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Tau Protein and Anti-Tau Antibodies  
in Patients with Multiple Sclerosis

Tau protein a anti-tau protilátky u pacientů s roztroušenou 
sklerózou

Abstract
Background: Neuronal damage in multiple sclerosis (MS) may be associated with the release 
of cytoskeletal tau protein. This antigen interacts with dysregulated immune system and this 
results in anti-tau antibody synthesis. Tau-protein concentrations and anti-tau antibody levels 
in cerebrospinal fluid (CSF) and in serum may correlate. Methods: Total tau protein and anti-
-tau antibodies measured using ELISA methods were studied in 31 patients (14 MS patients 
and 17 neurological controls). We calculated three ratios: the CSF tau concentration to a) the 
CSF anti-tau antibody level, b) the serum anti-tau antibody concentration and c) the level of 
intrathecal anti-tau antibodies. Results: We did not find any significant correlation between 
the tau protein concentrations and anti-tau antibody levels (serum, CSF or intrathecal) in the 
MS group or in the controls. There was no difference in the CSF tau concentrations or any 
of the calculated ratios between MS patients and controls. Conclusions: The release of tau 
protein into CSF and anti-tau humoral response are independent processes in MS and do not 
differentiate the MS patients from other neurological patients.

Souhrn
Cíl: Poškození neuronů u roztroušené sklerózy (RS) může být doprovázeno uvolňováním 
cytoskeletálního tau proteinu, který interaguje s narušenými složkami imunitního systému za 
vzniku autoprotilátek. Koncentrace tau proteinu mohou být ovlivněny přítomností protilátek 
proti tau proteinu v séru a mozkomíšním moku (MMM). Metody: Tau protein i protilátky 
proti tau proteinu jsme stanovovali pomocí metod ELISA u 31 pacientů (14 pacientů s RS 
a 17 kontrolních neurologických pacientů). Vypočítali jsme tři poměry tau proteinu vztahující 
se ke koncentraci a) anti-tau protilátek v MMM, b) anti-tau protilátek v séru a c) intratékálně 
produkovaných anti-tau protilátek. Výsledky: Neprokázali jsme statisticky významné korelace 
mezi koncentracemi tau proteinu a protilátek proti tau proteinu v séru, v MMM ani anti-tau 
protilátek intratékálně produkovaných. Koncentrace tau proteinu v MMM ani žádný z vypoč-
tených poměrů se nelišily mezi skupinou pacientů s RS a kontrolních pacientů. Závěr: Uvol-
ňování tau proteinu do MMM a protilátková odpověď proti tau proteinu u RS jsou zřejmě na 
sobě nezávislé procesy, podobně jako u jiných neurologických pacientů.
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Introduction
The tau protein is a  small low-molecu-
lar-weight protein abundantly present in 
the central nervous system. It is expressed 
predominantly in neurons but may also 
be found in glial cells [1,2].

The role of the tau protein has been in-
tensively explored in various clinical con-
ditions and it is considered to be a neuro-
chemical marker of axonal degeneration 
or damage [3–9]. An increase in CSF total 
tau concentration has been reported in 
patients with the Alzheimer disease (AD), 
head trauma, acute stroke, encephali-
tis or neurosyphilis [3–6,10,11]. Multi-
ple sclerosis (MS) is another disease were 
CSF tau protein elevations have repea-
tedly been observed [7,12–14]. However, 
other studies reported comparable CSF 
tau levels in MS patients and their con-
trols [15–18]. The conflicting results were 
attributed to heterogeneity of MS and in-
ter-individual variations. 

We hypothesized that the anti-tau pro-
tein antibodies may contribute to these 
inconsistent results. We have previously 
investigated anti-tau antibodies in MS pa-
tients and observed the presence of anti- 
-tau antibodies both in the CSF and 
serum. Compared to control neurolo-
gical patients, MS patients had signifi-
cantly elevated intrathecally synthesized 
antibodies against tau protein. Moreover, 
the CSF antibodies in MS patients were 
characterized by higher avidity [19]. It is 
known that an immune reaction is a com-
plex process and the production of au-
toantibodies is influenced by a range of 
different factors. We were interested to 
ascertain whether the intensity of au-
toantibody response might be depen-
dent on the tau antigen load. A  relati-
onship between antibody synthesis and 
antigen load has been established. Ben-
ner et al [20] found that both antigen and 
T-cell deprivation decreased the number 
of plasma blasts and plasma cells. Simi-
larly, another study showed that low but 
persistent HIV antigen expression corre-
lated with broad HIV-1 neutralizing anti-
body activity [21]. B cells maturation in-
volving Ig class switching and somatic 
hypermutation represent complex pro-
cesses [22]. The affinity of an antibody 
changes during this process. Humoral re-
sponse is driven towards the most effi
cient combination of a concentration and 
affinity by a negative feedback interaction 

between these two variables under con-
stant antigen challenge [23]. Therefore, 
it is difficult to expect a  simple correla-
tion between the amount of extracellu-
larly released tau molecules and synthesis 
of specific antibodies against them. The-
refore, we aimed to examine free anti- 
-tau antibodies (not bound in immune 
complexes) concentration only in the CSF 
and serum in a group of MS patients and 
a group of patients with other non-immu-
nological neurological diseases. Simulta-
neously, total tau protein levels were de-
termined in the CSF of these patients. 
We were interested to establish whether 
there is an association between CSF tau 
protein levels and free antibodies against 
the tau antigen. 

