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Introduction

There is accumulating evidence that the major neuropathological

Abstract

Total tau (T-tau) in the Cerebrospinal Fluid (CSF) is among the most reliable
markers for the diagnosis of Alzheimer’s disease (AD). However, the high inter-
center variation in biomarker concentrations points to the need for setting up
specific diagnostic cut-offs for each population. We analyzed the level of T-tau
in the CSF of 490 patients affected by AD or other neurological and psychiatric
diseases, among the Israeli population. The T-tau levels were significantly higher
in the AD group than in the other non-AD diseases, particularly in the other
common dementia Fronto Temporal Dementia (FTD), as well as in psychiatric
diseases. Receiver-Operating-Characteristic (ROC) analysis provided a
2240 pg/ml cut-off for discrimination between AD and other non-AD diseases
{sensitivity 68%, specificity 60%, negative-PV (predictive-value) 84.4%}, and
psychiatric diseases (60%, 80%, positive-PV 93.4%), and from FTD (60%,
61.1%, positive-PV 85.8%), respectively. In spite of low PVs, T-tau levels in the
AD patients were also higher than in vascular-dementia, Parkinson’s-disease,
epilepsy, with similar trends relative to multiple-system-atrophy, dementia with
Lewy-body-disease, autoimmune and other degenerative diseases, while
comparable with metabolic and acute neurological diseases. Our previously
reported 21,000 pg/ml cut-off for Creutzfeldt—-Jakob Disease (CJD) diagnosis
allows discrimination from AD (sensitivity 75%, specificity 92.7%, PPV 86.56%
NPV 85.8%). An inverse correlation was noticed between CSF T-tau levels and
Mini-Mental-State-Examination (MMSE) scores in AD and in VD.

Using 2240 pg/ml as a cut-off we showed here that the T-tau level in CSF
could be an indicator for differentiation of AD from psychiatric diseases and
from FTD in our population. While also informative at 21000 pg/ml for CJD, the
T-tau level was less informative for discrimination of AD from other neurological
diseases. Combining the T-tau level in the CSF with other parameters (additional
CSF markers, as well as genetic and clinical, including imaging parameters)
may provide a stronger indication for AD.

Keywords: Neurofibrillary; Olivopontocerebellar; Neurological diseases;
Encephalomyopathy

(DLB) and Vascular Dementia (VD) [34,35]; yet, there are more
consistent results showing a lower level of the tau protein in the non-

features characteristic of the Alzheimer’s disease (AD) brain - are
generally reflected in the CSF. A higher amyloid plaque burden in
the brain is reflected as lower amyloid beta (Ap) levels in the CSF
[1-4]. A higher CSF tau protein level represents axonal injury and
cell death {particularly reflected by T (total)-tau}, as well as a
higher neurofibrillary tangle burden {represented by both T- and
phosphorylated (P)-tau} [4-6]; all of these markers are considered to
be the “core CSF AD markers”. Conflicting results have been reported
on the association of the CSF Ap levels with the cognitive /clinical
status [7-11]. Yet, there is more evidence for an inverse association
between the tau protein and the cognitive status [7,9,10,12-15].

Many studies have shown the diagnostic value of both AB42 and
the tau protein in the CSF for discrimination between AD patients
and non-demented subjects [16-33]. As for the diagnostic value of
CSF markers in discrimination between AD and other dementias,
there are conflicting results regarding CSF AP42, specifically for
differentiation between AD and dementia with Lewy-Body Disease

AD dementias relative to the AD dementia (yet with overlap) [23,35-
41].

CSF studies in AD patients and non-demented controls from
different centers report different biomarker concentrations, reference
ranges and diagnostic cut-offs; in some studies, CSF marker levels
in AD patients even exceeded (in the case of amyloid) the levels in
controls of other studies [42,43]. Several multi-center studies have
been conducted {such as the DESCRIPA study by Visser et al. [44],
the ADNI study by Shaw et al. [28], the European-ADNI (E-ADNI)
by Buerger K et al. [45] and the multi-center study of Mattsson et al.
[191}, showing lower diagnostic accuracies than those of homogenous
mono-center studies, presumably related to inter-center variations.
The very wide range of cut-offs of the AD CSF markers among centers
(such as for tau, ranging from 195 pg/ml to 450 pg/ml [43]), points to
the need for setting up specific diagnostic cut-offs to be used in each
center, and validate the diagnostic accuracy of the CSF markers in
each of the studied populations.
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Since tangle pathology is in good correlation with clinical
dementia [46-48] and since T-tau in the CSF is associated with tangle-
pathology as well as with neuronal loss, the T-tau is considered to be
the most commonly used diagnostic tool in many centers. We report
here the levels of the T- tau in the CSF of AD patients and of other
dementias as well as of patients with other neurological or psychiatric
diseases among the Israeli population referred to our laboratory,
in the years 1999-2007, which is a national referral center for CSF
analysis of neurodegenerative markers.

