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Abstract

Background and Objectives

Neuroinflammation contributes to Parkinson disease (PD) pathology, and inflammatory bio-
markers may aid in PD diagnosis. Proximity extension assay (PEA) technology is a promising
method for multiplex analysis of inflammatory markers. Neuroinflammation also plays a role in
related neurodegenerative diseases, such as dementia with Lewy bodies (DLB) and Alzheimer
disease (AD). The aim of this work was to assess the value of inflammatory biomarkers in newly
diagnosed patients with PD and in patients with DLB and AD.

Methods

Patients from the Norwegian ParkWest and Dementia Study of Western Norway longitudinal
cohorts (PD, n = 120; DLB, n = 15; AD, n = 27) and 44 normal controls were included in this
study. A PEA inflammation panel of 92 biomarkers was measured in the CSF. Disease-associated
biomarkers were identified using elastic net (EN) analysis. We assessed the discriminatory power
of disease-associated biomarkers using receiver operating characteristic (ROC) curve analysis and
estimated the optimism-adjusted area under the curve (AUC) using the bootstrapping method.

Results

EN analysis identified 9 PEA inflammatory biomarkers (ADA, CCL23, CDS, CD8A, CDCP1,
FGF-19, IL-18R1, IL-6, and MCP-2) associated with PD. Seven of the 9 biomarkers were
included in a diagnostic panel, which was able to discriminate between those with PD and
controls (optimism-adjusted AUC 0.82). Our 7-biomarker PD panel was also able to distinguish
PD from DLB and from AD. In addition, 4 inflammatory biomarkers were associated with AD
and included in a panel, which could distinguish those with AD from controls (optimism-adjusted
AUC 0.87). Our 4-biomarker AD panel was also able to distinguish AD from DLB and from PD.

Discussion

In our exploratory study, we identified a 7-biomarker panel for PD and a 4-biomarker panel for
AD. Our findings indicate potential inflammation-related biomarker candidates that could con-
tribute toward PD-specific and AD-specific diagnostic panels, which should be further explored in
other larger cohorts.
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Glossary

AD = Alzheimer disease; APS = atypical parkinsonian syndromes; AUC = area under the curve; DLB = dementia with Lewy
bodies; EN = elastic net; LLOD = lower limit of detection; MMSE = Mini-Mental State Examination; NPX = normalized
protein expression; PD = Parkinson disease; PEA = proximity extension assays; ROC = receiver operating characteristic;
UPDRS = Unified Parkinson Disease Rating Scale; VIFs = variance inflation factors.

Parkinson disease (PD) is an age-related neurodegenerative
disorder characterized by motor and nonmotor symptoms.
Peripheral immune activation and neuroinflammation in the
brain are believed to contribute to neuropathology and ulti-
mately neurodegeneration.' Candidate inflammatory bio-
markers have been associated with PD, severity of symptoms,
and disease progression.z‘5 However, inflammation is not
unique to PD and plays a role in neurodegenerative diseases
with overlapping pathologies, such as dementia with Lewy
bodies (DLB) and Alzheimer disease (AD).*® Thus, further
work is needed to characterize the profile and extent of in-
flammatory biomarker changes in PD.

Research using highly sensitive multiplex methodologies, such as
proximity extension assays (PEAs), has enabled the identifica-
tion and validation of panels of inflammation-related biomarkers
that are altered in diseases involving inflammatory pathways,
including AD and multiple sclerosis.*”'° The same technology
has also identified candidate inflammatory biomarkers for the
diagnosis of PD, and the differential diagnosis of PD from
atypical parkinsonian syndromes (APS), but these studies are
limited by relatively small size and require validation."""?

In this study, we used PEA technology to search for a panel of
CSF inflammation-related biomarkers associated with PD in
newly diagnosed patients with PD from the Norwegian ParkWest
study and normal controls. We further analyzed the association of
the same inflammatory biomarkers with AD or DLB to explore
disease-specific changes in inflammatory biomarker profiles.

