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Abstract OBJECTIVES: Taking into account the hypothesis that Alzheimer’s dis-
ease (AD) might be a systemic disease that affects several tissues in the
body, the aim of this study was to try to detect the expression of tau-
protein in human peripheral blood lymphocytes (PBL) in patients with
AD. MATERIAL AND METHODS: Blood samples were obtained from
patients with AD (n=16, age 67-98) and from volunteers without psycho-
neurological pathology (n=10, age 65-78). PBL were isolated on Ficoll-
Paque gradient centrifugation. For cell fixation and permeabilization we
used a fixative solution (4% formaldehyde and 0.1% glutaraldehyde) and
0.03% Triton X-100. Immunocytochemical detection of tau-protein was
carried out by biotin-streptavidin complex method with tau monoclonal
antibody (1:100, clone TAU-2, ICN) and universal immunostaining kit
IMMU-MARK (ICN). RESULTS: The expression of tau-protein was
shown in PBL in absolute majority of AD patients studied. Only in two
healthy volunteers a single lymphocyte from many cells (i.e. a smear)
demonstrated a very weak-positive immunostaining to tau-protein CON-
CLUSION: This first demonstration of clear difference in localization of
tau-protein in blood lymphocytes between healthy and sick people tes-
tifies to the fact that tau-protein could be considered as a promising
marker and blood lymphocytes as a suitable sample for life-time diagnosis
of AD.
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Introduction

Alzheimer’s disease (AD) is one of the most impor-
tant neurodegenerative disorders and may be one of
the most frequent causes of death in XXI century.
AD is characterized by a progressive loss of memory,
resulting in dementia and death [1]. AD affects over
20 million people wordwide and this incidence is
expected to double over the next 30 years [2].

While the patient is alive, it is not easy for a physi-
cian to tell the difference between various forms of
dementia. The diagnosis of a specific form of demen-
tia as AD manifestation is confirmed finally by a
pathologist only at autopsy using specific histochem-
ical and immunohistochemical methods. This cir-
cumstance dictates the necessity to develop life-time
markers for diagnosis and prognosis of AD as well as
of other neurodegenerative diseases.

The study of extra-brain tissues and cells which are
available for biopsy could be very promising for this
purpose. There are several reports to identify the cel-
lular and molecular abnormalities as well as the char-
acteristic neuropathological lesions of AD in autop-
sied extra-brain tissues (liver, pancreas, ovary, testis,
thyroid and others) and non-autopsied cells (skin
fibroblasts, blood lymphocytes and platelets) [3-5].
The study of peripheral cells is based on the supposi-
tion that AD might be a systemic disease that affects
several tissues in the body [6]. The observations indi-
cated the formation of curly fibers or tangles not only
in the brain but in many visceral organs [7] as well as
the indication of -amyloid precursor protein (3-APP)
in skin fibroblasts, platelets and lymphocytes [8, 9]
may be considered as an additional confirmation of
this hypothesis.

Most publications on the use of peripheral cells for
diagnosis of AD are devoted to study skin fibroblasts.
From our point of view the peripheral blood lympho-
cytes (PBL) could be considered as more suitable sam-
ples for the research in this field of study for the
following reasons: it is easy to receive the fractions
of any type of lymphocytes from human blood; it is
known that lymphocytes produce many biologically
active substances, including cytokines, -APP, bio-
genic amines and regulatory peptides, which could be
involved in the pathogenesis of AD and other neuro-
degenerative diseases; immunocytochemical methods
for evaluation of these substances in lymphocytes are
well developed.

There are two key molecules which are involved
in the pathogenesis of AD: B-amyloid and tau-protein
[10, 11]. In spite of many attempts, there are no well-
established facts showing that one of the key mole-
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cules for AD B-APP may be produced by lymphocytes
of AD patients [12]. Thus, it is necessary to try to
detect tau-protein in human blood lymphocytes.

Tau is a microtubule-associated phosphoprotein
that is involved in microtubule assembly and sta-
bilization [13]. In adult human brain neurons, six
isoforms of tau are expressed, which are produced
by alternative splicing of mRNA from a single gene
located on the long arm of chromosome 17 [14].
In AD, tau-protein becomes abnormally phosphory-
lated, aggregates into parietal helical filaments and
loses its ability to maintain the microtubule tracks
[15]. In some recent studies the expression of tau-
protein has also been shown in cultured skin fibro-
blasts from AD patients [16,17].