Methods

Patients

The study population included a total of 490 patients affected by:

AD: AD (n=124), mixed dementia (AD + vascular dementia (n=
14)

Non-AD dementias: VD (n=114), Fronto Tempotal Dementia
(FTD) (n=36) {including tauopathies (Pick’s disease, cortico basal
degeneration, progressive supranuclear pulsy (n=14)}, DLB (n=11);
Parkinson’s disease with dementia (PDD) (n=6);

Acute neurological diseases: encephalitis (n=13), cerebrovascular
accident (CVA) (n=17), intoxication (alcoholism, drug addiction)
(n=16), brain tumor (n=5), and paraneoplastic syndromes (n=6);

Other neurological diseases: Degenerative diseases {multiple
system atrophy (MSA) (n=14), PD (n=8), amyotrophiclateral sclerosis
(ALS) (n=5), Huntington’s disease (HD) (n=2), spinocerebellar
ataxia (n=3), cerebellar atrophy (n=2), cerebellar degeneration (n=3),
and others (olivopontocerebellar degeneration cerebellar ataxia,
pontocerebellar atrophy, cerebellar atrophy, Shy Drager, neuro-
axonal sclerotic encephalopaty, CNS degeneration, prog bulbar
palsy) (n=8)}, epilepsy (n=16), metabolic diseases {hepatic/pancreatic
encephalopathies, mitochondrial encephalomyopathy, lactic acidosis
and stroke (MELAS)} (n=14), autoimmune diseases (vasculitis,
multiple sclerosis, Bechet) (n=19), mild cognitive impairment (MCI)
(n=2), and others {dystonia, polyneuropathy, ataxia telangiectasia
(ATM)} (n=4);

Psychiatric diseases: (depression, psuedodementia) (n=28).
Demographic data included gender, age at onset and the time point
of lumbar-puncture (LP). When available, scores of the Mini Mental
State Examination (MMSE) were reported. In a small part of the study
population, the number of years of education or the type of occupation
(divided into 3 degrees of challenging level) was available. The CSF
samples of these patients were sent to our laboratory as a routine
work-up for dementia. The diagnosis, made according to medical
data and follow-up using established internationally agreed criteria,
was based on medical records collected from the different medical
centers. The results of the CSF T-tau analysis were not included in
the diagnostic criteria. In the AD group, although the diagnosis was
based on international clinical criteria (clinically probable AD) - it
may be assumed that the mixed pathology of AD with VD is quite
common. For comparison, we also included the group affected with
Creutzfeldt-Jacob disease (CJD) (n=76) patients, previously reported
by us [24]. Clinical data from the patients is registered in The Israeli
National Registry Database of CJD overseen by one of us (E.K)
according to Israeli’s laws. Maintenance of participants’ anonymity

was strictly kept during database analyses. We summarized here the
results of CSF samples tested by us in 1999-2007. Clinical follow-up
was performed during at least three years allowing confirmation of
diagnosis.

CSF analysis

CSF samples were tested for T-Tau protein at our Laboratory
of Neurogenetics, a national referral center of the Department of
Neurology, Hadassah Hebrew University Medical Center. This
laboratory is a national referral center for genetic and CSF analysis
for neurodegenerative diseases in Israel. CSF samples were sent to us
(usually within 24 to 48 hours following LP stored in plastic tubes).
Tau concentrations were measured by ELISA (Innotest hTau-Ag,
Innogenetics, Ghent, Belgium).

Statistical analysis

To compare continuous variables among all of the patient
groups, the non-parametric Kruskal-Wallis Test was used. To
compare continuous variables between two groups, the two sample
t-test and the non-parametric Mann-Whitney test were applied.
For multiple pair-wise analyses, the Bonferroni correction of the
significance level was used, as follows: p<0.0035 for both age and tau
levels; p=0.01 for MMSE scores. Comparisons were performed only
in groups with n>8 patients. The comparison of qualitative variables
between two groups was carried out using the Chi-Square test. To
assess linear associations between two continuous variables, the
Pearson correlation coefficient was calculated. Analysis of covariance
(ANCOVA) was used for simultaneously assessing the effect of
several independent variables (both continuous and qualitative) on
a dependent continuous variable. Sensitivity, specificity and positive
and negative predicting values were calculated. Receiver Operating
Characteristic curve (ROC) analysis was performed in order to find
the optimal cut-off point of CSF tau for differentiation between AD
patients and other patient groups {with a relatively high number of
cases (n>28): VD, FTD, psychiatric diseases, CJD}. All of the applied
tests were two-tailed, and a p-value of 5% or less was considered
statistically significant.

