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Abstract

Background: Parkinson’s Disease (PD) is associated with dysregulated/chronic inflammation. The immune system has multiple roles
including beneficial effects such as clearing alpha synuclein aggregates. However, peripheral immune cells entering the brain may also
contribute to inflammation and neurodegeneration. To identifywhich cellsmight have a negative impact and could be potential therapeutic
targets, we compared immune signatures of patients and healthy controls. Methods: Multicolor flow cytometry was used to determine
the frequencies of major immune cell subsets in peripheral blood mononuclear cells (PBMCs) of PD patients and controls. Because of
the major impact of Cytomegalovirus (CMV) infection on the distribution of immune cell subsets, particularly cluster of differentiation
(CD)8+ T-cells, all participants were tested for CMV seropositivity. Results: Although the cohort of 35 PD patients exhibited the
well-established T-cell differentiation signature driven by CMV infection, there were no differences in the frequencies of differentiated
or pro-inflammatory T-cells, B-cells or natural killer cells (NK-cells) attributable to the disease. However, percentages of myeloid-
derived suppressor cells (MDSCs) were higher in PD patients than controls. Moreover, percentages of CD14+CD16+ (intermediate)
monocytes expressing the C-C chemokine receptor type 5 (CCR5) correlated with disease severity assessed by the Movement Disorder
Society’s revised version of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) score and disease duration. Conclusions: A
comprehensive evaluation of the major subsets of circulating immune cells in PD patients revealed differences in myeloid cells between
PD and healthy controls and some correlation of monocyte abundance with disease severity.

Keywords: Parkinson’s disease; CMV; T-cells; B-cells; NK-cells; MDSC; CCR5; monocytes; inflammation; neurodegeneration; pe-
ripheral immune cells

1. Introduction
Parkinson’s Disease (PD) is characterised by an age-

associated progressive degeneration of dopaminergic neu-
rons in the substantia nigra [1] and the accumulation of
alpha-synuclein (α-syn) protein in brain and periphery
which is one of themain components of characteristic inclu-
sions termed Lewy bodies [2,3]. α-syn released by neurons
activates microglia to secrete pro-inflammatory cytokines
such as interleukin-1 beta (IL-1β) and to produce reactive
oxygen and nitrogen species promoting neurodegeneration
[2,4]. It is hypothesised that microglia are first “primed”
and then activated by a secondary pro-inflammatory stimu-
lus from the periphery enhancing neurotoxic responses (re-
viewed in [5]). Brain-periphery interactions are facilitated
as the integrity of the blood-brain barrier (BBB) is affected

in PD [6]. Cytokines are emerging as biomarkers of PD [7]
and anti-inflammatory treatment has shown some beneficial
effects, but this can act as a double-edged sword because
inflammation also has a beneficial role by inducing the ex-
pression of molecules which help in repair and regeneration
of damaged tissue [5]. A more specific therapy targeting
single leukocyte subsets could keep the balance between
reducing unwanted brain inflammation while retaining or
increasing desired inflammation-triggered neuroprotection
[8,9].

To be able to address the most promising candi-
dates for immunotherapy, a comprehensive overview of
immune signatures in PD compared to healthy controls is
needed, especially as there is clear evidence in the litera-
ture that subsets of inflammatory cells are associated with
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PD pathology. For example, the levels of peripheral den-
dritic cells, especially those secreting pro-inflammatory cy-
tokines, were found to be altered in PD patients compared
to controls and an impact on disease severity was proposed
[10,11]. A neuroprotective role of natural killer cells (NK-
cells) (by supporting α-syn clearance [12]) explains in-
creased PD neuropathology in mice with deletion of these
cells [13]. In mice, B-cell haematopoiesis was reported to
be regulated by α-syn [14] and this might influence the fre-
quencies of B-cells and their phenotype. In mouse PDmod-
els, the balance of immune cell types is shifted towards in-
flammation due to deficits in regulatory T-cells [15]. These
and other examples suggest the importance of peripheral
immunity in PD.

