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Abstract. The nature of the inflammatory response in Parkinson’s disease (PD) remains to be better understood. Here, we used
highly sensitive Single Molecule Array (SIMOA) technology to measure the levels of the inflammatory mediators Interleukin
6 (IL-6), Interleukin 17A (IL-17A), Tumour Necrosis Factor a (TNFo) and Transforming Growth Factor 3 (TGF() in plasma
from PD patients and age- and gender-matched healthy controls. We report that IL-17A correlates with non-motor symptoms
(NMS) scores, while IL-6 positively correlates with motor scores. We found no correlations between cytokines and disease
duration suggesting that IL-6 and IL-17A are associated with disease severity rather than disease duration in this cohort,

furthermore IL-17A may be involved in the underlying pathophysiology of NMS in PD.
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INTRODUCTION

Increasing recognition is being given to non-motor
symptoms (NMS) associated with Parkinson’s Dis-
ease (PD). Depressive symptoms are present in 35%
of PD patients and up to 60% develop some form
of anxiety, with prevalences varying in the litera-
ture for both disorders [1, 2]. Mood disorders in
PD are often under-recognised due to the overlap
with other PD-related somatic and mental symptoms
[1, 2]. In addition to this, the majority of late-stage
PD patients experience cognitive decline over time
[3], which ranges from mild cognitive impairment
(MCI) to PD dementia (PDD) where patients develop
a multi-domain debilitating cognitive deficit.
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The negative effects of excessive neuroinflamma-
tion have been well documented in PD and evidence
now suggests that activated microglia in PD may be
involved in dopaminergic neuronal cell death, not
just a response to PD pathology [4]. With consider-
able cross talk between the periphery and the central
nervous system (CNS), assessing peripheral inflam-
matory profiles may be an easily accessible proxy to
assess CNS changes. Indeed, altered levels of periph-
eral cytokines have been reported in PD, cognitive
decline, depression and anxiety [5], however, data
on the inflammatory profile of PD patients remain
inconsistent and vary widely [6]. Despite the lack
of consensus on the peripheral changes occurring, it
is nevertheless apparent that changes do occur and
may play a role in the underlying disease aetiology.
Further research using highly-sensitive methodolo-
gies, is required to elucidate how these peripheral
changes relate to or indeed reflect CNS changes
in PD.
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We measured IL-6, IL-17A, TNFa and TGFf in
a cohort of well-phenotyped PD patients at differ-
ent disease stages using the highly sensitive single
molecule array (SIMOA) platform. IL-6 and TNFa
have previously been implicated in PD [6] and grow-
ing evidence suggests a role for the proinflammatory
IL-17A-expressing T cells in PD-associated neurode-
generation [7]. We also investigated (TGF)-f, an
anti-inflammatory mediator that has been shown to
have protective effects in rodent models of PD [8]
and is increased in ventricular CSF from PD patients.
PD is more prevalent in men than women and the
clinical phenotypes, including NMS, show gender
differences [9]. Moreover, studies have shown gender
different immune system activation and, for exam-
ple, women with autoimmune diseases have stronger
immune responses than men [10]. We have there-
fore investigated if there are gender differences in
the studied inflammatory mediators in our cohort of
PD patients.

MATERIALS AND METHODS

Experiments were carried out in accordance with
the Declaration of Helsinki, and were approved by
the Regional Review Board and the local ethical
committee of the Karolinska Institute, Stockholm.
Participants were recruited by a MD at the Neurology
clinic at the Karolinska University Hospital, Sweden
and all subjects gave written informed consent.

