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Abstract

The objective of this study is to assess whether elevation of serum inflammatory markers levels may indicate the progression
of clinical impairment in Parkinson’s disease (PD) patients. In 47 PD patients, the serum levels of the C3 and C4 part of the
complement and Interleukin-6 (IL-6) were measured. The results at baseline and after 2 years were correlated with scales
measuring memory, depression, motor symptoms, and quality of life. Patients with higher levels of C3 and C4 at baseline
had decreased quality of life, verbal ability, and memory. Patients with higher IL-6 at baseline showed worse depression
scores at 2 years. Patients with persistently higher levels of C3 and C4 at 2 years had worse quality of life and memory ability.
Uncorrected p values are reported due to the exploratory nature of the study. The results indicate an impact of inflammation
on non-motor signs and quality of life in PD. The increase of levels of serum inflammatory biomarkers may indicate the

progression of non-motor impairment in PD.
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CDT Clock drawing test

CSF Cerebrospinal fluid

ECLIA  Electrochemiluminescence immunoassay
H-Y Hoehn-Yahr Scale

IL-6 Interleukin 6

MADRS Montgomery Asberg Depression Rating Scale
MMSE  Mini-mental state examination

PD Parkinson’s disease

UPDRS  Unified Parkinson’s Disease Rating Scale
VFT Verbal fluency test

WMS Wechsler Memory Scale
Introduction

In the previous studies, we investigated serum biomarkers in
PD patients. Decreased Mannan-binding lectin and elevated
tumor necrosis factor alpha were present; no abnormalities
of IL-6, acute-phase proteins, or factors of the complement
system were observed. Our first results indicated that the
inflammatory process may be detected in the serum of PD
patients (Dufek et al. 2009). Although there was no signifi-
cant correlation between the patient’s clinical state and the
immunoproteins, in a follow-up study of the same cohort,
we found that IL-6 elevation may be a marker of increased
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mortality in PD patients (Dufek et al. 2015). In the cur-
rent study, the serum levels of the C3 and C4 part of the
complement and IL-6 were measured. IL-6 was investigated
because of its function in both innate and adaptive immu-
nity. IL-6 stimulates the synthesis of acute-phase proteins
by hepatocytes as well as the growth of antibody-producing
B lymphocytes. IL-6 also promotes cell-mediated immune
reactions by stimulating proinflammatory cytokines and by
inhibiting the generation and actions of regulatory T cells
(Kang et al. 2015). A meta-analysis of 25 studies demon-
strated higher peripheral levels of interleukins in patients
with PD than in healthy controls (Qin et al. 2016). Increased
serum level concentrations of interleukins were found in idi-
opathic PD patients with and without vascular risk factors as
well as in atypical parkinsonian syndromes (multiple system
atrophy and progressive supranuclear palsy) as compared
to the control healthy group (Brodacki et al. 2008). A post-
mortem study showed higher concentration of proinflamma-
tory interleukins in the dopaminergic striatal region in PD
patients than in controls (Mogi et al. 1994). In Mogi’s study
(1996), authors showed elevated level of interleukins in ven-
tricular cerebrospinal fluid in PD patients and patients with
juvenile form of PD. Possible mechanisms that may explain
elevated cytokine levels in PD patients is that activated lym-
phocytes in the blood produce several cytokines. An alter-
native mechanism through which cytokine levels could be
elevated might include the direct efflux of cytokines from
the brain through the bloodbrain barrier (BBB). It is known
that cytokines may diffuse easily from the brain through the
BBB (Brodacki et al. 2008). C3 is the central complement
system protein; it is involved in both the classical and the
alternative pathway cascades. C4 is, in addition to C3, a
marker of the classical complement pathway. Both C3 and
C4 are acute-phase proteins. Complement-mediated neuro-
inflammation was reported in neurodegenerative diseases
(Bonifati and Kishore 2007). The complement-activated oli-
godendroglia revealed by anti-C3d and anti-C4d antibodies
was displayed in the substantia nigra in PD, indicating the
activation of a complement pathway (Yamada et al. 1992).
The complement proteins C3b and C4b were observed as
multiple isoforms in the cerebrospinal fluid (CSF) in PD.
Changes in complement isoform concentrations were found
in the CSF of PD patients when compared to normal sub-
jects (Finehout et al. 2005). The volume of the C3b and C4b
isoforms in PD patients were lower than those in normal
subjects. A decrease in these components could indicate that
they were being depleted by over-activation of the comple-
ment system (Finehout et al. 2005). Reactive microglia and
reactive astrocytes was closely associated with complement
positive extracellular neurofibrillary tangles, indicating
an inflammatory response in Guam Parkinson-dementia
syndrome (Schwab et al. 1996). As neuroinflammation is
evidently present in PD, we hypothesized that it may have,
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in addition to the neurodegenerative process, an impact on
clinical impairment in PD. We presumed that a longitudinal
study of these serum markers in a larger cohort could reveal
correlations with clinical data. We raised the question: Can
elevation of serum levels of IL-6, C3, and C4 complement
proteins indicate the progression of motor and non-motor
impairment with an impact on quality of life in PD patients?