Infection with the persistent herpesvirus cy-
tomegalovirus (CMV) and high anti-CMV Immunoglob-
ulin G (IgG) antibody titers are related to an inverted
cluster of differentiation (CD)4:CD8 T-cell ratio andmay
be associated with age-independent morbidity, mortal-
ity and cognitive and functional decline [16]. Another
point to consider: T-helper 17 (Th17) cells affect BBB
integrity [17] which can promote enhanced migration of
peripheral cells into the brain and mediation of dopamin-
ergic neurodegeneration as shown in a mouse model
[18]. Therefore we investigated the capacity of T-cells to
produce cytokines and determined T-helper cell profiles
in the context of CMV-serostatus and PD. Taken together,
functional and immunophentyping analysis leads to a
better understanding of the complexity of PD immunity.
Our study revealed an example of the immune network
in PD with similar T-cell profiles between PD patients
and controls and on the other hand a correlation of the
frequencies of C-C chemokine receptor type 5 (CCR5)-
expressing CD14+CD16+ monocytes with disease severity
and disease duration.

2. Materials and Methods
PD patients without signs of dementia and their part-

ners as controls free from any neurological disease and liv-
ing in the same environment were recruited from the outpa-
tient clinic at theNeurodegenerativeDepartment of theUni-
versity of Tübingen, Germany. Clinical data were collected
(Table 1) with patients’ written consent and approval by the
Ethics Committee of the Medical Faculty of the Univer-
sity of Tübingen (project number 480/2015BO2) [19,20].
PD patients fulfilled the United Kingdom Parkinson’s Dis-
ease Society (UKPDS) Brain Bank Diagnostic criteria [21].
The severity of motor malfunctions and disease progression
was assessed with the Hoehn and Yahr [22] score and the
Movement Disorders Society-revised version of theUnified
Parkinson’s Disease Rating scale (MDS-UPDRS) [23].

Plasma was collected and CMV serostatus deter-
mined via a recombinant CMV IgG immunoblot (Mikro-
gen, Neuried, Germany) using six different targets (IE1,
p150, CM2, p65, gB1 and gB2). Peripheral blood

mononuclear cells (PBMCs) were isolated from whole
ethylenediaminetetraacetic acid (EDTA) blood using Fico-
Lite FicoLite-H(human) (Cat.No.: GTF1511YK, Linaris,
Dossenheim, Germany) gradient centrifugation. PBMCs in
10% dimethylsulfoxide (DMSO) (research grade, Cat.No.:
20385.01, Serva, Heidelberg, Germany) and 20% fetal-
bovineSerum (FBS) (Cat.No.: F0804, Sigma, Darmstadt,
Germany) were frozen at –80 °C and subsequently stored
in liquid nitrogen. Cells were thawed and after block-
ing non-specific antibody binding with 1% Gamunex (hu-
man IgG from Talecris, Research Triangle Park, NC, USA)
dead cells were stained with ethidium monoazide bromide
(Cat.No.: 40015, Biotium, Fremont, CA, USA). Different
surface marker stainings in phosphatebufferedsaline (PBS)
(Cat.No.: H15-002, PAA, Paching, Austria) with 2% (v/v)
FBS (Cat.No.: F0804, Sigma, Darmstadt, Germany), 2 mM
EDTA (Cat.No.: 11278, Serva, Heidelberg, Germany) and
0.01% (w/v) sodiumazide (NaN3) (Ca.No.: S-8032, Sigma,
Darmstadt, Germany) were performed using the antibod-
ies shown in Supplementary Table 1. To assess T-cell
function 0.5 × 106 PBMCs were incubated for 16 h in
XVIVO-15 (Cat.No.: 02-060Q, Lonza, Basel, Switzerland)
culture medium either without stimuli or in the presence of
phorbol 12-myristate 13-acetate (PMA) (Cat.No.: P-8139,
Sigma, Darmstadt, Germany) plus ionomycin (Ionomycin
Calcium Salt, Cat.No.: 407952, Calbiochem, Darmstadt,
Germany) and the protein transport inhibitor Brefeldin A
(GolgiPlug, Cat.No.: 555029, BD, Heidelberg, Germany).
After incubation, cells were fixed and permeabilized (BD
CytofixCytoperm, Cat.No.: 554714, BD, Heidelberg, Ger-
many ) and stained for intracellular cytokines. Measure-
ments were conducted on a BD LSRII flow cytometer and
DIVA 6.1 software (Becton Dickinson, Franklin Lakes, NJ,
USA). To confirmn constant cytometer performance, con-
trol BDCytometer setup&tracking beads (CS&T) (Cat.No.:
642412, BD, Heidelberg, Germany) tracking beads and BD
8 peak rainbow beads (Cat.No.: 559123, BD, Heidelberg,
Germany) were applied. For data evaluation FlowJo soft-
ware version 7.2.5 (Treestar, Ashland, OR, USA) was used.
Gating strategies for the individual panels are displayed in
the Supplementary Figures. For statistical analysisMann-
Whitney U test or linear regression analysis was performed
using GraphPad Prism 5 (GraphPad Software, Inc., Boston,
MA, USA).

