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Abstract

Background. Parkinson’s disease (PD) is a progressive neurodegenerative disorder with a characteristic clini-
cal picture. Apart from classical movement disorders, a significantrole s also played by non-motor symptoms,
in particular cognitive impairments, which have a significant impact on the quality of life of the patients.
Tau protein and amyloid beta are well-known non-specific biomarkers in Alzheimer's disease (AD).

Objectives. The study assessed the practical value of determining tau protein and amyloid beta (AB42)
in the blood serum of patients with PD and their relationship with cognitive impairments, radiographic image
and the used dose of -DOPA.

Material and methods. The neuropsychological assessment was carried for 64 patients with PD. The levels
of amyloid beta 1-42 (AB42) and tau proteins in serum were also measured.

Results. The AB42 level in the serum was statistically higher in patients with longer duration of the disease
(p < 0.05) and those who were taking a higher dose of -DOPA (p < 0.05). The average level of tau protein
in the serum was slightly lower in the study groups than in the control group and showed no statistical
significance. No correlation was found between the levels of tau protein and AB42 and the results of neuro-
psychological tests. Tau protein correlated with hippocampal atrophy (p < 0.05).

Conclusions. Serum levels of AB42 and tau protein in PD may be a useful marker for the assessment of cogni-
tive impairments. The role of L-DOPA in the process of dementia in PD remains unclear.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegener-
ative disease with a characteristic clinical picture.! Anim-
portant role in PD is played by non-motor symptoms.?
Special significance is given to cognitive disturbances,
which can evolve to mild cognitive impairment (MCI)
or dementia. Dementia in PD occurs in about 40% of pa-
tients and the risk of cognitive disorders in this group
isabout 6 times greater than in the general population and
increases with the duration of the disease.? The search
continues for specific biomarkers for PD in body flu-
ids. Currently, tests include determination of the levels
of alpha-synuclein (ASN), uric acid, DJ-1, amyloid beta,
tau protein, epidermal growth factor (EGF), and glutathi-
one.* In the case of Alzheimer’s disease (AD), amyloid beta
and tau protein are well-established biomarkers. A change
in their levels permits a diagnosis of AD with high sensi-
tivity and specificity (90-95%), also during the preclinical
period.”

This study aimed to assess the practical value of the lev-
els of tau protein and amyloid beta (AB42) in the blood
serum of PD patients with symptoms of cognitive disor-
ders of varying degrees of severity, including the duration
of the disease and the applied dose of L-DOPA, and to de-
termine whether these proteins can be a markers of neu-
rodegenerative changes in PD.

Methods
Subjects

The study group (group I) comprised 64 patients
(29 women, 35 men) with an established diagnosis of idio-
pathic PD according to the United Kingdom Parkinson’s
Disease Society Brain Bank (UKPDSBB) criteria, divided
into 2 subgroups according to the disease duration: up
to 5 years (group IA) and over 5 years (group IB). The major-
ity of the patients (42 cases) were hospitalized at the Clinic
of Neurology of the University Hospital in Wroctaw, Po-
land, whereas the other subjects consisted of outpatients.
All patients provided written informed consent for par-
ticipation in the study. The control group (group C) was
matched by sex and age with the patients and consisted
of 30 healthy volunteers without evidence of cognitive im-
pairment, extrapyramidal syndrome or neurological deficit
in neurological examination.

Measures of clinical symptoms

The following data was collected for all patients: demo-
graphic data, general medical history, history of the dis-
ease, history of previous treatment, history of comor-
bidities, and assessment of the neurological status. In PD
patients, the total applied dose of L-DOPA was calculated.
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The main purpose of this study required the use of only
the five-point Hoehn and Yahr scale (H-Y) to assess
the degree of motor disability in the PD group.®

Neuropsychological assessment

Cognitive functions were examined with the use of neu-
ropsychological tests: Mini-Mental State Examination
(MMSE) and the Clock Drawing Test (CDT) which is rec-
ognized worldwide as a neuropsychological screening tool.
One of the most frequently used methods of CDT scoring
is the Sunderland et al. version. A part of the Alzheimer’s
Disease Assessment Scale—Cognitive Subscale (ADAS-cog
test) assessing the ability to remember a list of words (“word
recall”), and a verbal fluency test (Controlled Oral Word As-
sociation Test — COWAT) in the alphabet-phonemic category
(COWATY) and the semantic category (COWATS) consisting
of “fruit and vegetables.” The obtained results were referred
to the standards set for each age group and gender of the stud-
ied patients. Depressive disorders were excluded in all subjects
examined using the Beck Depression Inventory (BDI).

