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Background: Blood levels of immune markers have been proposed to discriminate

patients with Parkinson’s disease (PD) from controls. However, differences between

clinical PD subgroups regarding these markers still need to be identified.

Objective: To investigate whether clinical phenotypes can be predicted by the

assessment of immune marker profiles in the serum of PD patients.

Methods: Phenotypes of clinical PD from Tübingen, Germany (n = 145) and Toronto,

Canada (n = 90) were defined regarding clinical subtype, disease onset, severity, and

progression as well as presence of cognitive and/or autonomic dysfunction. A panel of

serum immune markers was assessed using principal component analysis (PCA) and

regression models to define the marker(s) that were associated with clinical phenotypes

after adjusting for potential confounders. Findings of both centers were compared for

validation. Further, a [18F] FEPPA-PET was performed in a group of patients with high and

low values of candidate markers for the assessment of in vivo brain microglial activation.

Results: Overall, serum immune markers did not cluster to define a

pro/anti-inflammatory profile in PCA. Out of 25 markers only IL-12p40 showed a

trend to discriminate between PD subgroups in both cohorts which could not be

replicated by [18F] FEPPA-PET.

Conclusions: Assessment of cytokines in serum does not reliably differentiate clinical

PD subtypes. Accompanying subtype-irrelevant inflammation in PD, dual activity, and
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lack of specificity of the immune markers, the complex function of microglia, probable

effects of treatment, disease stage, and progression on inflammation as well as

current technical limitations may limit the usefulness of serum immune markers for the

differentiation of subtypes.

Keywords: Parkinson’s inflammation, Parkinson subtypes, immune markers, interleukins, cytokines

INTRODUCTION

Parkinson’s disease (PD) is one the most frequent movement
disorders affecting about 2–3% of the aging population (1).
It has been estimated that the number of people with PD
will double by 2030, indicating a progressive increase in the
socio-economic burden in the near future (1). For this reason,
understanding the underlying neurodegeneration is vital and
the development of disease modifying therapies is urgently
needed.

The pathological process which eventually leads to both
a progressive loss of dopaminergic neurons of the substantia
nigra and more widespread neurodegeneration in PD has been
associated with neuronal inflammation (1, 2). It has been
shown that accumulation of extracellular alpha-synuclein (α-
syn) facilitates microglia activation, which further promotes
production of immune markers, nitric oxide, and reactive
oxygen species. It is proposed that this process may lead
to nigral cell death. Within this context, pro-inflammatory
cytokines produced by the microglia are responsible for
the activation of the neighboring inactive glial cells and
thus magnify the inflammation. In addition they attach
to surface cytokine receptors of the dopaminergic cells
and trigger apoptosis (3). This mechanism may provoke
protein misfolding and thus create a vicious cycle (1).
Evidence for inflammation has been demonstrated in PD
animal models (4) as well as in PD patients in genetic (5,
6), imaging (7), CSF (8, 9), and postmortem studies (10,
11).

PD shows considerable variability with regard to age
of onset, clinical manifestations, and disease progression
which may indicate pathophysiological heterogeneity. The
extent that inflammatory processes differ and potentially
contribute to clinical PD subtypes has not been elucidated.
Detection of a clinical PD phenotype that associates with an
inflammatory profile would be critical in terms of outlining
the contribution of the immunologic mechanisms to the
underlying pathology, understanding the diversity in issues such
as drug-response, or disease progression as well as formulating
disease modifying strategies. For this reason, we set out to
determine the clinical phenotype that correlates with the
presence or absence of an inflammatory profile by extensive
clinical phenotyping of PD patients and exploratory analysis
of inflammatory markers. The results were validated by the
assessment of a separate PD cohort and further evaluated
by assessing microglial activation in vivo using [18F] FEPPA-
PET.

MATERIALS AND METHODS

The current study has been designed as a collaborative
project between the German Center for Neurodegenerative
Diseases (DZNE), Tübingen, Germany and the University Health
Network, Toronto, Canada which was supported by the Centers
of Excellence in Neurodegeneration (CoEN) initiative.

Study Design
In this cross-sectional study, two separate prospectively assessed
cohorts of PD patients from the centers of Tübingen and Toronto
were analyzed independently. In each center, patients were
grouped according to their clinical phenotypes (see methods
below) and then compared with regard to serum inflammatory
markers in order to define a clinical PD phenotype associated
with inflammation. Then, the findings of both centers were
compared for validation. In case of an agreement between two
centers regarding the inflammatory markers that differ between
clinical phenotypes, [18F] FEPPA-PET imaging was subsequently
performed on a subset of patients to further validate the relevance
of the inflammatory marker.

The study was approved by the ethics committees of the
Medical Faculties of the University of Tübingen and the
University Health Network, Toronto. All procedures were in
accordance with the Declaration of Helsinki and a written
informed consent was obtained from all participants.

Patients and Clinical Assessments
Participants older than 40 years fulfilling the criteria for
idiopathic PD according to the UK Brain Bank Criteria were
recruited from the neurology department of University Hospital

of Tübingen, Germany, and from the Morton and Gloria
Shulman Movement Disorders Clinic of Toronto Western

Hospital, Toronto, Canada. Demographic data and detailed
PD history including disease onset and duration, medication,
presence of wearing off or motor fluctuations, and accompanying

non-motor symptoms were collected. Motor performance in

the “on” medication state and the disease severity were
assessed by the Movement Disorders Society-Unified Parkinson’s

Disease Rating Scale (MDS-UPDRS) part-III and Hoehn and

Yahr Scale (H&Y), respectively. Cognitive performance and
autonomic dysfunction were assessed using the Montreal

Cognitive Assessment (MoCa) and by Scales for Outcomes
in Parkinson’s disease—Autonomic (SCOPA-AUT), respectively.
Patients with a C-reactive protein (CRP) value above 1.0 mg/dl
were excluded from the study based on the assumption that these
individuals may have an acute infection that could influence
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TABLE 1 | Methods of comparison for PD subtypes (n for Tübingen/Toronto cohort).