3. Results
3.1 T-Cell Phenotypes

To investigate possible interactions between the sys-
temic inflammation in PD described in the literature [5] and
T-cell differentiation, the expression of different surface
markers was analysed. To exclude the confounding effects
of CMV infection, patients and controls were dichotomized
into seropositives and seronegatives. First, the overall
frequencies of CD4+ and CD8+ T-cells were quantified.
Higher CD8+ T-cell frequencies in CMV+ individuals were
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Table 1. Clinical data of the study participants.
Controls Controls PD patients PD patients

CMV serostatus CMV- CMV+ CMV- CMV+
Number 9 13 17 18
Median age 68 60 68 68
Age range 58–74 53–77 55–74 43–73
Gender 3F/6M 6F/7M 7F/10M 6F/12M
Median MDS-UPDRS I 2 0 7 6
Median MDS-UPDRS II 0 0 10 6
Median MDS-UPDRS III 1 1 29 28
Median MDS-UPDRS IV 0 0 0 0
Median total MDS-UPDRS 2 2 45 42
Total MDS-UPDRS range 0–13 0–11 24–112 14–68
H&Y score range 0–2 0–1 1–4 1–4
Median disease duration 9 years 5 years
Disease duration range 2–13 years 1–10 years
CMV, Cytomegalovirus; PD, Parkinson’s Disease; MDS-UPDRS, Movement Disorder
Society-revised version of the Unified Parkinson’s Disease Rating scale; H&Y, Hoehn
and Yahr Scale; M, male; F, female.

found while patients and controls did not display different
patterns except a slightly higher frequency of CD4+CD8+
T-cells (T-cells associated with chronic inflammatory dis-
orders [24]) in PD patients. All differences between groups
are summarized in Table 2. Also regarding the specific T-
cell phenotypes the differences were limited to CMV- com-
pared to CMV+ study participants, but not affected by dis-
ease. T-cells from patients and controls showed a similar
differentiation profile. Naïve T-cells were characterised as
CD45RO-CD45RAhiCD27+CD28+ and late-differentiated
T-cells as CD45RO+CD45RA-CD27-CD28- or CD95+ or
CD57+. Applying the main published models [25] we
found a shift from early- to late-differentiated T-cells in
CMV+ compared to CMV- individuals, although not all
marker combinations led to statistically significant results
and CD8+CD45RO+ T-cells showed contrary results with
slightly lower frequencies in CMV+ than CMV- PD pa-
tients. The differences between CMV- and CMV+ individ-
uals were more pronounced for CD4+ T-cells than CD8+
T-cells and in patients than controls.

3.2 T-Cell Cytokine Production

To detect key players possibly contributing to sys-
temic inflammation in PD, PBMCs were mitogenically
stimulated and intracellular cytokines analysed by flow-
cytometry for a panel of pro- and anti-inflammatory cy-
tokines. CMVdrives T-cell differentiation, as demonstrated
by phenotypic analysis and also by functionality. How-
ever, the only statistically significant differences between
groups in this analysis were limited to a higher frequency
of unstimulated (basal ex-vivo) CD4+ T-cells producing
pro-inflammatory interferon gamma (IFNγ) in CMV+ than
CMV- controls and a lower frequency of CD8+ T-cells pro-
ducing anti-inflammatory IL-4 in CMV+ than in CMV- PD
patients (Supplementary Table 2). To assess the over-

all capacity to produce cytokines, PBMCs were stimu-
lated with mitogenic PMA and ionomycin and frequencies
of cytokine-producing CD4+ and CD8+ T-cells evaluated.
Here, there were no significant differences between any
groups. Hence, this analysis failed to reveal any important
differences between patients and controls in either basal or
stimulated T-cell cytokine production.