Methods

Study Participants

One hundred twenty patients with incident PD were included
from the population-based longitudinal ParkWest study.'> PD
was diagnosed according to the United Kingdom Brain Bank
criteria.'* Patients were assessed using a standardized examina-
tion program at baseline including the Unified Parkinson Disease
Rating Scale (UPDRS),"® Hoehn and Yahr (H&Y) staging,'®
and the Mini-Mental State Examination (MMSE)."” During
CSF sampling, all but 1 patient with PD were drug naive.

Fifteen patients with DLB and 27 patients with AD were in-
cluded from the longitudinal DemWest study, which was con-
ducted at the same time and in the same region as the ParkWest
study.'® All patients experienced mild dementia during inclusion.
DLB was diagnosed according to the revised consensus guide-
lines for clinical and pathologic diagnoses of DLB."> AD was
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diagnosed according to The National Institute of Neurological
and Communicative Disorders and Stroke—AD and Related
Disorders Association. DemWest assessments at baseline in-
cluded UPDRS part III and the MMSE.

The normal control group (n = 45) included people without
suspected neurodegenerative disease and who underwent an
elective neurologic examination or orthopedic surgery at Sta-
vanger University Hospital, which is a site for both the ParkWest
and DemWest studies. Basic demographic data and MMSE were
obtained.

Standard Protocol Approvals, Registrations,
and Patient Consents

The Regional Committee for Medical and Health Research Ethics
in Western Norway approved both the ParkWest and DemWest
studies. All participants signed written informed consent.

CSF Sampling and Storage

CSF samples were obtained from participants using lumbar
puncture in accordance with standardized procedures.?'1 On
collection, samples were centrifuged and stored in polypropylene
tubes at —80°C. All samples were subjected to 2 freeze-thaw
events for aliquotation purposes.

Proximity Extension Assay Testing

Multiplex PEA technology was used to analyze 92 in-
flammatory markers (Olink Target 96 Inflammation panel;
eTable 1, links.Iww.com/NXI/A868) and was performed by
Olink Bioscience, Uppsala, Sweden. Olink panel validation
data are available.”” Data for each biomarker were provided as
normalized protein expression (NPX) values, an arbitrary unit
on a Log2 scale after internal intensity normalization. NPX

values are proportional to the concentration of the protein.>®

Statistical Analysis

Statistical analyses for demographic and clinical data were
performed using IBM SPSS Statistics, version 26.0 (Armonk,
NY). Normally distributed continuous variables were summa-
rized using the mean and SD, and differences between groups
were assessed using the Student ¢ test. Variables with skewed
distribution were presented using the median with the 25th
and 75th percentiles, and differences were assessed using the
Mann-Whitney U test. Cases with missing data were omitted
from the calculations performed to obtain summarizations. For
categorical variables, differences were assessed using the y” test.

Assays in the inflammation panel with more than 10% of
values below the lower limit of detection (LLOD) were
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Table 1 Demographic and Clinical Characteristics of Patients and Controls Included in the Study

Clinical variables Controls PD DLB AD

N Total 44 120 15 27

Male, N (%) 21(47.7) 77 (64.2) 9 (60.0) 7 (25.9)>¢

Age at baseline, y, median (Q1-Q3) 65.1 (56.5-74.1) 67.2 (60.8-74.5) 73.7 (70.7-78.6)*° 75.2 (68.9-80.1)*°
Education, y, median (Q1-Q3) 10.0 (8.0-14.0) 11.0 (9.0-13.0)<¢ 8.00 (7.0-11.0) 8.00 (7.0-13.0)
UPDRS IIl, mean (SD) — 20.0 (14.0) 9.0 (16.0) 0.0 (2.0)°¢

H&Y, mean (SD) — 2.0(0.5) — —

MMSE score, median (Q1-Q3) 29.0 (28.0-30.0)P<de 28.5 (27.0-29.0)¢ 24.0 (22.0-26.0) 24.0 (23.0-26.0)
APOE-¢4 carriers, N (%) — 37 (30.8)¢ 11 (73.3)¢ 20 (74.1)

Abbreviations: AD = Alzheimer disease; DLB = dementia with Lewy bodies; H&Y = Hoehn and Yahr stage; MMSE = Mini-Mental State Examination; NC = normal
controls; PD = Parkinson disease; Q1 = 25th percentile; Q3 = 75th percentile; UPDRS Ill = Unified Parkinson Disease Rating Scale Part Ill.