Subjects

In a longitudinal study, 47 patients who met the UK Brain
Bank Criteria for PD (Hughes et al. 1992) (28 males, 19
females, mean age 65 + 7.8; mean duration of PD 7.7 + 4.2
at baseline, mean age at onset 58.5 + 8.1 years) passed
the assessment at baseline and after 2 years. We excluded
patients with atypical and vascular parkinsonism, seri-
ous cognitive impairment, or major depression, or under
advanced therapy (deep brain stimulation, apomorphine,
and duodopa/carbidopa). None of the patients had systemic
inflammatory disease or other serious comorbidity in their
personal history; one patient was treated for rheumatoid
arthritis with oral steroids. None of the patients took antide-
pressants, anticholinergics, and inhibitors of acetylcholinest-
erase. The clinical assessment, neuropsychological testing,
and laboratory tests were assessed at the baseline enrollment
visit in 2012/2013 in on state and on dopaminergic medica-
tion. All investigations were repeated after a 2-year period,
in 2014/2015 also in on state and on dopaminergic medi-
cation. All patients signed an informed consent form. The
ethics committee allocated to Faculty Hospital, Constantine
the Philosopher University, §pitélska 6, 94901 Nitra, Slovak
Republic approved the study protocol.

Methods
Clinical assessment of PD

The clinical status of PD patients was assessed using the
Unified Parkinson’s Disease Rating Scale (UPDRS part I,
II, III) (Fahn et al. 1987), Hoehn—Yahr Scale (Hoehn and
Yahr 1967), Activity of Daily Living Scale (ADL) (Lawton
and Brody 1969), and Barthel Index (Mahoney and Barthel
1965) (BI). A detailed medical history, including antiparkin-
sonian medication, was available for each patient.

Laboratory assessment

Laboratory tests were performed at the Faculty Hospital
in Nitra, Slovakia. The normal reference data used in the
hospital laboratory that were obtained by measuring the
concentration of biomarkers from the healthy blood donors
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were used as reference values. All patients had blood tests
for the serum level of, CRP, C3 and C4 part of the comple-
ment and IL-6. All patients were in a fasting state and in
on state when the blood samples were taken. Level of IL-6
was measured by electrochemiluminescence immunoassay
method (ECLIA) by commercial test (Elecsys Cobas®).
Factors of complement system (C3, C4) and CRP were
assessed by nephelometry (Dimension Vista® system Flex
reagent® cartridge).

Neuropsychological assessment

Two trained psychologists, each blinded to other clini-
cal and laboratory results, assessed the patients using a
battery of tests. The patients underwent the mini-mental
state examination (MMSE) (Folstein et al. 1975), Adden-
brooke’s cognitive examination (ACE) (Reyes et al. 2009),
Benton visual retention test (BVRT) (Benton 1983), the
clock drawing test (CDT) (Freedman et al. 1994), the ver-
bal fluency test (VFT) (Auriacombe et al. 1993), two sub-
tests of Wechsler Memory Scale IIT (WMS III) (Wechsler
1997), and the Montgomery Asberg Depression Rating
Scale (MADRS) (Montgomery and Asberg 1979).

Statistical analysis

An independent statistician evaluated the relation between
immunological parameters and motor, cognition, depres-
sion, and quality of life variables using Spearman’s partial
correlation, while controlling for the influence of age, gen-
der, duration of PD, L-DOPA dosage (L-DOPA equivalent),
and education. The statistical analysis was performed in
four steps. First, immunological parameters were corre-
lated with motor, cognition, depression, and quality of life
variables at baseline. Second, the immunological values at
baseline were correlated with the difference between the
clinical data at baseline and after 2 years. Any significant
correlations indicated that the changes in motor, clini-
cal, quality of life, or cognitive data were associated with
immunological data at baseline, i.e., the baseline immu-
nological data predicted changes in clinical data. The third
step was correlating the differences between the values
of immunological and clinical data at baseline and the
values after 2 years, indicating an association between the
changes in immunological parameters and motor, clinical,
quality of life, mood, or cognitive data. The fourth step
was correlating the variables at the follow-up assessment
after 2 years. Besides, difference between baseline and
follow-up assessment was assessed using Wilcoxon test
for paired samples. Due to the exploratory nature of the
study, we report uncorrected p values.