3.3 B-Cell Analysis
First, the frequencies of all B-cells (CD19+) and plas-

mablasts (CD19+CD20–)within the total leukocyte popula-
tion (CD45+) were analysed. Then CD27+CD43+ B1 cell
frequencies were investigated within CD19+ and CD20+
cells. Next, CD24 and CD38 expression was plotted against
each other and double-positive cells gated to define tran-
sitional B-cells (CD38hiCD24+). Further, CD38–CD24–
, CD38hiCD27+ and CD40hi B-cells were gated. To de-
termine differentiation states, IgD expression was plotted
against CD27. IgD+CD27– were considered early- and
double-negative B-cells late-differentiated. No significant
differences between any of the populations analysed were
found. These results are summarized in Supplementary
Table 3.

3.4 Other Leukocyte Subsets
We next analysed the frequencies of the differ-

ent major innate leukocytes but again found no differ-
ences regarding immature NK-cells (CD56hiCD3–), ma-
ture NK-cells (CD56loCD3–) or NKT-like cells (CD14–
CD3+CD16+). NKT-cell (CD56+CD3+) frequencies were
higher in CMV+ than in CMV– controls and also in
PD patients but decreased over the disease duration.
No differences were observed when comparing patients
and controls. Monocyte subsets (CD3–CD20–CD56–
CD14+CD16–, CD3–CD20–CD56–CD14+CD16+, CD3–
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Table 2. Comparisons of differences in T-cell phenotypes between groups.
Population Parental C– vs. C+ PD– vs. PD+ C– vs. PD– C+ vs. PD+

N 7 vs. 11 14 vs. 14 7 vs. 14 11 vs. 14
CD4+ CD3+ − ↓ − −
CD8+ CD3+ ↑↑ ↑↑ − −
CD4+:CD8+ CD3+ − ↓↓ − −
CD4–CD8– CD3+ − − − −
CD4+CD8+ CD3+ ↑ − ↑ −
CD27+CD28+ CD4+ ↓↓ ↓↓ − −
CD27–CD28– CD4+ ↑↑ ↑↑↑ − −
CD45RO–CD45RAhi CD4+ − − − −
CD45RO+CD45RA– CD4+ − − − −
CD45RO–CD45RAhiCD27+CD28+ CD4+ − − − −
CD45RO+CD45RA–CD27–CD28– CD4+ ↑↑ ↑↑↑ − −
CD57+ CD4+ ↑↑ ↑↑ − −
CD95+ CD4+ − − − −
CD27+CD28+ CD8+ − ↓↓ − −
CD27–CD28– CD8+ ↑ ↑↑↑ − −
CD27+CD28– CD8+ − − − −
CD27–CD28+ CD8+ − − − −
CD45RO–CD45RAhi CD8+ − − − −
CD45RO+CD45RA– CD8+ − ↓ − −
CD45RO+CD45RA+ CD8+ − ↓ − −
CD45RO–CD45RAhiCD27+CD28+ CD8+ − − − −
CD45RO+CD45RA–CD27–CD28– CD8+ − − − −
CD57+ CD8+ − ↑ − −
CD57+ CD4–CD8– − − − −
Footnotes: − p ≥ 0.05, ↕ p < 0.05, ↕ ↕ p < 0.01, ↑↑↑ p < 0.001 after Mann-Whitney analysis; C, control; PD, PD
patient; – , CMV-seronegativ; +, CMV-seropositive; CD, cluster of differentiation. See Supplementary Fig. 1 for
representative flow cytometry data.

CD20–CD56–CD14loCD16+) within CD45+ PBMCs also
revealed no differences between groups. However percent-
ages of CD14–CD3–CD16–CD20+ cells negatively corre-
lated with total MDS-UPDRS values and disease duration
in CMV- PD patients. CCR5 expression was not different
on B-cells, but frequencies of CCR5+CD14+CD16+mono-
cytes positively correlated with disease duration and total
MDS-UPDRS values. Several different myeloid-derived
suppressor cells (MDSCs) were also different between the
groups as follows: CD14+CD15–CD11blo human leuco-
cyte antigen(HLA)-DR- higher in CMV+ vs. CMV– PD
patients, CD14–HLA-DR–CD33–CD11blo lower in CMV+
vs. CMV– controls and higher in CMV– PD patients
vs. controls. Notably, frequencies of CD14+CD15+HLA-
DR–CD11b+CD33+ MDSCs correlated positively with to-
tal MDS-UPDRS values in CMV+ PD patients (Table 3).

