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Abstract

Parkinson’s disease (PD) is the second most common neurodegenerative disease, characterized by
dopaminergic neuronal loss in substantia nigra and a-synuclein accumulation in intraneuronal aggregates.
Apart from the cardinal motor symptoms, non-motor features are also evident; among them, cognitive
impairment is a consistent finding in PD patients, who are susceptible to an increased dementia risk.
Progressing cognitive decline includes the stages of subjective cognitive decline, mild cognitive impairment
(MCI) and dementia. Various mechanisms contribute to each of these stages, whereas responsible
neuropathological correlates have been investigated in clinicopathological correlation studies. Longitudinal
studies focus on the prognostic value of different molecules in assessments of cognitive decline over time.
The composition of the cerebrospinal fluid (CSF) reflects brain metabolism and neuronal condition; hence,
CSF proteins may be promising biomarkers of cognitive dysfunction mechanisms in PD. Plasma and serum
studies have also revealed candidate biomarkers for assessing cognition in PD. Since MCI conversion to
dementia is variable, biomarkers that enhance early identification of cognitive dysfunction factors and
prediction of dementia risk are necessary. This review summarizes recent studies of promising blood and
CSF biomarkers of PD-related cognitive impairment. Several correlates of neuronal damage have been
shown indicative of poor cognitive performance and predicted cognitive deterioration, including amyloid-
and neurofilament light chain. Inflammatory factors, lysosomal dysfunction, oxidative stress and genetic
variants could be also useful in assessing cognitive decline in PD. Future research is needed for the validation
of the candidate biomarkers, recognizing the potential benefit of robust biomarkers in clinical practice and
their implementation in clinical trials.
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BIOAEIKTEZ NOHTIKHZ EKMNTQZHX £TO ETKE®AAONQ-
TIAIO YIPO KAI TO AIMA :TH NOzO TOY MNAPKINZON

Kavénrdos XZnnAiénounos’, lewpyios BaBouyuids', Tpiavtdpundos Ntdokas’

'Neuporoyikn KAvikn, Nautuké Noookopegio ABnvav, ABhva, EANdba

MNepiAnyn

H vooos tou Mapkivoov (NIM) anoteei tn dedtepn ouxvdtepn veUPOekPUAICTKA vOoo, N onoia xapaktnpide-
a1 and v anweia VIONAPIVERYIKMY VEUPWVWY otnv PéAaIva ouaia Kal tTnv CUCCWPEUCN a-OUVOUKAEVNS
o€ evbokuTtdpla veupwviké éykneiota. Mépav twv KIVNTKWOY CUPNTWUATWY ts vOoOU, CUVUNAPXOUV ENions
UN-KIVNTKA oupntdpata. EE autdv, n vonukh ékntwon gival ouvnins o aoBeveis pe Mapkivoov, ol onoiol
Bpiokovtal o augnpévo kivbuvo eppdvions dvolas. H npoodeutkd enideivolpevn vontkh €KNtwon nepl-
AapPavel tnv unokelpevikn vontkn €Kntwon, tny hnia vonukh ékntwon (MCI) kar v dvoia. NeuponaBono-
YIKG UNOCTPWHATA TwV UNOKEIPEVWY NaBo@uaoloNoyIK®V INXavioPWy €xouv epeUvVNBEl og pengtes KAIVIKO-
naBonoyikhs cuoxéuons. Medgtes napakoAoUBnaons nIKEVIPWVOVTAl OtV NPOYVWotkn agfa deiktcv katd
v aglondynon s Npoddou s vonTiKNs €KNTwons otov xpovo. O petafoniopds tou eykepdnou Ki n uyeia
10U VEUPMVA ekNpoownolvtal ato eykepanovwtudio uypd (ENY), péow NpwTeiviv 01 OMoies CUVEIOPEPOUV
ws niBavof Blodeiktes wwv pnxaviopwy vontukhs duoneitoupyias otnv NIM. EninAgov, Piodeiktes vonukhs €k-
ntwons duvatal va aveupeBoly otov opd kal to NAdopa aipatos. Aedopévns tns actaBous pyetdntwaons and
tnv MCI og dvola, ol Biodeiktes eival avaykaiol yia v NpdIPN avixveuon ywotkdv eAAsIJPdtwy Kal v
npéPAsyn tou Kivduvou davolas. H napoloa avackdénnon ouvoyilel npdogates yenétes uno-diepelivnon Pi-
odeiktwy, 1o afpa kal o ENY, tns vonukns ékntwons otnv NIM. Aidgopol deiktes veupwvikns BAGPNs éxouv
ouoxeuotel ge ntwxn vonukn Aeitoupyia kal npoPnénouv yvwotkn enideivwon, dnws 1o B-apunoglidés kal
ta veupoivibla. Oisypovdels Nnapdyovies, 10 ofeIdwuKd Otpes, N Aucoowuiakh ducnetoupyia Kal yeveu-

