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Dissociation between CSF total tau and tau protein phosphorylated
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Abstract

To study the potential diagnostic value of abnormally phosphorylated tau protein in Creutzfeldt–Jakob disease (CJD) comp
Alzheimer’s disease (AD), we determined levels of tau phosphorylated at threonine 231 (p-tau231) and of total tau (t-tau) in cerebrospinal
fluid (CSF) of CJD patients, AD patients, and healthy controls (HC). CJD patients showed excessively high t-tau levels but relativ
p-tau231 concentrations compared to the AD group. t-tau alone yielded the best diagnostic accuracy to differentiate between CJD
patients, when compared to p-tau231 and the p-tau231/t-tau ratio (97, 78, and 95% correctly allocated cases, respectively). Our findings indi
a dissociation in the direction of change in CSF levels of t-tau and p-tau231 in CJD when compared to AD.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Major efforts are under way to define biological markers
of neurodegenerative disorders like Creutzfeldt–Jakob (CJD)
and Alzheimer’s disease (AD). Moreover, a biomarker to
support differential diagnosis between CJD and AD would
be clinically meaningful. In cerebrospinal fluid (CSF),
determination of total tau protein (t-tau) concentration
is of high diagnostic value for CJD with sensitivity and
specificity levels above 90% when distinguishing CJD
from non-demented and demented neurological controls
and AD [11,15,20,21]. T-tau levels are elevated both in
CJD and AD relative to controls, but the increase is several
magnitudes higher in CJD compared to AD. Extreme
concentrations of t-tau in the CSF of CJD patients most
likely reflect the high acuity and magnitude of neuronal
destruction.

In AD, abnormal phosphorylation of tau protein is associ-
ated with the development of neurofibrillary tangles (NFT),
a major hallmark of AD neuropathology which is usually ab-
sent in sporadic CJD. Abnormally phosphorylated tau protein
(p-tau) can be detected in vivo in the CSF. Using monoclonal
antibodies specific for different phosphorylated epitopes of
tau, enzyme-linked immunosorbent assays (ELISA) have
been developed that sensitively measure concentrations of
CSF p-tau. Highly significant increases in CSF p-tau in AD
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2. Materials and methods

CSF was obtained from 21 patients with CJD (12 women;
age 64.2± 8.4 years). All patients were seen by a member
of the national CJD surveillance team. Since June 1993,
suspected cases of CJD in Germany have been reported to
the CJD surveillance unit at the Department of Neurology
at Georg-August-University in G̈ottingen. Each patient
was visited by a research physician and examined using
a standardized protocol. According to the clinical criteria,
all suspected cases of CJD were classified as “probable”,
“possible”, or “other” cases[15]. Before clinical staging
into “probable” or “possible”, all patients underwent at least
one cranial CT or MRI, or both, to exclude ischemic stroke,
hemorrhage, or space-occupying lesions as a cause of the
illness.

The diagnostic criteria for the clinical CJD staging are as
follows:

• Probable: patients with a rapidly progressive dementia of
less than 2 years duration, periodic sharp-wave complexes
in the EEG, and two of the following:
o Myoclonus.
o Visual or cerebellar symptoms.
o Pyramidal or extrapyramidal signs.
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atients have recently been demonstrated in indepe
tudies, mainly using three different immunoassays spe
or the phosphorylated epitopes threonine 231 (p-tau231)
12], threonine 181 (p-tau181) [22], and serine 199 (p-tau199)
10]. Evidence from these studies indicates that quanti
ion of tau phosphorylated at these specific sites may imp
arly detection (as a prognostic and diagnostic marker[2],
ifferential diagnosis (as a classificatory marker)[3,4,7,18],
nd tracking of disease progression in AD (for review

1,8]). Therefore, CSF measurement of p-tau proteins co
losest to fulfilling criteria of a core feasible biomark
f AD [5].

In a recent study, a subgroup of patients with sporadic
howed high CSF levels of tau protein abnormally phos
ylated at threonine 181 (p-tau181) [20]. Measurement of CS
-tau181, however, did not improve diagnostic power betw
JD and AD compared to measurement of t-tau[20]. Another
tudy showed an overlap of CSF p-tau181 concentrations be
ween AD and CJD patients and suggested the p-tau181/t-tau
atio as a potential biomarker to differentiate CJD from
16].

Phosphorylation of tau protein at threonine 231 (p-tau231)
as been hypothesized to be specific for AD[23]. To further
xplore the diagnostic value of phosphorylated tau pro

n CJD and AD, we investigated p-tau231 in the CSF us
ng a recently developed assay[12]. We hypothesized th
n contrast to AD, CJD patients would present a dissocia
etween increased levels of t-tau indicating a high rat
eneral neuronal loss, and relatively low or normal leve
-tau231.
t
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o Akinetic mutism.
• Possible: patients fulfilling the preceding criteria but with

out typical EEG abnormalities.
• Other: patients not fulfilling the criteria for possible or

probable CJD.
• Definite: cases with immunohistochemical detection of th

PrPSC in brain tissue[13].

