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Abstract
Purpose

To investigate neuroinflammation in Parkinson’s disease (PD) with ['TC]PBR28 positron emission
tomography (PET) and cerebrospinal fluid (CSF) biomarkers, and the relationship to dopaminergic
functioning measured with 6-'®F]-fluoro-L-dopa (['®F]FDOPA) PET.

Methods

The clinical cohort consisted of 20 patients with PD and 51 healthy controls (HC). All HC and 15 PD

participants underwent [''C]PBR28 High Resolution Research Tomograph (HRRT) PET examination for the
quantitative assessment of cerebral binding to the translocator protein (7SPO), a neuroinflammation
marker. CSF samples were available from 17 patients with PD and 21 HC and were examined for soluble
triggering receptor expressed on myeloid cells 2 (sTREM2), chitinase 3-like 1 protein (YKL-40), neurogranin

(NG), alpha-synuclein (aSyn) and oligo-alpha-synuclein. All patients with PD underwent ['8F]FDOPA HRRT
PET examination.

Results

Subjects with PD and HC did not differ in the total volume of distribution (V1) of [''C]PBR28 in any studied
brain regions. In the CSF analyses, higher levels of sSTREM2 and NG were associated with more severe
motor symptoms evaluated by The Unified Parkinson’s Disease Rating Scale motor part (UPDRS-III) (p=
0.041 and p=0.016 respectively). Additionally, in the PD group increased V7 in the basal ganglia and
substantia nigra (SN) were related to higher levels of YKL-40 (p<0.01). No significant correlations were
found between [''C]JPBR28 VT and ['8F]JFDOPA uptake or between [''C]PBR28 VT and UPDRS-IIl in any
studied region. No significant correlations were observed between the CSF markers and ['8F]FDOPA uptake

in the SN or the striatum. No significant correlations were found between [''C]PBR28 VT and aSyn, oligo-
aSyn or their ratio.

Conclusion

Associations between CSF biomarkers, motor disability and [''CIPBR28 VT in the striatum and SN may
support a role for neuroinflammation in PD.

Introduction

The aetiology of Parkinson’s disease (PD) is still unclear but growing evidence suggests that
neuroinflammation has a crucial role in its pathology. It has been associated with PD in studies of
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activated microglia [1, 2] and inflammatory cytokines [3] in postmortem brain tissue and cerebrospinal fluid
(CSF) [4]. Higher levels of inflammatory transmitters and activated immune defence cells have been
detected in CSF and blood in patients with PD, compared to healthy controls [5-7]. However, the
relationship between neuroinflammation and neurodegeneration and clinical features of PD remains poorly
understood.

Microglial mitochondria expresses an 18kDa translocator protein (7SP0) which has a low expression in
resident microglia but is significantly increased in activated microglia[8], which represents a hallmark in
neuroinflammation. It is also overexpressed in the reactive astrocytes [9]. [''C]PK11195 is a PET
radioligand which binds to 7SPO and has been widely used to image neuroinflammation in vivo. Patients
with PD showed significantly increased [''C]PK11195 binding [10-13] and the increased binding seems to
correlate with the severity of PD motor symptoms [11]. The findings have not, however, been consistently
confirmed [14]. [''C]JPK11195 has a poor signal to noise ratio which has led to the development of so-
called second-generation TSPO tracers, such as [''C]PBR28. The binding of [''CIPBR28 is affected by a
single nucleotide polymorphism (rs6971) [15] and recently, it was demonstrated that also other biological
factors may contribute to the binding, including body mass index (BMI), age and sex [16].

In this study, we examined the distribution and severity of neuroinflammation in PD with [''C]PBR28 PET
and CSF biomarkers for neuroinflammation, neurodegeneration and alfa-synuclein levels in relation to

dopaminergic functioning measured with 6-['8F]-fluoro-L-dopa (['®F]FDOPA) PET.