¥ EAAHNIKH . .
NEYPOAOTIKH Archives of Clinical Neurology 33:2-2024, 36 - 80
ETAIPEIA



Blood and CSF biomarkers of cognitive impairment in PD

69

kés napannayés cuvelopépouy enions otnv vontkn ékntwaon. MeAnovukés peNETEs ival avaykaies WoTe va
edpaiwbouv ol unoynoeior Piodeiktes, dedopévou tou oPélous nou Ba cuveloPpépouv otnv KAVIKA NPagn

Kal Tov oxedlaopd KAIVIKDOV PEAETDV.

Né€eis-kAe1d1a:véoos tou MNdpkivoov, vonukn ékntwon, Brodeiktes, eykepanovwuaio uypd, aipa

Introduction

Parkinson’s disease (PD) is the second most
common neurodegenerative disorder, which is
characterized by the loss of dopaminergic neurons
in the substantia nigra (SN) and the subsequent
pathological accumulation of a-synuclein in
intraneural cellular inclusion "!. These pathological
protein aggregates are known as Lewy bodies. Apart
from proteinopathy, several mechanisms contribute
to the pathogenesis of PD,including Alzheimer’s
disease (AD)- related pathology, neuroinflammation,
oxidative stress and neurotransmitter deficiency,
as well as genetic variations . The cardinal motor
features of PD are bradykinesia, tremor and
rigidity, which are primarily associated with striatal
dopaminergic degeneration in SN. Apart from these
substantial entities, non-motor symptoms of PD are
equally involved in the disease related burden and
disability. Cognitive impairment is a highly prevalent
clinical feature in PD, affecting even newly diagnosed
patients with PD [,

PD individuals are considered to be at a higher
risk, up to 6 times, of developing dementia as
compared to similar aged non-PD individuals .
The spectrum of cognitive dysfunction in PD ranges
accordingly from subjective cognitive decline (SCD)
to mild cognitive impairment (MCI) and finally to
dementia. Although SCD refers to signs of memory
deficits that are self-reported and for which patients
complain, conversion to MCI requires a diagnostic
validation process. Recently, PD-MCI diagnostic
criteria were established, defining MCl as SCD
reported by patients, caregivers or physicians
which is evident by deficits in neuropsychological
evaluation, but does not interfere with significant
functional independence 3. Despite the fact that
MCl is considered a transitional stage between
normal cognition and dementia, the MCI course is
variable and time interval to dementia is not definite,
since not all patients become demented. Around
60% of PD-MCI individuals have been reported
to develop dementia during a 5-year follow-up,
reflecting the natural history of cognitive decline
in PD ¥. Conversion from MCI to dementia in PD
(PDD) is in the majority of cases an inevitable clinical
event, determined by certain diagnostic criteria !
which substantiate cognitive decline in more than
one cognitive domain, which should be significant
enough in order to negatively influence daily life and
lasting for at least 6 months .
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Neuropsychological assessment is required in
order to diagnose cognitive impairment in PD.
Both instruments of global cognition evaluation
and more detailed neuropsychological tools are
also used in clinical practice in order to monitor
cognitive dysfunction and to determine the affected
domains. Commonly used cognitive screening in PD
includes the Montreal Cognitive Assessment (MoCA)
1 Mini Mental State Examination (MMSE), Mattis
Dementia Rating Scale Second Edition (MDRS-2),
Parkinson’s Disease- Cognitive Rating Scale (PD-
CRS)™ and Scales for Outcomes in Parkinson's
Disease- Cognition (SCOPA-COG)®. More targeted
neuropsychological tools are implemented in the
assessment of the five core cognitive domains:
attention and working memory, executive, language,
memory and visuospatial function B,

Identification of cognitive decline in early stages is
crucial in order to predict future disease progression
and to design therapeutic interventions, aiming to
prevent rapid cognitive decline or even to stabilize
the cognitive status over a period. For this purpose,
the interest in identifying biomarkers of cognitive
impairment in PD has been increased in the last
decade 19, Valuable biomarkers, i.e. objective and
guantifiable parameters, of cognitive function in PD
should either associate with pathological processes
of the disease and discriminate between cognitive
impaired (PD-Cl) and non- cognitive impaired (PD-
NCI) PD patients, or predict cognitive decline and
the conversion to dementia.

