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S u m m a r y

Introduction. Peripheral blood lymphocytes provide a model to study the changes of neurotransmitter-receptor systems.
Aim. The aim of the study was to investigate the dopamine transporter (DAT) immunoreactivity in peripheral blood lym-

phocytes of Parkinson’s disease (PD) patients as compared to controls and impact of various parameters. 
Material and methods. Thirty four PD patients were included in the study, as well as fifteen controls who suffered from 

discopathy, ischemic events or vertigo. The analysis of the percentage and the expression of extra-cellular (GeoMean) anti-
DAT in CD45+ cells was performed using flow cytometry. 

Results. No differences between groups of PD patients and controls were found for percentage of CD45+ DAT+, neither 
for expression of extra-cellular anti-DAT in CD45+. We found positive correlation between the expression of extra-cellular 
anti-DAT and age of clinical onset of PD, either the expression of extra-cellular anti-DAT and the age of PD patients. The study 
showed no correlation between the expression of extra-cellular anti-DAT and the duration of the disease, neither with respect 
to the duration or dose of the levodopa treatment.

Conclusion. Flow cytometric analysis of DAT expression in lymphocytes provide useful tool for research.
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S t r e s z c z e n i e

Wstęp. Limfocyty krwi obwodowej służą jako model do badań zmian układu neuroprzekaźnik-receptor. 
Cel pracy. Celem pracy było badanie ekspresji transportera dopaminy (DAT) w limfocytach krwi obwodowej pacjentów 

z chorobą Parkinsona (PD) w porównaniu do grupy kontrolnej oraz wpływu różnych parametrów.
Materiał i metody. Do badania włączono trzydziestu czterech pacjentów z PD, a także piętnaście osób cierpiących z po-

wodu dyskopatii, incydentów niedokrwienia lub zawrotów głowy. Analiza odsetka oraz ekspresji zewnątrzkomórkowej (Geo-
Mean) DAT na komórkach CD45+ przeprowadzono przy użyciu cytometrii przepływowej. 

Wyniki. Nie znaleziono różnicy pomiędzy grupą pacjentów z PD oraz grupą kontrolną dla odsetka komórek CD45+ DAT+, 
a także dla ekspresji zewnątrzkomórkowej DAT na komórkach CD45+. Znaleziono pozytywną korelację pomiędzy ekspresją 
zewnątrzkomórkową DAT na komórkach CD45+ a wiekiem początku wystąpienia objawów PD, a także pomiędzy ekspresją 
zewnątrzkomórkową DAT na komórkach CD45+ a wiekiem chorych. Badanie nie wykazało korelacji pomiędzy ekspresją ze-
wnątrzkomórkową DAT na komórkach CD45+ a długością choroby ani w odniesieniu do czasu trwania, ani dawki lewodopy.

Wnioski. Cytometria przepływowa jest użytecznym narzędziem badawczym ekspresji DAT w limfocytach.

Słowa kluczowe: transporter dopaminy, choroba Parkinsona, cytometria przepływowa, limfocyty obwodowej krwi 
obwodowej
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INTroDUCTIoN

Parkinson’s disease (PD) is a progressive neuro-
degenerative disorder with a marked reduction of 
striatal dopamine (DA) concentration. The dopamine 
transporter (DAT) is a presynaptic membrane pro-
tein expressed in DA-synthesizing neurons. It clears 
dopamine released into the extra-cellular space, 
thereby regulating the amplitude and duration of DA 
signaling. Altered DAT expression may represent a 
response to pathological processes, and changes 
in DAT can be used to monitor disease progression 
and response to treatment (1-3). Imaging of DAT 
by single photon emission CT (SPECT), or positron 
emission tomography (PET) proved to be practical 
for identifying presynaptic parkinsonism, however, 
is not widely available due to its high costs (4, 5).

