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Abstract 

Objectives: To identify diagnostic and prognostic biomarkers for Parkinson’s disease (PD) and atypical parkinsonian disorders (APD) 
in blood and cerebrospinal fluid (CSF). To investigate longitudinal changes in CSF biomarkers in PD and to investigate the role of 
inflammatory biomarkers in CSF in PD and APD. 

Methods: We included patients and controls from the longitudinal, prospective Swedish BioFINDER study, but also from other clinical 
centers. We included patients with PD, PD with dementia (PDD), multiple system atrophy (MSA), progressive supranuclear palsy 
(PSP), corticobasal degeneration (CBD) and for paper I also patients with Alzheimer’s disease (AD) and dementia with Lewy bodies 
(DLB). Patients and controls underwent clinical assessment and testing regarding motor function and cognition. CSF and blood were 
analyzed using both newly developed and well established methods. 

Results:  

In paper I we assessed if a panel of CSF biomarkers could differentiate between common dementias and parkinsonian disorders. We 
found that levels of α-synuclein (α-syn) in CSF were decreased in the synucleinopathies (i.e. PD, PDD, DLB and MSA). The levels of 
NfL were increased in APD (i.e. MSA, PSP and CBD). Multivariate analysis revealed that a panel of five CSF biomarkers (α-syn, tau, 
P-tau, NfL and Aβ42) could differentiate AD from PDD and DLB with a high diagnostic accuracy. NfL alone could differentiate PD from 
APD with a high diagnostic accuracy, multivariate analysis with the five CSF biomarkers did not improve the ability to distinguish 
between the different conditions. 

In paper II we investigated if levels of CSF biomarkers at baseline could predict cognitive decline and/or progression of motor 
symptoms after 2 years. We found that increased baseline levels if α-syn in the PD group correlated with cognitive decline and 
progression of motor symptoms. Low levels of Aβ42 were associated with increased memory impairment. We also found strong 

correlations between α-syn and tau as well as P-tau in PD. 

In paper III we investigated the longitudinal changes in CSF biomarkers over a two year period. We found that α-syn, tau, P-tau, NfL 
and YKL-40 but not Aβ42 increased over two years in PD but not in controls. However, α-syn and tau only increased in the PD group 
with disease duration > 5 years but remained stable early in the disease course. Furthermore, increase in P-tau and YKL-40 

correlated disease progression. 

In paper IV we investigated if NfL in blood could differentiate between PD and APD. We found that NfL in blood correlated strongly 

with NfL in CSF. Furthermore we found that NfL in blood could differentiate between PD and APD with a high accuracy. 

In paper V we investigated the levels of inflammatory biomarkers in CSF of patients with PD and APD. We found that patients with 
PDD and MSA had higher levels of biomarkers of inflammation in CSF compared with PD and controls. The CSF levels of YKL-40 
were decreased in PD compared with controls indicating astrocyte dysfuncion. Inflammatory biomarkers correlated strongly with α-
syn and markers of neuroaxonal injury (tau and NfL). In PD, higher levels of inflammatory biomarkers were associated with cognitive 

impairment and increased motor dysfunction. 

Conclusions: A panel of five CSF biomarkers can distinguish AD from DLB and PDD. Assessment of NfL in CSF as well as in blood 
can differentiate between PD and APD. The CSF levels of α-syn is decreased in the PD group as a whole but increase over time in 
those with long disease duration. Increased levels of α-syn at baseline within the PD group is associated with motor progression and 
cognitive decline and correlate with markers of neuroaxonal injury. We suggest that higher CSF levels of α-syn are associated with 
more intense neurodegeneration. The obtainer data also suggests that inflammation is associated with a more aggressive disease in 

patients with parkinsonism. 
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Sammanfattning på svenska 

Parkinsons sjukdom (PD) är efter Alzheimers sjukdom (AD) den näst vanligaste 

sjukdomen där nervsystemet bryts ned, en s.k. neurodegenerativ sjukdom. PD 

förekommer hos ca 1% av befolkningen över 60 års ålder. Den är fortskridande 

och även om vi idag har mediciner för att behandla symptom finns ingen botande 

eller bromsande behandling. 

Vid PD ansamlas proteinet α-synuclein (α-syn) i dopaminproducerande celler. 