Methods

Herein, we investigated the current literature to
review candidate molecular biomarkers of cognitive
dysfunction in PD. Our PubMed search was based
on articles published from January 2010 to Sep-
tember 2023, in English language. Specific terms
were used in order to form accurate searching al-
gorithms, including: (“Parkinson’s disease” OR PD)
AND biomarker* AND (“cerebrospinal fluid” OR CSF
OR serum OR blood OR plasma) AND (“cognitive
impairment” OR “cognitive decline”).
a-synuclein

The aggregates of a-synuclein are definite hall-
marks of PDD neuropathology via their deposition

in brainstem and olfactory domains, resulting in syn-
aptic dysfunction due to loss of monoaminergic and
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cholinergic neurons. The infiltration of limbic system
(parahippocampal) and neocortex, involving frontal
and temporal structures, with a-synuclein aggre-
gates is associated with the development of cogni-
tive impairment. Furthermore, in PD, a-synuclein
pathology interacts with DNA repair processes, af-
fecting neuronal DNA. Involvement of a-synuclein in
neuroinflammation has been also suggested, with
recent evidence supporting the role of a-synuclein
in the activation of type 1 interferon, promoting
neurodegeneration "'l a-Synuclein aggregation is a
complicated procedure, involving multiple protein-
protein interactions, of which phosphorylation seems
to promote LB formation and neuronal degeneration
02 Apart from idiopathic PD, genetic variations of
the SNCA gene, the encoding gene of a-synuclein,
are directly associated with pathological a-synuclein
isoforms and the increased dementia risk. Other PD-
related genes, including LRRK2 and GBA, have been
related to a-synucleinpathology as well, promoting
aggregation via phosphorylation (LRRK2) and stabiliz-
ing soluble oligomeric intermediates (GBA).

CSF levels of a-synuclein have been studied as
biomarkers of cognitive decline in PD, with evidence
by relevant studies being inconsistent. In CSF studies,
levels of a-synuclein have been found comparable or
lower in PD subjects than in healthy controls '35,
Early studies have shown that increased CSF con-
centrations of a-synuclein predicted the progression
of cognitive decline over time, as shown, among
other studies, by the DATATOP cohort, where PD
subjects with higher CSF a-synuclein had a faster
cognitive decline 1'¢'8 | ower CSF a-synuclein was
significantly associated with reduced performance
on executive/attention domains and decreased com-
posite cognitive score in the study by Skogseth et
el. % as well as with deficits in phonetic fluency 1",
Higher baseline CSF a-synuclein concentrations were
also related to worse performance in longitudinal
assessments of affective and executive functioning
domains 9. In contrary, it was also showed that
concentrations of a-synuclein were lower in PD-CI
as compared to PD-NCI subjects ". Several studies
revealed none significant relationship between CSF
a-synuclein levels and cognitive decline, neither in
single baseline measurements nor in longitudinal
assessments, in PDD and PD-MCI subjects [13 1418
2229 Apart from total a-synuclein, posttranslational
forms (i.e. ubiquinated, phosphorylated, nitrated or
oligomeric forms) could indicate cognitive decline.
Oligomeric a-synuclein levels in CSF have been found
to be elevated in PDD subjects as compared to con-
trols, yet no association was detected with cognitive
deficits ['%2¢1. Higher CSF phosphorylated a-synuclein
and the ratio of phosphorylated-a-synuclein/total-
a-synuclein were correlated with better executive
functioning 7.

Elevated plasma levels of a-synuclein have been
found in PD subjects as compared to healthy controls
in several studies 283", while PD-Cl subjects had also
a higher plasma a-synuclein as compared to PD-NCI
(5311 performance in frontal lobe-mediated tasks was
linked to plasma a-synuclein levels B'. Higher plasma
a-synuclein was associated with an increased risk
of PD-MCI B%. Plasma a-synuclein has been either
positively or negatively correlated to MMSE score 2%
32 whereas lower plasma a-synuclein was indicative
of cognitive decline in MoCA, FAB and RAVLT assess-
ments 3. Blommer et al. detected a lower neuronal
extracellular vesicle a-synuclein in PD-Cl as compared
to PD-NCI subjects B4
B-Amyloid