Method-113 n Method-2 n Method-315 n Method-412,14 n

Young onset 31/23 Young onset and slow progression 45/31 Benign motor 37/16 Benign motor 50/35

Non-tremor dominant 44/20 Late onset and fast progression 38/17 Benign motor with

cognitive/autonomic impairment

26/22 Benign motor with cognitive

impairment

15/14

Tremor dominant 24/19 – Poor motor with

cognitive/autonomic impairment

56/12 Poor motor with cognitive

impairment

37/15

Rapid progression 32/8 – – –

the levels of the collected inflammation markers. All included
PD patients were categorized into different groups with regard
to their disease onset, severity or progression rate, autonomic,
and cognitive status. Based on the previously published cluster
analyses defining PD subtypes (12–15), four different methods
of subtype classification were constructed. Each method resulted
in 2–4 groups with each group representing a clinically
defined PD subtype (Table 1). Within these subtypes, “young
onset” was defined by an age of onset of <55 or <60
years in method 1 and 2, respectively. Motor subtyping
(tremor dominant or non-tremor dominant) of the groups
was selected by evaluating the tremor and postural instability
and gait disorder (PIGD) scores of MDS-UPDRS part-III.
Disease progression was defined by dividing the MDS-UPDRS
part-III scores by disease duration. Cognitive or autonomic
impairment were defined by Montreal Cognitive Assessment
(MoCA) score lower than 26 and Scales for Outcomes in
Parkinson’s Disease-Autonomic (SCOPA-AUT) equal to or lower
than 16, respectively. The details of the group definitions are
explained in the Supplementary Table 1.

Biomaterial Collection
The following panel of immune markers composed of pro- or
anti-inflammatory cytokines as well as neuroprotective trophic
factors were assessed from the blood samples of the PD patients:
TNF-α, TNF-β, IL-1α, IL-2, IL-3, IL-4, IL-5, IL-7, IL-8, IL-10,
IL-12p40, IL-12p70, IL-13, IL-15, IL-16, IL-18, Brain-derived
neurotrophic factor (BDNF), Epithelial Neutrophil Activating
Peptide (ENA78), granulocyte-macrophage colony-stimulating
factor (GM-CSF), lymphotactin, macrophage-derived
chemokine (MDC), macrophage inflammatory protein-1β
(MIP-1β), monocyte chemotactic protein-1 (MCP-1), stem
cell factor (SCF), thrombopoetin (TPO). In both centers,
storing and analyses of biomaterial were performed by means
of standard operating procedures using the kit components
of the multiplexed immunoassay by Myriad RBM, Austin,
TX, USA. Blood samples of Toronto were obtained according
to the protocol and were sent frozen to Tübingen for the
analyses. The Tübingen samples were also frozen before
the analysis in order to allow the comparability. Analysis of
the serum inflammatory marker levels was performed using
the Luminex 100/200 instrument and data were interpreted
using the software developed and provided by Myriad RBM.
Details of the serum inflammatory marker analysis are given
elsewhere (16).

[18F] FEPPA-PET Imaging
Assessment of the in vivo brain microglial activation using a
[18F] FEPPA-PET imaging was planned as a further validation
step given that immune markers that discriminate PD groups
were detected in both cohorts. A subgroup of patients from
the Toronto cohort that underwent [18F] FEPPA-PET to assess
microglial activation were categorized according to values of
the cytokines of interest being lower or higher than the 50th
percentile of the entire group undergoing PET imaging. [18F]
FEPPA-PET images were preprocessed and region of interests
(ROI) were automatically generated using in-house software,
ROMI (17). In brief, ROMI fits a standard template of ROIs to
an individual proton density (PD)-weighted MR image based on
the probability of white matter, gray matter, and cerebrospinal
fluid. The individual MR images were then co-registered to each
summed [18F] FEPPA-PET image using the normalized mutual
information algorithm so that individual refined ROI template
can be transferred to the PET image space to generate the
time activity curve for each ROI. Our a priori ROIs included
cortical as well as subcortical brain regions such as frontal
and temporal lobes, cingulate cortex, occipital lobe, insula,
cerebellum, thalamus, and striatum. Total distribution volume
(VT), of the radioligand concentration in the ROI was measured
taking into consideration rs6791 polymorphism binding affinity.
The effect of age on the tissue volume was taken into account
by partial volume effect correction (PVEC) method. PET scans
were obtained with a high resolution PET/CT, Siemens-Biograph
HiRez XVI (Siemens Molecular Imaging, Knoxville, TN, U.S.A.).

Statistics
The collected serum inflammatory markers were compared
between the groups of eachmethod with an exploratory approach
in both cohorts. Statistical analyses were designed in two steps.
First, a principal component analysis (PCA) was performed in
the Tübingen (main) cohort with a bigger sample size to identify
the cytokines that form a pro- or anti-inflammatory immune
profile (factor) that could discriminate groups of PD. As the data
could not be reduced to factors which convincingly represent
the marker profiles (see results), binomial (for Method-2) and
multinomial logistic regression analyses (For Methods-1,3, and
4) were performed for each immune marker in the Tübingen
and the Toronto cohort in order to explore the predictive effect
of an individual immune marker. Subtype was defined as the
dependent variable, and the immune marker as the predictor
variable with age, sex, disease duration or levodopa equivalent
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TABLE 2 | Demographic characteristics of both cohorts.

Tübingen (n = 145) Toronto (n = 90)

Age [years], mean (SD) 67 (9) 62 (9)

Male sex [%] 66 70

Disease duration [years], mean (SD) 6.5 (4.0) 7.7 (4.5)

H&Y Stage (0-5), mean 2.3 1.8

LEDD [mg/day], mean (SD) 626 (407) 539 (482)

MDS-UPDRS part-III, mean (SD) 28.4 (12.5) 21.1 (10.3)

MoCA, mean (SD) 26 (3.3) 26.1 (2.6)

SCOPA-AUT, mean (SD) 14.3 (7.8) 13.4 (7)

H&Y, Hoehn & Yahr; LEDD, Levodopa equivalent daily dose, MDS-UPDRS, Movement

Disorders Society - Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive

Assessment; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease - Autonomic.

daily dose (LEDD) as covariates which were added to the model
according to the group definition. For example, in Method-2,
age, and disease duration were not added to the model since the
groups were defined according to these variables. Some cytokines
were dichotomized at the median value when the data did not fit
into the regression model.

