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ABSTRACT: Background: In Parkinson’s dis-
ease (PD), postural instability and gait disorder (PIGD)
symptoms are associated with a worse prognosis for
an unknown reason.
Objective: The objective was to explore the relation-
ship between cannabinoid receptor type 1 (CB1R)
availability and motor symptoms in PD with [18F]
FMPEP-d2 positron emission tomography (PET).

Methods: Fifteen individuals with PD underwent [18F]
FMPEP-d2 PET to measure cerebral CB1R availability.
The Unified Parkinson’s Disease Rating Scale motor
part (UPDRS-III) was used to evaluate the motor
symptoms.
Results: A negative correlation was observed
between [18F]FMPEP-d2 VT and PIGD score
(P = 0.002) as well as rigidity subscore (P < 0.001).
Both clusters covered widespread areas of both hemi-
spheres. In contrast, tremor or bradykinesia did not
correlate to [18F]FMPEP-d2 VT.
Conclusions: Gait, postural instability, and rigidity in
PD are associated with decreased CB1R availability,
unlike tremor or bradykinesia, suggesting that the
endocannabinoid system has a role in the pathophysi-
ology of different motor symptoms in PD. © 2024 The
Author(s). Movement Disorders published by Wiley
Periodicals LLC on behalf of International Parkinson
and Movement Disorder Society.
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The endocannabinoid system (ECS) is a complex
neuromodulatory system that plays an important role
in central nervous system development,1 synaptic
plasticity,2 and cognitive processes,3 among others. The
most abundant cannabinoid receptor in the brain is
cannabinoid receptor type 1 (CB1R). High densities of
CB1R are found in basal ganglia,4,5 which makes the
ECS an interesting study target for basal ganglia dis-
eases like Parkinson’s disease (PD).
The Postural Instability and Gait disorder (PIGD)

subtype in PD has been associated with more functional
disability, faster disease progression, and more
nonmotor disturbances6-10 compared to the tremor-
dominant subtype. The pathogenic mechanisms under-
lying the heterogeneity and the different motor subtypes
in PD are still unclear.
We have previously studied the ECS in vivo in sub-

jects with idiopathic PD using positron emission tomog-
raphy (PET) and [18F]FMPEP-d2, an inverse agonist
radioligand with a high affinity and selectivity for the
CB1R. We showed that subjects with PD, who had dis-
continued their usual antiparkinsonian medication at
least 12 hours before scanning, had lower CB1R avail-
ability compared to healthy controls. The decrease in
CB1R availability was seen widely across different
brain areas, including basal ganglia, cortical areas,
white matter, and cerebellum. We also found that when
the subjects were on their usual antiparkinsonian
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medication, the CB1R availability was significantly
increased toward the normal level, indicating that anti-
parkinsonian medication affects the CB1R availability.11

This study aimed to further characterize the ECS dis-
turbance in PD by exploring the relationship between
CB1R availability and different motor symptoms in PD
with [18F]FMPEP-d2 PET.

Patients and Methods
Patients and Study Design

The study was approved by the Ethics Committee of
the Hospital District of Southwest Finland and was
conducted according to the World Medical Association
Declaration of Helsinki (Ethical Principles for Medical
Research Involving Human Subjects) and following
Good Clinical Practice guidelines. Written informed
consent was obtained from all participants according to
the Declaration of Helsinki.
The study sample consisted of 15 subjects with PD

(Table 1). Recruited participants fulfilled the UK Brain
Bank Research criteria for the diagnosis of idiopathic
PD. To confirm the clinical diagnosis of PD, all parti-
cipants also underwent [18F]FDOPA high-resolution

research tomograph (HRRT) PET examination to
ensure typical nigrostriatal dopaminergic hypofunction
characteristic of PD. All subjects were on their individ-
ual standard PD medication. The details on the dopa-
minergic medication for each subject are presented in
Supporting Information. None of the participants used
hormone replacement therapy or reported smoking of
any kind. The exclusion criteria have been described
previously.11

Evaluation of Motor Symptoms
The Unified Parkinson’s Disease Rating Scale motor

part (UPDRS-III) was evaluated during the OFF stage
(levodopa was discontinued for a minimum of 12 hours
in advance, dopamine agonists and MAO-B inhibitors
a minimum of 24 hours in advance). The evaluation
was performed by a clinical neurologist. The focus of
our study was to compare different motor features with
[18F]FMPEP-d2 distribution volume (VT). Therefore, we
calculated UPDRS-III subscores for rigidity (sum of
items 22a-e), body bradykinesia (item 31), tremor (sum
of items 20a-e and 21a-b), and a composite of gait
(item 29) and postural instability (item 30) (PIGD
score).12

Radiochemistry
[18F]FMPEP-d2 was prepared as described previ-

ously.13 The radioligand was obtained in high radio-
chemical purity (>95%) and had a molar activity of
200 � 15 MBq/nmol at the time of injection.

