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Abnormal subpopulations of peripheral blood lymphocytes are
involved in Parkinson’s disease
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Background: Abnormal immune responses are involved in the development of Parkinson’s disease (PD),
and also affect peripheral blood lymphocytes. The profile of lymphocyte subsets in peripheral blood and
whether it is relevant to the clinical features of PD patients remains controversial.

Methods: To explore the role of peripheral blood lymphocytes (NK cells, B cells, CD3" T cells, CD3*CD4"
T cells and CD3*CD8" T cells) in the development of PD, a case-control study including 127 patients and
148 healthy controls was conducted, and peripheral blood lymphocyte subpopulations of participants were
analysed by a FACSCalibur flow cytometer.

Results: PD patients had a significantly higher percentage of NK cells and a lower percentage of CD3"
T cells and CD3*CD4" T cells than controls [16.4% (12.3%) vs. 12.6% (6.2%), 63.7% (14.2%) vs. 69.0%
(6.6%), 33.1% (13.1%) vs. 38.9% (7.6%), P<0.05, respectively]. Through a binary logistic regression model
adjusted for gender and age, we found that those who were outside of the reference range of peripheral blood
lymphocytes (NK cell, B cell, CD3" T cell and CD3°CD4" T cell) had an increased risk of PD [odds ratio
(OR): 2.3, 5.1, 3.1 and 4.1, P<0.05, respectively]. Through a multivariable linear regression model adjusted
for gender, age and levodopa equivalent daily dose, we found that deviation from the reference range of
CD3"CD8" T cells (regression coefficient =3.474, P=0.015), course of disease (regression coefficient =0.411,
P=0.004) and the Non-Motor Symptoms Scale (NMSS) scores (regression coefficient =0.553, P=5.92E-11)
had a positive association with the Movement Disorders Society-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS)-III score (adjusted R’=0.364, F=13.004).

Conclusions: Abnormal peripheral blood lymphocyte subpopulations have clinical relevance for PD.
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Introduction neurons have degenerated with Lewy body deposition
before the typical movement disorders appear (2).

. 1 .
Parkinson’s disease (PD) is the second most common Alpha-synuclein (a-syn) is the main protein constituent

neurodegenerative disorder in the elderly population (1). of Lewy bodies, and this protein spreads from neuron to

Patients suffer from bradykinesia, resting tremor, rigidity neuron similar to prion behaviour (3). Its fibrils have been

and a variety of non-motor symptoms. Most dopaminergic shown to recruit peripheral immune cells in rat brain studies
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Table 1 Review of the percentage of peripheral blood lymphocyte subsets in patients with PD and healthy controls

Peripheral blood lymphocytes PD vs. control

Region: country

CD3" T cell 1(32)

Asia: Japan (11,12,16,20,21); China (26-33)

ns (11,12,15,17,19,20,22,23,25,29)

1 (13,16,18,24,26-28,30,31,33)

Europe: ltaly (13,15); Finland (17); Russia (18);
Poland (19); Spain (22); German (23,25)

CD4" T cell ns (11,17,19,20,23,24,26,29)
1 (12-14,16,18,22,27,28,30-33)
CD8+ T Cell 1 (12,22,32)

ns (11,15-20,23,24,26,27,33)

1(13,28,30,31)
CD19" or CD20" B cell ns (19,24,25,26,27,33)
1(16,18,22)
CD16'CD56" NK cell 1 (16,18,21,26,28,30)
ns (19,24,25,33)

1(139)

America: Brazil (24)

1/|: compared to the healthy controls, the increase or decrease of the percentages of peripheral blood lymphocytes in patients with PD is
statistically significant. ns, no statistical significance; PD, Parkinson’s disease.

prior to neurodegeneration (4). Numerous post-mortem
studies have documented that innate and adaptive immunity
are involved in the progression of PD (5). A defined set
of peptides derived from a-syn, act as antigenic epitopes
and drive helper and cytotoxic T cell responses in PD
patients (6). Unlike B cells or natural killer cells, CD4" and
CD8" T lymphocytes in the vicinity of blood vessels and
dopaminergic neurons have been detected in post-mortem
brain tissues (7,8). Misfolded a-syn is not only prevalent in
the central nervous system, but can also be released into the
extra neuronal space and can cross the blood-brain barrier
(BBB) and alter peripheral leukocytes (9,10).