2p < 0.05 vs controls.

bp <0.05vs PD.

€p <0.05vs DLB.

4p <0.05 vs AD.

¢ MMSE scores for N = 43 controls and APOE-¢4 carriers for N = 13 DLB.

excluded (n = 52; eTable 1, links.Ilww.com/NXI/A868). For
the remaining assays (n = 40), values below the LLOD were
included in the analyses.

Regularized logistic regression with elastic net (EN) penaliza-
tion was performed to identify PEA biomarkers associated with
each disease group, using R Project for Statistical Computing
version 4.2.1 and the glmnet-package version 4.1-3.** EN pe-
nalizes predictors that lack prediction power, so it is an effective
method for model selection of high-dimensional data.*>*® EN
has 2 parameters: A, which is the overall strength of the penalty,
and a (between 0 and 1), which is the weight of the 11 penalty.
The minimum A resulted in a prediction error within 1 standard
error from the lowest value, as estimated by leave-one-out
cross-validation, was selected as the level of the regularization
parameter. EN combines regularization used in both Lasso (11)
and Ridge (12) regressions. In the glmnet, the parameter a
decides the balance between 11 and 12. In our analyses, EN was
repeated for all values of a between 0 and 1 using 0.01 incre-
ments. Predictors with nonzero estimates for the range of a
provided evidence for the association of a given PEA biomarker
and disease status.

For each set of selected biomarkers, we applied a multiple logistic
regression model that included all the selected biomarkers, age,
and sex as covariates, with the disease status as the outcome.
Logistic regression models, receiver operating characteristic
(ROC) curve, and area under the curve (AUC) analyses were
performed for each biomarker individually. Multicollinearity was
simultaneously assessed based on variance inflation factors (VIFs),
which were calculated using R package car version 3.0-11.>" Of
the biomarkers with high multicollinearity (VIF >S), only the
biomarker with the highest AUC was included in the final multiple
logistic regression model. The discriminative value of the final
model was assessed by ROC curve analysis. ROC curves were
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constructed using R package pROC car version 1.18.0.°
Optimism-adjusted AUCs were calculated using the boot-
strapping method with 2,000 replications to compensate over-
fitting of the models using the R package boot version 1.3-28.>7°
Sensitivity analysis was performed for analyses between groups
where age was significantly different by restricting age at baseline
to older than 65 years. Limiting the analyses to include only
controls or patients with PD older than 65 years did not change
these overall results (eTables 2—4, links.lww.com/NXI/A868).

Data Availability
Anonymized data are available on request to qualified inves-
tigators for the purposes of replicating procedures and results.

Results

Demographic and Clinical Data

We analyzed the CSF from 207 individuals, including 120
patients with newly diagnosed PD, 1S patients with DLB, 27
patients with AD, and 45 normal controls. One control sample
was excluded because of failing quality control, leaving 206
participants in the analysis (Table 1). Patients with DLB and
AD were older than controls (p = 0.014 and p = 0.001, re-
spectively) and patients with PD (p = 0.02 and p < 0.001,
respectively). All patients had significantly lower MMSE scores
than controls. Patients with DLB and AD had lower MMSE
scores than patients with PD (both p < 0.001).