Materials And Methods
Subjects and study design

The participant sample consisted of 20 patients with PD and 10 healthy controls (HC). All participants were
interviewed thoroughly for their medical history and a clinical neurological examination was performed by
a clinical neurologist. Participants with neurodegenerative disease or a significant neurological illness
other than PD were excluded. Other significant exclusion criteria included regular use of anti-inflammatory
medication, history of stroke, contraindication for MRI and major focal lesions in brain MRI. The healthy
control group included also 41 participants from another study (CIRI Study) from the Turku PET Centre
focusing on risk factors for Alzheimer's disease, especially APOE €4 genotype and midlife insulin
resistance (IR) [17]. The study population consisted of elderly individuals without cognitive impairment,
half of whom had IR in midlife. In addition, 50% were APOE €4 carriers. The exclusion criteria were similar
to the present study. The IR-status did not, however, affect the [''C]PBR28 V; in any brain region [18]. Thus,
we were able to include this sample in our study with the permission of the corresponding researchers.

All participants were genotyped for the rs6971 polymorphism of the TSPO gene prior to imaging. Only high-
affinity (HAB) and mixed-affinity (MAB) binders were included in the study. Recruited PD participants
fulfilled the UK Brain Bank Research criteria for the diagnosis of idiopathic PD. Demographics are
presented in Table 1.

Page 4/19



All PD participants were on their individual standard PD medication including dopamine agonists,
levodopa and MAO-B inhibitors. The Unified Parkinson’s Disease Rating Scale motor part (UPDRS-IIl) was
evaluated during the OFF stage (levodopa was discontinued for a minimum of 12 hours in advance,
dopamine agonists and MAO-B inhibitors 24h in advance). To confirm the clinical diagnosis of PD, the
patients with PD underwent ['8F]JFDOPA PET examination showing typical findings for PD.

Cerebrospinal fluid

Thirty-eight subjects (17 PD: age years + SD: 66.7 + 6.1, F/M: 3/14 and 21 HC: 67.4+ 6.0, F/M: 10/11) (age
p=0.7,sex p=0.02) gave their consent to CSF sampling. The procedure was carried out by an experienced
MD in an aseptic manner with the locally accepted protocols. The CSF samples were centrifuged at 2200 x
g for 10 minutes with the temperature set at + 20°C. After that 0.5-1.0 mL aliquots of the samples were
pipetted into labelled cryotubes to be frozen and stored at -80°C before the transfer. The CSF samples were
transferred on dry ice to the Clinical Neurochemistry Laboratory of the University of Gothenburg for the
biochemical measurements. CSF soluble triggering receptor expressed on myeloid cells 2 (STREM2)
concentration was measured using an in-house electrochemiluminescence assay on a Meso Scale
Discovery (MSD) SECTOR imager 6000 (MSD, Rockville, MD), as previously described [19]. CSF
neurogranin (NG) concentration was measured using a combination of NG2 and NG36 anti-NG antibodies
in an in-house ELISA as previously described [20]. CSF chitinase 3-like 1 protein (YKL-40) concentration
was measured using a commercially available YKL-40 ELISA kit (R&D Systems, Minneapolis, MN, USA). An
enzyme-linked immunosorbent assay (ELISA) kit (catalog number: 844101, Legend Max, BioLegend, USA)
was employed to measure total a-syn levels in CSF samples. Oligo-alpha-synuclein (oligo-aSyn)
concentration was measured using an in-house Single molecule array (Simoa) assay employing an oligo-
aSyn-selective capture antibody, as previously described [21].

Radiochemistry

The [''C]PBR28 was prepared as described previously from its corresponding desmethyl-PBR28 precursor
(PharmaSynth AS, Tartu, Estonia) [16]. ['®F[FDOPA was prepared as described previously [22].

Imaging procedures

Before PET imaging, structural MR imaging was conducted using a 3T scanner (Philips Ingenuity TF
PET/MR, Philips Medical Systems, Cleveland, OH, USA) and evaluated by an experienced clinical
neuroradiologist to exclude contributing pathologies. T1-weighted MR images were used for delineation of
anatomical regions after co-registration with PET data.