Clinical studies conducted in the last 30 years have
indicated that the percentage of NK cell, B cell and T
cell subsets were altered in peripheral blood lymphocytes
in PD patients (11-33). The level of these lymphocytes
may be associated with the clinical features of PD, such as
age, course of disease (27), severity of illness (16,29,33,34)
and medication (19,35). However, after reviewing these
studies, we found that most of these case-control studies
had relatively small sample sizes (<50) and were widely
heterogeneous (involving different regions, races, gender
or age proportions, clinical features, medication, testing
methods and statistical methods); thus no consistent results
have yet been drawn (Tuble I).

© Annals of Translational Medicine. All rights reserved.

To obtain the profile of peripheral blood lymphocyte
subsets in PD patients in the Chinese Han population and
ascertain any possible associations between peripheral blood
lymphocytes and clinical features of PD, we investigated
the lymphocyte subset distribution in PD patients and
healthy controls to characterize the differences. We also
investigated the impact of these alterations on the disease’s
development.

Methods
Participants

A total of 127 sporadic PD patients and 148 healthy
controls were enrolled in this study in Shandong Province,
China (basic characterization shown in Table 2). All
participants belonged to the Han Chinese population. All
patients were diagnosed with clinically established PD
or clinically probable PD according to the International
Parkinson and Movement Disorder Society (MDS) Clinical
Diagnostic Criteria (36) at the clinic of Qilu Hospital
from 2017 to 2019. The Movement Disorders Society-
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
and the Non-Motor Symptoms Scale (NMSS) were used
to assess motor and non-motor symptoms in PD patients.
The levodopa equivalent daily dose (LEDD) was estimated
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Table 2 Clinical features of PD patients and healthy controls
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Grou Gender Age Course of disease MDS-UPDRS-III NMSS Equivalent dose
P (female/male) (year) (year) (score) (score) of L-dopa (mg)

Control 64/84 60.3+13.4 - - - -

PD 52/75 62.7+12.5 4.4+41 17.9+£9.2 10.1£7.4 617.3+444.8

Gender is shown as the constituent ratio; other indexes are shown as the mean + SD. PD, Parkinson’s disease; MDS-UPDRS, Movement
Disorder Society-Sponsored Revision Unified Parkinson’s Disease Rating Scale; NMSS, Non-Motor Symptom Scale; PD, Parkinson’s

disease; SD, standard deviation.

(clinical features are shown in Tuble 2). Healthy controls
that were age- and gender-matched to patients were
selected from the health examination centre. People with a
history of alcoholism, cancer, autoimmune disease, or acute/
chronic inflammatory disorders were excluded.

Four millilitres of venous blood from participants was
collected in tubes containing EDTA-K2 between 08:00
am and 10:00 am, then stored at room temperature and
processed within three hours. Blood lymphocyte subsets
were performed with a single-platform technique (37). A
FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA, USA) was used to detect lymphocyte subsets with
CD3 FITC/CD8 PE/CD45 PerCP/CD4 APC reagents
and CD3 FITC/CD16 PE + CD56 PE/CD45 PerCP/
CD19 APC reagents (BD Biosciences). The percentage of
CD3" T cells [reference value (Ref): 55-80%], CD3*CD4"
T cells (Ref: 25-45%), CD3"CD8" T cells (Ref: 15-35%),
CD19" B cells (Ref: 6-18%) and CD3°CD16°CD56" NK
cells (Ref: 8-26%) were calculated by the Cell Quest Pro
software. To ensure high-quality consistent results, the
flow cytometer instrument was calibrated daily, and the
intensity of the antibody fluorescence was monitored
weekly.

Statistical analysis

Data were expressed as the median (interquartile range).
The Mann-Whitney test was conducted to compare the
percentage of every type of peripheral blood lymphocyte
between PD patients and healthy controls. The ’ test was
used to observe the number of PD patients and healthy
controls inside/outside the reference range. Bonferroni-
adjusted P values (Pc) were used to avoid alpha inflation.
Further analysis was performed in PD patients. PD
patients were divided into different subgroups according
to whether certain lymphocyte subset was inside or outside
the reference range of NK cells, B cells, CD3" T cells,

© Annals of Translational Medicine. All rights reserved.
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Figure 1 Difference in the percentage of peripheral lymphocyte
subsets between PD (Parkinson’s disease) patients and healthy
controls. Data are presented as the median in the scatter plot and

are compared with a nonparametric test. PD, Parkinson’s disease.