Apart from a-synuclein aggregates which con-
stitute the hallmark of PD pathogenesis, it is well
established that AD-related pathology contributes
to cognitive impairment in PD, via extracellular
B-amyloid (AB) and intracellular tau accumulation
and deposition 2. The overlap between the two neu-
rodegenerative diseases involves AP plagues and tau
tangles and was originally identified in post-mortem
histological studies, which detected AR deposition
in cortical and subcortical regions in about 50% of
PDD subjects. Almost 1/3 of total PDD subjects had
severe tau pathology in hippocampal and neocortical
domains . AD pathology is suggested to accelerate
the progressing cognitive decline in PD via amyloid
angiopathy and neuroinflammation, reflecting defi-
cits in multiple cognitive domains 33, Given the
established role of AR as biomarker in AD, several
studies investigated the diagnostic and predictive
value of this molecule in assessing cognition impair-
ment in PD, both in cross-sectional and longitudinal
studies. Several research groups investigating PDD
individuals found that CSF AB,, levels are commonly
decreased in demented patients as compared to
non-demented patients and/or healthy controls !'*
21.36.37° A meta-analysis by Hu et al. suggested that
CSF AB,, was primarily associated with cases of PD-Cl
rather than PD-MCl individuals, since evidence from
different studies also varied regarding comparisons
of AB42 levels between mild cognitive impairment
and normal cognition 138,

Studies have shown the association between CSF
AB,, and deficits both in global cognition and indi-
vidual cognitive domains. Deficits in both MoCA and
MMSE scores have been associated with low CSF
AB,, levels in PD 22 %1 Decreased CSF AB,, was re-
lated to deficits in attention 27-4-42 working memory
41 phonemic fluency 3!, conceptualization 2, ini-
tiation/ preservation 2, memory 1442 and response
inhibition "4, Furthermore, Zarifkar et al. found sig-
nificant correlations between low CSF AB, /AB,, ratio
and impairment in attention/ executive function-
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ing and language “4. Higher prevalence of positive
amyloidosis profile (low AB, /AB,,) in CSF was also
reported in PDD as compared to PD-MCl and healthy
individuals **. AB, /neurogranin ratio was described
as a valuable marker to discriminate between PD-CI
and PD-NCI patients, reflecting processes of synaptic
dysfunction “¢. Evidence from studies investigating
plasma AB,, levels did not provide a definite associa-
tion to impaired cognitive performance B%. However,
in the recent study by Lin et al., higher baseline AB,,
predicted a faster cognitive decline 7. Plasma AB,,
has been associated with impaired cognition; yet, a
disagreement between studies should be noted since
plasma AB,, concentrations have been described
both increased and decreased in PD &5 A poten-
tial advance in AP investigations as biomarker in PD
was suggested by the findings in the novel study by
Wang et al., where AB,,-containing platelet-derived
extracellular vesicles (EV) were higher in PDD, as de-
tected using a nano-scale flow cytometry assay '
Plasma EV AB,, was previously shown increased in
PD-Cl as compared to PD-NCI patients 2.

The value of CSF AB,, in predicting cognitive dys-
function in PD individuals has been the objective
of many studies in the last decade. Overall, AB,,
should be considered an independent prognostic
factor of cognitive decline in PD, since evidence from
various studies, using different outcome measures
and time-frames of the longitudinal assessments,
showed that low CSF AB,, in baseline measurements
predicts cognitive impairment and progression to
PDD, as well as time to dementia [22 23.25.53-561 |
particular, findings by the Parkinson’s Progression
Markers Initiative (PPMI) cohort showed gradually
decreased CSF AB,, concentrations during disease
progression and association between lower baseline
CSF AB,, and cognitive decline in a 3-year follow-up
531 Baseline measures of CSF AR, were also found
to predict memory deficits 2.

Total tau (t-tau) and Phosphorylated 181 tau
(p-tau)

In contrast with the relatively definite role of AB
in the development of cognitive dysfunction and
dementia in PD, the contribution of tau in this
process is yet to be clarified. Contradictory find-
ings among individual studies demonstrate either
increased or decreased ' 37 levels of CSF t-tau and
p-tau in cognitive impaired PD individuals. Notably,
a meta-analysis including 590 PD-Cl and 1182 PD-
NCI patients detected elevated CSF t-tau and p-tau
in presence of dementia 8. Plasma t-tau has been
related to cognitive dysfunction #*, including defi-
cits in attention and executive functioning '>>" and
visuospatial function ", Higher CSF p-tau related to
worse language functioning in the study by Oost-
erveld et al. ?7), whereas also predicted longitudinal

42
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impairments in memory and executive functioning
B8l Increased plasma p-tau in baseline measurements
has been shown predictive of faster cognitive decline
over time 7], while CSF p-tau increase during disease
progression also related to faster cognitive decline '€,
However, other studies failed to identify significant
relationships between t-tau, p-tau ** and impaired
cognition in the PD examined population 3% 50591,
A recent study revealed significant association of
plasma EV tau with cognitive function, using the
technological advances in immunoassay field 2.