Inflammation-Related Biomarkers Associated

With Parkinson Disease

Of the 92 PEA biomarker proteins included in the in-
flammation panel, 40 were detectable in the CSF of more than
90% of all participants (eTable 1, links.lww.com/NXI/A868)
and were further analyzed. An overview of the workflow is
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Figure 1 Workflow Diagram Tracking the Number of Biomarkers Included at Different Stages of the Study

A. Olink Target 96 B. Detectable biomarkers

Inflammation Panel

Inflammatory In >90% of
biomarkers -1 participants
(N=92) (n = 40)

C. EN analysis D. Final models
VIF <5

PD (n=7)
Associated with PD ADA | CD5 1
(n=9) —1» CD8A| CDCP11
/ IL-18R1 1
IL-6 1

AD (n =4)
\4 Associated with AD _ |, CD8Al IL-6 1
(n=4) MMP-1 1
MMP-10 1

(A) Of 92 biomarkers, (B) only the 40 that were detected in more than 90% of all participants were included in the study. (C) Through the EN analysis, the
authors identified 9 and 4 biomarkers that were associated with PD and AD, respectively. (D) Finally, through the ROC curve analysis, the authors assessed the
diagnostic performance of biomarkers associated with either PD or AD that had low multicollinearity (VIF <5). Arrows pointing up indicate biomarkers that
were found to be increased in either PD or AD in the EN analysis, and arrows pointing down indicate biomarkers that were decreased with disease.
Biomarkers in bold were identified as candidates in both the PD and AD EN analyses. VIFs = variance inflation factors.

presented in Figure 1. Biomarker candidates that differed be-
tween the group with PD and the controls were selected using
EN, with sex and age at the point of testing forced to be
included in the model as covariates. Nine PEA biomarkers were
associated with PD across all levels of a in the EN analysis
(Figure 2A). Specifically, increased levels of CDS, CDCP1, IL-
18R1, and IL-6 and decreased levels of ADA, CCL23, CD8A,
FGF-19, and MCP-2 were associated with PD (Table 2). De-
tailed descriptions and biological functions of the 9 candidate
biomarkers are summarized in eTable S.

The diagnostic ability of the panel of candidate markers for
PD was estimated using ROC curves with AUC. When fitting
logistic regression with all 9 PD-associated biomarkers, 3
candidates (CCL23, FGF-19, and MCP-2) had a VIF >5. Of
the 3 biomarkers, MCP-2 had the highest AUC (optimism-
adjusted AUC of 0.66) and was included in the final PD panel
with the remaining 6 candidate biomarkers. The 7-biomarker
PD panel yielded an estimated optimism-adjusted AUC of
0.82 (Table 3). In addition to being male, increased levels
of CDS, CDCP1, IL-18R1, and IL-6 and decreased levels of
ADA, CD8A, and MCP-2 were associated with PD (Table 3).
Furthermore, we found that the 7-biomarker PD panel was
also able to discriminate patients with PD from those with
DLB (optimism-adjusted AUC of 0.73; eTable 6, links.lww.
com/NXI/A868) and patients with PD from those with AD
(optimism-adjusted AUC of 0.84; eTable 6).

Investigation of Inflammatory Biomarkers in
Related Neurodegenerative Diseases

Our secondary aim was to investigate whether there are
disease-specific changes in inflammatory biomarker profiles in
related neurodegenerative diseases. EN analysis was next
performed for either patients with AD, or with DLB, com-
pared with controls. Of the 40 PEA biomarkers analyzed, 4
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were associated with AD status across all levels of a
(Figure 2B). Comparable with the direction of association
with PD, increased levels of IL-6 and decreased levels of
CD8A were associated with AD (Table 2). AD-specific bio-
marker candidates were also identified: increased levels of
MMP-1 and MMP-10 were associated with AD (Table 2). EN
analysis of patients with DLB compared with controls showed
that increased levels of CD8A were associated with DLB, but
this was not robust across all levels of a in the EN analysis
(eFigure 1, links.Iww.com/NXI/A868).