Results

Demographics

The demographic data and the MMSE scores of the study
population are summarized in the Table. Comparisons were
performed for groups containing at least eight subjects. The mean
age of disease onset in the AD patients was 60.02+8.68 (M * SD),
and the age at lumbar puncture (LP) was 61.95+8.32. Comparing
these ages with those of other diseases (two sample t-test) revealed a
significantly different age (higher) only in the VD group (67.06+£10.37,
and 67.84+10.41, respectively, p<0.0001 for each). Some differences
in ages relative to the AD group were also noticed in other groups:
higher in mixed dementia (67.17+8.85, 68.74+8.81, respectively),
while lower in the encephalitis group (43.52+23.11, 45.99+27.52),
CVA (onset: 67.09+13.31), autoimmune diseases (48.67+15.45, and
50.75+15.18) and psychiatric patients (54.12+£12.97, 55.41£12.73);
however, Bonferroni correction excluded significant differences.
No significant difference in the male to female ratios (M/F) was
detected between the AD patients (60/64) and the other groups.
Some differences in mean MMSE scores were noticed (two sample
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Table 1: Demographic data, MMSE-scores, and CSF- tau values of the study groups.

Group No.patients | AOERONEE0D) AREIIET | veamso() | et vedin om0
AD:
AD 124 60/64 60.02+8.68 61.95+8.32 18.17+6.43(99) 434.64+315.43 401.5 (1-1479)
Mixed dementia 14 777 67.17+8.85" 68.74+8.817 20.62+2.50(8)" 473.86+448.63 229.0 (71-1222)
Non-AD dementia:
VD 114 54/60 67.06+10.37I 67.84+10.41" 18.98+7.64(43) 300.47+306.38*b 182.5 (20-1602)*a
FTD 36 19/17 57.93+12.01 59.58+12.01 21.53+5.89(21)" 266.16+£275.83*c 178.0 (15-1125) *b
DLB 11 5/6 63.06+8.13 64.95+7.81 20+4.24 (2) 364.84+444.88" 157.0 (52-1295)
PDD 6 6/0 68.3317.53 71.06+8.14 18+4.24 (2) 503.67+506.24 290.0 (75-1343)
Acute neurological diseases:
Encephalitis 13 5/8 43.52+23.11" 45.99+27.527 28(1) 567.25+491.10 349.0 (64-1310)
CVA 17 12/5 67.09+13.31° 67.32+13.41 20.4+12.35(5) 547.41+£440.37 542.0 (14-1253)
Intoxication 16 11/5 58.73+17.86 59.17+17.93 7+7.7(4) 414.25+471.82 223.0 (41-1782)
Brain tumor 5 41 65.75+12.33 65.95+12.41 30(1) 402.40+£245.77 333.0 (131-732)
Paraneoplastic 6 3/3 54.58+14.36 54.78+24.39 10(1) 518.77+433.87 353.0 (165-1234)
Other neurological diseases:
Degenerative:
MSA 14 8/6 60.83+11.59 63.50+10.42 27.8+2.67(5) 244.07+167.31"® 193.5 (86-629)"
PD 8 4/4 69.35+7.94 54.40+£10.02 25+ 3.58(6 122.78+79 107.0 (19-261)™®
ALS 5 1/4 59.69+11.36 60.95+11.12 NA 288.20+186.81 255 (19-497)
HD 2 2/0 47.24+14.42 47.8+13.7 25.5+3.53(2) 153.50+26.16 153.5 (135-172)
Spinocerebellar 3 0/3 60+0.41 61.05+0.46 24(1) 439.00+£235.56 575.0 (167-575)
Cerebellar atrophy 2 2/0 56.3+2.2 57.86+2.38 21(1) 249.05+248.83 249.05(73-425)
Cerebellar degeneration 3 2/1 46.91+17.89 49.29+22.55 26(1) 208.33+90.85 251.0(104-270)
Others 8 5/3 57.39+8.32 59.27+10.13 20.54£3.53(2) 249.88+386.91 153.0 (15-1184)"
Epilepsy 16 8/8 53.38+23.36 54.88+22.40 21.34+8.94(8) 148.64+101.54 140.5 (29-363)
Metabolic diseases 14 77 61.47+15.57 62.09+14.63 18.419.18(5) 421.48+354.93 364.5 (43-1339)
Autoimmune diseases 19 9/10 48.67+15.45" 50.75+15.18" 26.2+3.56(5) 348.55+440.25 135 (30-1458)"
MCI 2 17 57.68+0.72 57.76+0.60 28(1) 339.50+249.61 339.5 (163-516)
S;:;i’;ﬁﬁ&’yim) 4 22 55.21+13.59 55.84+14.0 30(1) 116.7542.6 126.0 (57-158)
Psychiatric Diseases: 28 13/15 54.12+12.97" 55.41+12.73" 23.38+5.78(13)" 172.34 £ 135.862 140.5 (18-574 2

P values vs AD: 2p<0.0001; Pp=0.001; °p=0.002; "p<0.05, however Bonferroni correction excluded statistical significance. Comparisons were performed only in the

groups with N=8.

t-test) (18.17+6.49 in the AD group, while 21.53+5.89 and 23.38+5.78
was noted in the FTD and the psychiatric group, respectively), yet
Bonferroni correction excluded a significant difference.