All PET examinations were performed using a HRRT scanner (Siemens/CT]I, Knoxville, TN, USA). All healthy
controls (age years + SD: 70.0 £ 4.9, F/M: 28/23) and 17 patients with PD (age years + SD: 66.5 + 6.4, F/M:
4/13,age p=0.018, sex p=0.025) underwent a [''C]JPBR28 PET but due to failure in obtaining arterial
blood samples in two patients a valid data was available only for 15 patients with PD (age years + SD:
66.01 6.6, F/M: 4/11,age p=0.011, sex p=0.054). A thermoplastic mask was used with a head fixation
system to minimize participant movement artefacts. After the transmission scan (using '/Cs point
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source) [''C]PBR28 (injected activity avg + SD: 493 + 18,5MBq) was injected intravenously as a rapid bolus
followed by a 70 min dynamic PET acquisition. During the first 3 minutes, continuous blood sampling was
performed by an automated blood sampling system (ABSS, Allogg AB, Mariefred, Sweden) after which
blood samples were drawn manually at fixed time points (4, 6, 8,10, 15, 20, 25, 30, 40, 50 and 70 min).
Blood plasma radioactivity was measured at these time points and the [''C]PBR28 metabolites were
determined to generate a metabolite corrected arterial plasma input curve. [''C]PBR28 image
reconstruction and blood data processing were carried out as described previously [16].

Patients with PD underwent ['8FJFDOPA imaging to examine the presynaptic dopaminergic function. The
patients were given 150 mg of carbidopa 60 minutes before the scan to block the peripheral
decarboxylation of ['8F]FDOPA. After the transmission scan, a rapid bolus of ['®FJFDOPA (injected activity
avg + SD: 188.3 + 9.6MBq) was given intravenously and a 90-minute dynamic scan was performed. No
blood samples were drawn during this scan. ['8F[FDOPA images were reconstructed as described
previously [23]. [''C]PBR28 and ['8F]FDOPA scans were performed on different days with an average of
107.7 £ 91.3 days in between.

PET imaging analyses

The PET data were realigned and co-registered with the anatomical MR T1-weighted images using SPM12
software (Wellcome Trust Centre for Neuroimaging, London, UK) running in MATLAB (The Mathworks,
Natick, MA). Global grey matter and six bilateral regions of interest (ROIs) at the anterior and posterior
cingulate cortices, thalamus, caudate nucleus, putamen and cerebellum were delineated automatically with
FreeSurfer software (vs 6) [24]. Additionally, a bilateral substantia nigra ROl was generated by using the
Hammers atlas [25].

For quantitative assessment of [''C]PBR28 binding, regional distribution volumes (V;) of different ROIs

were estimated using Logan’'s method within 30—-70 min by using the metabolite corrected arterial plasma
time-activity curve (TAC) as an input function. The reference tissue input Patlak method [26] with the

occipital region as the reference region was used to calculate the influx constant Kiref between 15 min and
90 min following the ['®F]FDOPA injection.

Statistical Analyses

Statistical analyses were performed with the IBM SPSS Statistics program (version 25) and JMP Pro 14.
The distributions were explored with Shapiro-Wilk's test and histograms. The difference in the regional
['TC]PBR28 V+ in different ROIs between groups was analyzed with General Linear Model (GLM). Analyses
were adjusted for sex and age. Since the residuals of the V; values in some ROIs were not considered
normally distributed, we conducted a sensitivity analysis using log-transformed values to confirm the
results. Subgroup analyses were also made based on the TSPO genotype with the same method in the HAB
subgroup. Whereas the differences in the MAB subgroup were explored with the two-samples t-test and for
the V7 values in some ROIs that were not considered normally distributed the results were also explored
Page 6/19



with Mann-Whitney U-test. The differences in [11C]PBR28 V; between males and females were explored
with the two-samples t-test.

The correlation between K" and [11C]JPBR28 V1 values in contralateral and ipsilateral (to the predominant
side of motor symptoms) putamen and caudate nucleus were tested with Pearson partial correlation
coefficients while the effect of the TSPO genotype was adjusted. The K,"*" of contralateral and ipsilateral
putamen and caudate nucleus were compared with paired samples t-test. Contralateral and ipsilateral
putamen and caudate nucleus [''C]PBR28 V1 were tested with paired samples t-test and the [ C]JPBR28 V

in contralateral and ipsilateral substantia nigra was tested with Wilcoxon signed-rank test due to the
distribution.