CD3"CD4" T cells or CD3"CD8" T cells. The clinical
features of patients between the two subgroups in every
peripheral blood lymphocyte subset were compared by
the Mann-Whitney test. SPSS 12.0 software (Chicago,
IL, USA) was used for the statistical analyses. P<0.05 or
Pc<0.01 was regarded as statistically significant.

Results

Differences in peripheral blood lymphocytes between PD
patients and bealthy controls

The percentage of NK cells in PD patients was significantly
higher than that in healthy controls [16.4% (12.3%)
vs. 12.6% (6.2%), P<0.05, Figure 1]. The percentage of
CD3" T cells and CD3"CD4" T cells in PD patients was
significantly lower than that in healthy controls [63.7%
(14.2%) vs. 69.0% (6.6%), 33.1% (13.1%) vs. 38.9% (7.6%),
P<0.05, respectively, Figure 1]. No obvious differences
in CD3"CD8" T cells and CD19" B cells were detected
between the PD and control groups [25.9% (11.1%) vs.
25.7% (7.6%); 11.3% (7.6%) vs. 11.5% (6.2%), P>0.05].
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Table 3 Constituent ratio (inside/outside normal range) of peripheral blood lymphocytes

Group/indicator NK CcD19' B cD3' T cb3’'cpa’ T cD3'cD8' T
PD 91/36 94/33 100/27 92/35 102/25
Control 131/17 139/9 141/7 135/13 138/10
Pc value 2.05E-3 2.39E-5 1.70E-4 2.17E-4 5.0E-3

The number of people inside/outside the normal range of indicators is shown in the cells. The X2 test is used to compare the differences.
Bonferroni adjusted Pc values <0.01 are regarded as statistically significant. PD, Parkinson’s disease; Pc, Bonferroni-adjusted P value.

Deviation from the reference range of peripberal blood
lymphbocytes is associated with an increased risk of PD

During the study, we found that deviations in the
percentage of peripheral blood lymphocytes away from
the reference range seemed to be more common in PD
patients. Through y’ test and Bonferroni-adjusted Pc
values, we found that compared with healthy controls, PD
patients showed remarkable changes in the constituent ratio
(inside/outside reference range) in five peripheral blood
lymphocytes. The number of people with each lymphocyte
subset deviating from the normal range in the PD group
was clearly higher than that in the control group (Pc<0.01,
Tuable 3).

To explore the association between the phenomenon of
peripheral blood lymphocytes deviating from the reference
range and the occurrence of PD, we conducted a binary
logistic regression model including gender and age and
whether NK cells, B cells, CD3" T cells, CD3"CD4" T
cells and CD3°CD8" T cells were inside or outside the
reference range. After adjusting for gender and age, we
found that people with NK cells, B cells, CD3" T cells
or CD3"CD4" T cells deviating from the reference range
had an increased risk of PD [odds ratio (OR) (95% CI):
2.3 (1.1-4.5), 5.1 (2.3-11.6), 3.1 (1.2-8. 0), 4.1 (1.8-9.1),
P<0.05, respectively].

Associations between the phenomenon of peripheral blood
lymphocytes deviating from the reference range and
clinical features in PD

To further explore the association between the phenomenon
of peripheral blood lymphocytes deviating from the
reference range and clinical features of patients with PD,
we divided the patients into two subgroups according to the
percentage that were inside or outside the reference range
of NK cells, B cells, CD3" T cells, CD3"CD4" T cells or
CD3°CD8" T cells respectively. Then we compared the
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differences in clinical features (age, course of disease, MDS-
UPDRS-III scores, NMSS scores and LEDD) between the
two subgroups of every lymphocyte subset using the Mann-
Whitney test. We found that patients who had CD3"CD§8"
T cells deviating from the reference range had significantly
higher MDS-UPDRS-III scores than patients with normal
indicators [14.0 (10.0) vs. 10.5 (8.0), P=0.012]. Patients with
B cells and CD3"CD4" T cells deviating from the reference
range had significantly lower NMSS scores than patients
with normal indicators [6.0 (7.0) vs. 9.0 (10.0), P=0.022; 6.0
(7.0) vs. 9.0 (10.0), P=0.013]. Through multivariable linear
regression models adjusted for gender, age and LEDD, we
found that deviation from the reference range of CD3*CD8"
T (regression coefficient =3.474, P=0.015), course of
disease (regression coefficient =0.411, P=0.004) and NMSS
scores (regression coefficient =0.553, P=5.92E~11) all had
a positive association with the MDS-UPDRS-III score
(adjusted R’=0.364, F=13.004).