As 13 group comparisons were performed for each immune
marker (6 group comparisons for method-1, one for 2, and
three for method-3 and 4), alpha value was corrected as p <

0.05/13 = 0.0038 for each cytokine (18). A trend in the data
was defined as p < 0.05. The results from both cohorts were
compared in order to see whether the effect from the Tübingen
cohort (main cohort with a larger sample size) was verified by
the second (Toronto) cohort. Inclusion of a second cohort in the
study for the confirmation of the results was performed to reduce
the risk of type-1 error, and only significant results from both
centers were considered definitive. For the [18F] FEPPA-PET
two-group analysis an independent samples t-test was performed
also corrected for multiple comparison. SPSS Statistics 22.0.0
(SPSS Ltd., Chicago IL) was used for statistical analyses.

RESULTS

A total of 145 PD patients from Tübingen and 90 from Toronto
were included in the analysis. 14 patients were excluded due to
elevated CRP. Demographic data are shown in Table 2. IL-12p70
and GM-CSF from Toronto, and IL-2 and lymphotactin from
both cohorts were excluded since more than 95% of patients had
cytokine levels below analytical limit.

Principal Component Analysis (PCA)
In the Tübingen cohort, a PCA was conducted on serum
inflammatory markers with oblique (related) rotation (oblimin)
and elimination of factor loadings <0.4. The Kaiser–Meyer–
Olkin measure of sampling adequacy was 0.81, verifying the
adequacy of the sample size for the analysis. Bartlett’s test
of sphericity [chi-square(253) = 2125.5, p < 0.001] indicated
that correlations between items were sufficiently large for
PCA. Six components had eigenvalues over Kaiser’s criterion
of 1 and in combination explained 67% of the variance

(Supplementary Table 2). It was found that Factor-1, which has
the highest loading (28%), included pro-inflammatory cytokines
as well as IL-13 which is an anti-inflammatory cytokine. Likewise,
Factor 5 included both pro- (IL-15) and anti-inflammatory (IL-
4, IL-10) cytokines. According to the markers that gather on
the same factors, a clear separation between pro- and anti-
inflammatory marker profiles could not be achieved with PCA
(Figure 1, Supplementary Table 2).

Logistic Regression Analyses
In the Tübingen cohort, IL-1α and IL-3 (at median), and in
Toronto cohort IL-1α, IL-12p40 (at median), IL-3 and IL-5 (as
>0) were dichotomized to better fit in the model. None of the
analyzed cytokines from either cohort reached significance (p <

0.0038) with regard to subtype membership prediction except for
BDNF in the Toronto cohort (p < 0.003), which could not be
confirmed in the Tübingen cohort. Some other cytokines showed
a tendency (p < 0.05) for group separation. In some markers, a
significant confounding effect of age or LEDD (not gender and
disease duration) was detected which was inconsistent between
cohorts. Comparison of the results in both cohorts is presented
in Supplementary Table 3.

Out of all cytokines analyzed, only IL-12p40 showed a
trend toward significance in both cohorts for distinguishing
the “Benign motor” from the “Poor motor with cognitive
impairment” group (Method-4, Supplementary Table 3). In the
Tübingen cohort, lower values of IL-12p40 were associated with
the “Poor motor with cognitive impairment” group against
“Benign motor” group independent from the effects of age, sex,
disease duration, and LEDD [Nagelkerke R2 23%, B = −3.8, p
= 0.03, Exp(B) = 0.02]. Likewise, the Toronto cohort showed
that individuals with a high IL-12p40 value were less likely to be
in the “Poor motor with cognitive impairment” group compared
to the “Benign motor” group [Nagelkerke R2=35%, B = −2.16,
p = 0.02, Exp(B) = 0.12] (Supplementary Figure 1). Details of
logistic regression results of other cytokines are given in the
Supplementary Table 4.

[18F] FEPPA-PET Imaging
A [18F] FEPPA-PET imaging from 8 regions of brain was
performed for IL12-p40, since it was the only (trend toward
an) effect that could be replicated in the second cohort.
Eighteen participants from Toronto were divided into two
groups according to the lower and upper half of IL-12p40
values. Individuals in both groups showed a mixture of clinical
phenotypes. No significant difference was detected between
individuals with high or low values of IL-12p40 regarding the
microglial activation from different regions of the brain (p >

0.10) (Figure 2). Details of the statistical analysis of brain regions
are shown in Supplementary Table 5.

DISCUSSION

In this study, we compared serum immune markers in PD
patients with different clinical subtypes in two independent
cohorts. The results show that our assessment of serum immune
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FIGURE 1 | Score plot of the component values of individual inflammatory markers in PCA.

markers, based on the current state of the art of technology, does
not sufficiently discriminate clinical subgroups of PD.

Assessing immune marker levels in blood is easily accessible,
and therefore has been frequently used to investigate the
differences between PD patients and healthy controls. Although
there are variations in study design, analysis technology, and
findings in these studies (19), peripheral levels of some immune
markers seem to be increased in PD patients indicating an
ongoing inflammatory process that may trigger or at least
accompany neurodegeneration (19). Some of these studies
additionally investigated correlations between marker levels and
several clinical characteristics such as motor worsening, disease
severity, and non-motor status (20–23). Although the results are
inconclusive, a further question was raised whether a substantial
increase in already existing inflammation may be associated
with non-motor features such as autonomic disturbances or
dementia. To date, few studies have focused on relationships
with non-motor features as the primary outcome. In a 3-
year longitudinal study, William-Gray et al. reported that a
pro-inflammatory immune marker profile predicted disease
progression and correlated with Mini-Mental State Examination
scores (24). In another study, Brockmann et al. separated PD
patients with LRRK2mutations according to the presence of non-
motor symptoms and found that some pro-inflammatory marker
levels were higher in the subgroup with a greater non-motor
burden (16).