Peripheral blood lymphocytes (PBL) provide a mod-
el to study the changes of neurotransmitter-receptor 
systems in neurological diseases (6). The DAT is ex-
pressed in PBL such as lymphocytes and platelets. 
Initial studies show a significant loss of DAT immunore-
activity in PD patients in the early clinical stages of the 
disease (7, 8). The pathophysiology of DAT expression 
in PBL in PD is rather obscure.

AIM

The aim of the study was to investigate the DAT immu-
noreactivity in PBL of PD subjects compared to controls 
and impact of various parameters (age of the subject, 
age of the clinical onset of PD, duration of the disease, 
the duration and dose of the levodopa treatment).

We applied flow cytometric analysis for DAT expres-
sion in PBL. It may represent an improvement with re-
spect to the immunocytochemical metods applied so 
far by others (7, 8).

MATErIAL AND METHoDS

Patients population

The inclusion of PD patients in the study was based 
on the clinical criteria set forth according to UK PD So-
ciety Brain Bank criteria (9) and the duration of the dis-
ease lasting for at least 3 years.

Forty nine patients have been included in the 
study. The PD patients (34 persons) were divided into 
3 groups: A) 3-5 years from the onset of PD (12 per-
sons); B) more than 5 years from the onset of PD 
without motor complication after levodopa treatment 
(11 persons); C) more than 5 years from the onset of 
PD with motor complication after the levodopa treat-
ment (11 persons). Controls (15 persons) suffered from 
discopathy, ischemic events or vertigo.

The progression of PD disease was evaluated us-
ing Hoehn and Yahr scale and the Unified Parkinson’s 
Disease rating Scale (UPDrS) part I, II and III, while 
the cognitive functions were evaluated using Mini Men-
tal State Examination (MMSE) and the mood using 
the Montgommery-Åsberg Depression rating Scale 
(MADrS).

Flow cytometric analysis

Flow cytometric analysis was applied to measure 
DAT immunoreactivity in PBL.

Mononuclear cells (PBMC) were isolated from the 
peripheral blood of patients (tubes contained EDTA) 
by density-gradient centrifugation using gradisol-L 
(Aqua Medica Łódź). The cells were washed and re-
suspended at 1*106 cells/100 μl in CellWash with 
0.5% BSA (Becton Dickinson). To determine the ex-
pression of extra-cellular anti-DAT in CD45+ cells, the 
PBMC were labeled with monoclonal antibody against 
CD45 (anti-CD45-PE) marker (Becton Dickinson) and 
with optimal dilution of polyclonal antibodies: anti-DAT 
extracellular Loop 2 (SIGMA), as well as with respective 
isotype control antibodies. As secondary antibody was 
used FITC-conjugated F(ab’)2 fragment (SIGMA).

The analysis of the percentage and expression of 
extra-cellular anti-DAT in CD45 cells was performed 
using FACSCalibur (Becton Dickinson) and Cell Quest 
software. The lymphocytes were specifically analyzed 
by selective gating based on the parameters of forward 
and side scatter. The results were based on the analy-
sis of at least 10.000 cells and were shown as the per-
centage of positively labeled cells (fig. 1).

Statistical analysis

The data were normally distributed (calculated using 
Kolmogorov-Smirnov test). T-Student test, chi-square 
test and Pearson’s linear correlation analysis were used. 
The statistical significance was accepted at p < 0.05.

rESULTS

Clinical characteristics of the groups

The clinical and demographic data of all the 
groups have been presented in table 1. There was 
no difference in sex and age between the groups of 
PD patients.

The results are showed in the table 2. No differenc-
es between groups of PD patients and controls were 
found for percent of CD45+ DAT+, neither for expres-
sion of extra-anti-DAT in CD45+. only a tendency to de-
crease an expression of extra-anti-DAT in CD45+ cells was 
found in group of all PD patients compared to controls.

We found positive correlation between expres-
sion of extra-cellular anti-DAT and age of clinical 
onset of PD (Pearson correlation r = 0.37; p < 0.04) 
(fig. 2), as well as between expression of extra-cellular 
anti-DAT and age of PD patients (Pearson correla-
tion r = 0.35; p < 0.05) (fig. 3), but not for controls 
(r = -0.20, ns). The study showed no correlation be-
tween expression of extra-cellular anti-DAT and dura-
tion of disease, neither with respect to the duration nor 
dose of the levodopa treatment.