In the model to assess the discriminative ability of the
4-biomarker AD panel for AD compared with controls, no
multicollinearity was detected. The 4-biomarker AD panel
yielded an optimism-adjusted AUC of 0.87 (Table 3). In-
creased levels of MMP-10 and decreased levels of CD8A were
associated with AD (Table 3). The 4-biomarker AD panel was
also assessed for its ability to distinguish patients with AD
from the other patient groups: the analysis of AD compared
with DLB yielded an optimism-adjusted AUC of 0.71, and the
analysis of AD compared with PD yielded an optimism-
adjusted AUC of 0.92 (eTable 7, links.Iww.com/NXI/A868).

Discussion

In our study, we identified 9 CSF inflammatory biomarker can-
didates that were differentially expressed in patients with PD, at
the time of diagnosis, compared with controls, using the highly
specific and sensitive PEA technology along with regularized
logistic regression with EN penalization. Seven of the 9 biomarker
candidates were included in a panel that was found to be able to
distinguish PD from controls. In addition, we found a panel of
4 inflammatory biomarkers associated with AD, of which 2
(CD8A and IL-6) were common in both the AD and PD panels.

Neurology.org/NN
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Figure 2 Regularized Regression With Elastic Net Penalization for a Values Between 0 and 1 to Identify Biomarkers

Associated With PD or AD Compared With Controls

A

Age
Sex
ADA

CCL23 .
CD5

CD8A
CDCP1

FGF-19

IL-6

IL-18R1 R TS e e N e —m————

MCP-2

0.00 0.25 0.50 0.75 1.00

Age |
SN

IL-6

MMP-1

CDBA| i ———
i
MMP-10 |

T T T 1
0.00 0.25 0.50 0.75 1.00
a

0.00

-1.25

0.00

-0.62

Variables are highlighted in red when increased values are associated with disease and they are highlighted in blue when decreased values are associated
with disease. The intensity of color reflects the strength of association. (A) Nine PEA biomarkers were associated with PD across all levels of a, and (B) 4 PEA
biomarkers were associated with AD across all levels of a. The names of biomarkers associated with disease status across all levels of a are indicated. For

abbreviations, see eTable 5 (links.lww.com/NXI/A868). PEA = proximity extension assay.
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Table 2 Mean NPX Values of Inflammatory Biomarkers and Association With Disease Status According to Elastic Net

Analysis

CSF biomarker NC, NPX, mean (SD) PD, NPX, mean (SD) DLB, NPX, mean (SD) AD, NPX, mean (SD) PD EN? AD EN?
ADA 4.76 (0.64) 4.47 (0.79) 4.47 (1.00) 4.52(0.78) !

CCL23 1.96 (1.04) 1.53(0.96) 2.19(0.88) 2.58 (1.24) l

CD5 1.05(0.43) 1.18 (0.63) 1.17 (0.37) 1.16 (0.41) T

CD8A 4.17 (0.80) 3.55(0.90) 3.76 (0.85) 3.63(0.74) l l
CDCP1 2.98 (0.56) 3.01(0.55) 3.07 (0.37) 3.10(0.47) T

FGF-19 3.91(1.30) 3.26(1.17) 3.84(0.95) 4.32(1.13) l

IL-18R1 2.90 (0.59) 3.00 (0.52) 3.00 (0.40) 3.20(0.53) )

IL-6 2.13(0.83) 2.70(1.69) 2.26 (0.79) 3.04 (1.50) t 1
MCP-2 3.68 (1.26) 3.09 (1.09) 3.78 (0.95) 3.94(1.22) !

MMP-1 6.43 (1.25) 6.10(1.09) 6.30 (1.42) 7.60 (1.58) 1
MMP-10 3.66 (0.78) 3.51(0.74) 3.74(0.58) 4.28(0.82) 1

Abbreviations: AD = Alzheimer disease; DLB = dementia with Lewy bodies; EN = elastic net; NC = normal controls; PD = Parkinson disease.