Sjukdomsprocessen tros börja upp till 20 år innan patienten får motoriska 

symptom. Även inflammation i nervsystemet har kopplats till utveckling av PD. 

Kliniskt utmärks PD av långsamma rörelser (bradykinesi), stelhet (rigiditet) och 

skakningar i vila. PD debuterar i allmänhet i ena sidan för att allteftersom 

sjukdomen fortskrider påverka båda sidor. Med tiden drabbas även många 

patienter av demens. Man räknar med att ca 30% av Parkinson patienter har 

demens (PDD) och att ytterligare 20-25% har en lindrig kognitiv svikt. 

Det kan ibland vara svårt att ställa diagnosen PD, särskilt tidigt i förloppet då 

symptomen överlappar med s.k. atypisk parkinsonism (APD). APD utgörs av 

sjukdomarna multipel systematrofi (MSA), progressiv supranukleär pares (PSP) 

och kortikobasal degeneration (CBD). Dessa sjukdomar liknar ofta PD, men har 

ytterligare symptom, svarar dåligt på behandling och har sämre prognos. Det finns 

idag ingen undersökning eller prov som tidigt och säkert kan bidra till rätt diagnos. 

Vi har stora förhoppningar om kommande sjukdomsmodifierande behandlingar. 

Dessa behandlingar skulle dock behöva sättas in tidigt, innan sjukdomsprocessen 

fortskridit för långt. 

För en tidig och säker diagnos behövs således förbättrade biomarkörer. 

Man har under de senaste ca 20 åren studerat biomarkörer i 

ryggmärgsvätska/cerebrospinalvätska (CSF) extensivt. Dock finns ännu inte någon 

riktigt bra diagnostisk markör. 

I detta forskningsprojekt har vi undersökt markörer i CSF och blod. Vårt mål har 

varit att identifiera markörer som möjliggör tidig och säker diagnos av PD och 

APD, identifiera markörer som kan förutse sjukdomsförloppet och undersöka hur 

dessa biomarkörer ändras över tid. Vi ville också undersöka inflammationens roll i 

PD och APD. 



14 

I artikel 1 fann vi att NfL (en markör för nervcells skada) i CSF var förhöjt i APD 

jämfört med PD och friska kontroller och att NfL kunde skilja mellan APD och 

PD med en hög diagnostisk säkerhet. Dock kan inte NfL bidra till att skilja mellan 

de olika APD. Vi fann också att α-syn är sänkt vid PD. 

I artikel 2 undersökte vi hur biomarkörer i CSF vid det första besöket var 

associerat med förändring av kliniska symtom efter 2 års uppföljning vid PD. Vi 

fann att de PD patienter som hade högre nivåer av α-syn försämrades mer både 

avseende motoriska symptom och mental snabbhet över 2 år. Vi såg också att låga 

nivåer av Aβ42 (ett protein som är lågt även vid AD) var associerat med större 

försämring av minnet efter 2 år. 

I artikel 3 undersökte vi hur nivåerna av biomarkörer i CSF (α-syn, Aβ42, tau, P-

tau, NfL och YKL-40) ändras över 2 år vid PD och hos friska kontroller. Vi fann 

att alla markörer utom Aβ42 ökade över 2 år vid PD men ej hos friska kontroller. 

Vi såg också att en större ökning av P-tau och YKL-40 hos PD patienter var 

associerat med klinisk försämring. 

I artikel 4 undersökte vi NfL i blod hos patienter med PD, APD och friska 

kontroller. Vi fann att nivåer av NfL i blod korrelerade väl med nivåer av NfL i 

CSF. Vi fann också att NfL i blod kunde skilja mellan PD och APD med en 

diagnostisk säkerhet som var jämförbar med NfL i CSF. 

I artikel 5 undersökte vi nivåer av inflammatoriska markörer i CSF hos patienter 

med PD, PDD, PSP, MSA och friska kontroller. Vi fann att patienter med PDD 

och MSA hade högre nivåer av inflammatoriska markörer än PD och kontroller. 

Ökade nivåer av inflammatoriska markörer var associerat med ökad motorisk och 

kognitiv påverkan vid PD. 

Sammafattningsvis fann vi att NfL i både blod och CSF är högre vid APD jämfört 

med PD och att denna markör kan bidra till att skilja mellan PD och APD-

patienter. Detta kan bidra till en ökad diagnostisk säkerhet, även utanför 

högspecialiserade kliniker. Den kliniska undersökningen är dock fortsatt central. 