DISCUSSIoN
Prior studies showed the a significant loss of DAT immu-

noreactivity in PD drug-naïve and dopamine agonist-treat-
ed patients (mean age 54 ± 6 years) in the early clinical 
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Fig. 1. The dot plots show representative data illustrating the analysis methods of dopamine transporter (DAT) + cells among 
CD45+ cells.
A – the dot plot show the forward scatter (FSC/SSC) distribution and the gate (region r1) used to select lymphocytes for 
analysis the r1 gated events were then analyzed for CD45 PE staining, and positive cells were gated (region r2), the final dot 
plot was established by combined gating of events using r1 and r2; B – the analysis the percent and expression of extra-cellular 
anti-dopamine transporter (DAT) in CD45+ cells.
Full color of the figures are available at website www.pnmedycznych.pl

Table 1. Clinical and demographic data of patients (Parkinson’s disease – PD, and controls).

Groups
Sex Age

Clinical 
onset

Dura-
tion of 

disease

Daily 
dose of 

levodopa

Time of 
levodopa  

treat-
ment

HY UPDRS (pkt) MMSE HDRS

F M (years) (years) (years) (mg/daily) (years) (scale) ON OFF (pkt) (pkt)

A
    

5
 

7
 

68.50
12.80

65.08
12.87

3.42
1.08

586.36
306.67

2.50
1.46

2.83
1.19

53.08
23.59

53.08
23.59

24.42
5.05

12.75
8.13

B
    

4
 

7
 

69.18
7.47

58.64
8.27

10.55
5.66

704.55
300.38

8.55
6.07

2.91
0.70

63.91
16.37

64.64
15.71

26.36
3.07

21.30
6.62

C
 

7
 

4
 

65.45
8.24

55.73
9.11

9.73
4.54

1013.64
362.00

7.18
3.54

2.91
0.70

58.09
19.48

62.00
22.72

27.45
3.91

16. 70
6.62

D
 

7
 

8
 

66.93
10.12

27.53
2.56

6.27
6.09

Anova test
Kruskala Willisa

p > 0.05 
ns

p > 0.05 
ns

p < 0.001 p < 0.02 p < 0.001
p > 

0.05 ns
p > 

0.05 ns
p > 

0.05 ns
p > 0.05 

ns
p < 0.001

Test

chi-
square
p > 0.05

ns

T-Stu-
dent

p > 0.05 
ns

T-Stu-
dent

p > 0.05 
ns

T-Student 
A vs B, C  
p < 0.001

T-Student
A vs C

p <  0.01
B vs C

p < 0.04

T-Student
A vs B, C   
p < 0.01

T-Stu-
dent

p > 0.05 
ns

T-Stu-
dent

p > 0.05 
ns

T-Stu-
dent

p > 0.05 
ns

T-Student
p > 0.05 

ns

T-Stu-
dent

A, B, C, 
vs D

p < 0.001

mean values ± SD; group A – 3-5 years from onset of PD; group B – more than 5 years from onset of PD without motor complication after 
levodopa treatment; group C – more than 5 years from onset of PD with motor complication after levodopa treatment; group D – controls; 
ns – non statistically significant



Dopamine transporter immunoreactivity in peripheral blood lymphocytes in Parkinson’s disease

681

stages of the disease compared to healthy subjects (mean 
age 53 ± 5 years) (7). In our study only a tendency to 
decrease an expression of extra-anti-DAT in CD45+ cells 
was found in groups of PD patients compared to controls 
(tab. 2). No difference between the group of patients with 
and without motor fluctuation had been found.

Table 2. Dopamine transporter (DAT) immunoreactivity in 
blood lymphocytes in groups of examined patients (Parkin-
son’s disease – PD, and controls).