Discussion

The main aim of our study was to profile subsets of
peripheral blood lymphocytes in PD patients in the
Chinese Han population. PD patients showed a remarkable
increase in NK cells and a decrease in CD3" lymphocyte
and CD3"CD4" lymphocyte subsets compared with those
of healthy controls. Deviation from the normal range of
peripheral blood lymphocytes was common in PD patients
and was associated with an increased risk of PD. Deviation
from the normal range of CD3"CD8" T cells was positively
correlated with the severity of motor dysfunction in PD
patients, as assessed by the MDS-UPDRS-III score.
Alterations in the population of blood lymphocytes
in patients with PD have been widely studied. Ageing
is known as a high-risk factor for the development of
PD (38). Meanwhile, the ageing of the immune system is
also commonly observed in the peripheral lymphocytes of
healthy controls (39). Based on this finding, we formed a
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healthy control group matched to patients on race, region,
gender and age rather than reference range. Compared with
healthy controls, an increased percentage of NK cells and a
decreased percentage of CD3" and CD3°CD4" lymphocyte
subsets were found in PD patients. This result is consistent
with the result of a previous meta-analysis, involving 943
cases of PD (40).

Few studies have shown results concerning deviation
from the reference range of peripheral blood lymphocytes.
The establishment of the reference range depends on
various factors, including race, region, gender, age,
peripheral blood collection time and the technique
(37,41-44). With this in mind, our reference range is similar
to that of a study which looked at the same population
in our region (45). We found that the percentage of PD
patients that deviated from the normal range of peripheral
lymphocytes was significantly higher than that of healthy
controls. This finding was true for all five indicators,
including NK cells, B cells, CD3" T cells, CD3*CD4" T
cells and CD3'CD8" T cells. This result suggested that
alterations in peripheral immunity existed in PD patients.
Most importantly, the phenomenon of peripheral blood
lymphocytes deviating from the reference range contributed
to an increased risk of PD, which further indicated that
alterations in peripheral lymphocytes were involved in
the pathogenesis of PD. Possible mechanisms leading to
alterations in peripheral blood lymphocytes in PD patients
include: (I) abnormal a-syn accumulation in both the
central nervous system and the periphery (46). In addition,
a-syn peptides can act as antigenic epitopes to drive NK
cell, CD4" T cell and CD8" T cell responses in patients
with PD (6,13). a-syn also induces apoptosis by altered
expression in human peripheral lymphocytes in PD (47).
(IT) It was found that dopamine receptors (DR) could be
expressed in subsets of human leukocytes, and dysfunctional
peripheral dopamine signaling might be correlated with
the dysfunctional immune responses in PD (48-50). (III)
Recent studies highlight that the CNS is no longer an
immunoprivileged site (51). NK cells, B cells and T cell
subsets are present in brain boundaries, mostly located in
the meninges and the blood-cerebrospinal fluid barrier
(BCSFB). These cells may serve as communication bridges
to and from the brain (52). (IV) Innate immunity and
adaptive immunity accomplish their functions together, and
each lymphocyte subpopulation usually interacts with other
subsets through cytokines (53).

NK cells act as a first-line defense, which might be
strengthened by environmental factors, such as HSV-I

© Annals of Translational Medicine. All rights reserved.
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infection, gastrointestinal microbiota and be accompanied
by higher a-SN expression levels in PD blood (13,47,54).
NK cells promote the differentiation of activated CD4"
cells into Thl and act as a go-between in innate and
adaptive immune systems (16). However, there is a stark
difference in the functional attributes of NK cells present
in the CSF compared to those in the peripheral blood (55).
These cells cannot enter the brain through the BBB (51).
This partly explains why levels of NK cells in PD patients
were significantly higher than those in healthy controls.
Deviation from reference values increases the risk of PD,
but that is not related to clinical features, especially motor
symptoms.