Neuroradiological assessment

Seven PD patients were evaluated neuroradiologically us-
ing computed tomography (CT) because of contraindica-
tions to magnetic resonance imaging (MRI). The remain-
ing patients underwent MRI. The degree of hippocampal
atrophy was assessed using the Scheltens rating scale be-
tween 0 and 4 to evaluate atrophy of the hippocampus,
parahippocampal gyrus, entorhinal cortex, and surround-
ing cerebrospinal fluid (CSF) on coronal reconstructions,”®
where the following degrees of the scale meant:

0 — no atrophy,

1 — only widening of choroid fissure,

2 — also widening of temporal horn of lateral ventricle,

3 — moderate loss of hippocampal volume (decrease
in height), and

4 — severe volume loss of hippocampal volume.

Cortical atrophy was assessed with respect to frontal,
frontotemporal, parietal, and occipital lobe regions, and
within the brainstem using the visual rating scale scoring
between 0 and 3,8 where the following degrees of the scale
meant:

0 — no cortical atrophy,

1 — mild atrophy,

2 — moderate atrophy, and
3 — severe atrophy.

Assessment of subcortical atrophy included the pres-
ence of a widened ventricular system and vasogenic lesions
(on a scale of 0-3, where 0 means no lesions of this type).

Plasma tau and Af342 measurements

Ten milliliters of native peripheral blood sam-
ples were collected from each PD patient and each
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subject in group C; the samples were then centrifuged
at 2,000 g for 10 min. Pure serum was drained and frozen
in test tubes at —-80°C. The samples were thawed just be-
fore determination of the levels of tau protein and AB42.
Tau protein and AB42 levels were assessed using the High
Sensitivity Human Amyloid f42 ELISA kit (Merck Mil-
lipore, Burlington, USA) and the Invitrogen Human Tau
(Total) ELISA kit (Invitrogen, Carlsbad, USA). The sub-
stance levels were determined using enzyme-linked im-
munosorbent assay (ELISA) according to the manufac-
turer’s instructions. Both kits used specific monoclonal
antibodies that recognized a particular epitope within tau
protein or amyloid beta. In the next stage of the reaction,
streptavidin conjugated with horseradish peroxidase was
added, marking appropriate, specific antibody-antigen
complexes. After the tracer solution was added, the con-
tents of the sample changed color if tau protein or amyloid
beta were present. The process of color reaction was inhib-
ited by the addition of sulfuric acid, which was expressed
by another color change. The color intensity of the solution
was measured in a spectrophotometer at 450 nm. The sen-
sitivity threshold was 16 pg/mL in the case of AB42 and
12 pg/mL in the analysis of tau protein.
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Statistical analysis

All statistical analyses were performed with STATIS-
TICA v. 10 PL software (StatSoft Inc., Tulsa, USA). We first
assessed the normality assumption of all variables by using
the Kolmogorov—Smirnov test. If normal distribution was
confirmed, the data was presented as mean with standard
deviation (SD). The results in both groups (I vs C) were
then compared using Student’s t-test. Correlation was as-
sessed using Pearson’s correlation coefficient. Analysis
of variance (ANOVA) with Scheffe’s post hoc test was
used to compare more than 2 group means (IA vs IBvs C).
In the absence of normal distribution, medians and per-
centiles were calculated and group comparisons were made
using the Kruskal-Wallis test, while Spearman’s rank cor-
relation coefficient was used to determine whether correla-
tions exist. The significance threshold was set at p < 0.05.

Results

Table 1 shows the demographic characteristics, mean
levels of AP42 and tau protein, and results obtained

in neuropsychological tests and BDI in the study groups.

Table 1. Demographic and clinical characteristics and levels of AB42 and tau in patients with PD and controls

Variable Group | Group IA Group IB Control group (C) lvsC IAvsIBvsC
(n=64) (n=32) (n=32) (n=30) P (t-test) P (ANOVA)