a"t" indicates that increased values are associated with disease status, and “}” indicates that decreased values are associated with disease status. No PEA

biomarkers were robustly associated with DLB status

Multiplex biomarker studies are a valuable tool to identify
inflammatory biomarkers. The same inflammation PEA
multiplex panel has been applied to the CSF in 2 previous
studies that each aimed to distinguish patients with APS from
patients with PD and healthy controls.""'> One study found
no differences between patients with PD and controls in the
biomarkers assessed.!' However, this study was notably

smaller (including 37 patients with PD and 34 controls), and
the patients had substantially longer disease duration during
lumbar puncture (mean 11.6 * 6.1 years), which makes
comparison with our study of newly diagnosed patients with
PD challenging. The second study, with 44 patients with PD
(average disease duration of 3.5 + 2.9 years) and 25 controls,
found significant increases of CCL23 and MCP-2 in patients

Table 3 Receiver Operating Characteristic Models for Normal Controls vs Patients With Parkinson Disease or Alzheimer

Disease
Full model, PD Full model, AD
Optimism- Optimism-
Predictors OR (95% CI) p? AUC adjusted AUC OR (95% Cl) p? AUC adjusted AUC
Age 1.04 (0.99-1.09) 0.137 0.86 0.82 1.09 (1.00-1.20) 0.051 0.91 0.87
Female 0.17 (0.06-0.46) 0.001 1.87(0.34-12.04) 0.483
ADA 0.40 (0.16-0.91) 0.038 — —
CcD5 4.10 (1.37-15.08) 0.019 — —
CD8A 0.35(0.14-0.83) 0.021 0.07 (0.01-0.25) 0.001
CDCP1 4.06 (1.18-15.37) 0.030 — —
IL-18R1 3.00 (0.90-10.88) 0.082 — —
IL-6 1.84(1.12-3.49) 0.034 1.38 (0.49-3.86) 0.532
MCP-2 0.33(0.17-0.62) 0.001 — —
MMP-1 — — 1.39(0.62-3.38) 0.427
MMP-10 — — 6.49 (1.76-32.75) 0.011
Abbreviations: AD = Alzheimer's disease; AUC = area under the curve; OR = odds ratio; PD = Parkinson disease.
@ p values in bold are statistically significant at p < 0.05.
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with PD compared with controls.'> Similarly, a larger study
investigating inflammation-related biomarkers for PD and PD
progression found a significantly higher level of CCL23 in
patients with PD than in healthy controls and no differences
in IL-6 levels.>' However, this study investigated biomarkers
in the plasma, while we used the CSF.

With a considerably higher number of patients, our study
expands on the previous findings by demonstrating that a
broader panel of inflammatory markers is associated with PD
during diagnosis. Our analyses identified 2 biomarkers
(CDCPI and IL-18R1) that have not previously been asso-
ciated with PD, although their link to the disease is supported
by evidence from other fields. IL-18R1 is a receptor that
specifically binds interleukin 18 (IL-18). Of interest, IL-18 has
been found to be significantly higher in controls compared
with patients with PD and MCL* suggesting a role for IL18-
mediated signal transduction in disease risk and the de-
velopment of cognitive symptoms in PD. Second, CDCP1 has
been associated with idiopathic normal pressure hydroceph-
alus, which can include parkinsonian-like features in addition
to the classical triad of gait disturbances, urinary incontinence,
and cognitive deterioration.*® Of the other biomarkers iden-
tified in this study, ADA, CDS, and MCP-4 were also new
candidates for the association with PD risk, and further studies
are justified to validate these findings.

Because neuroinflammation is not exclusive to PD, we also
analyzed the inflammatory biomarker profile in patients with
DLB and AD. While no biomarker was robustly associated
with DLB, likely attributed to the low sample size, 4 bio-
markers were associated with AD. Two of these (MMP-1 and
MMP-10) were unique to the AD panel in this study. In line
with our findings, previous studies have also identified MMP-
10 as a potential AD-specific biomarker candidate, demon-
strating differences in MMP-10 levels in patients with AD and
patients with other neurologic disorders or patients with mild
cognitive impairment due to AD (AD-MCI) and cognitively
normal controls.*”** Furthermore, 1 study found elevated
MMP-1 levels in postmortem brain tissue samples from pa-
tients with AD compared with controls.*®