Patients and methods
Subjects
The study included paired CSF and serum 
samples obtained from 31 patients inclu-
ding 14 MS patients [clinically isolated syn-
drome (n = 4), relapsing-remitting form 
of MS (n = 9; relapse phase n = 5), secon-
dary progressive (n = 1)] and 17 controls 
recruited from patients with neurologi-
cal diseases (9× cervicocranial syndrome, 

2× facial palsy, 3× aseptic neuroinfection, 
1× epilepsy, 1× operation of inguinal her-
nia, 1× cervicobrachial syndrome). The di-
agnosis and the course of MS were de-
termined at the time of lumbar puncture 
using established criteria [24–26]. All MS 
patients had disability score rated accor-
ding to the Expanded Disability Status 
Scale (EDSS) [27]. The subject clinical data 
are presented in detail in Tab. 1.

All patients provided a  written infor-
med consent regarding study participa-
tion. The Ethics Committee of the Third 
Faculty of Medicine, Charles University, 
Prague approved the study. 

Specimens were stored at –20 °C until 
analysed but no longer than 12 month, 
and they were thawed only once. 

Methods
CSF and serum IgG anti-tau antibodies 
were analysed using ELISA techniques 
newly developed from our prior expe
rience [28,29]. Bovine tau protein (Cyto
skeleton, USA) was used as the antigen 
for coating microplate wells. Before the 
analysis, the sera were diluted 1 : 400, 
CSFs were analysed undiluted. The same 
pool of human sera was used as a stan-

Tab. 1. Basic clinical characteristics and biochemical variables  
in MS patients and controls.

Diagnostic group MS Controls
number of patients 14 17

female sex N (%) 11 (79) 13 (76)

age at LP (years) 36 (26–39) 32 (27–36)

disease duration until LP (years) 0.6 (0.5–1.0) na

EDSS at LP 2 (1.0 –2.5) na

therapy none 7 na

IS alone or with IM 7 na

S-albumin (g/L) 45 (42.8–46.9) 42.7 (40.5–45.5)

CSF-albumin (mg/L) 198 (159.0–237.0) 208.5 (160.0–263.0)

S-IgG (g/L) 11.3 (10.3–13.3) 11.4 (10.4–12.5)

CSF-IgG (mg/L) 35.2 (26.4–41.7) 26.4 (18.9–43.0)

Q albumin 0.005 (0.004–0.005) 0.004 (0.004–0.006)

IgG index 0.80 (0.66–0.83) 0.46 (0.44–0.63)

CSF-tau (pg/mL) 127 (102.1–243.1) 134.6 (89.4–185.0)

Data are expressed as number or median (25th–75th percentile).
N – Number of women; MS – Multiple Sclerosis; EDSS – Expanded Disability Status Scale; 
LP – Lumbar Puncture; IS – ImmunoSuppressive therapy (corticosteroids or azathioprine 
or both); IM – ImmunoModulator therapy (interferon-beta or glatiramer acetate); na – 
not applicable; CSF – CerebroSpinal Fluid; S – Serum, Q albumin – ratio between CSF 
and serum albumin concentrations. The IgG index indicating intrathecal production 
of total IgG was calculated as the CSF/serum ratio of concentration of IgG related to  
albumin CSF/serum ratio. Pathological values are above 0.7.
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dard in all the analytical series for com-
parative purposes. The absorbances were 
transformed into arbitrary concentration 
units (AU) using a  standard curve con-
structed from the pool of diluted human 
sera by geometrical series. 

The serum and cerebrospinal fluid con-
centrations of albumin and total IgG were 
assayed using immunonephelometry.

Intrathecal (IT) synthesis of total IgG 
was calculated as IgG index according to 
the following formula: [(CSF IgG/serum 
IgG)/(CSF albumin/serum albumin)]. In-
trathecal synthesis of specific anti-tau 
IgG antibodies was estimated in a simi-
lar way using the following formula: [(CSF 
anti-tau/serum anti-tau) / (CSF albumin/ 
/serum albumin)]. Compared to CSF anti
bodies, intrathecal synthesis is calculated 
as the proportion of the total CSF anti-
bodies produced locally within the CNS 
compartment. 

Tau protein concentrations in CSF 
were determined by commercial sand-

wich ELISA Innotest hTAU Antigen kit (In-
nogenetics GmbH, Ghent, Belgium). The 
assay was carried out according to the 
manufacturer’s instructions.

Since the data were not normally distri-
buted, non-parametric statistical tests were 
applied. Differences among groups were 
analysed with the Mann-Whitney U test. 
The Spearman’s coefficient was used for 
correlation analyses. The significance level 
for all tests was p <0.05. Statistical analysis 
was performed using Statistica 9 software 
(StatSoft, Inc. Tulsa, OK, USA).