Age 68.3 £9.8 (44-87) 69.0 £10.0 67.6 £9.7 64.8 £9.5 0.1 (NS) 0.24
Sex (M/F) 35/29 11/21 24/8 15/15 0.67 (x° test) 0.005 (¥ test)
Duration of illness [years] 6.2 +46 27 +16 9.6 +39 - - -
H-Y scale 2.8+0.8 25+0.8 31 +0.8 - - 0.002 (IA vs IB)
MMSE 272 %23 272 £2.2 27224 285 %1.7 0.01 0.03
MASE men e I I 003 (A5 )
MMSE cor 272 £2.1 273 £2.0 270+2.2 28.2£1.6 0.02 0.05 (NS)
cbT 8.0+£20 81+1.8* 79+21% 93+14 0.001 0.004
CDT men ?522155]) Zn6 f?ﬁ (758:222) (953:]] ;‘ - 003 (Bvs C)
COWATs 16.1 £5.7 16.8 £5.4 153 +6.0 18.6 £5.7 0.049 0.08
COWATs men ] (%1365')2 1(‘;‘3:1%)2 1fﬁli;i)2 1(%4:155')4 - 003 (Bvs C)
COWATf 120 £4.7 1.7 £49 123 £4.5 11.3+43 0.5 0.71
ADAS-cog 16.4 £5.1 16.8 £3.7 16.0 £6.1 18.1 +4.4 0.12 0.23
Beck 8122 79423% 84£21% 59435 0.001 0.001
G P (T ) P : BRI
AB42 [pg/mL] 12.1 £12.6 8.5+109 15.8 £13.3** 26.0 £64.4 0.56 (Scheffe's test) 0.006 (IBvs C)
Tau [pg/mL] 20.1 £15.7 209 £199 19.2 £10.1 214 £13.3 0.82 =

Values expressed as mean +SD. * analyzed group vs control <0.05 (Scheffe's test); ** group IB vs control p < 0.05 (according to the Kruskal-Wallis test);

NS - nonsignificant; ANOVA — analysis of variance; M — male; F — female; H-Y scale — Hoehn and Yahr scale; MMSE — Mini-Mental State Examination;

MMSE cor - correlation of Mini-Mental State Examination; CDT — Clock Drawing Test; COWATf — Controlled Oral Word Association Test in the alphabetic-
phonemic category; COWATs — Controlled Oral Word Association Test in the semantic category; ADAS-cog — Alzheimer's Disease Assessment Scale-Cognitive
Subscale; AR42 — amyloid beta 42.
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There were no differences between the groups in terms
of age (p > 0.05). Patients with longer disease duration
had statistically significantly higher scores on the H-Y
scale. The mean dose of the used L-DOPA was 673 mg/day
in the whole group, 463 mg/day in the IA group, and
884 mg/day in the IB group.

A statistically significant difference was identified
in MMSE and its adjusted value between group I and
group C (p < 0.05). Also, a statistically significant MMSE
difference was identified between the group of male pa-
tients with shorter disease duration and the males from
group C. No significant correlation was found between
the groups IA, IB, and group C (Scheffe’s test). In the CDT
test, the mean score for the whole group I was statisti-
cally significantly lower compared to group C. Scheffe’s
comparison test also showed statistical significance be-
tween the groups IA, IB, and group C. The scores ob-
tained in the verbal fluency test in the semantic category
were statistically significantly lower (p < 0.05) in group I
compared to group C. Male patients with longer disease
duration obtained statistically lower scores in the se-
mantic category of the verbal fluency test then the other
males. No statistical significance was found in the other
groups. There were no significant differences in verbal
fluency results in the phonetic category or the ADAS-cog
test (all p > 0.05). Statistically significantly higher scores
on the BDI scale were obtained in the whole group of PD
patients (group I) and in the Scheffe’s comparative test be-
tween the study subgroups (IA and IB). Also, male patients

with longer disease duration had statistically significantly
higher scores on the BDI scale than the other males. No
differences were observed between females.

The median test showed differences indicating a statisti-
cally higher level of AB42 in the IB group; 75% of the value
was greater than the total median (p < 0.05). The mean
level of tau protein in the blood serum in the study groups
was slightly lower than in group C and showed no statisti-
cal significance. Fifteen patients in group I showed an el-
evated level of tau protein and a decreased level of A342
as in the case of AD.

Table 2 shows Spearman’s rank correlation coefficient,
which revealed no significant correlations between the lev-
el of AP42; the mean scores of MMSE, MMSE correla-
tion (MMSE cor), CTD, COWATT, COWATSs, and ADAS-
cog; and the mean score on the BDI scale (all p > 0.05).
In the group of patients with a higher mean dose of L-DO-
PA, there was a significantly higher level of AB42 (r = 0.043;
p = 0.013). In the case of tau protein, no correlation was
found with neuropsychological tests, the BDI scale, and
the used mean dose of L-DOPA in Spearman’s rank cor-
relation (all p > 0.05).