Results

For descriptive statistics of data, see Table 1. After 2 years,
there was increase in levels of C3, C4, and IL6 in 26, 17,
and 14 patients, respectively. Six patients had increased all
three immunomarkers. Other 9 patients had increased C3
and C4 levels, and simultaneous increase in C3 and IL.6 was
observed in other 5 patients. Significant difference between
baseline and follow-up assessment was in L-DOPA equiva-
lent (p = 0.03), UPDRS (p < 0.001), H-Y (p < 0.001), ADL
(p = 0.036), and Barthel Index (p < 0.001). There were no
statistically significant correlations between immunologi-
cal factors and motor symptoms or psychological tests in
the first and third step of analysis. Table 2 shows following
significant results of the second step of analysis: higher val-
ues of C3 and C4 at baseline led to lower increases or even
decreases in ADL (p = 0.012), VFT semantic (p = 0.026)
and BVRT correct scores (p = 0.012). From a clinical point
of view, patients who had higher levels of C3 and C4 at
baseline presented less improved or even impaired of quality
of life, verbal ability, and memory scores at 2 years. Higher
values of IL-6 at baseline led to higher increases in MADRS
(p = 0.02), indicating an increased risk for the worsening
of depression after 2 years. As for the fourth step of analy-
sis, persistently higher levels of C3 and C4 at the follow-up
assessment after 2 years correlated with decreased quality of
life (p = 0.024) and memory ability (p = 0.034, p = 0.037)
after 2 years at follow-up assessment.

Discussion

A prospective 3-year study of unselected cohort of PD cases
recruited close to diagnosis was published recently. A large
more proinflammatory profile associated with lower MMSE
scores and faster motor decline was shown (Williams-Gray
et al. 2016). Our study performed on an unselected cohort
on consecutive PD patients confirmed the association of
proinflammatory with cognitive decline. The MMSE has
several shortcomings; in our study, we used a broad set of
methods to investigate various aspects of cognitive decline,
depression and quality of life to demonstrate an associa-
tion of proinflammatory markers and non-motor impairment
in PD. We focused on basic orientation, visuospatial and
constructional disabilities, auditory memory, semantic asso-
ciation, and depression. Our study showed that the patients
who had higher levels of C3 and C4 at baseline had less
improved or even impaired quality of life, verbal ability and
memory, as assessed by a semantic verbal fluency test and
BVRT correct score, in 2 years. Patients with higher levels
of IL-6 at baseline displayed a worsening of their depression,
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Table 1 Descriptive statistics of clinical, cognitive, motor data, and immunological parameters; significant differences between baseline and
second assessment are marked with asterisks

At baseline At follow-up assessment after 2 years P
Mean + SD Median (min—max) Mean + SD Median (min—max)
Daily L.-DOPA equivalent 479.4 + 378.1 400 (54-2010) 563.9 + 365.4 510 (68-1715) 0.030*
UPDRS total 328 +15.5 30 (7-76) 429 +18.2 46 (12-80) < 0.001*
UPDRS I 1.5+1.7 1(0-8) 25+22 2 (0-8) 0.007*
UPDRS II 87+5.6 8 (0-21) 11.6 £ 6.6 13 (1-25) 0.002*
UPDRS IIT 22.8 +10.7 21 (3-56) 28.7+11.6 29 (9-52) < 0.001*
H-Y 1.7+£0.7 2(1-3) 2.1 +£0.7 2(1-4) < 0.001*
ADL 6.8+1.9 8 (1-8) 6.3+25 8 (1-8) 0.036*
Barthel Index 96.2 + 8.6 100 (60-100) 91.1 +12.5 95 (60-100) < 0.001*
C3 12+03 1.1 (0.8-2.9) 1.1 +£0.2 1.2 (0.6-1.8) 0.346
C4 03+0.1 0.2 (0.1-0.6) 0.3+0.1 0.2 (0.1-1.2) 0.225
Interleukin 6 37+238 3.1(0.2-16.8) 37+3.6 2.9 (1.5-21.1) 0.067
CRP 36+26 2.9(1.2-18.8) 43+3.5 2.9 (2.9-20) 0.077
MMSE 284 + 1.6 29 (23-30) 282 +2.0 29 (23-30) 0.255
ACE 89.8 + 7.1 92 (70-100) 88.6 + 8.4 91 (68-100) 0.287
CDT 2.7+0.6 3 (1-3) 27+06 3(1-3) 0.763
VFT phonemic 49+14 52-7) 47+ 1.6 5(1-7) 0.375
VFT semantic 54+1.1 5@3-7 54+14 6 (2-7) 0.860
BVRT correct 63+19 6 (2-10) 6.4+20 7 (2-10) 0.703
BVRT incorrect 6+3.6 5 (0-15) 59+40 5 (0-19) 0.805
WMS 111 first recall 18.8 +4.5 18 (12-29) 184 +£49 18 (10-29) 0.377
WMS III delay recall 18.6 + 4.6 18 (11-29) 183 +5.4 18 (10-33) 0.430
WMS 11T total 37.1 £9.1 36 (22-56) 36.8 + 10.0 36 (20-57) 0.611
MADRS 124 + 6.9 13 (1-34) 12.0£9.9 10 (0-35) 0.818