The correlation between the UPDRS-III, duration of the disease, NG, YKL-40, aSyn, oligo-aSyn and their ratio
and ['8F]JFDOPA Kiref in the PD group were examined with Pearson correlation coefficient. When exploring
the correlation between the UPDRS-III, duration of the disease, NG, aSyn, oligo-aSyn and their ratio and the
regional V; of [''C]JPBR28 in the PD group we used the Pearson partial correlation coefficient where the
effect of the TSPO genotype was adjusted. The same method was applied to explore the correlation
between YKL and the regional V1 of [''C]JPBR28 in the PD group with TSPO genotype and age set as
covariates. sTREM2 was not considered normally distributed, thus the correlations with UPDRS-IIl and the
regional V1 of [11C]PBR28 in the PD group were estimated with Spearman’s correlation coefficient. Due to

the small sample size, the association between [''C]PBR28 and CSF biomarkers were also explored with
Spearman’s correlation coefficient in which the two genotypes were analyzed separately. The differences
between CSF biomarkers were explored with the two-samples t-test, except for YKL-40, where GLM was
used for age adjustment. The level of significance was set at p<0.05 in all tests.

Results
The ['1C]JPBR28 V1 in PD and healthy controls

The effect of the TSPO genotype on [''C]PBR28 V1 was seen in all studied regions both in subjects with PD
and healthy controls (p<0.001). There were no statistically significant differences in the V; between

patients with PD and healthy controls in any of the studied regions. The same observations were also
made when the HAB and MAB genotypes were tested separately (Table 2). A significant correlation

between BMI and [''C]PBR28 V; was observed as [''C]JPBR28 V1 decreased with higher BMI in all studied

regions (p< 0.01). There was no significant difference in [11C]PBR28 VT between males and females or
correlation between VT of [11C]JPBR28 and age (p>0.05).

Correlation between ['1C]JPBR28 V+ and ['8F]JFDOPA K;"¢f and
UPDRSHIII
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No significant relationship was found between ['8FIFDOPA K."®" and [''C]PBR28 V+ in any studied region (p

>0.1). There was no significant differences between the ['C]PBR28 Vtin the contralateral and ipsilateral
caudate nucleus (mean 2.79 vs 2.78, p= 0.84), putamen (mean 3.88 vs 3.92, p=0.54) and substantia nigra
(median 4.49 vs 4.03, p=0.39). The contralateral ['8F]FDOPA K"/ values were lower than those in the

ipsilateral side both in caudate nucleus (median 0.0068 vs 0.0075, p=0.002) and in putamen (median
0.0047 vs 0.0054, p=0.047) as expected.

There was no correlation between UPDRS-III motor part total score and [''C]JPBR28 V; in any studied region
(p>0.1). No statistically significant correlation was found between UPDRS-Il and the duration of the
disease (p>0.1) nor between the duration of the disease and [''C]JPBR28 V; (p>0.1). The correlation

between UPDRS-Il and ['8F] FDOPA K,"®f did not reach statistical significance in the contralateral (r=-0.412,
p=0.080) oripsilateral putamen (r=-0.32, p=0.18) or the contralateral (r=-0.33, p=0.16) or ipsilateral
caudate nucleus (r=-0.36, p=0.13).

CSF markers in PD subjects and healthy controls

YKL-40 levels increased with age (r=0.59, p<0.001) but similar observations were not made with sSTREM2
(r=0.22, p=0.30) or NG (r=0.23, p=0.11). No significant differences were observed between sex and any
of the CSF markers and thus only age was included in the analyses as a covariate. Patients with PD tended
to have higher sTREM2 compared to controls, but this did not reach statistical significance (p=0.07).
Surprisingly, the control group had higher NG values than the PD group (median 162 vs 180, p= 0.044)
while YKL-40 did not differ between groups (p>0.1) (Fig. 1). There were no significant differences in aSyn,
oligo-aSyn or their ratio between groups (p>0.1). Also, no significant correlations were observed between
aSyn, oligo-aSyn or their ratio and [''C]JPBR28 V+ in PD or HC groups.

UPDRS-II total score increased in correlation with sTREM2 and NG (Fig. 2,r=0.52, p=0.041 and r=0.59, p
=0.016 respectively). A similar association was not observed between YKL-40 and UPDRS-III total score (p
=0.15, Fig. 2). Disease duration was not associated with any of the CSF marker levels. No significant

correlations were observed between CSF markers and ['8F]JFDOPA Kiref in substantia nigra, caudate nucleus
or putamen (p>0.1). aSyn, oligo-aSyn or their ratio did not correlate with UPDRS-II nor with ['8F]JFDOPA
Kiref in substantia nigra, caudate nucleus or putamen (p>0.1).