Moreover, the subsequent CERAD (consortium to
establish a registry for Alzheimer’s disease) criteria
referred more specifically to neuritic plaques, with
the recently added emphasis on tau-protein deposits
such as neurofibrillary tangles (Consensus criteria,
National Institute of Aging and Reagan Institute,
USA) [18].

Taking this into account as well as the circum-
stances mentioned above, we tried to detect the
second crucial molecule for AD pathology—tau-pro-
tein—in human PBL, and if so, to discuss the per-
spectives to use these cells as a sample for life-time
diagnosis of AD and other neurodegenerative pathol-

ogy.

Materials and Methods

Clinical data. Blood samples were obtained from
patients with mild to moderate probable AD accord-
ing to the National Institute of Neurological and Com-
municative Disorders Association (NINCDS-ADRDA)
criteria (n = 16, age 67-98 years, males and females,
Mini Mental State—MMS+SD = 22+5, MMS range
17-26, duration of the disease: mean +SD = 3.4+1.6
years, range 2-7 years. The Structured Interview for
the Diagnosis of Dementia score was 3612 (max. 54).
Clinical Dementia Rating (CDR) was the following:
five patients were CDR stage 1 (mild dementia) and
11 patients were CDR stage 2 (moderate dementia).
Blood samples from 10 volunteers without psycho-
neurological pathology (age 65-78, 4 men and 6
women) were used for the control study. Informed
consent was given by each patient before each inves-
tigation.

Preparation of peripheral blood lympho-
cytes (PBL). Blood samples from AD patients and
healthy volunteers were defibrinated and diluted with
Hank’s balanced salt solution (1:1) and then layered
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over a Ficoll-Paque (Amersham, UK). Lymphocytes
were isolated on Ficoll-Paque at room temperature
(01.077, 500 g, 40 min). Phagocytes were removed
with carbonyl iron after gradient centrifugation.
Purified lymphocytes were washed three times at
room temperature using 0.1M phosphate-buffered
saline (PBS, pH 7.2). About 95% of cells present in the
PBL fractions were mononuclear cells by morphology
on the smear staining by May-Grunwald method.

Cell fixation and permeabilization. PBL were
washed by PBS and resuspended in 10 ml fixative
solution (4% formaldehyde and 0.1% glutaraldehyde)
during 10 min. After fixation the cell suspension
was immediately diluted with PBS, centrifuged, and
washed twice with PBS. After this step PBL were per-
meabilized with 0.03% Triton X-100 (Sigma, USA).
Triton X-100 treatment was done during 20 min at 4
temperature, then cell suspension was washed twice
with PBS. After this step, the smears from PBL sus-
pension were prepared on microscopic glasses.

Immunocytochemical staining. Cell smears
were washed with 0.1M PBS (pH 7.2) and incubated
with primary tau monoclonal antibody (1:100, clone
TAU-2, ICN, USA,) at room temperature for 2h, fol-
lowed by three washes with PBS. This antibody reacts
exclusively with the chemically heterogenous Tau-pro-
tein in both the phosphorylated and non-phosphory-
lated form. Fast DAB with Metal Enhancer tablets
(Sigma, USA) were used to prepare substrate solu-
tion, and all the next steps were carried out using uni-
versal immunostaining kit IMMU-MARK (ICN, USA)
according to standard commercial protocol.

Sections of post-mortem cerebral cortex of five AD
patients were employed as positive controls and cell
smears from both groups, studied without incubation
in primary antibody, were used as negative controls.

Smears were analyzed and photodocumented
with a Zeiss Axiophot-2 microscope.

Results

The immunocytochemical study carried out to
identify intracellular tau-protein reveals that the vast
majority of PBL in AD patients exhibited tau-positive
staining (Fig 1a): strong positive reaction was appar-
ent in 15 of 16 cases. In one case of the AD patients,
we registered a weak tau-protein expression in PBL.
Conversely, in 8 of 10 volunteers, PBL had no immu-
noreactivity for tau-protein. Only in two healthy
cases a single PBL from many cells (i.e. a smear) dem-
onstrated a very weak-positive tau-protein expression
(Fig. 1b). Our study demonstrated the localization of
tau-protein immunoreactivity only in the cytoplasm
of PBL (Figs. 1c, d). In some AD cases an extrusion of

tau-immunoreactive substance from PBL cytoplasm
was observed (Fig. 1e).