PD patients (n=66) were defined by standard cri-
teria. Disease progression and stage were scored at
the Karolinska University Hospital using the Unified
Parkinson’s Disease Rating Scale (UPDRS) and the
modified Hoehn & Yahr (H&Y) scale respectively,
and the Montreal Cognitive Assessment (MoCA) was
used for cognitive impairment. MoCA is a widely
used psychometric test which tests eight domains of
cognition and is validated for the diagnosis of MCI
[11]. Anxiety and dementia were self-assessed by
the patients using the Hospital Anxiety and Depres-
sion Scale (HADS), which is commonly used in
an outpatient setting [12]. Patients’ levodopa daily
equivalent dose (LEDD) was calculated for the day
before blood draw. Healthy controls (HCs, n=45)
were recruited through family members of patients
and hospital/research personnel and were included
based on the absence of PD. Blood samples were
collected by venipuncture and plasma was isolated
during the preparation of leukocytes from whole
blood.

For SIMOA experiments plasma samples were
prepared according to the kit specific manufac-
turers instruction. Cytokine levels were measured
using a Quanterix cytokine 3-Plex B kit and a
TGFp-discovery kit on the SIMOA HD-1 platform.
Standards and samples were run in duplicate utiliz-
ing the manufactures assay instructions. The lower
limits of quantification (LLOQ) for IL-6, IL-17A,
TNFa and TGFB were 0.023 pg/mL, 0.026 pg/mL,
0.0068 pg/mL and 0.514 pg/ml respectively, and val-
ues below these are not recomemended to be used
by the company. Accordingly, in the present study,
IL-17A measures from two patients were excluded.
Samples were coded by a third party and each run
contained patients and age and gender matched HCs.

Data were analyzed using IBM SPSS statistics
v25. Duplicates were averaged to give one value
per patient per cytokine or excluded where the con-
centration coefficient of variation >20%. Outliers
were identified as values outside 3x the interquartile
range. Outliers and concentrations below the LLOQ
were excluded. Data were tested for normality using
Shapiro-Wilk test, and histograms and Q-Q plots
were visualized. To compare groups, Student’s #-test,
Chi-squared test, Mann Whitney test, Fisher’s Exact
test or Kruskal Wallis test with Dunn’s post hoc test
were used as appropriate and are indicated in the text
where used. Spearman partial correlations were car-
ried out between cytokine levels and demographic or
clinical data, correcting for age, gender and LEDD
scores as apropriate. Statistical significance assumed
at p<0.05.

RESULTS

There was no significant difference in the age or
gender ratios of participants or in cytokine levels
across the groups (Student’s #-test and Chi-squared
test, Table 1, Supplementary Figure 1). To inves-
tigate gender differences, data were divided based
on disease group and gender. Female PD patients
had significantly higher IL-17A levels than male PD
patients (Kruskal-Wallis test, Dunn’s multiple com-
parisons test p<0.01, Fig. 1A).

Cytokines (IL-6, TNFa, IL-17A and TGF), were
correlated with clinical scores (UPDRSIII, H&Y,
MoCA, MADRS and HADS) and correlations were
corrected for age, gender and LEDD unless specified
otherwise. Only statistically significant correlations
are reported. Both IL-6 and TNFa were positively
correlated with age, when correcting for gender
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Demographics and clinical characteristics of patients with Parkinson’s disease (PD) and
healthy controls (HC)

PD (n=66) HC (n=45) P value

Age 69.9 + 8.1 68.2+7.1 0.25

Gender (male/female) 34/32 24/21 1.00

Age of onset 64.3+8.9

Disease duration 5 (0-26)

LEDD 505 (0-1730)

Hoehn and Yahr (n=61) 2 (1-5)

UPDRS-III (n=60) 289+13.3

MoCA (n=66) 23.1+5.6

MADRS-S (n=47) 11.7+10.1

HADS-Anxiety (n=46) 64+49

HADS-Depression (n=46) 49+4.6

Patients on Parkinson’s medication 56

Other Medication
Psychiatric/cognitive 25 7 0.011
Neurological 7 1 0.14
Cardiovascular 31 15 0.17
Other internal medicine 20 12 0.83
Others 19 14 0.83

Comorbidities
Psychiatric/cognitive 20 3 0.0035
Neurological 13 5 0.30
Cardiovascular 23 13 0.54
Other internal medicine 27 12 0.16
Others 41 15 0.0037