Interestingly, in a subgroup analysis including patients with PD who had undergone both [''C]PBR28 PET
and CSF sampling (n = 12) YKL-40 levels were found to increase with higher [''C][PBR28 V in the ipsilateral
putamen (r= 0.65, p=0.043) and contralateral thalamus (r=0.66, p=0.039) when the genotype and age
were included as covariates. Due to the small sample size, this association was also explored with
Spearman’s correlation coefficient in which the two genotypes were analyzed separately. In the HAB group

(n = 8) YKL-40 increased with ['TC]PBR28 V1 in the substantia nigra (r = 0.88), caudate (r = 0.86) and the
putamen (r=0.86) (p<0.01, in all regions) but not in cortical regions. Similar associations were not
observed between the other CSF markers and [''C]JPBR28 V; or in the healthy controls (p>0.1).
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aSyn was found to increase in association with higher sTREM2 (r=0.80, p<0.01) and NG levels (r=0.80, p
<0.01) in both groups and with YKL-40 only in PD group (r=0.58, p=0.02). Oligo-aSyn did not correlate
significantly with any of the studied CSF neuroinflammation markers (p>0.1). The ratio of Oligo-aSyn and
aSyn showed to decrease in association with higher NG levels only in PD group (r =-0.52, p=0.03). This
ratio showed a significant correlation with sTREM2 in HC (r = -0.44, p=0.048) but notin PD (r=-0.43, p=
0.09).

Discussion

In the present study, patients with PD and healthy controls underwent PET examination with a second-
generation TSPO radioligand [''C]PBR28. The results showed no statistically significant differences in
['"C]PBR28 binding between patients and healthy controls. The results are in accordance with previous
findings obtained using second-generation radioligands ['8F]FEPPA [27, 28] and [''C]PBR28 [29]. As an
extension to previous studies, we also investigated neuroinflammation markers in CSF in a subset of
subjects and found that an increased level of neuroinflammation markers was associated with more
severe motor symptoms in PD patients.

PET studies using the first generation TSPO tracer [''C]PK11195 have reported significantly increased
binding in patients with PD compared to controls in substantia nigra, pons, basal ganglia and cortical
regions [10, 11, 13]. Although significant differences in participant sample demographics such as age and
disease stage might explain some of the confounding results, the most likely explanation lies in the tracers
used.

Several factors have been reported to contribute to the [''C]PBR28 binding, single nucleotide
polymorphism (rs69717) being the most significant one affecting the binding of all second-generation TSPO
tracers developed to date [30]. A recent study investigated the effect of the polymorphism on [''C]JPK11195
binding and did not observe sensitivity to the genotype [31]. However, the authors noted that a minor
sensitivity might not have been detected due to the study’s small sample size and the poor signal-to-noise
ratio of [11C]JPK11195. Currently, new tracers are being developed which would not include the rs6977
sensitivity [30]. Other factors contributing significantly to the high variation of the [''C]PBR28 binding
include age, BMI and sex as pointed out in our earlier study [16]. BMI correlated inversely to TSPO binding
also in our study. Possible explanations for this finding include the dysregulation of TSPO in obese people
and endogenous ligands capable of binding to 7SPO such as cholesterol which are typically higher in
obese individuals [16, 32].

Additionally, based on the evidence from animal studies it has been suggested that microglial cells react to
their surroundings and change not only their phenotype but also their functioning resulting in a sum effect
which can either be anti- or pro-inflammatory depending on the stimulus. Thus, it is possible that microglia
can have a beneficial or a harmful role depending on the disease stage. There is currently no evidence that
the TSPO PET tracers in use today can differentiate between these two functional states [33].
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In the current study, we did not observe any significant correlation between [''C]PBR28 binding and the
dopaminergic functioning measured with ["8F]FDOPA. Neither was the [''C]PBR28 binding related to the
UPDRS-IIl motor part total score. Regardless of the statistically significant decrease of the dopaminergic
function on the contralateral side to the side with dominant motor symptoms, no significant differences
between contralateral and ipsilateral sides on the [''C]JPBR28 V; binding were seen in the striatum or any
other regions studied. These results are in accordance with the previous study reporting no association
between [''C]JPBR28 binding and ['8F]FE-PE2I, a dopamine transporter ligand [29]. [''C]PK11195 binding in
the mid-brain has been reported to correlate inversely to dopaminergic activity in the putamen in the mild
initial stage of the disease, but not later in the disease course [10, 11]. Also, the [''C]PK11195 binding did
not change in patients with PD during the follow-up period of two years suggesting that microglial
activation occurs early in the disease process [10]. Most of our patients were at a moderate stage which

could partially explain the lack of association between [’

C]PBR28 V; and dopaminergic activity. It is
possible that TSPO binding correlates with the dopaminergic function in the early stages of the disease, or
perhaps the correlation is nonlinear which would require larger sample sizes to be detected. In the current
study, we did not detect any association between the duration of the disease and [''C]PBR28 binding

supporting this notion.