Contrary to these results, we failed to find an association
with these disease specific features. Although some markers
showed a trend (p < 0.05), no clear finding could be extracted

from the results of both cohorts for separating subtypes. On
this basis, it can be argued that a direct or linear association
between serum marker levels and symptom profile is unlikely in
a complex disorder like PD, which is comprised of a variety of
motor, autonomic, cognitive, psychiatric, and sensory symptoms
from distinct domains with different onset and progression
rates. Besides, studies investigating immune markers in blood
samples for a relatively regional neurodegeneration of the central
nervous system have important limitations. For example, these
immune markers are not specific for neuroinflammation and
a co-existing systemic inflammation/infection should be taken
into account which was considered only in few of the studies
(22, 24). Perhaps even a subclinical infection which cannot be
easily ruled out could compromise the results. In our study,
we have excluded patients with CRP >1.0 mg/dl at least to
rule out clinically relevant infections, but we can still not be
entirely sure whether the results were biased by an unknown
systemic or regional inflammatory process. Therefore, even if an
increase in serum immune markers was detected, this increase
may not be indicative of neuroinflammation related to the CNS
pathogenesis of PD but rather another overlapping comorbidity
such as a metabolic syndrome, rheumatic disease, or another
accompanying inflammatory process (e.g., via dysphagia and
consecutive subtle pulmonary infection, via urinary symptoms
with consecutive infection) secondary to PD since these patients
are relatively prone to systemic infections (25).

Immune markers may also have both pro- and anti-
inflammatory functions according to the stage of inflammation.
Accumulating evidence shows that some of the cytokines, even
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FIGURE 2 | Graphs of partial volume effect corrected (PVEC) total distribution volume (VT ) in different brain regions in individuals with higher or lower IL-12p40 values.

the well-known pro-inflammatory cytokines such as TNF-α,
IFN-δ, or IL-6 may have a dual function (26–29), which supports
the idea that functional distinction of cytokines as pro- or anti-
inflammatory is too simplistic and may not adequately describe
the actual inflammatory landscape (30). In our study, we found a
trend for IL-12p40 to be decreased in more affected PD patients
in both cohorts. This result is in line with recent literature
about IL-12p40 in Alzheimer disease (31). Alternatively, although
IL-12p40 is primarily a pro-inflammatory marker, it can also
stimulate an immunosuppressive response when only slightly
increased (32), supporting the dual-function hypothesis. This
dual function of the cytokines may have prevented the clear
separation of factor loadings in our PCA analysis which was
also observed in William-Gray et al. (24). In both studies, the
component with a pro-inflammatory profile also included anti-
inflammatory cytokines indicating that these immune markers
act closely in a complex network and cannot be used to determine
a PD subgroup.

The levels of serum immune markers are also affected by a
variety of factors such as nutrition (33), body mass index (34),
sleep (35), smoking (36), thyroid hormone levels (37), exercise
(38, 39), drinking coffee (40, 41), frailty (42), or depression
(43, 44), and thus can be considered to be non-specific. These
factors could have contributed to the negative outcome of this

study. They may also explain the controversial literature that
exists for levels of IL-15 (45, 46), IL-6 (47–49), TNF-α (49, 50),
IL-10 (32, 51) in association with PD occurrence, TNF-α in
association with cognitive scores (20, 52), and IL-6 with UPDRS
(24, 53), cognition (20, 54), and depression scores (22, 48) in
PD patients. Similarly, results are also conflicting in Alzheimer’s
disease (55). Considering that all these factors that can hardly be
controlled, results from such studies should be interpreted with
appropriate caution.

Moreover, intrinsic factors such as treatment and disease
progression may contribute to the high variability of immune
markers. Little is known about the effect of antiparkinsonian
treatment on ongoing inflammation. Several reports have shown
that dopamine may have some effect on the immune response
(56, 57). Based on these findings, the effect of treatment on
immune markers was investigated in some studies (45, 46) or
has been taken into account by adding LEDD in the regression
model as a confounder (including our study), but not all studies
have done this (20, 52). Furthermore, over the course of the
progressive disease, the inflammation rate and therefore the
blood level of markers may vary since the inflammatory response
may modify itself due to the changes in the amount of cells
alive, receptor count, or accumulation of α-syn (58). Diversity
in the inflammatory response in different brain regions, and
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up/downregulations in mRNA expression of pro-inflammatory
markers between early and late Braak stages have been
demonstrated (59). Besides, activation of microglia by α-syn may
result in upregulation of both toxic and neuroprotective
activity of the microglia (60), further contributing to
the limitations in the interpretation of immune markers
in PD.

Limitations of the current study have to be mentioned.
Eliminating patients with a serum CRP level >1 may have
affected our results i.e., may party explain the non-significant
results. The serum levels of other positive or negative acute-phase
proteins such as procalcitonin, alpha-1 antitrypsin, albumin,
or ferritin could also have been alternatively considered for
a better detection of individuals with an acute infection.
Moreover, we have only considered age, sex, disease duration,
and LEDD as potential confounders. Other above mentioned
factors such as body mass index, exercise, sleep, smoking, anti-
inflammatory drug usage as well as potential comorbidities
such as rheumatic or cardiovascular diseases were not taken
into account. The possible distortion of results during the
transport of frozen blood samples from Toronto and the cross-
sectional study-design are also limitations. On the other hand,
comparison of the findings in two independent and prospectively
assessed cohorts, and although with a small sample, PET
imaging are the strengths of the present study. Considering
the lack of convincing associations in either cohort, and
considering the ambiguous results from previous literature, we
conclude that immune mechanisms in PD are far more complex
than previously thought. Future longitudinal studies should
include strictly designed grouping and confounder assessments

to reveal whether specific inflammatory backgrounds are

associated with and potentially account for clinical diversity
in PD.

AUTHOR CONTRIBUTIONS

AS, TG, AL, DB, WM, and CM conceived the research project.
RY, AB, AA, TG, AL, SH, DB, WM, and CM organized the
research project. AS, AB, CS, LvdH, NS-M, TK, TJ, TG, AL,
DB, WM, and CM executed the research project. RY, AB, LvdH,
FL, JG, WM, and CM designed the statistical analysis. RY,
AS, SH, and AA executed the statistical analysis. RY and CH
wrote the first draft in the manuscript preparation. All authors
reviewed and critiqued the statistical analysis and manuscript
preparation.

FUNDING

Funding of this research was provided by the German Center for
Neurodegenerative Diseases (DZNE) and the Canadian Institutes
of Health Research (INE 117891), through CoEN initiative
(www.coen.org). We acknowledge financial support by Land
Schleswig-Holstein within the funding programme Open Access
Publikationsfonds.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2018.01123/full#supplementary-material

REFERENCES

1. Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, Volkmann

J, et al. Parkinson disease. Nat Rev Dis Prim. (2017) 3:17013.

doi: 10.1038/nrdp.2017.13

2. Tufekci KU, Meuwissen R, Genc S, Genc K. Inflammation in Parkinson’s

Disease. In: R. Donev, Editor, Advances in Protein Chemistry and Structural

Biology. Oxford: Elsevier (2012). p. 69–132.