Imaging Procedures
Structural MRI was performed using a 3T scanner

(Philips Ingenuity TF PET/MR, Philips Medical Systems,
Cleveland, OH, USA) and utilized in the analyses as
described previously.11 The OFF state [18F]FMPEP-d2
examinations were performed using a HRRT PET scan-
ner (Siemens/CTI, Knoxville, TN, USA) as described pre-
viously11 for a total emission data scan range of 0–60
and 90–120 minutes. Concomitant blood sampling was
performed as described previously.11

PET Imaging Analyses
PET data processing and kinetic modeling were car-

ried out as described previously.11 The voxel level
[18F]FMPEP-d2 VT images, calculated with Logan’s
method within 30–120-minute period, were normal-
ized to MNI152 space using clinical toolbox,14 and
spatially smoothed using an 8-mm full-width at half
maximum Gaussian filter. Before statistical analyses,
VT images were flipped so that the left hemisphere cor-
responded to the contralateral side to the most
affected body side and the right to the ipsilateral side.
Details of imaging procedures and analyses are also
provided in Supporting Information.

TABLE 1 Demographics and characteristics: demographic and clinical
information on subjects

Mean � SD Min. Max.

Number of subjects
(male/female)

8/7 - -

Age (y) 66 � 6 52 74

Disease duration (y) 10 � 5 2 18

H&Y 2.5 1.5 3

UPDRS-III (OFF
medication) score

23 � 8 8 36

Gait+Postural Instability
score

2 � 1 0 4

Rigidity score 5 � 3 0 12

Bradykinesia score 2 � 1 1 3

Tremor score 3 � 2 0 7

LEDD (mg) 602 � 189 226 1007

Injected activity of [18F]
FMPEP-d2 (MBq)

201 � 12 174 220

Smoking of any kind - - -

Hormone replacement
therapy

- - -

BMI (kg m�2) 29 � 6 23 36

Abbreviations: SD, standard deviation; H&Y, Hoehn and Yahr scale; UPDRS-III,
Unified Parkinson’s Disease Rating Scale, Part III; LEDD, levodopa equivalent
daily dose; MBq, Mega Becquerel; BMI, body mass index.

164 Movement Disorders, Vol. 40, No. 1, 2025

A J A L I N E T A L

 15318257, 2025, 1, D
ow

nloaded from
 https://m

ovem
entdisorders.onlinelibrary.w

iley.com
/doi/10.1002/m

ds.30042 by D
uodecim

 M
edical Publications L

td, W
iley O

nline L
ibrary on [27/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Statistical Analyses
Statistical analyses were performed using SPM12

software (Wellcome Trust Centre for Neuroimaging,
London, UK) running in MATLAB (The MathWorks,
Natick, MA). Associations between [18F]FMPEP-d2 VT

and with different UPDRS-III subscores were investi-
gated with multiple regression, where age and sex were
included as controlling variables. No grand mean scal-
ing or global normalization was done. An explicit mask
was used. All results were corrected for multiple com-
parisons using false discovery rate (FDR) at P < 0.05,
and the cluster extent threshold was set such that only
significant clusters were displayed. The statistical pat-
terns were visualized using MRIcroGL software
(https://www.nitrc.org/projects/mricrogl).

Results

A statistically significant negative correlation was
observed between [18F]FMPEP-d2 VT and PIGD score
(P = 0.002). That is, the lower the [18F]FMPEP-d2 VT,
the higher the PIGD scores were. A large cluster
(266,770 voxels) was located widespread over both
hemispheres, covering several areas of temporal, parietal,

and frontal lobes; cerebellum; and white matter
(WM) (Fig. 1A). Similarly, a statistically significant nega-
tive correlation was observed between [18F]FMPEP-d2
VT and rigidity subscore (P < 0.001). A large cluster
(627,855 voxels) was located widespread over both
hemispheres covering several areas of temporal, parietal,
frontal, and occipital lobes; thalamus; basal ganglia; cere-
bellum; and WM (Fig. 1B). In contrast, tremor
(P = 0.995) or bradykinesia (P = 0.980) subscore or
UPDRS-III total score (P = 0.144) did not correlate sig-
nificantly with [18F]FMPEP-d2 VT.
Results were essentially replicated using non-

parametric testing, an ROI-based approach, and correc-
tion for partial volume effects. Details of supplementary
analyses are provided in Supporting Information.
Additionally, we studied the relationship between

[18F]FMPEP-d2 binding and [18F]FDOPA uptake, but
the [18F]FMPEP-d2 and [18F]FDOPA correlation analy-
sis did not survive multiple comparison correction using
FDR at P < 0.05.