T-tau levels in the CSF

The mean and the median values of T-tau in the CSF of the
different patient groups are presented in the Table and in Figure 1.
There was a statistical significant difference between the tau levels
in the different groups (p<0.0001, Kruskal-Wallis Test). Comparing
the mean values of tau in the CSF of the AD group (434.64+315.43
pg/ml) with those of the other patient groups (two sample t-test)
revealed : lower levels in the non-AD group (total patients with any
non-AD disease, 314.66+333.83, p=0.0004), VD (300.47+306.38,
p=0.001), FTD {266.16+175.83, p=0.002 (and among them the
tauopathy cases 197.70+274.85, p=0.007)}, MSA (244.07+167.31,
p=0.001), PD (122.76%79, p<0.0001), epilepsy (148.64+101.64,

p<0.0001), and psychiatric diseases (172.34+135.86, p<0.001); lower
levels in DLB were detected (364.84+444.88, however Bonferroni
correction excluded a significant difference), while comparable levels
were noted with the acute neurological diseases (encephalitis, CVA,
intoxication), as well as with metabolic and autoimmune diseases.
Similar results were obtained when we also included for comparison
in the AD group patients with the diagnosis of mixed dementia (10%
of the AD cases) (mean value of the wide AD group 438.61+327.36,
comparable with that of the AD).

Similar differences were noted when comparing the median values
of tau in the AD (401.5 pg/ml) with those in the other groups (Mann-
Whitney Test) (Figure 1): significantly lower level in the VD (182.5,
p<0.0000), FTD {178.0, p=0.001 (and among them the tauopathy cases
98.0, p=0.0001)}, PD (107.0, p=0.0001), epilepsy (140.5, p=0.0001),
and psychiatric diseases (140.5, p=0.0001). Lower median levels of
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Figure 1: Box Plot of tau in the CSF of AD patients and of non-AD dementias,
acute neurological diseases, other neurological diseases (degenerative
and others) and psychiatric diseases (CJD patients not included). Results
presented as medians, 25% and 75% quartiles, as well as outliers. Tau levels
are significantly higher in AD patients than in VD (p<0.0001), FTD (p=0.001),
PD (p=0.001), epilepsy (p<0.0001), and psychiatric diseases (p<0.00001).

tau relative to AD patients were also detected in MSA (193.5), other
neurological degenerative diseases (153.0) and autoimmune diseases
(135.0); however Bonferroni correction excluded a significant
difference. Comparable levels of tau were observed between the AD
patients and those with DLB, acute neurological diseases, metabolic
diseases. Similar results were obtained when we also included in the
AD group patients with mixed dementia (median value of the wide
AD group 374 pg/ml, comparable with the 401.5 pg/ml of the AD).

As presented by us in our previous publication [24], the level of
tau in the CSF of CJD patients was high, mean value (combined for
sporadic and genetic): 1175.46 + 519.84 pg/ml, median: 1249.00 (49-
3495), significantly higher than AD and any other diseases of the CNS
(p<0.0001), with an age onset of 62.78+ 10.37, significantly higher
than in AD (60.02:8.68) (p=0.0014).

Similarly to the higher level of tau in AD relative to psychiatric
diseases, the level was also relatively higher in the non-AD dementias
relative to the psychiatric diseases (p=0.0003), particularly noticed in
the VD group vs (p=0.001).

Correlation analysis of age of onset and sex with tau
levels in the CSF

There was no significant correlation between age at onset and
the tau level (Pearson correlation coefficient) (r=0.059, p=0.116) for
the entire sample, as well as in the different subgroups of diseases,
however, there was a borderline significance for an inverse correlation
of tau with age in the patients with acute neurological diseases (r=-
0.258, p=0.08). Testing the correlation with sex revealed higher levels
of tau in women than in men, again with a borderline significance
(p=0.08). When applying the ANCOV A model to the tau levels, with
disease, age and sex entered into the model as explanatory variables,
only disease and sex had a significant effect (p<0.0001, p=0.005)
whereas age was not significant (p=0.75). The ANCOVA model
which included only subgroup and age had an R* of 0.42 compared
with an R” of 0.43 when sex was included in the model as well. This
finding suggests that the contribution of sex to the model is very
small. Therefore it is obvious that disease effect is highly significant
when correcting for age and sex.

Correlation analysis of MMSE scores with tau level in the
CSF

As presented in Figure 2, an inverse correlation was detected
between MMSE scores and the tau levels in the CSF of the AD patients
(Pearson correlation coefficient) (r=-0.203, p=0.045), with lower
MMSE values being associated with higher tau levels. Such an inverse
correlation was detected also in the VD group (r= - 0.33, p=0.03). A
similar trend was noticed in the acute neurological diseases, however
it did not reach a statistical significance (r=-0.33, p=0.3). The tau
levels and the ages (at onset or LP) did not differ between patients
with or without MMSE scores available.