Discussion

In this paper, using immunocytochemical method,
we show for the first time tau-protein expression in
PBL cytoplasm in AD patients. In contrast, this mol-
ecule was not found in the PBL of healthy volun-
teers (in fact, very weak immunopositive reaction was
observed in only a single lymphocyte of a smear in
two healthy cases which could not be considered as
a significant feature for discussion). This clear differ-
ence in immunolocalization of tau-protein between
healthy and sick people strongly supports our idea
that this molecule could be a promising marker for
life-time diagnosis of AD.

From our point of view, the application of tau-
protein for life-time diagnosis of AD is more effective
than B-APP because significant amounts of 3-APP
were not found in human lymphocytes and the clear
difference in its localization between healthy and
sick people was not obtained. For instance, it was
shown, that human peripheral T and B lymphocytes
contain small amounts of three major -APP tran-
scripts (B-APP770, B-APP751, B-APP695) [19], but
the microquantitative indices of B-APP in human
lymphocytes do not allow using this marker for suc-
cessful diagnosis of AD and other neurodegenerative
diseases.

Taking into account the fact that B-APP is
expressed by some non-neural tissues [8, 9], RNA was
isolated from the mononuclear blood cells of patients
suffering from AD, Down’s syndrome, senile demen-
tia non-Alzheimer type and from normal individuals
[20]. There was no significant difference in B-APP
mRNA levels between any of the groups. This indi-
cates that AD is not accompanied by an increase
in production of B-APP in circulating mononuclear
blood cells and these results may be considered as
serious obstacles for diagnosis to differentiate AD
from other disorders with abnormal amyloid metabo-
lism.

Terry proposes to consider AD not only as a result
of B-amyloid deposition in the brain but moreover as
a pathology of destabilization of the cytoskeleton, in
which hyperphosphorylated tau-protein plays a key
role [21]. Our data support this point of view because
we have obtained the positive immunostain for
tau-protein only in PBL cytoplasm and suppose
that such localization of tau-protein in lymphocytes
reflects its direct connection with microtubules.

Cells of the hemopoietic lineage (T-lymphocytes,
eosinophilic leukocytes, mast cells, etc.) use
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Fig. 1. Tau-protein expression in human PBL.

a—strong positive reaction of the vast majority of PBL in AD blood smear. x120.

b—very weak-positive tau-protein expression in single PBL. A smear of volunteer without AD. x120.
¢,d—tau-protein immunoreactivity is localized only in cytoplasm of PBL. AD (c) and control (d). x600.
e—extrusion of tau-immunoreactive substance from PBL cytoplasm was observed in some AD cases. x900.

a,e—immunocytochemical biotin-streptavidin complex method.
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lysosomes to store and release their secretory prod-
ucts; these organelles have been termed secretory
lysosomes [22]. Secretory lysosomes are a mixture
of lysosomes and secretory granules [23]. Earlier,
it was shown that secretory lysosomes of T-lympho-
cytes contain soluble proteins required for destruc-
tion of virally infected and tumorigenic targets
(perforin and granzymes) and also membrane-
bound proteins that are essential for controlling
the immune response (Fas ligand) [24, 25]. Thus,
it could be possible that phosphorilated tau-protein
in PBL from AD is produced by their secretory
lysosomes also, although this remains to be investi-
gated.

Because some authors [26, 27] noticed the appear-
ance of tau-protein in the olfactory nerve fibers, there
were some attempts to use this tissue for early diag-
nosis of AD. However, Kishikawa and coauthors [28]
have analyzed many publications in this field of study
and underlined that a positive immunoreaction with
anti-tau-protein antibody was obtained in 65.5% of
the non-demented subjects even among young vol-
unteers. Hock et al. [29] did not find the presence
of tau-protein or B-amyloid in olfactory mucosa from
AD patients. These results are consistent with other
reports showing that cytoskeletal changes and tau
pathology in the olfactory epithelium are not primary
(or specific) features of AD and may occur predomi-
nantly in late stages of the disease [29]. It follows,
that biopsy of the olfactory mucosa cannot be used for
early diagnosis of AD.

Thus, our data on the identification of tau-protein
in PBL of AD patients and the clear difference
in its expression between healthy and sick people
allow considering tau-protein as the most promising
marker and blood lymphocytes as a suitable extra-
brain sample for life-time diagnosis of AD.
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