Cytokine
IL-6 (pg/ml, mean + SEM) 1.43+£0.17 (n=57) 1.17£0.12 (n=43) 0.32
TNFa (pg/ml, mean = SEM) 1.724+0.08 (n=63) 1.76 £0.07 (n=43) 0.72
IL-17 (pg/ml mean = SEM) 0.194+0.02 (n=39) 0.144+0.03 (n=18) 0.17
TGFR (pg/ml, mean + SEM) 3482 £262 (n=55) 3871 £379 (n=36) 0.65

Data presented as number, mean + SEM, or median (range). LEDD, levodopa equivalent daily dose;
UPDRS-III, unified Parkinson’s disease rating scale part 3; MoCA, Montreal cognitive assessment;
MADRS-S, self-reported Montgomery-Asberg depression rating scale; HADS, Hospital anxiety and
depression scale; IL-interleukin; TNF, tumor necrosis factor; TGF, transforming growth factor. Mann
Whitney test used for age and cytokines, and Fisher’s exact test was used for gender, medication

and comorbidities.

and LEDD score (p<0.05, tho=0.31 and p<0.01,
rho=0.36, respectively Fig. 1B). IL-6 positively cor-
related with H&Y and UPDRSIII score in PD patients
(»<0.05, rho=0.31 and 0.38 respectively, Fig. 1C
and 1D). IL-17A was positively correlated with
the anxiety subscale of HADS (HADS-A, p<0.05,
rho=0.44, Fig. 1E) and negatively correlated with
MoCA score (p<0.05, tho=-0.37, Fig. 1F). TGFf
was not correlated with any motor symptom or NMS
investigated.

Gender specific correlations were corrected for age
and LEDD only unless specified otherwise. In male
patients, IL-6 levels positively correlated with H&Y
and UPDRSIII (p <0.05, tho=0.4 and 0.44 respec-
tively, male only data not shown, full data Fig. 1C
and D) but negatively correlated with MoCA score
(p<0.05, rho=-0.45, data not shown). TNFa posi-
tively correlated with age (p <0.05, rho=0.44, male
only data not shown, full data Fig. 1B) when corrected

for LEDD score. In female patients IL-17A levels
positively correlated with H&Y as well as with both
the anxiety (HADS-A, female only data not shown,
full data Fig. 1E) and depression (HADS-D) subsets
of HADS (p <0.05, rho=0.52, 0.77 and 0.75 respec-
tively, Fig. 1E and G). In addition to this IL-17A in
female PD patients was negatively correlated with
MoCA score (p<0.05, tho=-0.54, female patients
only data not shown, data for all patients in Fig. 1F).

DISCUSSION

We have shown here that plasma inflammatory
mediators correlate with motor symptoms and NMS
in a cytokine specific manner in PD patients. Specif-
ically, we demonstrate that the pro-inflammatory
cytokine IL-6 positively correlates with motor scores
while IL-17A correlates with NMS, specifically
mood and cognition scores. Furthermore, we show
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Fig. 1. Plasma cytokines in PD patients correlate with motor and non-motor scores. Plasma IL-17A levels in healthy controls and PD patients
divided by gender (A). IL-17A levels are significantly higher in female PD patients as compared to male PD patients (Kruskal-Wallis test,
Dunn’s multiple comparisons test p <0.01). Data expressed as mean & SD. (B) IL-6 and TNFa plasma levels positively correlate with age
in PD patients. (C and D) IL-6 levels in PD patients positively correlate with H&Y and UPDRSIII scores. (E and F) IL-17A levels positively
correlate with anxiety subscale of HADS and negatively correlate with MoCA scores in PD patients. (G) IL-17A levels positively correlate
with depression subscale of HADS in female PD patients only. *p < 0.05, Spearman partial correlation, corrected for gender and LEDD score
(B) or corrected for age, gender and LEDD score (C-F) or corrected for age and LEDD score (G). Other gender specific significant partial