Atrophy of the hippocampus (changes >1 on the Schel-
tens’s scale) was found in 46 patients (71%), predominantly
on the right side. In the IA subgroup, hippocampal atro-
phy occurred in 21 patients (69%), with a slight preva-
lence on the right side. In the IB subgroup, it occurred
in 25 patients (78%) and manifested symmetrically. Cor-
tical atrophy affected mostly frontal and temporal lobes

Table 2. Correlation between neuropsychological tests and AB42 and tau protein level

Spearman’s r Spearman’s r Spearman’s r
MMSE
MMSE cor
CDT
COWATf
COWATs
ADAS-cog
Beck

Tau protein

MMSE 0.0581 0.648 —0.0047 0.980 0.184 0.313
MMSE cor 0.106 0.404 0.0425 0.818 0.2317 0.202
CDT 0.1366 0.282 0.1833 0315 0.0788 0.668
COWATf -0.0235 0.854 —0.1265 0.490 0.2043 0.262
COWATs 0.0655 0.607 —-0.0105 0.954 0.1923 0.291
ADAS-cog —-0.087 0494 —-0.184 0313 —-0.0136 0941
Beck -0.1219 0.337 —0.1988 0.275 0.049 0.790

Values expressed as mean +SD. * analyzed group vs control <0.05 (Scheffe’s test); ** group IB vs control p < 0.05 (according to the Kruskal-Wallis test);

NS - nonsignificant; MMSE — Mini-Mental State Examination; MMSE cor - correlation of Mini-Mental State Examination; CDT — Clock Drawing Test; COWATf
- Controlled Oral Word Association Test in the alphabetic-phonemic category; COWATs — Controlled Oral Word Association Test in the semantic category;
ADAS cog - Alzheimer’s Disease Assessment Scale-Cognitive Subscale.
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Table 3. The location of brain atrophy and vascular changes in PD

Group IA

1 14 23 21 8 10 "
2 7 4 4 1 10 4
3 2 1 0 0 0 1

PD - Parkinson'’s disease; FA — frontal atrophy; TA — temporal atrophy;
PA — parietal atrophy; BA — brainstem atrophy; SA — subcortical atrophy;
Vich - vascular change.

and had a low degree of severity (mostly grade 1 atrophy).
Cerebellar atrophy was reported in 30 patients and brain-
stem atrophy was found in 12 patients. There were no
cases with identified atrophy of the occipital area. There
were 38 patients with grade 1 and 16 patients with grade
2 (moderate) subcortical atrophy. Vascular changes were
present in 31 PD patients (48%). The results are presented
in Table 3. The level of AB42 in the serum did not correlate
with any of the evaluated parameters in neuroimaging
studies (p > 0.05). The level of tau protein only correlated
with hippocampal atrophy (r = -0.3096, p = 0.013).

Discussion

In the conducted study, the mean level of AB42 protein
was significantly higher in the blood serum in the group
with longer disease duration (IB) than in the IA group and
the control group. The level of tau protein was lower than
in group C and showed no statistical significance in the re-
spective groups. The level of AB42 in the serum did not
correlate with any of the evaluated parameters in neuroim-
aging studies. The level of tau protein only correlated with
hippocampal atrophy. No correlation was found between,
on the one hand, tau protein and AB42 and, on the other
hand, the results of neuropsychological tests and BDI. Only
in 15 patients from the entire group I the absolute levels
of AP42 and tau protein behaved as in the CSF in AD.®

Literature data mainly concerns determination of A342
and tau protein in body fluids of AD patients, although
attempts are being made to determine both those sub-
stances in PD patients. Authors of studies on the levels
of AB42 and tau protein in the CSF hold different opinions
on the applicability of their research to PD and PD with
dementia (PD-D). Some of the authors found no differences
in the levels of AP42 and tau protein in the CSF of PD pa-
tients compared to controls. Montine et al.® determined
the levels of AB42, tau protein, and its phosphorylated form
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phospho-tau (P181-Tau) in the CSF in patients with PD and
PD-D, noting a lowered level of amyloid beta with normal
or low levels of tau protein. Alves and Shi!®!! showed de-
creased levels of tau protein and its phosphorylated form
in the CSF. A study by Leverenz et al.!? involving a group
of 22 patients with PD without cognitive disorders, ana-
lyzed results of neuropsychological tests and the levels
of AB42, tau protein, and brain-derived neurotrophic fac-
tor (BDNF) in the CSF. A relationship was found between
the levels of AB42, BDNF, and Ap42/t-tau and the mean
scores in neuropsychological tests. No correlation was
found with the level of tau protein. The authors suggest
the coexistence of the AD mechanism underlying dementia
in PD. Similar results were obtained in a prospective study
of 45 patients, which showed a link between a decreased
level of AB42 in the CSF and the progression of cognitive
decline without finding such relationship in the case of tau
protein and its phosphorylated form.!* A study of 48 pa-
tients with PD of varying degrees of severity found an el-
evated level of tau protein and tau/Ap42 ratio in the CSF."*
The AB42 and tau protein determined in the CSF are not
unique to AD; they can also be markers of cognitive decline
and clinical progression in PD-D.