Twelve CJD patients were later neuropathologically ve
ified as definite CJD patients (10 sporadic and 2 familial);
were classified as probable CJD.

Further, we enrolled 37 patients with AD (35 probable
2 possible AD according to NINCDS-ADRDA criteria[14];
25 women; age 67.3± 9.1 years) and 10 healthy controls
(8 women; age 67.7± 7.7 years). The groups were age and
gender matched.

The protocol was approved by the local ethics commi
tees and the Institutional Review Boards of the participatin
centers.

CSF sampling and processing was performed as describ
previously[7]. In detail, lumbar punctures were done betwee
9 and 11 a.m. according to a routine protocol. CSF was co
lected in polypropylene tubes on ice in 0.5 ml aliquots. I
case of contamination with blood due to the procedure, th
sanguineous CSF was collected in a separate tube. For s
entific purposes, only clear CSF was used. For this study
total of 1 ml was taken. Aliquots were centrifuged at 4◦C at
10.000× g for 10 min and stored at−80◦C until analysis.

p-tau was measured by a newly developed enzyme-link
immunosorbent assay (ELISA)[12]. For total tau, we used a
commercially available ELISA (Innogenetics, Belgium).
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Differences in age between groups were assessed with the
Mann–Whitney-U-test. Group differences in the gender dis-
tribution were tested through the�2-test. Since sample sizes
are less thanN = 100, we tested for normal distribution with
the Kolmogorov–Smirnov-test. Tau proteins were normally
distributed in the AD and HC groups, but not in CJD pa-
tients. Therefore, we used non-parametric approaches in our
statistical analyses. Differences in mean CSF levels of the
t-tau and p-tau231 between groups were assessed with the
Kruskal–Wallis test. Pairwise comparisons between groups
were performed with the Mann–Whitney-U-test. Correlation
between t-tau and p-tau231 was assessed with Spearman’s
rank correlation. For t-tau, p-tau231, and the p-tau231/t-tau ra-
tio, sensitivity and specificity levels and numbers of correctly
allocated cases were derived from receiver operating charac-
teristic (ROC) curve analysis when the sum of specificity
and sensitivity was maximized. Areas under the ROC curves
(AUC) as measures of diagnostic accuracy were compared
between t-tau, p-tau231, and the p-tau231/t-tau ratio using the
algorithm of Hanley[9].

3. Results

Mean CSF p-tau231 levels in CJD were 324.9± 345.8
p l
i re
9
A
A n’s
r n’s
r rho

0.018,p = 0.96) (Fig. 2A–C). The lack of correlation between
tau proteins in the CJD group remained stable after exclusion
of five CJD patients with extremely high t-tau concentrations
(Spearman’s rho−0.147, p = 0.59). CSF p-tau231 as well
as t-tau levels were significantly different between groups
(p < 0.001). p-tau231 levels were higher in AD versus CJD
(p < 0.01), AD versus HC (p < 0.001), and in CJD versus
HC (p < 0.01). CSF t-tau was increased in CJD versus AD
(p < 0.001), CJD versus HC (p < 0.001), and in AD versus HC
(p < 0.01).

The p-tau231/t-tau ratio was significantly different be-
tween groups (p < 0.001) and lowest in patients with CJD, fol-
lowed by controls and AD patients (CJD versus HC:p < 0.01;
CJD versus AD:p < 0.001; HC versus AD:p < 0.001). Re-
sults remained stable after exclusion of five CJD patients
with extremely high t-tau values (p < 0.001 over all groups;
CJD versus HC:p = 0.012; CJD versus AD:p < 0.001; HC
versus AD:p < 0.001).

Discriminative power between CJD and AD was highest
for t-tau alone with a sensitivity of 90%, a specificity
of 100%, and 97% correctly allocated cases. Using the
p-tau231/t-tau ratio, sensitivity was 91% at a specificity
of 97% and 95% correctly allocated cases. CSF p-tau231
yielded a sensitivity of 81%, a specificity of 76% and
correctly allocated 78% of cases. The area under the ROC
curve was 0.75 for p-tau , 0.99 for t-tau, and 0.93 for the p-
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g/ml, 613.6± 337.5 pg/ml in AD, and 92.9± 104.8 pg/m
n HC (Fig. 1A). Levels of CSF total tau we
406.6± 7796.7 pg/ml in CJD, 609.0± 258.8 pg/ml in
D, and 340.9± 117.7 pg/ml in HC (Fig. 1B). Only in the
D group, t-tau and p-tau231 were correlated (Spearma

ho 0.627,p < 0.001), but not in the CJD group (Spearma
ho−0.118,p = 0.61), and the HC subjects (Spearman’s

ig. 1. (A) Boxplots of CSF p-tau231 levels in CJD, AD, and HC subjec
he median, the 25th and the 75th percentiles, bars indicate the range
5th/25th percentile). The asterisks represent extreme values (value
231
au231/t-tau ratio (Fig. 3A–C). Comparison of AUCs yielde
ignificant differences between p-tau231 compared to t-ta
p < 0.001) as well as compared to the p-tau231/t-tau ratio
p < 0.001) with lower values for p-tau231. Between t-tau an
he p-tau231/t-tau ratio, AUC was not significantly differe
p = 0.99).

