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Highlights of the Study

patients with Parkinson’s disease than in controls.

« Elevated plasminogen activator inhibitor-1 levels have been reported in Alzheimer’s disease;
however, data on plasminogen activator inhibitor-1 levels in Parkinson’s disease are limited.
« We found that serum plasminogen activator inhibitor-1 levels were significantly lower in

« Clinical findings revealed that plasminogen activator inhibitor-1 concentration was marginally
positively correlated with the Hoehn and Yahr Scale score.

Keywords
Parkinson’s disease - Neurodegeneration - Serum - PAI-1

Abstract

Objectives: The aim of the study was to investigate serum
plasminogen activator inhibitor-1 (PAI-1) levels of patients
with Parkinson’s disease (PD) and their relationship with
clinical findings and treatment of disease. Methods: The
study included 125 PD patients and 48 healthy controls.
Patients have been taking effective dopaminergic treat-
ment regularly. The clinical severity of parkinsonism was
assessed using the Hoehn and Yahr (HY) staging scale and
the Unified PD Rating Scale (UPDRS). PAI-1 level analysis
was performed by enzyme-linked immunosorbent assay.

Results: Patients with PD had significantly lower serum PAI-
1 levels than healthy controls (p < 0.001). Correlations with
clinical findings showed only a marginally positive corre-
lation between serum PAI-1 and HY score (r = 0.170, p =
0.05). In contrast, no significant correlation was demon-
strated with the UPDRS score or other clinical parameters.
Conclusion: This is the first comprehensive analysis of
serum PAI-1 levels in patients with PD. The distribution of
PAI-1 in PD appears to be complex. The study results im-
plicate that the paradoxical effects of tissue plasminogen
activator on the brain parenchyma can be important in the
pathophysiology of PD. Future studies are needed to
elucidate the role of fibrinolytic system components in PD.
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Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder (ND) just behind Alzhei-
mer’s disease (AD). PD is characterized by neuron death
resulting in progressive motor and non-motor dys-
function. Cardinal motor clinical findings are brady-
kinesia, tremor at rest, rigidity and postural instability.
Motor findings, which usually affect one body side at the
onset of the disease, spread to the other body side later
in the course of the disease, and lead to severe disability
[1]. PD remains a poorly understood and incurable
disease.

Progressive degeneration of dopaminergic neurons in
the substantia nigra and abnormal accumulation of a-
synuclein (a-syn) and other proteins; tau and amyloid in
the Lewy neurites are biological processes that partici-
pate in the pathophysiology of PD [2, 3]. Studies have
revealed that genetic mutations, mitochondrial dys-
function, oxidative stress, immunological dysfunction,
neuroinflammation, and protein aggregation contribute
to the pathogenesis of PD. Recent studies have focused
on candidate molecules that can serve as surrogate
biomarkers in PD [4-6].

Plasminogen activator inhibitor-1 (PAI-1) has been
reported as a biomarker for diagnosis, prognosis, clinical
stages, and therapeutic targets of NDs such as PD and AD
[7-11]. PAI-1 has been reported in AD [12-14]. PAI-1 is
a serine protease inhibitor. It regulates the plasminogen
activation system by inhibiting tissue and urokinase-type
plasminogen activators (tPA and uPA). PAI-1 is mainly
produced from platelets and endothelial cells. PAI-1
inhibits the conversion of plasminogen to plasmin and
fibrinolysis. PAI-1 levels and activity have been exten-
sively investigated in thrombotic disorders, atheroscle-
rosis, inflammation, sepsis, cancer, and AD [15-17].
Studies have consistently reported that PAI-1 levels in-
crease in AD [11, 12, 14]. Differences in pathophysiology
have been observed between NDs. Although increased
PAI-1 levels have been reported in AD, studies on its
levels in PD are limited. AD and PD exhibit many
similarities and differences in pathogenesis and pro-
gression. For instance, vascular risk factors have been
implicated in the onset of AD but not in PD. In contrast,
cellular death and neuroinflammation are involved in the
pathophysiology of PD [4, 5, 8].