Results
The basic clinical and laboratory variables 
of MS patients and controls are shown 
in Tab. 1. There was no difference either 
in age and sex or biochemical variables 
between MS patients and controls with 
the exception of significantly higher IgG 
indices in the MS group (p <0.0001). 

We could not demonstrate any corre-
lation between the CSF tau protein and 

CSF, intrathecally synthesized or serum 
anti-tau antibodies in the MS group and 
the control. No relationship was found 
even when all subjects (MS group and 
neurological controls) were analysed 
together.

Three tau antigen to autoantibodies ra-
tios were calculated – CSF tau/CSF anti-
-tau antibodies, CSF tau/serum anti-tau 
antibodies and CSF tau/IT anti-tau anti-
bodies. We did not observe differences in 
any of these ratios between the MS group 
and controls.

No relationship was found between tau 
protein or CSF tau/anti-tau antibody ra-
tios and patient age in either group. CSF 
tau protein levels or ratios did not corre-
late with disease duration or patient disa-
bility in the MS group. 

A significant correlation between CSF- 
-tau and CSF IgG was observed in the con-
trol group (r = 0.56; p <0.05) but not in 
the MS group. The relationship between 
CSF-tau and CSF IgG held true when we 
analyzed all subjects together (r = 0.53; 
p <0.05).

The levels of CSF tau protein did not 
differ between the MS group and con-
trol subjects (Fig. 1). We did not find 
any differences between the MS group 
and controls in serum anti-tau antibo-
dies [median (25th–75th percentile); MS 
group 3,054 (2,545–5,407) AU vs con-
trols 2,624 (1,204–4,189) AU n.s.)] and 
CSF [MS group 3.2 (2.0–7.4) AU vs con-
trols 2.1 (0.9–3.3) AU n.s.)].

Discussion
We were first to investigate the relation-
ship between CSF total tau protein levels 
and the CSF or serum anti-tau antibodies 
in MS patients. We observed that the CSF 
tau load is independent of the free anti- 
-tau antibodies both in MS patients and in 
neurological controls.

Our result is in a good agreement with 
a  study on patients with Alzheimer di-
sease. Rosenmann et al [30] also failed 
to find any difference in the anti-tau anti-
body levels between groups with low and 
high tau levels. It may be hypothesized 
that the autoimmune reaction against tau 
protein may have similar pattern in MS 
and AD patients as well as in other neu-
rological patients used as controls. These 
findings suggest that there is no direct re-
lationship between tau and free anti-tau 
antibodies in MS and AD patients. The an-
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Fig. 1. CSF tau levels in the MS patients and the controls.
There was no statistical significant difference in the CSF tau levels between MS patients 
and controls. MS – Multiple Sclerosis; CSF – CerebroSpinal Fluid. The box-and-whisker 
plot represents the median, quartiles, and extreme values within groups.
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ti-tau antibodies may form immune com-
plexes with the tau protein molecules in 
the CSF or serum. It can be presumed that 
the tau protein bound in the circulating 
immune complex has an altered immuno-
reactivity because their epitopes are occu-
pied by autoantibody binding sites. More-
over, anti-intracellular antigen antibodies 
may enter into the cells by receptor-me-
diated endocytosis [31] or by other ways. 
Additionally, clearance of tau-anti-tau im-
mune complexes by macrophages might 
influence the CSF tau protein levels.

Brettschneider et al [14] reported that 
tau tended to increase in MS patients 
with higher intrathecal total IgG synthe-
sis. A positive relationship between CSF 
tau protein and IgG index in MS patients 
has already been described [7]. We did 
not find a positive correlation between 
tau protein and intrathecally produced 
total IgG. However, a  relationship with 
total CSF IgG was demonstrated in the 
control group as well as in the group of 
MS patients and neurological controls to-
gether. There also was a tendency to po-
sitive correlation in the MS group. These 
findings suggest that the association 
between the tau protein and IgG in the 
CSF is not only characteristic for multiple 
sclerosis but may exist in various neurolo-
gical diseases. In addition, in our previous 
study we reported a positive correlation 
between total IgG in CSF with anti-tau 
antibodies in CSF [32]. In the context of 
these observations, it is surprising that no 
correlation between specific anti-tau an-
tibodies and the tau protein was found. 
This discrepancy may partly be due to the 
formation of immune complexes.

Unlike some other studies, we did not 
observe significant elevation of the CSF tau 
protein in our MS patients [15,16]. The in-
consistent results regarding CSF tau pro-
tein concentrations in MS studies [12–14]  
cannot be explained with the influence 
of anti-tau antibodies. Our patients had 
mild disability and short disease dura-
tion. Other reasons for different findings 
include heterogeneity of MS and various 
underlying processes. 

In conclusion, we did not prove the re-
lationship between tau and free anti-tau 
antibodies in MS patients or in neurolo-
gical controls. CSF concentration of the 
tau protein was independent of anti-tau 

antibody CSF level and was not different 
between MS patients and patients with 
other neurological diseases. 
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