UPDRS Unified Parkinson’s Disease Rating Scale, H—Y Hoehn—Yahr Scale, ADL activity of daily living score, MMSE mini-mental state exami-
nation, ACE Addenbrooke’s cognitive examination, CDT the clock drawing test, VFT verbal fluency test, BVRT Benton visual retention test,
WMS Wechsler Memory Scale, MADRS Montgomery Asberg Depression Rating Scale

Table 2 Significant correlations between clinical and immunological data expressed as Spearman’s rho (p value); significant results are marked
with asterisks

Baseline—follow-up difference after 2 years (second step of ~Assessment at follow-up after 2 years (fourth step of

analysis)® analysis)®

C3 C4 Interleukin 6 C3 C4 Interleukin 6
ADL —0.393 (0.012%)  —0.274 (0.088) —0.075(0.647) —0.357 (0.024*) - 0.057 (0.725) —0.101 (0.537)
VFT semantic —0.352 (0.026%)  —0.027 (0.868) —0.122 (0.453) —0.278 (0.082) 0.078 (0.631) 0.140 (0.390)
BVRT correct —0.224 (0.165) —0.395(0.012*)  —0.140 (0.388) 0.136 (0.403) —0.197 (0.223) 0.184 (0.255)
WMS III delay recall  — 0.014 (0.933) —0.256 (0.111) —0.043 (0.790)  — 0.084 (0.608) —0.335(0.034%) 0.048 (0.770)
WMS 11T total 0.032 (0.844) —0.268 (0.094) —0.122 (0.455) - 0.039 (0.809) —0.331 (0.037%) 0.024 (0.883)
MADRS 0.198 (0.221) 0.035 (0.830) 0.366 (0.020%)  0.220 (0.172) 0.043 (0.794)  —0.001 (0.994)

ADL activity of daily living, VFT verbal fluency test, BVRT Benton’s visual retention test, WMS Wechsler Memory Scale, MADRS Montgomery
Asberg Depression Rating Scale

#The immunological values at baseline were correlated with the difference between the clinical data at baseline and after 2 years. Significant cor-
relations indicated that the changes in motor, clinical, quality of life, or cognitive data were associated with immunological data at baseline, i.e.,
the baseline immunological data predicted changes in clinical data