Groups
Extra

% CD45+ DAT+ Geo mean DAT

A
 

8.33
3.76

43.01
34.49

B 
 

8.00
7.35

36.17
20.18

C
 

11.75
6.69

40.54
34.04

D
 

8.94
7.04

56.29
34.58

Anova test
Kruskala Willisa

p > 0.05 ns p > 0.05 ns

T-Student test
A vs B vs C vs D

p > 0.05 ns
A vs B vs C vs D

p > 0.05 ns

group A – 3-5 years from onset of PD; group B – more than 5 years from 
onset of PD without motor complication after levodopa treatment; group 
C – more than 5 years from onset of PD with motor complication after le-
vodopa treatment; group D – controls; extra % CD45+ DAT+ – percent of 
extra-cellular anti-dopamine transporter in CD45+ cells; extra Geo mean 
DAT – expression of extra-cellular anti-dopamine transporter; mean valu-
es ± SD; ns – non statistically significant

The application of flow cytometric analysis for DAT ex-
pression in PBL is considered as a significant improve-
ment with respect to the immunocytochemical metods 
applied so far by others (7, 8). The results were based 
on analysis of at least 10.000 cells. This technique has 
shown to be quite useful, and simple in practice (albeit 
expensive). This work may be replicated by others.

Barili et al. (10) suggested age-dependent reduction 
of dopaminergic function occurs in human PBL, par-

ticulary a decline in the density of lymphocyte dopa-
mine D3 receptor. research projects concerning aging 
effects on DAT expression and compensatory mecha-
nisms are in progress (11, 12).

Studies of DAT genotype-phenotype associations 
have not clarified the biological mechanism of DAT 
regulation (13-15).

The study showed positive correlation between 
the expression of extra-cellular anti-DAT and the 
age of PD patients (Pearson correlation r = 0.35; 
p < 0.05). It has been evidenced that there is an en-
hanced DAT activity in middle-ages Gdnf heterozy-
gous mice (16), and recently reported that striatal 
DAT binding correlates with serum brain derived 
neurotrophic factor levels in patients with PD (17). 
Genomewide association studies for onset age are 
in PD in progress (18-20).

The study showed no positive correlation between 
the expression of extra-cellular anti-DAT and the dura-
tion of disease, neither with respect to the duration nor 
dose of the levodopa treatment. There is a limitation 
regarding the above study, unfortunately, we did not 
have a possibility to compare the above results with 
the group of untreated PD patients, because our team 
was unable to identify such a group. The possible al-
teration of DAT binding by effects of drugs remains a 
concern (21). Pre-clinical animal studies investigating 
DAT expression, and whether dopaminergic drugs 
might influence the expression of DAT are in prog-
ress (22-24). The modulation of expression of the DAT 
by dopaminergic drugs was investigated by flow cy-
tometry in PD patients (25); the results demonstrated 
that levodopa was different from dopamine agonist in 
its regulation of DAT expression in PBL, but exposure 
to levodopa did not modify the PBL DAT mean fluo-
rescence intensity.

A question whether the flow cytometric analysis for DAT 
expression in PBL may be used as a marker in the assess-
ment of the PD progress remains still open. Such views 

Fig. 2. Correlation between expression of extra-cellular an-
ti-dopamine transporter (DAT) and age of clinical onset of 
Parkinson’s disease (PD) (all PD patients – n = 34), Pearson 
correlation 0.35; p < 0.05.
Full color of the figures are available at website www.pnmedycznych.pl

Fig. 3. Correlation between expression of extra-cellular anti-
dopamine transporter (DAT) and age of Parkinson‘s disease 
(PD) patients (all PD patients – n = 34), Pearson correla-
tion 0.37; p < 0.04.
Full color of the figures are available at website www.pnmedycznych.pl
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have been already presented: “DAT in patients with differ-
ent neuropsychiatric disorders as a peripheral marker of 
the same brain structure is just emerging…” (6).

The results of our study contribute to current 
knowledge concering DAT in PBL and provide use-
ful tool for further research of PD.