Therefore, PAI-1 levels in PD are of clinical interest.
The aim of this study was to analyze serum levels of PAI-1
in patients with PD and investigate their relationship with
motor and non-motor clinical findings, prognosis and
treatment of the disease.

Serum PAI-1 in PD Patients

Materials and Methods

Subjects

This study included 125 consecutive patients with PD who
attended the Movement Disorders Clinic of Istanbul Medeniyet
University, Goztepe Training and Research Hospital, and 48
consecutive healthy subjects who were the spouses of the patients
or individuals who volunteered. The participants were between 40
and 80 years old and had a five year-education period at least.
Pregnant, post-partum, or breast-feeding women were excluded.
All participants agreed and signed informed consent before en-
rollment in the study.

Inclusion and Exclusion Criteria

An experienced neurologist diagnosed the PD patients based on
the Movement Disorder Society Clinical Diagnostic Criteria [18].
Same neurologist followed up the patients in the outpatient clinic
regularly. Patients had PD diagnosis for at least 2 years and used
effective dopaminergic treatments for the last 6 months regularly.
We recorded demographic information, clinical findings, scale
scores, and treatment protocols in their databank at each follow-
up. Exclusion criteria were as follows: the presence of dementia
and/or having scores less than 24 on the mini-mental state test; a
psychiatric disorder diagnosed with a structured clinical interview
and/or on the Geriatric Depression Inventory, a score of 17 or
higher measuring moderate to severe depression; history of co-
morbidities including diabetes mellitus, cardiovascular disease,
cerebrovascular disorder, hyperlipidemia, infectious disease,
neoplasm, endocrine disorder, autoimmune, renal, hepatic, and
hematologic disorders; use of an anti-inflammatory or immuno-
suppressive drug; and a history of alcohol and/or substance abuse.
Healthy controls with a family history of neurological disorders
were also excluded from the control group. Participants with
hypertension comorbidity under one drug use only included.

Clinical Evaluation

PD patients were examined “on” periods and disease-related
scales were performed the day before collecting blood samples.
Clinical data included the onset symptom of PD (tremor or bra-
dykinesia), affected body side (right or left), disease duration,
presence of postural and gait dysfunction, motor fluctuations,
dyskinesia, hallucination, and family history. The Hoehn and Yahr
(HY) staging scale was used for disease severity [19]. Higher stages in
this scale ranging from 1 to 5 meant a more severely presented
disease. Stage 1 was for unilateral disease, stage 2 for bilateral form
without balance difficulties, stage 3 for presence of postural insta-
bility, stage 4 for physical dependence, and stage 5 if having
wheelchair or without aid being bound in bed. PD patients were
categorized according to the HY scale as early stage (stages 1 and 2),
moderate stage (stage 3), and late stage (stages 4 and 5), respectively.
Clinical symptoms were assessed using the Unified PD Rating Scale
(UPDRS). It has four parts: part I for mental function, behavior and
mood (4 items by self-assessment), part II for self-determination of
the daily activities (13 items), part III for motor examination scored
by clinician (14 items), and part IV for motor complications (4 items
for dyskinesia, 4 for fluctuation, and 3 for other complications). The
patients were asked to rate 39 items in total on a 5-point scale. By
adding the scores of the four parts, a total score was obtained [20]. All
patients were using effective dopaminergic treatment regularly and
levodopa equivalent daily dose (LEDD, mg/day) was recorded [21].
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Table 1. Demographic and clinical

characteristics of patients with PD and Variables Patients (n = 125) Controls (n = 48)  p value
healthy controls Age, years? 63.82+8.41 61.85+7.97 0.163'
Gender, male, n (%) 85 (68) 24 (50) 0.0282*
Education, years® 53] 7.5 [9] 0.0243*
History of hypertension, % 29 (23) 11 (23) 0.8572
Disease duration, years?® 8.20+5.72
HY stage® 2.10+0.76
LEDD, mg/day? 878.86+514.79
UPDRS-I2 1.323+£1.29
UPDRS-II? 9274560 o o
UPDRS-III2 12.52+6.39
UPDRS-IV? 2.26+3.57
UPDRS-total? 25411445 o

Student's t test. Pearson’s x? test. 3Mann-Whitney U test. ?Data are presented as
the mean + SD. PData are presented as the median [IQR]. *Significance at p < 0.05.