IL-6 and CD8A were identified in both the AD and PD panels.
Previous findings comparing CSF levels of IL-6 in patients
with PD or AD to controls, measured using enzyme-linked
immunosorbent style assays, are inconsistent. While a meta-
analysis from 2018, including 6 studies from 1995 to 2017,
found an overall increased level of IL-6 in PD,>® more recent
studies including larger numbers of patients found no asso-
ciation with PD.>*” IL-6 is associated with a broad range of
diseases with links to inflammation and may be a more general
biomarker for inflammation.*®** CD8A is a T-cell surface
glycoprotein that is expressed by CD8" T cells.** Two pre-
vious studies using the same PEA panel did not report the
levels of CD8A in the CSF of patients with PD.""'* Notably, a
postmortem study of patients with PD found an association
between the increase in CD8" T-cell infiltration and the
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increase in the presence of a-synuclein (a-syn) aggregation
and subsequent dopaminergic neuronal death.*'Because
these are both hallmarks of PD pathology, this shows that
CD8A plays a role in PD, and further investigation is needed
to better define its potential as a biomarker for the disease.
Together, the overlap of IL-6 and CD8A in the biomarker
profile may indicate that these represent common pathways in
PD and AD.

While the biomarkers identified in our study might be in-
teresting candidates in themselves, their inclusion in a panel
may be more powerful to support a diagnosis of PD. In ad-
dition to being able to distinguish those with PD from con-
trols, our final 7-biomarker PD panel could also be used to
distinguish PD from both DLB and AD. Previous PEA studies
have shown the use of inflammatory biomarker panels in
discriminating PD from either a group of APS, which included
multiple system atrophy (MSA), or MSA alone." "> We also
found that our 4-biomarker AD panel could be used to dis-
criminate patients with AD from patients with both DLB and
PD. Future exploration of the PEA inflammatory biomarker in
other cohorts is warranted to develop PD-specific and AD-
specific inflammatory biomarker panels.

This study has some limitations. First, only 40 of the 92 bio-
markers in the Olink Target 96 Inflammation Panel were
detected in more than 90% of the patients. This is attributed to
the panel being optimized for the measurement of serum and
plasma samples rather than the CSF, and other studies have
reported similar detection rates."”'* Second, our main focus
was PD, and the smaller number of CSF samples available from
patients with DLB or AD limits the power of the analyses to
detect small effects for these disease groups. In addition, pa-
tients with PD were newly diagnosed at baseline, whereas all
patients with DLB or AD had mild dementia at the time of
inclusion. We did not account for other factors that might be
related to inflammation, for example, we had insufficient in-
formation regarding the use of anti-inflammatory medication
or APOE genotype to assess the potential effects on the bio-
markers. Finally, validation of these results is important. How-
ever, we did not have available data to perform the same analysis
in a validation cohort. This study also has notable strengths.
First, we chose to use the highly specific and sensitive PEA
technology, which avoids some challenges with quantifying
biomarkers such as cross-reactivity. Our study is also the largest
study using this technology to examine levels of inflammatory
biomarkers in PD. In addition, our study includes well-defined
prospective cohorts where patients were all recruited early in
the disease stage using standardized diagnostic criteria for PD,
DLB, and AD. Last, we used EN analysis and correlation analysis
to reduce the risk of overfitting the model.

In conclusion, we report the analysis of 40 biomarkers in-
volved in inflammation and their association with PD, DLB,
and AD. We identified 9 CSF inflammation-related bio-
markers that were associated with PD and 4 biomarkers that
were associated with AD. When assessing the ability of these
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biomarkers to distinguish patients from controls, a combi-
nation of 7 and 4 biomarkers showed high discriminatory
power for PD and AD, respectively. The inflammation-related
biomarkers identified in our study may be further combined
with other biomarkers (for example, a-syn or tau) to improve
diagnostic performance, which should be investigated in fu-
ture studies in other large cohorts.
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