4. Discussion
Systemic inflammation has been documented in sev-

eral neurodegenerative diseases. Peripheral immune pro-
files differ between patients and controls in several pub-
lished studies, mostly in Alzheimer’s Disease (AD) where
a shift from early- to late-differentiated T-cells is observed

[25–27]. In this disease also higher frequencies of activated
T-cells have been reported [25] as well as T-cells expressing
chemokine receptors, especially CCR6 [27], which is a key
player for brain-homing [28]. To the best of our knowl-
edge, for PD the situation is less clear, especially as pre-
vious studies generally failed to account for the effects of
CMV infection [15,29–31]. Therefore we performed com-
prehensive phenotyping of the main T-cell subsets as well
as other immune cell types in peripheral blood of PD pa-
tients and a balanced control cohort. Because CMV has
been shown to have a great impact on T-cell differentiation
profiles [32], we analysed CMV– and CMV+ study par-
ticipants separately. The previously reported decrease in
the frequency of naïve T-cells and the accumulation of late-
stage differentiated T-cells in CMV+ compared to CMV-
individuals [32] could be confirmed in the present study. In
PD patients the difference between CMV-seronegative and
seropositive individuals was slighter greater, but this does
not necessarily mean that CMV can have a greater impact
due to an exhausted immune system in PD. While CMV–
and CMV+ PD patients were age-matched, in the controls
the CMV– participants were slightly older than the CMV-
seropositives. It is known that chronological age is
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Table 3. Frequencies of leukocyte subsets in relation to CMV, PD, disease duration and MDS-UPDRS scores.
Population C– vs. C+ PD– vs. PD+ C– vs. PD– C+ vs. PD+ PD– dis.duration PD+ dis.duration. PD– MDS-UPDRS PD+ MDS-UPDRS

n 9 vs. 13 17 vs. 17 9 vs. 17 13 vs. 17 17 17 17 17
CD56+CD3hi − − − − − − − −
CD56+CD3+ ↑↑ ↑ − − − ↓ − −
CD56hiCD3– − − − − − − − −
CD56loCD3– − − − − − − − −
CD14–CD3–CD16+ − − − − − − − −
CD14–CD3–CD16+HLA-DR– − − − − − − − −
CD14–CD3–CD16+HLA-DR+ − − − − − − − −
CD14–CD3+CD16+ − − − − − − − −
CD14–CD3–CD16– − − − − − − ↓ −
CD14–CD3+CD16– − − − − − − − −
CD14–CD3+CD16–CCR5+ − − − − − − − ↓
CD14–CD3–CD16–CD20+ − − − − ↓ − ↓ −
CD20+CCR5+ − − − − − − − −
lin–CD14+CD16+ − − − − − − − −
lin–CD14+CD16– − − − − − − − −
lin–CD14loCD16+ − − − − − − − −
lin–CD14–CD16– − − − − − − − ↓
CD14+CD16–CCR5+ − − − − − − − −
CD14+CD16+CCR5+ − − − − ↑↑ − ↑↑ −
CD14–HLA-DR– − − − − − − − −
CD14–HLA-DR–CD33–CD11blo − ↓↓ ↑ − − − − −
CD15hi − − − − − − − −
CD14–CD15+ − − − − − − − −
CD14–CD15+CD11blo − − − − − − − −
CD14+CD15+ − − − − − − − −
CD14+CD15+HLA-DR– − − − − − − − −
CD14+CD15+HLA-DR–CD11b+CD33+ − − − − − − − ↑
CD14–CD15– − − − − − − − −
CD14+CD15– − − − ↑ − − − −
CD14+CD15-CD11bloHLA-DR– − − − ↑ − ↓ − −
CD11b+CD33– − − − − − − − −
CD11b+CD33+ − − − − − − − ↑
CD11b–CD33– − − − − − − − −
CD11b–CD33+ − − − − − − − −
Footnotes: – p ≥ 0.05, ↕ p < 0.05, ↕ ↕ p < 0.01; dis.duration, disease duration; MDS-UPDRS = total MDS-UPDRS I–IV, parental = CD45+, lin = CD3, CD20, CD56. HLA, human leucocyte
antigen; CCR5, C-C chemokine receptor type 5. Columns 2–5 show results of MannWhitney analysis and columns 6-9 results of linear regression after plotting frequencies against disease duration
or total MDS-UPDRS values.
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also independently associated with greater T-cell differen-
tiation status [33,34] and it could be that this counteracted
the effect of CMV in our study, such that fewer differences
between CMV– and CMV+ individuals were seen. That
the disease does not play a main role can be definitely con-
cluded, because comparing patients and controls revealed
no significant differences regarding the phenotypes of ei-
ther CD4+ or CD8+ T-cell subsets. Other studies have also
reported no relevant differences in CD4+ phenotypes, but a
shift to more early differentiated CD8+ T-cells, even in the
context of CMV [35–37].