The combination of AD-pathology markers, in
terms of tau/AP ratios, seems to generate promis-
ing biomarkers of cognitive dysfunction in PD, as
revealed by the findings of different studies. High
baseline CSF p-tau/AB,, was associated with faster
cognitive decline ¥ and subsequent memory and
executive function deficits 8, whereas t-tau/AB,,
related to progression to dementia ©". Plasma tau/
AB,, ratio has been correlated to posterior cortical-
mediated tasks B

Neurofilament light chain (NfL)

Neurodegeneration and axonal damage result in
the release of various subunits of neurofilaments in
the interstitial space of CNS. NfL is a cytoskeletal
protein, expressed in both central and peripheral
neurons, whose injury and degeneration leads to
increased CSF and blood concentrations of NfL 2.

Recently, advances were described in the investiga-
tion, both in CSF and plasma, of NfL as a biomarker
of cognitive impairment in PD, utilizing the develop-
ment of ultrasensitive techniques to measure these
molecules. In the study by Backstrém et al., high CSF
NfL in baseline measurements predicted progression
to PDD in a 1-year follow-up assessment 23, a finding
also observed in later longitudinal studies, which also
associated faster cognitive decline to higher baseline
CSF NfL 48364 |ncreased CSF NfL concentrations
have been related to worse cognitive performance,
in terms of worse MoCA score, as well as deficits in
memory, attentional and executive functioning ">
27651 The value of plasma and serum NfL as a bio-
marker of cognitive decline has been also shown in
recent studies, providing similar findings to that of
CSF studies. High plasma NfL levels were associated
with thinner temporal and insular cortical thickness,
reflecting also posterior cortical neurodegeneration
28,66 Higher serum and plasma NfL was associated
with worse cognitive performance, i.e. decreased
MoCA and multiple cognitive domain scores, and
was related to an increased risk of progression to
PDD [8 67721 | ongitudinal studies of PD subjects
showed that serum/plasma NfL increases over time
during the disease progression and higher baseline
NfL levels predict the cognitive decline in follow-up
evaluations 166271731 Serym/plasma NfL has been
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associated not only to impaired global cognition
but also to deficits in episodic memory, visuospatial
functioning, executive functioning, processing speed,
attention and language/verbal fluency 0 721,

Neuroinflammation

Inflammatory markers

It has been hypothesized that inflammation con-
tributes in the pathological processes of PD progres-
sion. Both central-nervous and peripheral, innate and
adaptive immune system activation is considered to
influence PD pathophysiology, promoted by activated
microglia and a-synuclein-induced cytokine produc-
tion 4. Based on this hypothesis recent studies inves-
tigated the role inflammatory markers as biomarkers
of impaired cognition in PD. Higher serum IL-6 levels
were reported in PD subjects with cognitive deficits
as compared to non-cognitive impaired patients,
while significant negative correlations were shown
between serum and CSF IL-6, MoCA score and cog-
nitive speed >771. Furthermore, IL-8 and IL-18were
also associated with impaired cognitive performance
78801 Tumor necrosis factor-a (TNF-a) has been shown
as a potential biomarker of cognitive impairment,
since higher serum TNF-a related to worse MoCA
scores and higher CSF TNF-a in baseline measure-
ments could predict a faster cognitive decline 17%-89,
In investigations of various inflammatory mediators,
lower MoCA scores were associated with higher CSF
levels of ICAM-1, MCP-1, MIP-1 beta, FABP, SCF and
higher serum levels of CA-125, while higher SAA and
C-reactive-protein (CRP) were related to worse per-
formance on global cognition, cognitive speed and
attention assessments /6 7% 8% |nterestingly, in the
study by Shen et al. a predictive model of measuring
three plasma proteins (melanoma inhibitory activity
protein, CRP and albumin) identified accurately PD
individuals of high risk to develop cognitive impair-
ment 8", Fibrinogen was also found upregulated in
PD-Cl subjects and correlated negatively to Wisconsin
card sorting score 2.