Although we did not find a difference between PD
patients and healthy controls in the percentage of B
cells, their deviation from reference values also led to
an increased risk of PD. Xiao er 4/. found defects in B
cell-mediated immune responses in a-syn”” mice (56).
Mice deficient in T and B lymphocytes were resistant
to MPTP-induced neurodegeneration (57). This result
indicates that B lymphocytes could also contribute to the
progression of PD.

The BBB is a key player that physically separates
the peripheral immune system from the brain. BBB
disruption has been reported in PD patients (58-60).
Only a specific number of activated T cells are allowed
to get through the BBB and BCSFB to the brain (51).
This finding partially explained that the dysfunction
of T cell profiles had a close relationship with clinical
manifestations in PD patients (61,62).

Our study found an obvious decrease of circulating CD4"
T cells in PD patients compared to healthy controls, and
people with CD4" T cells deviating from the reference
range had an increased risk of PD. However, multivariate
analysis did not reveal any consistent relationships between
CD4" T cells and clinical feathers. CD4" T cells, can
acquire proinflammatory and anti-inflammatory phenotypes
corresponding to different inflammatory states (52). A
complex phenotypic and functional Th1 bias has already
been described in the peripheral immune system in PD
patients (63). Kustrimovic er /. found that PD patients
have reduced circulating CD4" T lymphocytes, due to
reduced Th2, Th17, and Treg (63). Howard E. Gendelman
et al. found that changes in CD4" T cell, Treg and Teff
phenotypes were associated with motor function scores
determined by UPDRS-III score (64). In addition, an
extensive association between DR expression in CD4" T
cells and motor dysfunction, as assessed by the UPDRS
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Part III score has been reported in PD patients. DRD1 and
DRD5 expression negatively correlated with the UPDRS
III score in CD4" T naive cells, on the contrary, DRD2
and DRD4 receptor increased with the UPDRS III score in
both CD4" central memory T (TCM) and effector memory
T (TEM) cells (15). DRD3 expression is reduced in CD4"
T cells from PD patients and its pharmacologic inhibition
attenuates the motor impairment in MPTP-treated
mice (65). These studies indicated that the correlation
between CD4" T cells and motor dysfunctions depends on
the phenotype and DR expression, although CD4" T cells
mediate the cytotoxic effect on dopaminergic neurons (8).

Interestingly, we found that patients who had CD8" T
cells deviating from the reference range had significantly
higher MDS-UPDRS-III scores than patients with normal
indicators, even though no obvious difference in CD8" T
cells was detected between PD and control groups. Through
a multivariable linear regression model adjusted for gender,
age and LEDD, we found that deviation from the reference
range of CD8" T cells was positively associated with MDS-
UPDRS-III score. Peripheral CD8" T cells may migrate
and accumulate in the brains of PD patents (8,61). In the
MPTP model, infiltrating T cells predominantly consisted
of CD8" T cells, although CD4" T cells were also present
(8,66). In addition, a-syn has been shown to have a robust
capacity to trigger the T cell response in the brain (67).
Major histocompatibility complex I (MHC-I) expression
renders catecholaminergic neurons susceptible to T-cell-
mediated degeneration (68). CD8" T cells could recognize
a-syn peptides and bind the antigens presented by MHC
class I molecules in dopamine neurons to proceed with
Fas and perforin-based cytotoxic T lymphocyte (CTL)
apoptosis (69). Decreased numbers of dopamine neurons
are related to motor symptoms, which could be assessed
by the UPDRS-III score. That may explain part of the
correlation between alternations of peripheral blood CD8"
T cell and motor dysfunction.

The main limitations of our study are that: (I) no CD4"
T cells subtype classification was performed, and surface
DR expression were not detected yet. (II) There was no
detection of peripheral blood a-syn levels. These factors
might be more conducive for explaining the mechanism
of peripheral blood changes. A more comprehensive
design should be carried out in subsequent studies. The
phenomenon of peripheral blood lymphocytes deviating
from the reference range in PD deserves more attention
and exploration in people from different regions and
different racial backgrounds, and in patients with other

© Annals of Translational Medicine. All rights reserved.
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neurodegenerative diseases.

Conclusions

We conclude that the phenomenon of peripheral blood
lymphocytes that deviate from the reference range could
be a meaningful indicator for PD. Altered peripheral blood
lymphocyte subpopulations have clinical relevance for PD.
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