3. Vila M, Jackson-Lewis V, Guégan C, Wu DC, Teismann P, Choi DK, et al.

The role of glial cells in Parkinson’s disease. Curr Opin Neurol. (2001)

14:483–9.

4. Gao HM, Jiang J, Wilson B, Zhang W, Hong JS, Liu B. Microglial activation-

mediated delayed and progressive degeneration of rat nigral dopaminergic

neurons: relevance to Parkinson’s disease. J Neurochem. (2002) 81:1285–97.

doi: 10.1046/j.1471-4159.2002.00928.x

5. Saiki M, Baker A, Williams-Gray CH, Foltynie T, Goodman RS, Taylor CJ,

et al. Association of the human leucocyte antigen region with susceptibility

to Parkinson’s disease. J Neurol Neurosurg Psychiatry (2010) 81:890–1.

doi: 10.1136/jnnp.2008.162883

6. Greggio E, Civiero L, Bisaglia M, Bubacco L. Parkinson’s disease and immune

system: is the culprit LRRKing in the periphery? J Neuroinflammation (2012)

9:94. doi: 10.1186/1742-2094-9-94

7. Ouchi Y, Yoshikawa E, Sekine Y, Futatsubashi M, Kanno T, Ogusu T, et al.

Microglial activation and dopamine terminal loss in early Parkinson’s disease.

Ann Neurol. (2005) 57:168–75. doi: 10.1002/ana.20338

8. Zhang J, Sokal I, Peskind ER, Quinn JF, Jankovic J, Kenney C,

et al. CSF multianalyte profile distinguishes Alzheimer and Parkinson

diseases. Am J Clin Pathol. (2008) 129:526–9. doi: 10.1309/W01Y0B80

8EMEH12L

9. Mogi M, Harada M, Narabayashi H, Inagaki H, Minami M, Nagatsu T.

Interleukin (IL)-1 beta, IL-2, IL-4, IL-6, and transforming growth factor-

alpha levels are elevated in ventricular cerebrospinal fluid in juvenile

parkinsonism and Parkinson’s disease. Neurosci Lett. (1996) 211:13–6.

doi: 10.1016/0304-3940(96)12706-3

10. Imamura K, Hishikawa N, Sawada M, Nagatsu T, Yoshida M, Hashizume Y.

Distribution of major histocompatibility complex class II-positive microglia

and cytokine profile of Parkinson’s disease brains. Acta Neuropathol. (2003)

106:518–26. doi: 10.1007/s00401-003-0766-2

11. Mogi M, Togari A, Kondo T, Mizuno Y, Komure O, Kuno S, et al. Caspase

activities and tumor necrosis factor receptor R1 (p55) level are elevated

in the substantia nigra from Parkinsonian brain. J Neural Transm. (2000)

107:335–41. doi: 10.1007/s007020050028

12. Graham JM, Sagar HJ. A data-driven approach to the study of heterogeneity

in idiopathic Parkinson’s disease: identification of three distinct subtypes.Mov

Disord. (1999) 14:10–20.

13. Lewis SJ, Foltynie T, Blackwell AD, Robbins TW, Owen AM, Barker

RA. Heterogeneity of Parkinson’s disease in the early clinical stages using

a data driven approach. J Neurol Neurosurg Psychiatry (2005) 76:343–8.

doi: 10.1136/jnnp.2003.033530

14. Dujardin K, Leentjens AF, Langlois C, Moonen AJ, Duits AA, Carette AS,

et al. The spectrum of cognitive disorders in Parkinson’s disease: a data-driven

approach.Mov Disord. (2013) 28:183–9. doi: 10.1002/mds.25311

15. Fereshtehnejad SM, Romenets SR, Anang JB, Latreille V, Gagnon

JF, Postuma RB. New clinical subtypes of parkinson disease and

their longitudinal progression. JAMA Neurol. (2015) 72:863–73.

doi: 10.1001/jamaneurol.2015.0703

16. Brockmann K, Schulte C, Schneiderhan-Marra N, Apel A, Pont-Sunyer

C, Vilas D, et al. Inflammatory profile discriminates clinical subtypes

Frontiers in Neurology | www.frontiersin.org 7 December 2018 | Volume 9 | Article 1123

www.coen.org
https://www.frontiersin.org/articles/10.3389/fneur.2018.01123/full#supplementary-material
https://doi.org/10.1038/nrdp.2017.13
https://doi.org/10.1046/j.1471-4159.2002.00928.x
https://doi.org/10.1136/jnnp.2008.162883
https://doi.org/10.1186/1742-2094-9-94
https://doi.org/10.1002/ana.20338
https://doi.org/10.1309/W01Y0B808EMEH12L
https://doi.org/10.1016/0304-3940(96)12706-3
https://doi.org/10.1007/s00401-003-0766-2
https://doi.org/10.1007/s007020050028
https://doi.org/10.1136/jnnp.2003.033530
https://doi.org/10.1002/mds.25311
https://doi.org/10.1001/jamaneurol.2015.0703
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Yilmaz et al. Parkinson Subtypes and Inflammatory Markers

in LRRK2-associated Parkinson’s disease. Eur J Neurol. (2017) 24:427–e6.

doi: 10.1111/ene.13223

17. Rusjan P, Mamo D, Ginovart N, Hussey D, Vitcu I, Yasuno F, et al. An

automated method for the extraction of regional data from PET images.