In addition to ['"C]PBR28 PET imaging, the CSF neuroinflammation biomarkers sTREM2 and YKL-40 were
investigated. sSTREM2 and YKL-40 are associated with microglia and astrocyte activity respectively and
increased levels of these glial markers have been reported in early Alzheimer's disease (AD) [34, 35] and in
dementia with Lewy bodies in co-existence with AD type pathology [35]. No differences have been reported
between patients with PD and healthy controls in sSTREM?2 levels in an earlier study [36] whereas in a more
recent one there has been a significant difference [37].

In the current study subjects with PD showed slightly increased CSF sTREM2 levels compared to controls
although this did not reach statistical significance. Interestingly, higher YKL-40 levels were associated with
increased [''C]PBR28 V; in SN and the striatum in patients with PD but not in healthy controls, but given
that the sample size was very small in this analysis, these findings should be interpreted with caution.
However, the findings could reflect the upregulation of TSPO in astrocytes being a sign of astrocyte
activation as previous observations have suggested [38]. This finding is following the neuropathological
evidence of activated astrocytes in the regions of a-synuclein accumulation [39]. A similar relation between
YKL-40 and [''C]PBR28 binding (measured as standardized uptake volume ratio with respect to cerebellum
reference region) was found in the cerebral cortex in regions where amyloid accumulation is typically first
seen in early AD in a study investigating the association of neuroinflammation in the early stages of
cerebral amyloid accumulation [18].

Another finding in the current study was the association between higher levels of sSTREM2 and NG with the
increased motor disability in PD. A recent multi-centre study with a larger sample reported similar findings
of higher levels of neuroinflammation markers sTREM2 and YKL-40 in more advanced Hoehn & Yahr

stages [40]. Thus it seems that although [''C]PBR28 binding does not correlate with the motor symptoms
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in PD the association between CSF glial markers and motor disability does indicate a role for
neuroinflammation in PD symptoms. Further studies investigating the relationship between different motor
subtypes and neuroinflammation in PD are required. For example, it will be of interest to study whether the
postural instability and gait disorder, PIGD, a subtype of PD, which is associated with a more rapid disease
progression and increased risk for dementia, differs from other subtypes in the neuroinflammatory
markers.

In this study, we observed a correlation between aSyn and sTREM2 and NG in both groups. The CSF
biomarkers, especially aSyn, are known to be sensitive to the blood contamination [41]. Therefore, blood
contamination could lead to false correlations. On the other hand, the ratio of oligo-aSyn and aSyn has
been found to be more reliable regardless of possible blood contamination [41]. The correlation between
the ratio and NG only in the PD group makes the possibility of blood contamination less likely. Both NG
and aSyn, represent a marker for synaptic loss and therefore the correlation could be expected.

In conclusion, our study suggests that neuroinflammation has a role in PD as indicated by the CSF results
and their association with motor symptom severity. It also seems that [''C]PBR28 is not an optimal PET
tracer to study neuroinflammation in PD. Further studies are required with larger sample sizes with patients
in different stages of the disease using multidisciplinary approaches including more advanced PET tracers,
which could identify the functional status of the activated microglia rather than the phenotype, and CSF
biomarkers reflecting different contributors in neuroinflammation and neurodegeneration.