Other proteins associated with cognitive
impairment in PD

Glucoprotein Chitinase-3-like protein 1, also
known as YKL-40, as marker of glial activation and
inflammation expressed in microglia and astrocytes,
was demonstrated to increase in CSF of PD patients
in 2-year longitudinal measurements, whereas this
increase was associated with a faster cognitive de-
cline 318 Another microglial activation marker, the
soluble fragment of triggering receptor expressed
on myeloid cells 2 (STREM2), could contribute as
biomarker in the prediction of cognitive decline in
PD, since higher baseline CSF sSTREM2 predicted
greater future impairment in global cognition '3

24831 Elevated concentrations of CSF STREM2 were
measured in subgroups of PD patients with a posi-
tive CSF tau profile, but not with AR 4. Also derived
from astrocytes, glial fibrillary acidic protein (GFAP)
was recently investigated regarding its role in cog-
nitive deterioration to dementia. High CSF GFAP at
baseline predicted cognitive decline and demen-
tia during longitudinal evaluations '3 &1 Similarly,
elevated plasma GFAP was associated with worse
cognitive scores ¥, independently contributed to
PDD 7 and predicted PD-MCI to PDD conversion 71,
The inflammation-derived oxidative stress is pos-
tulated to play a significant role in PD pathogenesis
and neurodegeneration, as well as to the potential
development of cognitive impairment in PD, since
studies also showed associations of worse cogni-
tive performance with high CSF levels of hydroxyl
radical (¢OH) and low serum nitric oxide levels [7> 881,
As a consequence of cellular oxidative stress in PD,
the activated phospholipases cause the lysis of cell
membranes and the subsequent release of phos-
pholipids (PL). Increased plasma PL were strongly
associated with impaired cognitive performance 9.
Furthermore, abnormal lipid perioxidation may af-
fect cognition in PD. Elevated serum high-density
lipoprotein (HDL) levels were associated with worse
cognitive performance in ACE-R and SCOPA-COG
assessments in females PD patients . Another
study described higher levels of total cholesterol,
triglyceride and apolipoprotein A1 as independent
predictors of mild cognitive impairment in PD B
Moreover, potential predictive biomarkers, for which
underlying mechanisms to develop dementia in PD
are unclear, include low estimated glomerular fil-
tration rate (eGFR) P2 and low serum uric acid 1'%
%31, Higher serum homocysteine concentration at
baseline also predicted declining MoCA scores in
54-month follow up ®¥. Decreased levels of vitamin
D were associated with impaired cognition in PD,
being valuable in predicting development of mild
cognitive impairment over a 48-month period %1,
In the study by Martin-Ruiz et al. investigating
senescence and inflammatory markers, higher p16
expression predicted cognitive decline in a 36-month
follow-up, as well as shorter telomeres related to
dementia over the same period 7. Various other
proteins have been recently associated with cognitive
dysfunction in PD: increased acidic isoforms of CSF
serpinA1, an acute phase protein, indicated a higher
PDD risk 7; plasma exosomal prion protein concen-
tration was found elevated in PD-Cl as compared to
PD-NCI and healthy individuals, whereas a significant
correlation to the MoCA score was detected P8l

Growth factors

Brain-derived neurotrophic factor (BDNF) is in-
volved in the regulation of dopaminergic neuron
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survival and preservation of synaptic plasticity, trig-
gering researchers to explore its role in PD. BDNF
plasma levels were positively correlated to cogni-
tive performance assessed by MoCA/MMSE tests
1991001 35 well as in attention, executive, working
memory and self-monitoring/inhibition domains ['°!.
Low concentration of plasma epidermal growth fac-
tor (EGF) has been linked to poor performance in
cognitive tests, including domains of semantic flu-
ency, verbal memory, attention/executive function
and visuospatial abilities, while low baseline plasma
EGF also predicted progression to cognitive impair-
ment and dementia ['%27%4. Furthermore, decreased
plasma levels of glial cell line-derived neutrophic
factor (GDNF), a protective neurotrophic factor for
dopaminergic neurons, discriminated between PD-Cl
and PD-NCI patients ['®! and could potentially used
as biomarker of executive function in PD, including
deficits in inhibitory control, cognitive flexibility, and
attention performances "¢, Insulin-like growth fac-
tor 1 (IGF-1) was associated with poor performance
on global cognition and executive tasks ['%7: %8 with
low baseline IGF-1 showing also prognostic value for
faster cognitive decline, including attention/executive
and verbal memory performance %!,

Genetics

Genetic variations are involved in PD pathogenesis
and the determination of the underlying genetic
basis in PD is important in order to predict cogni-
tive trajectories. Although Parkin gene- and LRRK2-
related PD cases are considered to be associated with
a lower risk of cognitive dysfunction, the opposite
seems to apply to genetic polymorphisms that af-
fect the encoding of a-synuclein (SNCA gene) and
B-glucocerebrosidase (GBA gene) . Apart from gene
mutations, transcriptional and post-transcriptional
products in plasma and CSF could provide novel in-
sights in search of cognitive biomarkers in PD.