Psychiatry Res. (2006) 147:79–89. doi: 10.1016/j.pscychresns.2006.01.011

18. Armstrong RA. When to use the Bonferroni correction. Ophthalmic Physiol

Opt. (2014) 34:502–8. doi: 10.1111/opo.12131

19. Qin XY, Zhang SP, Cao C, Loh YP, Cheng Y. aberrations in peripheral

inflammatory cytokine levels in parkinson disease. JAMA Neurol. (2016)

73:1316–24. doi: 10.1001/jamaneurol.2016.2742

20. Menza M, Dobkin RD, Marin H, Mark MH, Gara M, Bienfait K,

et al. The role of inflammatory cytokines in cognition and other non-

motor symptoms of Parkinson’s disease. Psychosomatics (2010) 51:474–9.

doi: 10.1176/appi.psy.51.6.474

21. Scalzo P, Kümmer A, Bretas TL, Cardoso F, Teixeira AL. Serum levels of brain-

derived neurotrophic factor correlate with motor impairment in Parkinson’s

disease. J Neurol. (2010) 257:540–5. doi: 10.1007/s00415-009-5357-2

22. Lindqvist D, Kaufman E, Brundin L, Hall S, Surova Y, Hansson O.

Non-motor symptoms in patients with Parkinson’s disease - correlations

with inflammatory cytokines in serum. PLoS ONE (2012) 7:e47387.

doi: 10.1371/journal.pone.0047387

23. Wang XM, Zhang YG, Li AL, Long ZH, Wang D, Li XX, et al. Relationship

between levels of inflammatory cytokines in the peripheral blood and the

severity of depression and anxiety in patients with Parkinson’s disease. Eur

Rev Med Pharmacol Sci. (2016) 20:3853–6.

24. Williams-Gray CH, Wijeyekoon R, Yarnall AJ, Lawson RA, Breen DP, Evans

JR, et al. Serum immune markers and disease progression in an incident

Parkinson’s disease cohort (ICICLE-PD). Mov Disord. (2016) 31:995–1003.

doi: 10.1002/mds.26563

25. Alcalay RN. Cytokines as potential biomarkers of parkinson disease. JAMA

Neurol. (2016) 73:1282–4. doi: 10.1001/jamaneurol.2016.3335

26. Liu J, Marino MW, Wong G, Grail D, Dunn A, Bettadapura J, et al. TNF is a

potent anti-inflammatory cytokine in autoimmune-mediated demyelination.

Nat Med. (1998) 4:78–83. doi: 10.1038/nm0198-078

27. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and anti-

inflammatory properties of the cytokine interleukin-6. Biochim Biophys Acta

(2011) 1813:878–88. doi: 10.1016/j.bbamcr.2011.01.034

28. Wilke CM, Wei S, Wang L, Kryczek I, Kao J, ZouW. Dual biological effects of

the cytokines interleukin-10 and interferon-γ. Cancer Immunol Immunother.

(2011) 60:1529–41. doi: 10.1007/s00262-011-1104-5

29. Shachar I, Karin N. The dual roles of inflammatory cytokines and chemokines

in the regulation of autoimmune diseases and their clinical implications. J

Leukoc Biol. (2013) 93:51–61. doi: 10.1189/jlb.0612293

30. Cavaillon JM. Pro- versus anti-inflammatory cytokines: myth or reality. Cell

Mol Biol (Noisy-le-grand). (2001) 47:695–702.

31. Johansson P, Almqvist EG, Wallin A, Johansson JO, Andreasson U, Blennow

K, et al. Reduced cerebrospinal fluid concentration of interleukin-12/23

subunit p40 in patients with cognitive impairment. PLoS ONE (2017)

12:e0176760. doi: 10.1371/journal.pone.0176760

32. Rentzos M, Nikolaou C, Andreadou E, Paraskevas GP, Rombos A, Zoga M,

et al. Circulating interleukin-10 and interleukin-12 in Parkinson’s disease.

Acta Neurol Scand. (2009) 119:332–7. doi: 10.1111/j.1600-0404.2008.01103.x

33. Ampatzoglou A, Williams CL, Atwal KK, Maidens CM, Ross AB, Thielecke

F, et al. Effects of increased wholegrain consumption on immune and

inflammatory markers in healthy low habitual wholegrain consumers. Eur J

Nutr. (2016) 55:183–95. doi: 10.1007/s00394-015-0836-y

34. Khaodhiar L, Ling PR, Blackburn GL, Bistrian BR. Serum levels of

interleukin-6 and C-reactive protein correlate with body mass index across

the broad range of obesity. J Parenter Enter Nutr. (2004) 28:410–5.

doi: 10.1177/0148607104028006410

35. Irwin MR, Wang M, Campomayor CO, Collado-Hidalgo A, Cole S.

Sleep deprivation and activation of morning levels of cellular and

genomic markers of inflammation. Arch Intern Med. (2006) 166:1756.

doi: 10.1001/archinte.166.16.1756

36. Shiels MS, Katki HA, Freedman ND, Purdue MP, Wentzensen N, Trabert B,

et al. Cigarette smoking and variations in systemic immune and inflammation

markers. JNCI J Natl Cancer Inst. (2014) 106:dju294. doi: 10.1093/jnci/

dju294

37. Fabris N, Mocchegiani E, Provinciali M. Pituitary-thyroid axis and immune

system: a reciprocal neuroendocrine-immune interaction. Horm Res. (1995)

43:29–38. doi: 10.1159/000184234

38. Hopps E, Canino B, Caimi G. Effects of exercise on inflammation

markers in type 2 diabetic subjects. Acta Diabetol. (2011) 48:183–9.

doi: 10.1007/s00592-011-0278-9

39. Kasapis C, Thompson PD. The effects of physical activity on serum C-reactive

protein and inflammatory markers: a systematic review. J Am Coll Cardiol.

(2005) 45:1563–9. doi: 10.1016/j.jacc.2004.12.077

40. Zampelas A, Panagiotakos DB, Pitsavos C, Chrysohoou C, Stefanadis C.

Associations between coffee consumption and inflammatory markers in

healthy persons: the ATTICA study. Am J Clin Nutr. (2004) 80:862–7.

doi: 10.1093/ajcn/80.4.862

41. Loftfield E, Shiels MS, Graubard BI, Katki HA, Chaturvedi AK, Trabert

B, et al. Associations of coffee drinking with systemic immune and

inflammatorymarkers.Cancer Epidemiol Biomarkers Prev. (2015) 24:1052–60.

doi: 10.1158/1055-9965.EPI-15-0038-T

42. Velissaris D, Pantzaris N, Koniari I, Koutsogiannis N, Karamouzos V, Kotroni

I, et al. C-reactive protein and frailty in the elderly: a literature review. J Clin

Med Res. (2017) 9:461–5. doi: 10.14740/jocmr2959w

43. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al.