In PD, a pro-inflammatory environment was reported,
so we asked whether this might be associated with higher
frequencies of cytokine-producing T-cells as the source in
patients. However, the frequencies of anti-inflammatory
cytokine-positive T-cells were not lower in PD patients
and neither were the levels of pro-inflammatory cytokine-
producing T-cells higher. A possible reason why a shift
from early- to late-differentiated T-cells was observed in
AD [25–27], but not here in PD patients might be the dif-
ferent stimulatory environment; cerebrospinal fluid (CSF)
of PD patients was reported to differ from CSF of AD pa-
tients and healthy controls in respect to selected proteins
[38], which could act as immune stimulatory antigens or
induce cell death. This could lead to immune dysfunction
as reported for Tregs in PD patients [39]. Calopa et al. [40]
detected an increase in apoptosis of peripheral CD4+T-cells
in PD patients. As a consequence the level of CD4+ T-cells
was lower in patients than controls. This wasmainly related
to cells which were considered as naïve (CD4+CD45RA+),
while the frequencies of CD25+ activated CD4+ T-cells
were higher in PD patients [40]. In the present study, lower
frequencies of CD4+ T-cells within the total CD3+ T-cells
were observed only in CMV+ patients relative to CMV+
controls. A reason for the difference between our results
and those of Calopa et al. [40] could be that they referred
to the lymphocyte count (decreased in PD) and we only
analysed frequencies. Further they revealed higher CD95
(FAS) expression on CD4+ T-cells of PD patients than con-
trols [40] and another study found an association between
CD45RO+CD95+CD4+ effector memory T-cells and the
motor part of the MDS-UPDRS III score, independent of
age and disease duration [39]. We also failed to find corre-
lations with disease duration, but also with MDS-UPDRS
values, althoughwe used totalMDS-UPDRS values and not
only MDS-UPDRS III.

In parallel to T-cell phenotypes, we determined fre-
quencies of Th17 cells in vitro as well as other CD4+
and CD8+ T-cells producing pro- or anti-inflammatory cy-
tokines, but again found no significant differences between
patients and controls or between CMV- and CMV+ individ-
uals as reported for Th17 cells in other studies [41]. Tregs
did counteract this effect in mice [18], so possibly regula-
tory cells play an important role in PD. In our study frequen-
cies of CD14+CD15–and CD14+CD15–CD11bloHLA-

DR– cells were higher in PD patients compared to con-
trols, but only in CMV+ patients. In addition, it is note-
worthy that other MDSC subsets, CD14+CD15+HLA-DR–
CD11b+CD33+ and CD11b+CD33+ cells, correlated pos-
itively with total MDS-UPDRS values, but only in CMV+
donors. This could be a sign that CMV activates the
immune system which as a consequence can react more
readily to other targets, such as PD-related molecules.
Other leucocyte subsets with suppressive function such as
CD4+ CD25+ regulatory T-cells can reduce neuroinflam-
mation and production of reactive oxygen species via IL-
10 and neurotrophic factors (reviewed in [5]). Frequencies
of Forkhead-Box-Protein P3 (FoxP3)+CD4+ regulatory T-
cells were reported to be higher in older than in younger
people, but not different in AD or PD patients. On the
other hand, the suppressive activity of these regulatory T-
cells was stronger in a previous patient cohort [42].