Characterizing AD patients with low tau levels and other
patients with high tau

Among the AD patients, 39 had low tau levels (<240 pg/ml). In
order to characterize this population, we compared the demographic
data with those of the AD patients having a high tau level (n=85, 2240
pg/ml) in the CSF. While no difference was noticed at age of onset
or of LP, sex, as well as in years of education {11.85+4.5 (n=14) and
11.48+3.73 (n=29), respectively}, and type of occupation {among 1-3
degrees of challenging occupations, 1.5+0.92, for each (n=8/group)},
we did notice a higher MMSE score in the group with a low tau as
compared with that in the high tau group {21.45£5.63 (n=29) and
16.81+6.27 (n=70), respectively, p=0.00065}. This is in accord with
the above mentioned significant inverse correlation we detected
between tau levels and MMSE scores in the AD group.

We were also interested in characterizing the subjects who
had high tau levels although not affected by dementia or other
neurological diseases (such as acute or degenerative ones). For this
purpose, we selected the psychiatric patients with high tau levels in
the CSF. While no difference was detected at the age of onset and
of LP as well as in sex, relative to the psychiatric patients with low
tau levels (n=22), there was some borderline significance (p=0.057) of
lower MMSE scores in the cases with high tau [19.5+ 3.87 (n=4) and
25.44+ 5.72 (n=8)]. Data regarding years of education and mode of
occupation were not informative.

Measures of Diagnostic Accuracy (sensitivity, specificity
and predictive values, ROC)

We next tested the diagnostic potential of the significant higher
levels of CSF tau in AD patients relative to others. ROC analysis was
performed in order to find the optimal cut-off point of CSF tau for
differentiation between AD patients and the other patient groups (I:
the height of p value and size of graph is not the same in the a and b
parts of figure. II: Should be the same a, b, ¢, d in figure and legend
(and not a,b,c,d)).

a Alzheimer's Disease b Vascular Dementia
1620 1300
1 * 150
g o 1=-0203 p=0045 oo
1L * * % 1=-0.33; p=0.03
. 1200 -
=ina * =
f e -
g . SRSy 5, Bao . . +*
g Lo stess tie o e Beo | o
w0 . sty 00 ‘. =
- "ty
={ a"" e 3 e
e g 8
i «! o o st g $0, 0
0 5 1 15 20 25 30 0 10 20 30 40
MMSE score MMSE score

Figure 2: Correlation between tau levels in CSF and MMSE scores.
Significant inverse correlation in AD (p=0.045) (a); and in VD (p=0.03) (b).
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Figure 3: a) ROC curves of tau in the CSF. At a cutoff of 240 pg/ml: sensitivity 68%, specificity 60% and NPV 84.4% to distinguish between AD and non-AD

diseases.

(b) Sensitivity 68.2%, specificity 80% and PPV 93.4% to distinguish between AD and psychiatric diseases.
(c) Sensitivity 68%, specificity 61.1% and PPV 85.85% to distinguish between AD and FTD.
(d) At a cut-off of 1000 pg/m, sensitivity 75%, specificity 92.7% with PVs ~86% to distinguish between CJD and AD, while at a cut-off of 500 pg/ml: sensitivity

69.35%, specificity 89.47% with PPV 90.58%.

Discrimination between AD and non-AD diseases: When
performing the ROC analysis, in order to test whether the level of tau
in the CSF provides adequate discrimination between AD and any
other neurological/psychiatric diseases (not including CJD patients),
it revealed an AUC of 0.647, which, although statistically significant
(p=0.000), provides only limited discrimination (while not reaching
the >0.7 value representing an acceptable discrimination, being higher
than 0.5, an AUC provides no discrimination at all) (Figure 3a). Using
240 pg/ml as a cut-off provides 68% sensitivity, 60% specificity, with
PPV of 37.8%, while a NPV of 84.4%, suggesting that a <240 pg/ml tau
level gives a quite high (84.8%) prediction of non-AD disease, while
>240 pg/ml is not informative in a Differential Diagnosis (DD) of AD
from non-AD diseases, and can be only considered as suspected for
AD (higher cut-offs have also low PPV values).

In the clinical setting, there is a greater need for the diagnosis of
AD as DD in diseases like psychiatric ones or other dementias. This
was calculated here as follows:

Discrimination between AD and psychiatric diseases: ROC
AUC of 0.775 (p=0.000) provides an acceptable discrimination
between AD patients and psychiatric diseases (pseudodementia,
depression) (Figure 3b). Using the 240 pg/ml cut-off provides a
sensitivity of 68.2% with a specificity of 80%, and PPV of 93.4% while
NPP of 36%, suggesting that while a 2240 pg/ml tau level gives a high
(93.4%) prediction of AD disease, a level below this cut-off is not
informative in DD of AD from psychiatric diseases (lower cut-offs
have also low NPP values).

Discrimination between AD and non-AD dementias: ROC

AUC of 0.654, although statistically significant (p=0.000), it does not
point to an adequate discrimination between the AD group and non-
AD dementias, which included VD, FTD, and DLB and PDD.