A meta-analysis of cytokines in major depression. Biol Psychiatry (2010)

67:446–57. doi: 10.1016/j.biopsych.2009.09.033

44. Birur B, Amrock EM, Shelton RC, Li L. Sex differences in the peripheral

immune system in patients with depression. Front Psychiatry (2017) 8:108.

doi: 10.3389/fpsyt.2017.00108

45. Rentzos M, Nikolaou C, Andreadou E, Paraskevas GP, Rombos A,

Zoga M, et al. Circulating interleukin-15 and RANTES chemokine

in Parkinson’s disease. Acta Neurol Scand. (2007) 116:374–9.

doi: 10.1111/j.1600-0404.2007.00894.x

46. Gangemi S, Basile G, Merendino RA, Epifanio A, Di Pasquale G, Ferlazzo B,

et al. Effect of levodopa on interleukin-15 and RANTES circulating levels in

patients affected by Parkinson’s disease.Mediators Inflamm. (2003) 12:251–3.

doi: 10.1080/09629350310001599701

47. Dursun E, Gezen-Ak D, Hanagasi H, Bilgiç B, Lohmann E, Ertan

S, et al. The interleukin 1 alpha, interleukin 1 beta, interleukin 6

and alpha-2-macroglobulin serum levels in patients with early or late

onset Alzheimer’s disease, mild cognitive impairment or Parkinson’s

disease. J Neuroimmunol. (2015) 283:50–7. doi: 10.1016/j.jneuroim.2015.

04.014

48. Selikhova MV, Kushlinskii NE, Lyubimova NV, Gusev EI. Impaired

production of plasma interleukin-6 in patients with Parkinson’s

disease. Bull Exp Biol Med. (2002) 133:81–3. doi: 10.1023/A:1015120

930920

49. Brodacki B, Staszewski J, Toczyłowska B, Kozłowska E, Drela N,

Chalimoniuk M, et al. Serum interleukin (IL-2, IL-10, IL-6, IL-

4), TNFα, and INFγ concentrations are elevated in patients with

atypical and idiopathic parkinsonism. Neurosci Lett. (2008) 441:158–62.

doi: 10.1016/j.neulet.2008.06.040

50. Dobbs RJ, Charlett A, Purkiss AG, Dobbs SM, Weller C,

Peterson DW. Association of circulating TNF-alpha and IL-6 with

ageing and parkinsonism. Acta Neurol Scand. (1999) 100:34–41.

doi: 10.1111/j.1600-0404.1999.tb00721.x

51. Rota E, Bellone G, Rocca P, Bergamasco B, Emanuelli G, Ferrero P.

Increased intrathecal TGF-beta1, but not IL-12, IFN-gamma, and IL-

10 levels in Alzheimer’s disease patients. Neurol Sci. (2006) 27:33–9.

doi: 10.1007/s10072-006-0562-6

52. Dufek M, Hamanová M, Lokaj J, Goldemund D, Rektorová I, Michálková

Z, et al. Serum inflammatory biomarkers in Parkinson’s disease.

Parkinsonism Relat Disord. (2009) 15:318–20. doi: 10.1016/j.parkreldis.2008.

05.014

53. Tang P, Chong L, Li X, Liu Y, Liu P, Hou C, et al. Correlation between

Serum RANTES Levels and the Severity of Parkinson’s Disease.Oxid Med Cell

Longev. (2014) 2014:208408. doi: 10.1155/2014/208408

54. Scalzo P, Kümmer A, Cardoso F, Teixeira AL. Serum levels of

interleukin-6 are elevated in patients with Parkinson’s disease and

correlate with physical performance. Neurosci Lett. (2010) 468:56–8.

doi: 10.1016/j.neulet.2009.10.062

Frontiers in Neurology | www.frontiersin.org 8 December 2018 | Volume 9 | Article 1123

https://doi.org/10.1111/ene.13223
https://doi.org/10.1016/j.pscychresns.2006.01.011
https://doi.org/10.1111/opo.12131
https://doi.org/10.1001/jamaneurol.2016.2742
https://doi.org/10.1176/appi.psy.51.6.474
https://doi.org/10.1007/s00415-009-5357-2
https://doi.org/10.1371/journal.pone.0047387
https://doi.org/10.1002/mds.26563
https://doi.org/10.1001/jamaneurol.2016.3335
https://doi.org/10.1038/nm0198-078
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1007/s00262-011-1104-5
https://doi.org/10.1189/jlb.0612293
https://doi.org/10.1371/journal.pone.0176760
https://doi.org/10.1111/j.1600-0404.2008.01103.x
https://doi.org/10.1007/s00394-015-0836-y
https://doi.org/10.1177/0148607104028006410
https://doi.org/10.1001/archinte.166.16.1756
https://doi.org/10.1093/jnci/dju294
https://doi.org/10.1159/000184234
https://doi.org/10.1007/s00592-011-0278-9
https://doi.org/10.1016/j.jacc.2004.12.077
https://doi.org/10.1093/ajcn/80.4.862
https://doi.org/10.1158/1055-9965.EPI-15-0038-T
https://doi.org/10.14740/jocmr2959w
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.3389/fpsyt.2017.00108
https://doi.org/10.1111/j.1600-0404.2007.00894.x
https://doi.org/10.1080/09629350310001599701
https://doi.org/10.1016/j.jneuroim.2015.04.014
https://doi.org/10.1023/A:1015120930920
https://doi.org/10.1016/j.neulet.2008.06.040
https://doi.org/10.1111/j.1600-0404.1999.tb00721.x
https://doi.org/10.1007/s10072-006-0562-6
https://doi.org/10.1016/j.parkreldis.2008.05.014
https://doi.org/10.1155/2014/208408
https://doi.org/10.1016/j.neulet.2009.10.062
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Yilmaz et al. Parkinson Subtypes and Inflammatory Markers

55. Brosseron F, Krauthausen M, Kummer M, Heneka MT. Body fluid cytokine

levels in mild cognitive impairment and alzheimer’s disease: a comparative

overview.Mol Neurobiol. (2014) 50:534–44. doi: 10.1007/s12035-014-8657-1

56. Basu S, Dasgupta PS. Dopamine, a neurotransmitter, influences

the immune system. J Neuroimmunol. (2000) 102:113–24.

doi: 10.1016/S0165-5728(99)00176-9

57. Carr L, Tucker A, Fernandez-Botran R. The enhancement of T

cell proliferation by L-dopa is mediated peripherally and does

not involve interleukin-2. J Neuroimmunol. (2003) 142:166–9.

doi: 10.1016/S0165-5728(03)00270-4

58. Sanchez-Guajardo V, Tentillier N, Romero-Ramos M. The relation between

α-synuclein and microglia in Parkinson’s disease: Recent developments.