5The correlation of the immunological and clinical variables at the follow-up assessment after 2 years
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as assessed by MADRS, after 2 years. These baseline immu-
nological data indicated changes in clinical data. Patients
with persistently higher levels of C3 after 2 years had worse
quality of life. Patients with persistently higher levels of
C4 after 2 years had worse memory ability, as assessed by
Wechsler memory test, after 2 years at follow-up visit. Our
results confirm a relationship between elevated IL-6 and
depression. In a cross-sectional case—control study, IL-6
was significantly higher in the serum of PD patients with
depression and fatigue (Lindqvist et al. 2012). Depression,
fatigue, and cognitive impairment were also associated with
higher CSF levels of inflammatory markers (Lindqvist et al.
2013). The cognitive impairment was not reflected by IL-6
serum level. It is possible that a correlation between cogni-
tion and serum IL-6 could be observed with longer obser-
vation period and further progression of cognitive impair-
ment. However, lower CSF levels of IL-6 in depressed PD
patients (Palhagen et al. 2010) were also reported. Although
we did not assess fatigue separately in our study, fatigue
negatively influences quality of life; our results showed a
negative influence of elevated complements on quality of
life in PD patients. Cross-sectional study by Hoffmann et al.
(2009) showed a negative correlation of IL-6 levels and the
Activities of Daily Living Scale, indicating that patients with
more severe disease had higher levels of IL-6. There were no
significant correlations between immunological markers and
other psychological tests (CDT, MMSE). We were unable
to confirm the negative impact of elevated IL-6 serum lev-
els on motor symptom. This is in contrast to a study dem-
onstrating an impact on gait speed (Scalzo et al. 2010); in
addition, association between higher plasma CRP levels and
more rapid motor progression in PD has been reported in a
cohort of 375 patients (Umemura et al. 2015); however, we
did not study gait in detail. Higher CSF levels of IL-6 are
associated with the severity of motor impairment (Miiller
et al. 1998). It is possible that with more detailed testing and/
or higher numbers of PD patients, a connection with motor
impairment would be observed. Moreover proinflamma-
tory cytokine appeared elevated in idiopathic parkinsonians
whose postural and psychomotor responses were abnormal,
being suppressed where they were normal: trends which
contrasted with those in controls (Dobbs et al. 1999). Our
results support the hypothesis that neuroinflammation par-
ticipates in non-motor impairment in PD. As the CRP levels
were in normal range (except one above-mentioned patient
with rheumatoid arthritis), a subclinical systemic inflamma-
tion that could have influenced the course of PD (Umemura
et al. 2015) was probably not present in our cohort. There
are many different potential mechanisms by which pro-
inflammatory cytokines may generate symptoms of depres-
sion, fatigue, and cognitive impairment in PD (Lindqvist
et al. 2013). Cytokines may have direct effects on mono-
aminergic neurotransmission (Lindqvist et al. 2013; Dunn

2006), the hypothalamic—pituitary—adrenal axis (Lindqvist
et al. 2013; Berczi et al. 2009), and the kynurenine pathway
of tryptophan degradation (Lindqvist et al. 2013; Dantzer
et al. 2008). The pro-inflammatory cytokines and other fac-
tors secreted by reactive microglia may trigger a neurotoxic
cascade that has detrimental effects within the CNS by exac-
erbating neuronal lesions (Olson and Gendelman 2016). Pos-
sible mechanisms for action of cytokines in the pathogenesis
of parkinsonism are induction of acute-phase response in
brain, antigen presentation, phagocytosis, augmentation
of cell-mediated cytotoxicity, interaction with cortisol and
TNF-alpha, inhibition of mitochondrial oxidoreductase
activity, energy depletion, contribution to oxidative stress,
stimulation of glial production of toxins, excitatory amino
acids, nitric oxide, reactive oxygen species, increment level
of auto-antibodies, and permeability of blood-brain barrier
to iron (Dobbs et al. 1999). The present results cannot con-
tribute to the debate whether the activated immune system,
which can be measured by level of cytokines (IL-6 and C3
and C4 complements), is a causal factor or a response to
neurodegeneration, but it indicates that neuroinflammation
may have clinical relevance in non-motor PD symptoms. The
limitation of our study was that the relatively small number
of patients does not allow generalizing the findings; a con-
firmation by a larger study is needed. The follow-up period
of 2 years is also a limiting factor; it is probable that over
a longer period, the deterioration of PD would have been
more expressed and correlations would be more significant.
We are aware of the fact that correction for multiple testing
would result in non-significant results. However, due to the
exploratory nature of the study, we report and uncorrected p
values. On the other hand, a progression of cognitive impair-
ment (in some cases also improvement) over 2 years was
shown in a larger study (Santangelo et al. 2015). Additional
research with larger numbers of subjects, greater batteries
of immunological tests, and longer periods of study in this
field is needed. The question of whether an inflammatory
treatment may have a positive impact on PD is not new. It
was already shown that non-steroid anti-inflammatory drugs
may prevent or delay the onset of PD (Honglei et al. 2003).
Promising results were shown in experimental models of
PD. Neuroinflammation associated with activated microglial
responses contributes to the pathogenesis of PD, making
reactive microglia an interesting therapeutic target (Olson
and Gendelman 2016). However, there have not been clini-
cal advances using anti-inflammatory agents. On the other
hand, the full potential of modern anti-inflammatory treat-
ment has not yet been explored. As we were able to demon-
strate a sensitivity of non-motor symptoms to the elevation
of inflammatory markers, we suggest that these symptoms,
in particular cognition and mood disturbances, should be
given more attention in further testing of the therapeutic
potential of anti-inflammatory agents.
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