Demographics and characteristics o-gztl)ll?o‘t]bjects with PD and healthy controls.
PD Healthy Controls  p-value
Number (Male/female) 20 (4/16) 51 (28/23) 0.008
15@/11)*  (41(18/23)) 0.0548
Age (years), mean + SD 66.2+5.9 70.0+4.9 0.003
66.0+6.6¢ (71.12£3.2)* 0.0118
BMI, mean + SD 270+66% 26336 0.88
(26.5+ 3.5) *
TSPO genotype (HAB/MAB) 12/5 28/23 0.26
(10/5)* (22/19) * (0.56)8
Motor UPDRS score, mean + SD 27.1+8.0 - -
Duration of disease (years), mean + SD 8.6+52 - -
# Subjects with valid [11C] PBR28 data in PD group (n =15)
§ PD patients with valid [11C] PBR28 data (n = 15) compared to healthy controls (n = 51)
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CIRI study participants

* Sex and age adjusted means from general linear model

Table 2
["TC]PBR28 V< in PD and healthy controls in HAB and MAB TSPO subtype.
ROI PD(n= HC(n= HAB MAB
15) 51)
Adjusted Adjusted
mean mean
(SE)* (SE)*
(ml-em™  (ml-cm™
%) %)
Jog PD (n= HC (n= p- PD (n= HC (n= Jou
value 10) 28) value 5) 23) value
Adjusted  Adjusted Mean Mean
mean mean (SD) (SD)
(SE)* (SE)*
(ml-em™  (ml-cm™
(ml-em™  (ml-cm™ 3) 3)
%) %)
ACC 4.20 3.87 0.45 499 494 0.92 2.68 2.46 0.38
(0.43) (0.22) (0.45) (0.26) (0.49) (0.52)
PCC 414 3.98 0.67 4.87 5.10 0.69 272 2.53 0.43
(0.43) (0.22) (0.45) (0.27) (0.56) (0.46)
CAU 283 2.78 0.96 3.23 3.54 0.47 1.90 1.85 0.79
(0.30) (0.16) (0.35) (0.21) (0.46) (0.38)
PUT  3.93 3.65 0.49 4.68 4.64 0.94 2.51 2.38 0.55
(0.39) (0.20) (0.42) (0.25) (0.50) (0.44)
THA 4.38 414 0.70 5.14 5.36 0.74 2.75 2.62 0.58
(0.48) (0.25) (0.52) (0.31) (0.46) (0.50)
CER  3.56 3.50 0.75 4.30 4.49 0.70 2.25 2.18 0.71
(0.39) (0.20) (0.40) (0.24) (0.46) (0.37)
SN 4.70 5.20 0.55 5.13 6.77 0.33 2.99 3.45 0.72
(0.99) (0.51) (1.36) (0.80) (0.72) (2.81)
GM 3.99 3.78 0.61 470 4.89 0.73 2.59 2.34 0.25
ctx (0.43) (0.22) (0.46) (0.27) (0.46) (0.43)
WM  3.57 3.42 0.64 4.21 434 0.80 2.37 2.20 0.42
(0.37) (0.19) (0.41) (0.24) (0.44) (0.41)

Sex and age were included as covariates when both genotypes were explored together and in the HAB
genotype subgroup. MAB subgroup was explored with the two-samples t-test. ACC: anterior cingulate
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cortex, PCC: posterior cingulate cortex, CAU: caudate nucleus, PUT: putamen, THA: thalamus, CER:
cerebellum, SN: substantia nigra, GM ctx: global cortical grey matter cortex, WM: white matter
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Figure 1

CSF markers in PD and HC mean * SD. a) sTRTEM2 PD: 5030+353 pg/mL, HC: 4160+318 pg/mL, p=0.07,
b) NG PD: 152.47+56.7 pg/mL, HC: 190.5+55.3 pg/mL, p=0.044 and c) YKL-40 PD: 126+8.90 ng/mL, HC:
126+8.00 ng/mL, p=0.77 when age set as covariate, d) Oligo-aSyn PD: 84.7+56.3 pg/mL, HC: 98.6+46.0
pg/mL, p=0.41 e) aSyn PD:1644+532 pg/mL, HC: 17792472 pg/mL, p=0.41 f) Oligo-aSyn/aSyn PD:
0.06040.050, HC: 0.060+0.035, p=0.99. The green line showing the mean in each group.
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Figure 2

UPDRS Il total score in relation to CSF markers. A) sTREM2 r,=0.52, p=0.041, b) NG r=0.59, p=0.016 and c)
YKL-40 r=0.38, p=0.15.

rs = Spearman correlation coefficient
r = Pearson correlation coefficient

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e submissionletterEJNMMI.docx

Page 19/19


https://assets.researchsquare.com/files/rs-1772425/v1/6b74e2659d6d9c578a7dec47.docx