The €4 allele of APOE, the encoding gene of apoli-
poprotein E, was associated with the incidence and
progression of cognitive dysfunction in PD [10 1091,
Recently, in a genome-wide survival meta-analysis
of 3923 PD individuals, APOE €4 was characterized
as a major risk factor of dementia development in
PD, whereas a novel locus within APOE and LRP1B
gene was also predictive of dementia in PD "%, E4
allelle was associated with deficits of memory, atten-
tion/executive function and language, restricted to
learning and semantic verbal fluency impairment in
the non-demented subgroup "', while APOE e4 was
related to executive dysfunction in PDMCI patients
(121 A faster deterioration in visuospatial function
was also detected for €4+ PD individuals ?2. The
APOE €4 allele is considered to influence AB deposi-
tion and other AD-related changes, as suggested by
evidence of prognostic correlations between higher
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baseline AB, p-tau and faster cognitive decline in
€4+ carriers 71,

Involved in the degradation of dopamine, genet-
ic variations of the catechol O-methyltransferase
(COMT) gene have been linked to cognitive function
in PD I3l Specifically, COMT Val/Val polymorphisms
increase dopamine catabolism and predicted cogni-
tive impairment in longitudinal assessments of de
novo PD individuals ¥, as well as a faster decline in
executive function, verbal learning and memory 14,
Polymorphisms in the tau-related MAPT gene were
also indicative of cognitive impairment in PD, with
the H1/H1 being associated with an increased risk
of dementia development ['*. SNCA gene is related
to autosomal dominant PD, often characterized by
prominent cognitive dysfunction ©. In a recent study,
non carrier status of SNCA rs6826785 single nucleo-
tide polymorphism was identified as an increased risk
parameter for mild cognitive impairment in PD [''3],

Reduced a-synuclein degradation and pathological
accumulation in the process of PD could be promoted
by dysfunction of the lysosomal-autophagy system.
This pathophysiological pathway is linked to muta-
tions in the encoding gene of B-glucocerebrosidase,
the GBA gene, whose pathological variants are
regarded as genetic risk factors for cognitive im-
pairment and dementia in PD [0 116,117 3ssociated
with deficits in working memory, visuospatial and
executive functions "8l Lysosomal dysfunction in
PD was further supported by the findings of Par-
netti et al., who reported that reduced activity of
CSF B-glucocerebrosidase in PD independently of
GBA carrier status, whereas dysfunction of CSF
B-glucocerebrosidase and B-hexosaminidase associ-
ated with worse cognitive performance, supporting
the potential of lysosomal enzymes as biomarkers
of cognitive decline in PD " Interestingly, a higher
CSF glucocerebrosidase/ sphingomyelin ratio was
able to predict faster cognitive decline in idiopathic
PD individuals in longitudinal MoCA assessments 11201,

The exponential research interest in genetic traits
that implicate with disease progression led to the
investigation of further genetic variants as predictors
of cognitive impairment in PD. Klotho longevity gene
was found to interfere with cognitive dysfunction,
since in PD carriers of the KL-VS haplotype the inter-
val between disease onset and the onset of cognitive
impairment was shorter ['2'. Single nucleotide poly-
morphisms (SNPs) of the aquaporin-4 gene (AQP4)
were also associated to cognitive performance of
PD patients; AQP4 rs162009 SNP was found pro-
tective against cognitive decline, relating to better
performance in letter-number sequencing test and
SDMT, yet, PD patients with AQP4 rs68006382 SNP
demonstrated a faster progression to mild cognitive
impairment and worse performance in letter-number
seguencing, semantic fluency, and SDMT 1122,
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Conclusions

Our narrative review aimed to identify appropriate
biomarkers of cognitive impairment in PD, detected
in CSF and/or blood. Despite contradictory evidence
regarding the role of a-synuclein as biomarker of