The ROC curve for discrimination between AD specifically and
VD patients provided an AUC of 0.651 (p<0.0001). At the 240 pg/
ml cut-off, a sensitivity of 68.2% and a specificity of 58.7% with some
limited predictive values of PPV 64.39% and NPP of 63.2% (lower
cut-offs did not improve the diagnostic accuracy).

More informative was the ROC curve for discrimination between
AD and FTD patients: the AUC was 0.688 (p=0.001) (Figure 3c). At
the 240 pg/ml cut-off, a sensitivity of 68% and a specificity of 61.1%
with a PPV of 85.85% and a NPP of 36.05% were provided, suggesting
that a 2240 pg/ml tau provides a good prediction of AD as DD from
FTD in our population. A cut-off of 50 pg/ml gives a better NPV of
63.63% (with a sensitivity of 96.8% while a specificity of only 21%,
with a PPV of 80.53%), indicative of the non-AD dementia, FTD. This
data suggest that in the DD of FTD from AD, a tau level of 2240 pg/
ml has a high PV (85.85%) for AD, while <50 pg/ml has a high PV
(80.53%) for FTD.

Discrimination between AD and CJD: Using our previously
reported data of CSF T-tau levels in CJD patients and other
neurological controls, using the 1,000 pg/ml cut-off [46], we
performed here a ROC analysis for discrimination between AD and
CJD. An AUC of 0.886 (p<0.0001) was noticed, a value which falls in
the range of excellent discrimination (0.8-0.9) (Figure 3d).

Sensitivity was 75% and specificity 92.7%, PPV 86.56% of being
CJD, with a NPV of 85.8% for not being CJD, but being AD when
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tau is lower than 1,000 pg/ml. T-tau levels of <500 pg/ml revealed
a higher PV (90.58%) of AD (sensitivity 69.35%, specificity 89.47%,
while NPV only 59.13% of being CJD when >500pg/ml).

Discussion

In this study, we report that the levels of tau in the CSF are
significantly higher in AD patients than in patients with other
diseases, particularly psychiatric diseases and FTD, VD, epilepsy and
PD, with some trend of lower levels in DLB, autoimmune and other
degenerative diseases, while comparable with metabolic and acute
neurological diseases. These differences were also evident when we
included with the AD patients those clinically diagnosed of mixed
dementia (AD and VD). The diagnoses were based on clinical criteria,
which are established as highly accurate exceeding 85% (as compared
to brain pathology in autopsy) [49].

In an effort to use these results as biomarkers for diagnostic
purposes of AD, we established a cut-off of 240 pg/ml, to be used as
follows:

1. <240 pg/ml gives 84.4% PV of not having AD as DD from
other non-AD diseases (while higher levels being not
really informative, to only be considered as suspected for
AD).

2. 2240 pg/ml gives 93.4% PV of having AD as DD from
psychiatric diseases (<240 can only be considered as
suspected for a psychiatric disease).

3. >240 pg/ml gives 85.85% of having AD as DD from FTD
(< 50 pg/ml gives an indication (80.53%) for having FTD.

This 240 cut-off appears to provide a quite adequate predictive
value for AD, particularly useful as DD from psychiatric diseases, and
of the specific diagnostic relevance in the clinic for discrimination
between AD and another dementia, the FTD.

As for discrimination between AD and VD, although tau levels
were lower in VD, they provide a less adequate tool (>240: PVs of
63-64%), which may be related to the overlap in the symptomatology
of these two clinical conditions which may have caused difficulties in
the DD of these patients.

Also informative were the tau levels when we used them for
discrimination between AD and CJD: 21,000 pg/ml had a high PV
(86.56%) for CJD, and <1,000 pg/ml had 85.8% for AD (and <500
pg/ml had even PV 90.58% for AD). These results are in agreement
with other studies (reviewed in [50]). Our current results comparing
CJD patients to AD showed somewhat different PV values to those
reported by us previously when comparing CJD group to all other
neurological diseases (PPV 67.3%, NPV 94.2%) [51], probably since
the other neurological disease groups included also patients with high
T-tau levels, such as acute neurological diseases.

Other diseases may have a high false positive rate of CSF T-tau
test, however they are usually distinguished clinically from dementias,
particularly acute neurological diseases (such as encephalitis, CVA
and even tumors), autoimmune- and metabolic- diseases.

Our results showing significant higher tau levels in AD patients
relative to psychiatric diseases are in accord with other studies
showing that tau levels in the CSF of Major Depressive Disorder

(MDD) and of healthy controls are significantly lower than in AD
patients [52] and that the levels are similar in MDD patients and
cognitive intact controls [53]. Also among MCI patients, the tau
levels do not change when symptoms of depression, agitation,
irritability or apathy are evident [54]. Our sensitivity, specificity and
PPV values for differentiation between AD and psychiatric diseases
using the tau levels in CSF (68%, 80%, 93.4%, respectively) are similar
to the values reported for discrimination between AD patients and
cognitively intact individuals (sensitivity: 57%-85%; specificity: PPV:
85.7%-90.7%) [21,24,28,41,55].