Spearman correlations indicated in text.

that it may be important to investigate sex specific
alterations in peripheral cytokines in PD patients.
While IL-6 and TNFa have been previously inves-
tigated in the context of PD, the role of Th cells in
the pathophysiology of PD is gaining momentum,
and there is a lack of studies investigating periph-
eral levels of IL-17A in PD patients. IL-17A is a
proinflammatory cytokine, mainly produced by T-
helper 17 cells when stimulated by cytokines such
as IL-6 or IL-1P and stimulates the production of
cytokines and chemokines. Increased levels of Th17
cells have been reported in PD patients and IL-17A
levels have been found to be increased in supernatant
from human induced pluripotent stem cell-induced
neurons co-cultured with autologous T cells from
PD patients as compared to healthy controls [7, 13].
Previously, IL-17A plasma levels were difficult to
detect, however, the SIMOA platform has now over-
come this sensitivity issue. Our data suggests that
IL-17A does not correlate with motor symptoms but
correlates with NMS, including anxiety and depres-
sion in PD patients. HADS focuses on questions
specific for depression and anxiety excluding ques-
tions overlapping with somatic disorders. Although
the scale has been criticized for its inability to consis-
tently differentiate between depression and anxiety
and accurately assess the levels of the two, it was
designed to be cost-effective and has been thoroughly

validated and is frequently used by clinicians [12, 14].
We show here that higher IL-17A levels are asso-
ciated with higher anxiety and depression scores in
PD patients. In support of this, IL-17A has previ-
ously been shown to positively correlate with anxiety
in patients with rheumatoid arthritis [15]. Moreover,
in our cohort IL-17A in female PD patients corre-
lated negatively with MoCA scores. There was also a
trend for an increase in IL-17A in female PD patients
as compared to healthy females, however this did
not reach significance when group comparisons were
made.

IL-6 and TNFa have well established roles in neu-
roinflammation, and have been widely investigated
in PD. However, results are inconsistent, which, may
be due to the sensitivity of methods used. A general
increase in IL-6 and TNF« in PD plasma has been
reported when compiling data from multiple stud-
ies with different level of clinical information [6].
However, a high heterogeneiety among the results is
noted with some studies even showing a decrease in
proinflammatory cytokines in PD plasma [6]. In the
present study, we used highly sensitive SIMOA, with
detection limits below that of commercially avail-
able ELISA kits. SIMOA is an immunoassay that
uses paramagnetic beads coupled with antibodies for
a specific target, that in theory can bind and detect
single molecules down to femtomolar sample con-
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centrations, and uses a digital readout method of
beads that are either bound or not to the antigen. IL-6
has previously been found to be elevated in plasma
of PD patients [6] and moreover studies have demon-
strated its association with motor scores. Our data
provides further evidence that IL-6 correlates with
motors symptom severity. Although we did not find
any change in IL-6 levels between PD patients com-
pared to controls (Supplementary Figure 1), this may
be due to the fact that we used a mixed cohort of
patients in our study. The patients ranged from de
novo patients to those with severe motor symptoms.
Thus discrete changes in a cytokines due to disease
duration or severtity may be masked due to the hetero-
genetiy present when all samples are grouped as PD
patients. Interestingly, when we investigated IL-6 lev-
els in female and male patients alone, we found that
IL-6 in male patients positively correlates with motor
score, while higher IL-6 levels in female patients was
associated with worse cognitive performance. These
kind of gender differences in cytokines is supported in
aPD mouse model, where different pro-inflammatory
cytokines increased in male and female mice, and
even increased at different time points [16].

The lack of correlations with disease duration, sug-
gests that IL-6 and IL-17A are associated with disease
severity rather than disease duration in this cohort.
Our data shows for the first time that plasma IL-17A
in PD patients correlates with NMS in PD patients,
and thus may be involved in the underlying patho-
physiology of NMS in PD.
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