Neuroscience. (2015) 302:47–58.

59. Garcia-Esparcia P, Llorens F, Carmona M, Ferrer I. Complex deregulation

and expression of cytokines and mediators of the immune response in

parkinson’s disease brain is region dependent. Brain Pathol. (2014) 24:584–98.

doi: 10.1111/bpa.12137

60. Reynolds AD, Kadiu I, Garg SK, Glanzer JG, Nordgren T, Ciborowski P,

et al. Nitrated alpha-synuclein and microglial neuroregulatory activities. J

Neuroimmune Pharmacol. (2008) 3:59–74. doi: 10.1007/s11481-008-9100-z

Conflict of Interest Statement: AS received research funding from Canadian

Institute of Health Research, Canada Research Chair Program, National Parkinson

Foundation, Parkinson Disease Foundation, Parkinson Society Canada, and

Weston Brain Institute. TJ serves on the editorial board of Proteomics, Drug

Discovery Today. He has received funding for travel or consultancy from Luminex

and Myriad RBM. FL reports honoraria by Grifols, Beyer, Roche, Teva, and

Biogen, and is an advisory board member for Roche and Biogen. He performs

commercial antibody testing in the Institute of Laboratory Medicine, University

Hospital Schleswig-Holstein, without personal benefits. TG serves on the editorial

boards of Parkinsonism and Related Disorders, Movement Disorders, and Journal

of Neurology; holds a patent re: Kinase Associated with Parkinsonism with

Pleiomorphic Pathology (KASPP) (LRRK2) Gene, its Production and Use for the

Detection and Treatment of Neurodegenerative Diseases; serves as a consultant

for Cephalon, Inc., and Merck Serono; serves on speaker’s bureaus of Novartis,

Merck Serono, SCHWARZ PHARMA, Boehringer Ingelheim, and Valeant

Pharmaceuticals International; and receives research support from Novartis,

the European Union, BMBF (the Federal Ministry of Education and Research),

and Helmholtz Association. AL has served as an adviser for Abbvie Inc., Allon

Therapeutics, Avanir Pharmaceuticals, Biogen Idec, Boerhinger-Ingelheim,

Ceregene, Lilly, Medtronic, Merck, Novartis, NeuroPhage Pharmaceuticals,

Teva, and UCB; received honoraria from Teva, UCB, AbbVie Inc.; received

grants from Brain Canada, Canadian Institutes of Health Research, Edmond J

Safra Philanthropic Foundation, Michael J. Fox Foundation, the Ontario Brain

Institute, National Parkinson Foundation, Parkinson Society Canada, Tourette

Syndrome Association, W. Garfield Weston Foundation; received publishing

royalties from Saunders, Wiley-Blackwell, Johns Hopkins Press, and Cambridge

University Press; and has served as an expert witness in cases related to the

welding industry. DB has served on scientific advisory boards for Novartis,

Union chemique belge (UCB)/SCHWARZ PHARMA, Lundbeck, and Teva

Pharmaceutical Industries Ltd.; has received funding for travel or speaker

honoraria from Boehringer Ingelheim, Lundbeck Inc., Novartis, GlaxoSmithKline,

UCB/SCHWARZ PHARMA, Merck Serono, Johnson & Johnson, and Teva

Pharmaceutical Industries Ltd.; and has received research support from Janssen,

Teva Pharmaceutical Industries Ltd., Solvay Pharmaceuticals, Inc./Abbott,

Boehringer, UCB, Michael J Fox Foundation, Bundesministerium für Bildung

und Forschung (BMBF), Deutsche Parkinson Vereinigung (dPV) (German

Parkinson’s disease association), Neuroallianz, DZNE, and Center of Integrative

Neurosciences. WM receives or received funding from the European Union, the

Michael J. Fox Foundation, Robert Bosch Foundation, Neuroalliance, Lundbeck

and Janssen, and holds part of a patent for the assessment of dyskinesias

(German patent office, 102015220741.2). He received speaker honoraria from

GlaxoSmithKline, Abbvie, UCB, Licher MT and Rölke Pharma, and was invited to

Advisory Boards of Market Access & Pricing Strategy GmbH and Abbvie. CM has

been consultant for Pfizer, has received honoraria for teaching from EMD Serono,

and has received grants from the Michael J Fox Foundation, Canadian Institutes

of Health Research, National Parkinson Foundation and the Parkinson Society

Canada; Site PI for clinical trial sponsored by Alllon Therapeutics, Physician

Services Incorporated, International Parkinson and Movement Disorders Socitety

and the Parkinson Disease Foundation. She is employee of the University Health

Network and has a contract from Horizon Pharma.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2018 Yilmaz, Strafella, Bernard, Schulte, van denHeuvel, Schneiderhan-

Marra, Knorpp, Joos, Leypoldt, Geritz, Hansen, Heinzel, Apel, Gasser, Lang, Berg,

Maetzler and Marras. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 9 December 2018 | Volume 9 | Article 1123

https://doi.org/10.1007/s12035-014-8657-1
https://doi.org/10.1016/S0165-5728(99)00176-9
https://doi.org/10.1016/S0165-5728(03)00270-4
https://doi.org/10.1111/bpa.12137
https://doi.org/10.1007/s11481-008-9100-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Serum Inflammatory Profile for the Discrimination of Clinical Subtypes in Parkinson's Disease
	Introduction
	Materials and Methods
	Study Design
	Patients and Clinical Assessments
	Biomaterial Collection
	[18F] FEPPA-PET Imaging
	Statistics

	Results
	Principal Component Analysis (PCA)
	Logistic Regression Analyses
	[18F] FEPPA-PET Imaging

	Discussion
	Author Contributions
	Funding
	Supplementary Material
	References