Blood Sampling

In the outpatient clinic, blood specimens were collected from all
participants early in the morning between 8 and 10 am after 12 h of
fasting. Samples were taken into serum vacutainer tubes including
gel and clot activator and were then centrifuged for 10 min at
4,000 g. Supernatant serum was stored at —80°C until used for
laboratory analysis. Serum PAI-1 levels were determined by using
commercially available enzyme-linked immunosorbent assay kits
(cat. No: E-EL-H2104; Elabscience, USA), according to the
manufacturer’s instructions and are expressed as mol/L in unit.

Statistical Analysis

Statistical analyses were performed using SPSS® version 23. All
measured variables were subjected to normality testing using the
Shapiro-Wilk normality test. Descriptive values were expressed as
mean * standard deviation (SD), median (interquartile range) and
percentage. The following statistical tests were performed: Pear-
son’s x> or Fisher’s exact test for categorical variables, Student’s
t test for normally distributed continuous variables and the Mann-
Whitney U test for non-normally distributed continuous variables.
Spearman’s test was used to assess correlations for continuous and
ordinal variables. Nonparametric Jonckheere-Terpstra test was
used to analyze the differences in median PAI-1 levels between
ordinal HY score groups from stages 1 to 4. The p value of less than
0.05 was considered significant.

Results

Demographic and Clinical Characteristics of the Study

Participants

A total of 173 participants, including 125 PD patients
(85 males and 40 females) and 48 healthy controls
(24 males and 24 females), were included in the study.
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Sociodemographic and clinical variables have been pre-
sented in Table 1. There was no significant difference in
age between patients and controls (Table 1). Male pre-
dominance was found significantly higher in PD patients
than in the controls (Table 1). Duration of education was
found significantly longer in the control group than in the
PD patients (Table 1). All participants were the ones
using their right hands. A total of 78 (62%) of PD patients
were followed up with tremor-dominant form and 64% of
them had right-sided onset of the disease. Besides, 62% of
patients with bradykinesia-dominant form had right-
sided disease onset. A total of 11 (9%) patients had a
family history of PD. As a result of HY scale, 28 (22%) of
the patients were distributed into stage 1, 60 (48%) into
stage 2, 34 (27%) into stage 3, and 3 (2%) into stage 4,
respectively. All patients were treated by effective do-
paminergic drugs regularly. Only 7 patients did not use
any dopamine agonists and 91 (73%) used an extended-
release form of pramipexole treatment, while the others
were treated with an extended-release form of ropinirole.
A total of 10 (12%) of the patients had dopamine dys-
regulation syndrome. 11 (9%) of the patients had bilateral
subthalamic nucleus deep brain stimulation (STN DBS)
surgery.

Serum PAI-1 Levels

Median serum PAI-1 levels were significantly lower in
PD patients when compared to those in the healthy
controls (8.60 [4.50] vs. 9.40 [1.25], respectively, p <
0.001; Fig. 1).
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Fig. 1. Scatter plot showing serum PAI-1 levels of patients with PD
and healthy controls (p < 0.001).