Also, our results showing significant higher T-tau levels in AD
patients relative to the non-AD dementia FTD are in accord with
other studies ([23,41,55-57] and reviewed in [58,59]). There are wide
variations in the sensitivity (36%-92%) and specificity (25%-89%) for
discrimination between FTD and AD as reported by various centers
(reviewed in [50]), with our values of 68% and 61% falling within
these ranges. Our quite high 86% PPV for the diagnosis of AD vs
FTD is close to those of other populations (87% [55] and 94.7% [21]).
There are some controversies with regard to the tau level in FTD
vs non-demented controls (elevated in FTD [23,56]; normal values
[57,60,61]); in our population, comparable tau levels were detected in
FTD and psychiatric cases.

Also, our results showing significant higher T-tau levels in AD
relative to VD patients are in accord with other reports [41,62].
Our sensitivity and specificity values (68.2%, 58.7%) fall within the
wide ranges (14-100% and 53-100%, respectively), reported in other
populations ([41] and reviewed in [50]).

Regarding tau levels in DLB, there are controversies as to
whether T-tau levels are lower than [12,35,62,63] or comparable with
[64,65] those in AD patients, and also whether higher [63,66,67] or
comparable [68-70] levels with those in non-demented controls. Our
results showing only some non-significant trend of lower tau median
value in the DLB cases relative to AD, while comparable in DLB with
psychiatric diseases, they are in line with the published studies.

Importantly, there is a wide variability in the T-tau levels (and
in the CSF AD biomarkers in general) among the centers, such as in
AD patients (mean value 184-960 pg/ml), VD (88-708 pg/ml), FTD
(55-575 pg/ml), DLB/PDD (138-508 pg/ml) (reviewed in [50]) and
psychiatric diseases (273+152 pg/ml [53] and 169 pg/ml [52]). Our
results of 434.64 pg/ml, 300.47 pg/ml, 266.16 pg/ml, 413.84 pg/ml and
172 pg/ml, respectively, fall within these ranges. Subsequently, there
is a wide range of cut-off values for diagnostic use among the centers
as reported by Hort [43], ranging from 195 pg/ml to 450 pg/ml, with
our cut-off of 240 pg/ml tau protein falling within these values, and
similar to the following suggested values: 234 pg/ml [55], 275 pg/ml
[23].

The inter-center different concentrations, and diagnostic cut-
offs of CSF biomarkers in general and of T-tau in particular, point
to the need for setting up specific diagnostic cut-offs to be used in
each center, and validate the diagnostic accuracy of the CSF markers
in each studied population. The higher diagnostic accuracy which
have been reported in a well defined homogeneous population
than in a multi-center heterogeneous population, demonstrates
the potency of CSF biomarkers to identify pathological processes
in AD when a stringent analytical protocol is used as well as a
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defined population [14]. Moreover, taking into account the relative
differences between patients and controls in the different studies
being generally consistent, further strengthen the diagnostic value of
the CSF AD biomarkers. However, the inter-center variations make
it complicated and even misleading to compare CSF biomarker levels
between centers and studies. Possible reasons for such inter-center
variations may be: subject selection, CSF-handling, -obtaining, and
-storing, (such as type of test tubes, freeze/thaw procedures, plasma
contamination, etc.) and analytical factors {different immunoassays
(ELISA or multiplex techniques), batch to batch variations, and
different reagents} ([45,71] and reviewed by us [72]). In addition to
the setting up of diagnostic cut-offs by each center, attempts are made
to overcome these inter-center variations, by the establishment of the
internationally quality control program for CSF AD biomarkers run
by the Alzheimer’s Association and administered from the Clinical
Neurochemistry Laboratory in Molndal. Participating laboratories,
including us, receive CSF samples for analysis with recommended
guidelines for LP, and sample handling and storage [73,74].

One major factor affecting the inter-center variations in CSF
tau levels and cut-offs is the difference in the study population, such
as whether the diagnosis is autopsy confirmed or only clinically
made, whether the patients present classical AD symptoms or rather
uncharacteristic symptoms (which may be the direct reason for being
applied to CSF tau analysis), whether in certain centers the CSF
analysis is a routine work up of dementia or not (like in patients living
in elderly citizens’ homes and who are less referred to LP procedure
in medical centers), etc. The CSF samples tested by us for tau in this
study were sent to our lab as part of a work up of patients affected
by dementia. Indeed, diagnoses were not confirmed by autopsy, but
rather, by the long clinical follow-up of at least three years which
allowed us to have a relatively accurate diagnosis. However, since our
lab is also a referral center for the analysis of CJD (both genetic analysis
and CSF tau analysis), we assume that at least part of the patients were
referred for tau analysis as DD of CJD, possibly pointing that this
population may include rapid progressive dementia/ AD cases. Also
since the tau analysis is not a routine test for the AD diagnosis (at least
part of the medical centers referring to our lab), we assume that the
AD cases that were sent to us were more atypical cases of AD, rather
than of classical AD. The relative early age at onset of the AD patients
in our population (mean value 60.02y) may support this notion. We
may speculate that more classical AD cases in our population may
have some lower tau levels in the CSF than atypical and particularly
the rapid progressive ones, as was reported by others for higher tau
levels in atypical [75] and in rapid progressive cases [15,76,77].