In PD patients and animal models increased neurode-
generation has been associated with systemic inflammation
originating in the periphery [5,43]. In this context, periph-
eral immune cells have been shown to be activated, infil-
trate the brain and contribute to neuroinflammation [6,44]
and neurodegeneration, as shown in a mouse model of PD
[45]. The hypothesis in this latter model was that peripheral
inflammation starts the cascade and promotes activation of
microglia, which induces oxidative stress in dopaminergic
neurons. As a consequence, α-syn is nitrated and in this
form damages neurons. Together with cytokine-mediated
apoptosis this leads to PD pathology [6,46]. In parallel, ac-
tivated microglia secrete chemokines and recruit immune
cells into the brain, thus perpetuating a vicious circle. In
the present study, analysis of CCR5+ monocytes of the
CD14+CD16+ subset did indeed reveal a positive correla-
tion with disease duration and total MDS-UPDRS values.
Of note, this association was limited to CMV-seronegative
patients, suggesting that CMV infection overrides this ef-
fect, which would therefore remain unrecognized unless pa-
tients were stratified for CMV infection as done here. Be-
cause CCR5 plays an important role for cells crossing the
blood-brain barrier [47], higher frequencies of CCR5+ cells
may indicate greater brain infiltration; different chemokine
levels were reported in CSF of PD patients, which might
attract peripheral cells.

Monocytic cells might reduce disease burden by
phagocytosis of α-synuclein or suppress inflammatory im-
mune reactions. Therefore we speculated that PD might
be characterized by an altered monocyte subset distribution
with different expression of the scavenger receptor CD36,
whose levels were reported to be lower in AD patients
where amyloid beta could be the target for phagocytosis.
According to their expression of surface markers CD14 and
CD16, several monocyte subsets were identified, but fre-
quencies were not different in the different groups. A pre-
vious study indicated that frequencies of classical (mostly
anti-inflammatory) monocytes might be elevated in early
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PD and then decreased in late PD while the percentages of
CD14+CD16+ (potentially inflammatory) monocytes were
clearly higher in PD patients of a later stage [48].

To comprehensively assess immune signatures, we
also investigated the frequencies and phenotypes of other
leukocytes including B-cells and NK-cells, but found no
significant differences between either CMV- and CMV+ in-
dividuals or between PD patients and controls. However,
this does not necessarily imply that they play no role in PD
pathology. For example, higher NK-cell activation as re-
flected by natural killer cell 2D (NKG2D) expression was
reported in early PD [31], but we did not test this marker.
For the B-cell phenotypes too few samples for a correla-
tion with disease severity were available, but the frequen-
cies of total CD20+ cells within the CD45+ correlated nega-
tively with disease duration and total MDS-UPDRS values.
This was also only seen in CMV-seronegative patients. In
another study age-related decrease of B-cell numbers was
reported, but only for the very old over 85 years of age
[49]. As reported for T-cells, age is also a driver of B-cell
differentiation and higher frequencies of late-differentiated
IgG+IgD–CD27– B-cells, with a reduced capacity to re-
spond to new antigens (maybe also PD-related antigens)
were found in older adults [50]. This finding was related
to CD19+CD38–CD24– B-cells, which show low expres-
sion of immunosenescence-associated marker CD180, pro-
duce pro-inflammatory TNF, and whose frequencies were
higher in older individuals [51]. Because PD pathology
might cause B-cell stress, we investigated different subsets
and phenotypes, but found no impact of the disease.

5. Conclusions
From a comprehensive analysis of immune signatures

in CMV-seronegative and CMV-seropositive PD patients,
significantly higher frequencies of certain MDSCs were
found in PD patients than controls, and CCR5 expression
correlated with total MDS-UPDRS values hinting at higher
cell migration with increased disease severity. No sig-
nificant differences in frequencies of other immune cells
emerged from this study, overall implying that the inter-
action between the (circulating) immune system and brain
pathology/function in PD is very specific and potentially
best visible in CMV-negative PD patients. This study was
considered a pilot study to identify PD immune signatures
covering a broad overview of immune cells in a limited
number of patients. Further studies are needed to con-
firm these findings in larger cohorts. Thereby a focus on
MDSC populations, chemokine receptors and regulatory T-
cells (previously found relevant) could be considered.
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