Correlations between PAI-1 Levels and Demographic

and Clinical Data

Age, gender, years of education, and presence of hy-
pertension did not show any association with serum PAI-
1 levels. We also analyzed the correlation between disease
duration, onset type and dominant side of the disease,
presence of family history, disease severity (HY score),
current clinical status (UPDRS), treatment, and serum
PAI-1 levels. Nonparametric Jonckheere-Terpstra test
was used to analyze the differences in median PAI-1
serum levels between ordinal HY score groups from 1 to
4 and a borderline significant difference was found
between the groups (p = 0.05). Based on the results, there
was a borderline significant positive correlation between
serum PAI-1 levels and HY scores (r = 0.170, p = 0.05;
Fig. 2). Furthermore, serum PAI-1 concentration was
only marginally positively correlated with the HY score,
which is useful for quick staging and general categori-
zation but primarily focuses on motor symptoms and
balance. In contrast, no significant correlation was ob-
served between serum PAI-1 levels and UPRDS, which is
a much more comprehensive scale that also accounts for
non-motor symptoms and is most often used in re-
search. Similarly, no significant correlations were ob-
served between PAI-1 levels and other clinical charac-
teristics, including disease duration, onset type of PD,
complications (e.g., dopamine dysregulation syndrome),
psychosis, and treatment (e.g., LEDD, type of dopamine
agonist, and STN DBS).
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Fig. 2. Correlation analysis between serum PAI-1 levels and HY
staging scores in patients with PD (Spearman’s correlation test, r =
0.170, p = 0.05).

Discussion

There is a need for novel surrogate biomarkers in the
diagnosis and management of PD. PAI-1 is a potential
biomarker for the diagnosis, prognosis, clinical stages and
therapeutic targets of NDs such as PD and AD. The role
of PAI-1 and fibrinolysis in the PD pathogenesis remains
to be elucidated [22, 23]. In our study, we measured the
concentration of PAI-1 in the serum of PD patients. We
report that PD patients have significantly lower serum
PAI-1 levels compared to the healthy controls. There was
a positive but weak correlation between PAI-1 levels and
the HY score. The study findings contradict the previous
report from AD which indicated that PAI-1 is increased
in AD [11-14]. In the two most common NDs (AD and
PD), PAI-1 levels appear to shift in opposite directions.
The findings reported in this study are interesting but
require further confirmation in future research.

Fibrinolytic system components such as PAI-1 and
tPA exhibit pleiotropic activities beyond hemostasis in
the central nervous system (CNS). Several questions
remain to be answered about the role of fibrinolytic
system components in the pathophysiology of NDs. The
balance between plasminogen activators such as tPA and
uPA and their principal inhibitor, PAI-1 modulates the
fibrinolytic activity. Therefore, measuring the PAI-1 level
alone would not be sufficient to assess the total fibri-
nolytic activity in the CNS. PAI-1 to tPA molar ratio is a
better index of overall fibrinolytic capacity. Hence, it
would be difficult to draw conclusions from the elevated
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PAI-1 levels in AD in the absence of knowledge about the
corresponding tPA levels. It is important to note that we
did not measure tPA levels in our study. Little is known
about the balance or molar ratio of PAI-1 to tPA in AD,
PD, or other NDs [24, 25].

PD is a movement disorder with a highly heteroge-
neous course. The disease course, including motor and
non-motor symptoms, varies significantly among pa-
tients. The rate of disease progression is also heteroge-
neous and unpredictable. The pathophysiology of AD
and PD remain the topics of extensive investigation. PD
and AD exhibit many differences in their pathogenesis.
The current hypothesis in AD indicates that the deposits
of extracellular amyloid beta proteins and neurofibrillary
tangles of accumulated hyperphosphorylated tau protein
lead to cognitive and neuropsychiatric symptoms [26]. A
variety of evidence demonstrates that vascular risk factors
and history of vascular disease increase the risk of AD
[27]. Increased PAI-1 levels have been reported in ath-
erosclerosis, chronic inflammatory states, and cardio-
vascular disease [24, 25].