We noticed an inverse correlation between the levels of tau in
the CSF and the MMSE scores in the AD patients. As the presence
of tau in the CSF represents the tangle pathology with a positive
correlation between tau in CSF and the tangle burden [4] and as the
tangle pathology is the best correlate with clinical dementia [46-48] -
the correlation of tau with the MMSE scores is reasonable and quite
to be expected. Although the MMSE evaluation and the LP were not
performed necessarily at the same time point - the correlation was
still evident, probably since the tau levels in the CSF are relatively
constant along AD progression [78-81]. Other studies have also
shown a correlation of MMSE (or other clinical, more specific, tools
for evaluating dementia) with tau in CSF [7,9,10,12-15,82], as well

as with p-tau, a marker which may be even more specific for the
tangle pathology [6]. Actually the presence of T-tau in the CSF is
also a marker for neuronal damage or death, as well as of glial cells
which also express the tau protein [83,84]. It is well accepted that
once neurons are injured, their content is leaked into the CSF, and
therefore the neuronal (and glial) intracellular protein is detected in
the CSF. This is the case in neurodegenerative diseases like AD or
VD, in acute neurological diseases (like encephalitis and CVA), after
brain injury, and particularly in the severe neurological condition
in CJD. This may explain also the inverse correlation of tau with
MMSE detected here in the VD, and a similar trend also in the acute
neurological diseases.

The origin of the tau in the CSF may not only be the neuronal
death and the intracellular tangle pathology, it may also be
attributed to the extracellular tau secreted by the neurons [85-87],
a process taking place in the propagation of the tangle-pathology in
a prion-like manner in AD, in which extracellular tangles (“ghost
tangles”) are evident [88]. The contribution of the secretion of
tau and its extracellular accumulation may vary in the different
neurodegenerative diseases with tangle pathology, as presented in
cultured cells, with tau isoforms and mutations altering extracellular
tau levels, in a way that cells expressing FTD-associated tau mutations
produce significantly less extracellular T-tau than cells expressing
wild-type tau [89]. These different tau metabolism systems may
explain, at least partially, the different tau levels of the CSF in different
diseases with tau-pathology, particularly the lower tau level of the
CSF in primary tauopathies (FTDP, Pick’s disease, etc, included
in our FTD patient group) which are associated with mutations in
tau - relative to AD, a secondary tauopathy (the tangle formation
are secondary to the amyloid pathology) and is not linked to any
mutation in tau. Another explanation for the lower tau level of the
CSF in tauopathies, and in FTD in general, is the reduced levels
of soluble brain tau in the absence of insoluble tau or fibrillary tau
inclusions described in dementia lacking distinctive histopathology
(DLDH), the most common pathological variant of FTD, considered
as a (“tau-less”) tauopathy [90].

Of interest were the AD patients with normal/low tau in the
CSF (<240), and psychiatric patients with high tau level (2240). In
both patient groups, the age and sex did not differ from those in the
AD patients with high tau and psychiatric patients with low tau.
It was only the MMSE score that differed, being higher in the AD
cases with low tau relative to cases with high tau, and being lower
in psychiatric patients with high tau relative to low tau. This is in
accord with the above mentioned inverse correlation of the MMSE
with tau. It is possible that the psychiatric patients with a high level
of T-tau are actually affected with presymptomatic AD. Nevertheless,
it can be hypothesized that the levels of amyloid and of p-tau were
abnormal (low amyloid, high p-tau) in the low tau AD patients, as
well as normal (high amyloid, low p-tau) in the high tau psychiatric
patients, and that the ratios of amyloid and p-tau with the tau will
define these “uncharacteristic cases” as “characteristic” AD and non-
AD cases, accordingly. Analyzing these additional biomarkers, and
particularly their ratio may also allow for a better diagnosis of AD
and its discrimination from other neurodegenerative and dementia
diseases, as is suggested in other studies [34,91,92]. In addition, these
markers, in combination with other parameters (age, MMSE, APOE
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status, PET imaging or MRI [93,94]), can be more predictive of AD-
like pathology.

Conclusion

Using >240 pg/ml as a cut-off we showed here that the T-tau

level in CSF could be an indicator for differentiation of AD from

psychiatric diseases and from FTD in our population. While
also informative at 21000 pg/ml for CJD, the T-tau level was less
informative for discrimination of AD from other neurological
diseases. Combining the T-tau level in the CSF with other parameters
(additional CSF markers, as well as genetic and clinical, including
imaging parameters) may provide a stronger indication for AD.
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