Data relating to the determination of AB42 and tau pro-
tein in the serum is limited. The AB42 level in the serum
shows diverse and ambiguous behavior. Alzheimer’s disease
shows normal, increased, or decreased levels of Ap42.15-Y
The observed differences in peripheral blood may be due
to external factors, including the collection time and stor-
age conditions of the blood samples.!® The level of AB42
may depend on the drugs used and the degree of atrophy
of medial structures of the temporal lobe. An elevated level
of AP42 in the serum was found in cases of a genetically
determined, familial form of AD, associated with muta-
tions in the presenilin or APP genes and in the case of tri-
somy of chromosome 21.1 Drugs that may affect the lev-
els of AB40 and AB42 include, among others, calcium
channel blockers, digitalis preparations, anticoagulants,
antipsychotics, insulin, and other hypoglycemic agents.
Itis believed that L-DOPA used in the treatment of PD may
also have an effect. Our research has demonstrated that
the mean daily dose of L-DOPA has a significant impact
on the increased level of AB42 in the serum. In the case
of levodopa, the route of administration of the drug may
be important. L-DOPA is absorbed after oral administra-
tion in the small intestine by active transportation along
the pathway of macromolecular neutral amino acids. Its
absorption is subject to fluctuations because of competi-
tive displacement by amino acids from foods, such as phe-
nylalanine, leucine and valine. Other possible influences
include disorders of peristalsis, changes in the movement
of material from the stomach to the small intestine, intes-
tinal barrier impairment, or activation of immune mecha-
nisms. Blasko et al.,?° while analyzing the levels of ApB42
in a group of 526 people over the age of 75 without cognitive
impairment, found a correlation between the levels of A42
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and age. Similar results were obtained in the assessment
of the levels of AP40 and AB42 in the serum depending
on the age in AD, MCI and PD.% The Framingham Heart
Study?? found a link between lower levels of AB42 in the se-
rum and a higher risk of developing AD in more than
2,000 patients over 60 years of age without dementia. No
such relationship was found in the case of AB40. Different
results were obtained in the Cardiovascular Health Study,?
where the levels of AB40 and 42 in the serum increased
with age in 274 people over 70 years of age. However, no
relationship was found between the level of Af in the se-
rum and the risk of developing AD. Studies by Hansson
etal. and van Oijen et al.?*?> showed that an increased level
of APB40, a decreased level of AB42, and a decreased level
of the AP42:AB40 ratio were associated with a higher risk
of dementia in people over 70 years of age. A meta-analysis
of 13 studies found that a reduction of the AB42:AB40 ratio
in the serum was associated with a higher risk of developing
AD.? A change in the levels of AB42 and AB40 in the se-
rum and the CSF was reported in the case of depressive dis-
orders. Patients with diagnosed depression exhibit a lower
level of AB42 in the CSF and the serum and an increase
in the A 40:Ap 42 ratio in the serum.?” Researchers also
noted elevated levels of AB42 in the serum of patients with
chronic kidney disease, correlating with eGFR.?® These
observations seem to indicate that chronic renal failure
may be an independent risk factor for the development
of dementia.?” Tau protein levels in the serum are char-
acterized by high variability and range from <10 pg/mL
to >1,000 pg/mL while the gradient of tau protein between
the CSF and the serum is 10:1.3° The level of tau protein
in the serum may be significantly lower than in the CSF.
Higher concentration of the analyzed material may in-
crease its detectability. The level of detection of tau protein
in the serum depends on the sensitivity of the ELISA meth-
od and the used monoclonal antibodies. The level of tau
protein may also be affected by enzymatic modifications
leading to separation of epitopes detected with the used
monoclonal antibody. Detectability of tau protein may be
weakened by the serum presence of proteins that are homo-
geneous in relation to tau protein (e.g., MAP4 protein). Tau
protein may also come from dorsal root ganglia, which has
no clinical significance.? Hattori et al. determined the level
of tau protein in the oral epithelium in AD patients and
concluded that it was higher than in the control group.?
Ingelson et al. found no significant difference between
the levels of tau protein in the serum of PD patients and
the control group.®?

Our research has shown that levels of AB42 and tau pro-
tein in in the serum of PD patients are highly variable and
do not correlate with the mean scores in the tests used
to evaluate the severity of cognitive disorders and can-
not be markers of neurodegenerative changes in PD with
cognitive impairment. The dose of the used L-DOPA may
have a negative impact on the level of AB42 in PD, but its
role in the process of PD dementia remains unclear.
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