On the other hand, the effects of PAI-1 in CNS appear
to be more complicated than its effects in circulation. It
has been reported that tPA has a dual role in the brain; it
has a beneficial fibrinolytic effect in the thrombotic
vascular occlusion, yet tPA also has a deleterious effect in
the brain parenchyma [27, 28]. tPA increases inflam-
mation, blood-brain barrier disruption, and neo-
vascularization [28]. tPA effects brain parenchyma in the
absence of the generation of plasmin through various
receptors like N-methyl-D-aspartate receptor and the
low-density lipoprotein receptor-related protein-1 (LRP-
1). The effects of tPA differ in the ischemic versus non-
ischemic brain. As a ligand of LRP-1, tPA has proin-
flammatory effects in the brain. Since neuroinflammation
is involved in the pathophysiology of PD, report of low
PAI-1 levels in PD can be of clinical interest. A low level
of PAI-1 would indicate an increased activity of tPA. As
the substrate of PAI-1, tPA is found in abundance in all
cellular elements of the brain, and the effects of tPA in the
ischemic versus non-ischemic brain are varied. Induction
of fibrinolysis, regulation of the permeability of the blood-
brain barrier, neuron survival, and neuroinflammation
are some of the effects of tPA. Thus, PAI-1 appears to be a
checkpoint inhibitor of tPA in various CNS pathologies
such as AD and PD. Fibrinolytic system components
contribute to the development of neuroplasticity under
ischemic and non-ischemic conditions in which tPA
affects the disease onset.

We also observed that the serum PAI-1 levels were
significantly lower in PD patients treated with STN DBS
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compared to the controls. Furthermore, there was a
borderline significant positive correlation between serum
PAI-1 levels and HY stages of the disease. It is important
to note that in this study, all PD patients were effectively
treated with dopaminergic drugs and STN DBS treat-
ment. The results show that serum PAI-1 levels in PD
patients vary widely with the disease-related indices.
Confirmatory studies are needed to assess the role of PAI-
1 levels as a potential biomarker of dopamine treatment
efficacy in PD.

Pan et al. conducted a study on the role of PAI-1 levels
in the diagnosis and prognosis of PD [22]. They reported
that plasma PAI-1 levels in PD patients were higher than
in the control group across all clinical stages of PD (mild,
moderate, and severe). However, PD patients who un-
derwent STN DBS had lower plasma PAI-1 levels.
Treatment with DBS significantly decreased plasma PAI-
1 levels in PD patients compared to the controls. Ad-
ditionally, Pan et al. [22] observed increased plasma PAI-
1 levels in the worsening clinical stages of PD.

The study findings add to the nascent body of literature
on fibrinolytic systems in PD. There are studies that
report conflicting results regarding serum/plasma PAI-1
levels and polymorphisms in PD patients [22, 23]. Fur-
ther studies are required to elucidate the effects of dys-
regulated fibrinolysis neurodegeneration in PD.

The study has several limitations. We examined a
representative sample of PD patients from Istanbul,
Turkey, also the sample size is small and cross-sectional.
PAI-1 levels and stability vary widely in the general
population. There are differences in treatment algorithms
for PD among various countries. We cannot exclude
confounding effects of genetic and environmental risk
factors. Preanalytical and analytical factors can also affect
the levels for PAI-1. For instance, serum levels are obtained
in the morning hours from patients with PD as diurnal
variations can affect the PAI-1 levels. PD phenotype can
change significantly between populations. Naturally, the
diagnostic and prognostic forecast value of biomarkers
would also change according to the PD phenotype. There
is also a need to measure tPA levels to describe overall
fibrinolytic balance in addition to PAI-1 levels.

Conclusion

The distribution of PAI-1 in NDs appears to be
complex, depending on the disease, treatment, presence
of ischemia, and corresponding tPA levels. Having a
better understanding of the mechanisms in which fibri-
nolytic system components, such as PAI-1, contribute to
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the development of novel therapeutic strategies to modify
the disease course in NDs is important. The findings
reported in this study showed that PAI-1 levels were low
in patients with PD and changed with treatment. Finally,
studying the role of PAI-1 in PD can pave the way for the
treatment of NDs and PD with novel therapeutics.
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