for Alzheimer’s disease: from
CSF total tau and Abetal-42 proteins to phosphorylated tau protein. Brain Res Bul 2003, 61, 243-253.

[12] Sjogren M, Andreansen N, Blennow K: Advances in the detection of Alzheimer’s disease — use of cerebrospi-
nal fluid biomarkers. Clin Chim Acta 2003, 332, 1-10.

[13] Zetterberg H, Wahlund LO, Blennow K: Cerebrospinal fluid markers for prediction of Alzheimer’s disease.
Neurosci Let 2003, 352, 67-69.

[14] McKhan G, Drachman D, Folstein M: Clinical diagnosis of Alzheimer’s disease: report of the NINCDS — ADRDA
Work Group under auspices of Department of Health and Human Services Task Force on Alzheimer’s disease.
Neurology 1984, 34, 939-944.

[15] Roman GC, Tatemichi TK, Erkinjuntti T: Vascular dementia: Diagnostic criteria for research studies. Report
of the NINDS — AIREN International Work Group. Neurology 1993, 43, 250-260.

[16] Vandermeeren M, Mercken M, Vanmechelen E: Detection of Tau proteins in normal and Alzheimer’s disease
cerebrospinalis fluid with a sensitive sandwich enzyme-linked immunosorbent assay. J Neurochem 1993, 61,
1828-1834.

[17] Molina LTouchon J, Herpe M, Lefranc D, Duplan L, Cristol JP, Sabatier R, Vermersch P, Pau B, Mourton-
Gilles C: Tau and apoE in CSF: potential aid for discriminating Alzheimer’s disease from other dementias. Neu-
roReport 1999, 10, 3491-3495.

[18] Caputo CB, Sygowski LA, Scott CW, Sobel IRE: Role of Tau in the polymerisation of peptides from B-amyloid
precursors protein. Brain Res 1992, 597, 227-232.

[19] Ingelson M, Blomberg M, Benedikz E, Wahlund L-O, Karlsson E, Vanmechelen E, Lannfelt L.: Tau immu-
noreactivity detected in human plasma, but no obvious increase in dementia. Dement Geriatr Cogn Disord 1999,
10, 442-445.



Tau Protein Concentration as a Diagnostic Test for Alzheimer’s Disease 509

[20] Lee VMY, Balin BJ, Otvos L, Trojanowski JQ: A68: A major subunit of paired helical filaments and derivatiz-
ed forms of normal tau, Science, 1991, 251, 675-678.

[21] Liu WK, Dicson DW, Yen SH: Heterogeneity of Tau proteins in Alzheimer’s disease. Am J Pathol 1993, 142,
387-394.

[22] King ME, Ahuja V, Binder LI, Kuret J: Ligand dependent tau filament formation: Implications for Alzheimer’s
disease progression. Biochemistry 1999, 38, 14851-14859.

[23] Montine TJ, Kaye JA, Montine KS, McFarland L, Morrow JD, Quinn JF: Cerebrospinal fluid abeta42, tau,
and f2-isoprostane concentrations in patients with Alzheimer disease, other dementias, and in age-matched con-
trols. Arch Pathol Lab Med 2001, 125, 510-512.

[24] Ganzer S, Arlt S, Schoder V, Buchmann C, Mandelkow EM, Finckh U, Beisigel U, Naber D, Muller-Thomsen T:
CSF-tau, CSF-Abetal-42. ApoE-genotype and clinical parameters in the diagnosis of Alzheimer’s disease: combi-
nation of CSF-tau and MMSE yelds highest sensitivity and specificity. J Neural Transm 2003, 110, 1149-1160.

[25] Buerger K, Zinkowski R, Teipel SJ, Tapiola T, Arai H, Blennow K, Andreasen N, Hofmann-Kiefer K,
DeBernardis J, Kerkman D, McCulloch C, Kohnken R, Padberg F, Pirttila T, Schapiro MB, Rapoport SI,
Moller HJ, Davies P, Hampel H: Differential diagnosis of Alzheimer disease with cerebrospinal fluid levels of
tau protein phosphorylated at threonine 231. Arch Neurol 2002, 59, 1267-1272.

[26] Hesse C, Rosengren L, Andreasen N, Davidsson P, Vanderstichele H, Vanmechelen E, Blennow K: Transient
increase in total tau but not phospho-tau in human cerebrospinal fluid after acute stroke. Neurosci Lett 2001, 297,
187-190.

Address for correspondence:

Jerzy Leszek

Clinic of Psychiatry Wroclaw Medical University
J. Kraszewskiego 25

50-229 Wroclaw

Poland

e-mail: jleszek @psych,am.wroc.pl

Received: 5.07.2004
Revised: 9.08.2004
Accepted: 23.08.2004

Praca wptyngta do Redakcji: 5.07.2004 r.
Po recenzji: 9.08.2004 .
Zaakceptowano do druku: 23.08.2004 r.



	Title page / Strona tytułowa