Schmand, D. Weintraub, R.C. Petersen, et al.,
Diagnostic criteria for mild cognitive impairment
in Parkinson’s disease: Movement Disorder So-
ciety Task Force guidelines. Mov Disord, 2012.
27(3): p. 349-56.doi:10.1002/mds.24893

cognitive dysfunction in PD, reported associations ~ [4] ~ Pedersen, K.F, J.P. Larsen, O.B. Tysnes, and G.
with MCl and dementia risk are evident. Research of Alves, Natural course of mild cognitive impair-
posttranslational isoforms could provide insights in ment in Parkinson disease: A 5-year population-
more appropriate markers of cognitive impairment, based study. Neurology, 2017. 88(8): p. 767-
utilizing technological advances in immunoassays. Ap 774.doi:10.1212/wnl.0000000000003634
is considered more established as indicator of worse ~ [5]  Emre, M., D. Aarsland, R. Brown, D.J. Burn, C.
cognition in PD and predictor of cognitive decline, Duyckaerts, Y. Mizuno, et al., Clinical diagnostic
while tau protein was inconsistent in correspond- criteria for dementia associated with Parkinson’s
ing associations. Ratios between CSF and plasma disease. Mov Disord, 2007. 22(12): p. 1689-
a-synuclein, AB and tau could further explored as 707; quiz 1837.doi:10.1002/mds.21507
cognitive biomarkers, since promising results has ~ [6] Nasreddine, Z.S., N.A. Phillips, V. Bédirian, S.
been reported 6. Recently introduced in PD cogni- Charbonneau, V. Whitehead, I. Collin, et al,,
tive impairment course, studies of NfL demonstrated The Montreal Cognitive Assessment, MoCA: a
that increased CSF and plasma NfL concentrations brief screening tool for mild cognitive impair-
could be considered reliable biomarker of worse cog- ment. J Am Geriatr Soc, 2005. 53(4): p. 695-9.
nitive performance as well as in predicting future doi:10.1111/.1532-5415.2005.53221 x
cognitive deterioration. Furthermore, inflammatory ~ [7]  Pagonabarraga, J., J. Kulisevsky, G. Llebaria, C.
mediators, oxidative stress markers and growth fac- Garc a-S nchez, B. Pascual-Sedano, and A. Gi-
tors have been systematically related to impaired ronell, Parkinson’s disease-cognitive rating scale:
cognition in PD, reflecting pathophysiological proper- a new cognitive scale specific for Parkinson’s dis-
ties in neuronal degeneration and injury. ease. Mov Disord, 2008. 23(7): p. 998-1005.
Genetic predisposition is an independent risk fac- doi:10.1002/mds.22007
tor for the progressing cognitive dysfunction in PD  [8]  Marinus, J., M. Visser, N.A. Verwey, FR. Ver-
course, even in idiopathic PD cases. The APOE €4 hey, H.A. Middelkoop, A.M. Stiggelbout, et
allele, SNCA and GBA mutations result in cognitive al., Assessment of cognition in Parkinson’s
deficits in multiple domains, with a prognostic value disease. Neurology, 2003. 61(9): p. 1222-8.
regarding PDD development. COMT and MAPT poly- doi:10.1212/01.wnl.0000091864.39702.1c
morphisms could also indicate cognitive impairment, ~ [9]  Kalia, L.V., Biomarkers for cognitive dysfunc-

while recent studies revealed cognitive associations
for AQP4 and Klotho genes. Advances in genetic
medicine are emerging and future studies could in-
troduce new candidate biomarkers.

Future research is necessary for the validation of
the various promising biomarkers, described in our
review. Early detection of cognitive deficits as well as
the prediction of cognitive decline are key elements
for the development of targeted therapeutic inter-
ventions. Accordingly, robust biomarkers could be
implemented in clinical trials as monitoring estimates.
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Vignettes

1. Highlights

e The present review aims to present recent stud-
ies regarding valuable biomarkers of cognitive
impairment in PD

e Amyloid B has been established as biomarker of
cognitive dysfunction in PD, reliably predicting
cognitive decline in longitudinal assessments

¢ Neurofilament light chain is a promising bio-
marker

e Markers of neuroinflammation, lysosomal activity
and growth factors have been associated with
cognitive deficits in multiple domains

e Genetic variants contribute to a higher risk of
cognitive dysfunction development

2. Potential of biomarkers in clinical practice

e Robust markers of cognitive function could be
used as monitoring biomarkers, assessing the
natural disease course as well as the effect of
therapeutic interventions

e Prognostic biomarkers could enable earlier in-
terventions in order to hinder the progressing
cognitive decline

¢ Implementation of reliable biomarkers in clinical
trials with investigational drugs could provide
reliable outcome measures

e A combination of various biomarkers, reflect-
ing different pathogenic processes of cognitive
impairment in PD, could facilitate diagnosis and
prognostic evaluation of cognitive decline
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