Boxplots of CSF t-tau levels in CJD, AD, and HC subjects. Boxes re
a distribution. Circles represent outliers (values more than 1.5 box-legth from the
an three box-length from the 75th/25th percentile).
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Fig. 2. (A) Correlation of CSF p-tau231 and t-tau in CJD patients. (B) Correlation of CSF p-tau231 and t-tau in AD patients. (C) Correlation of CSF p-tau231

and t-tau in HC subjects.

4. Discussion

Our group studied p-tau231 and t-tau in the CSF of pa-
tients with CJD, in AD patients, and in healthy controls. In
agreement with earlier studies, we found excessively high
levels of t-tau in CJD patients compared to the AD and the
age-matched HC groups[15,20,21]. CSF p-tau231 concen-
trations, however, were significantly lower in CJD patients
compared to the AD group, indicating an opposite direction
of change in t-tau and p-tau231 expression in the CSF of CJD
patients.

The small number of controls enrolled in our study limits
power to preclude a type II error, i.e. to assume that there is
no difference between groups despite a true difference of
markers in the population. Our results, however, showing
significantly lower levels of CSF p-tau231 and t-tau in HC
subjects compared to AD patients as well as extremely high
t-tau values in CJD compared to other diagnostic entities are
in accordance with the literature[2,3,4,7,11,15]. The main

findings of our study refer to the CJD and the AD groups,
i.e. a dissociation between CSF p-tau231 and t-tau in CJD pa-
tients and the diagnostic accuracy to differentiate CJD from
AD using t-tau, p-tau231, and the p-tau231/t-tau ratio. There-
fore, the relatively small HC group enrolled in the study is
unlikely to affect the main findings of the study.

We found no improvement of diagnostic accuracy for the
differentiation between CJD and AD patients through the p-
tau231/t-tau ratio compared to t-tau alone. In a recent study,
the ratio of tau protein phosphorylated at threonine 181 and
t-tau had been suggested as a useful measurement to iden-
tify patients with CJD[16]. In agreement with that study,
we found that the p-tau/t-tau ratio was lowest in the CJD
group compared to the other groups studied. The previously
reported results, however, did not include an estimate of the
diagnostic accuracy of p-tau, t-tau, or the p-tau/t-tau ratio.

We found significant differences in CSF p-tau231 levels
between the groups enrolled in our study. Van Everbroeck et
al. [20] did not report a difference in CSF p-tau231 between
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Fig. 3. Receiver operating characteristics curves (ROC) for CSF p-tau231 (A), CSF t-tau (B), and the p-tau231/t-tau ratio (C) when CJD patients were compared
to the AD group.

CJD and AD patients, as well as HC subjects. This finding
might be due to differences between the methods used (Ever-
broeck et al. determined CSF p-tau231 by western blot using
polyclonal rabbit antibodies).

The elevation of CSF p-tau231 in some of our CJD patients
compared to HC subjects may not be merely an effect of neu-
ronal damage and increased release of intracellular proteins,
since there is no correlation between t-tau reflecting neuronal
damage and p-tau231 in CJD. Increased CSF p-tau231 in CJD
might partly be due to underlying AD pathology and could
partly account for an elevation of CSF p-tau231in our CJD pa-
tients compared to the HC subjects. Twenty-three percent of
our CJD patients had high p-tau231 levels whereas in the age
between 60 and 69, a prevalence of AD of only 0.3% has been
reported[17]. Coexisting AD pathology has been described
in CJD. In an Austrian neuropathological longitudinal study
of 110 CJD patients, coexisting AD pathological changes
have been described in 11% of cases of which 20% showed

NFT pathology[6]. Another study reported NFT pathology
in 19% of 65 sporadic CJD patients[19]. An increase of
p-tau181 in a subgroup of CJD patients, however, was not re-
lated to coexisting AD neuropathological features[20]. The
increase of p-tau231 in CJD might partly be due to induced
(extra)cellular phosphorylation of tau protein or release of
phosphorylated tau protein into the CSF in a subgroup of
CJD patients. The role of differences in phosphorylation in
CJD therefore should be addressed in future studies.
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