Discussion

In this study, we investigated the relationship
between CB1R availability and different motor features

FIG. 1. Whole-brain statistical parametric mapping analysis shows lower cannabinoid receptor type 1 density correlating to higher gait and postural
instability (A) and rigidity (B) subscore. Color bar represents t value, which corresponds to the level of significance at the voxel level. R, right hemi-
sphere corresponding to the ipsilateral to the most affected body side. A, anterior; P, posterior; S, superior.
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of PD. We found that gait and postural instability and
rigidity were associated with decreased CB1R availabil-
ity measured as [18F]FMPEP-d2 VT in several brain
areas. In contrast, we did not see any association
between tremor or bradykinesia and [18F]FMPEP-d2
VT, which supports the hypothesis of different patho-
physiological mechanisms underlying different motor
subtypes and symptoms in PD.
The typical motor symptoms of PD include

bradykinesia, rigidity, tremor, postural instability, and
gait problems. However, individual patients’ symptoms
vary considerably, and three major clinical phenotypes
have been described based on the predominant motor
feature: tremor-dominant, akinetic-rigid, and PIGD
subtypes. Several studies have found that the tremor-
dominant subtype is associated with slower progres-
sion, while patients who have or progress to the PIGD
subtype have a poorer prognosis and are at an
increased risk for developing dementia.6,15,16 The path-
ophysiological basis for the different phenotypes is not
fully understood.
Dopaminergic depletion is the main neuropathological

change behind PD-related motor symptoms and the
rationale for using dopaminergic medication. Although
dopamine replacement reduces rigidity and bradykinesia
efficiently, the effect on tremor and PIGD symptoms can
be minor. Similarly, imaging studies have shown a signif-
icant correlation between striatal dopamine loss and
bradykinesia and rigidity although such an association
has been weaker or not been observed with tremor.17,18

PD pathology is not restricted to the dopaminergic sys-
tem, and significant changes have also been observed in
other neurotransmitter systems, which most likely con-
tribute to the clinical phenotypes of PD. For example,
decreased serotonergic transporter availability has been
shown to correlate with the severity of tremor19; gait
impairment has been associated with cholinergic defi-
cit20; and the akinetic-rigid motor subtype has more
severe noradrenergic loss than the tremor dominant sub-
type.21 The current study expands this knowledge by
showing that decreased CB1R availability is associated
with gait and postural instability and rigidity, whereas
such an association is not observed with tremor and
bradykinesia.
Animal studies have shown that CB1R can modify

both the dopaminergic system22 and the noradrenergic
system.23 Our previous work showed an interaction
between CB1R and the dopaminergic system as we
found that subjects with PD had lower CB1R availability
in the OFF stage compared to healthy controls. In the
ON stage the availability increased toward normal
levels.11 But the dopaminergic deficit alone hardly
explains the findings of the current study because the
correlation between reduced [18F]FMPEP-d2 VT and
increased rigidity and PIGD scores was also seen in the
cerebellar and occipital regions, where the dopaminergic

projections are low. Instead, noradrenergic and cholinergic
projections reach these regions and might explain some of
the findings.
We found a significant correlation between decreased

[18F]FMPEP-d2 VT and rigidity and the PIGD score in
several brain areas, including the WM. Although CB1R
is most abundant in cortical regions, hippocampus,
entorhinal cortex, and basal ganglia,24 they are also
present in WM.25 WM forms connections between cor-
tical and subcortical gray matter regions, and PIGD
and non-tremor-dominant PD patients are believed to
have more severe deficits within cortico-striato-tha-
lamo-cortical circuitry compared to tremor-dominant
PD patients.26

Considering that high densities of CB1R are found in
basal ganglia, the ECS is of interest when developing
new treatments for basal ganglia disorders such as
PD. The role of CB1R in movement control is
supported by CB1R knock-out mouse studies exhibiting
a phenotype with hypoactivity and reduced move-
ment.27,28 Furthermore, based on animal studies,
targeting the ECS might have beneficial effects on PD-
related motor symptoms.29 Thus far, only a few studies
investigating cannabinoids in subjects with PD have
been published. The results have been conflicting, prob-
ably due to small subject samples, various agents used,
or being open-label. Also, the effects have been evalu-
ated only by UPDRS total scores and not on different
motor symptoms separately. The current study results
support further exploring how targeting the ECS might
affect different motor symptoms of PD instead of the
total UPDRS motor score.
In conclusion, our study supports the hypothesis that

the pathophysiological basis behind different motor
symptoms and subtypes in PD is heterogeneous and fur-
ther expands this by including the ECS as a potential
contributor. A better understanding of the pathophysio-
logical differences in different PD motor subtypes may
result in more advanced and individualized treatment.
More studies with larger sample sizes and subjects with
various motor and nonmotor symptoms are needed to
further understand the role of the ECS in PD and the
interaction between the ECS and the dopaminergic
system.
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