α-Syn är sänkt vid PD, sannolikt till följd av ansamling av α-syn i nervceller. Dock 

talar data även för att α-syn är associerat med neurodegeneration och högre nivåer 

inom PD gruppen är förenat med sämre prognos. Vidare bekräftar våra resultat 

rollen av inflammation i PD och vi föreslår att inflammation är associerat med ett 

mer aggressivt sjukdomsförlopp.  
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Background and Introduction 

Parkinson’s disease  

Parkinson’s disease (PD) was first described in 1817 by James Parkinson
1, 2

. The 

disease was in 1872 described in further depth and given its name “Parkinson’s 

disease” by Jean-Martin Charcot
3
 and is now recognized as the second most 

common neurodegenerative disease, second only to Alzheimer’s disease. PD is 

rare before the age of 50 but the prevalence increases with age, affecting 

approximately 1% of the population over 60 years
4-6

. A Swedish study has 

recorded the highest incidence rates described, with >100/100.000 in the age 

group of 80 and older
7
. Some studies report that PD more commonly affects men 

than women; however, other studies report no differences 
4-6

. In a Swedish study, 

the men – female ratio was 1.2:1
7
. More than causing suffering for the individual 

patient, PD also affects caregivers and society, with an estimated annual cost in 

Sweden of > 1.7 Billion SEK in 2009
8
. With an increasingly aging population PD 

can be expected to cause an increasing burden on society. 

Pathophysiology of Parkinson’s disease 

Parkinson’s disease is neuropathologically characterized by the inclusions of Lewy 

bodies and Lewy neurites containing α-synuclein (α-syn)
9-12

. It is suggested that 

these α-syn containing inclusions lead to synaptic dysfunction, interfere with 

axonal transport and thus leads to neuronal damage of vulnerable, neuromelanin 

rich neurons in the dopaminergic substantia nigra pars compacta’s (SNc) caudal 

and ventrolateral regions. The degeneration of the SN leads to further degeneration 

of the nigrostriatal system causing dopaminergic loss in the striatum causing the 

core motor features of PD
11

. Neuropathological studies indicate a sequential 

spreading of the disease process starting in the medulla oblongata, spreading in a 

cranial direction and eventually affecting the cerebral cortex (the Braak staging 

system)
9
. It was subsequently revised to also include the anterior olfactory 

structures in stage 1 (Figure 1)
13

. 
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Figure 1A, B: PD presymptomatic and symptomatic phases. A The presymptomatic phase is marked by the 

appearance of Lewy neurites/bodies in the brains of asymptomatic persons. In the symptomatic phase, the individual 
neuropathological threshold is exceeded (black arrow). The increasing slope and intensity of the colored areas below 
the diagonal indicate the growing severity of the pathology in vulnerable brain regions (right). The severity of the 
pathology is indicated by darker degrees of shading in the colored arrow left. B Diagram showing the ascending 
pathological process (white arrows). The shading intensity of the colored areas corresponds to that in A (and in Fig. 
4). C Composition of the human cerebral cortex. The allocortex (red) consists of the olfactory bulb, entorhinal region, 
and hippocampal formation. The extensive neocortex with its parietal, temporal, and occipital lobes consists of 
primary sensory fields (dark blue), first order sensory association areas (light blue), and the related high-order sensory 

association areas (orange). Similarly, the frontal neocortex consists of a primary motor field (dark green), premotor 
areas (olive), and prefrontal areas (yellow). Cell and Tissue Research, Stages in the development of Parkinson’s 
disease-related pathology, Volume 318, 2004, pp 121–134, Heiko Braak, Estifanos Ghebremedhin, Udo Rüb, 
Hansjürgen Bratzke, Kelly Del Tredici. With permission of Springer. 

Even though the Braak staging system has been criticized
14

 and another staging 

system has been suggested
15

, it is the main theory regarding the neuropathological 

progression in PD. Observations in transplanted patients has indicated to a process 

of neuronal transfer of α-syn that may propagate the disease process
16, 17

. In 

neuropathological studies, Lewy bodies have been found in approximately 10% of 

asymptomatic patients older than 60 years. It has been suggested that this indicates 

preclinical PD
18

. This is in accordance with the hypothesis that the α-syn 

pathology starts up to 20 years before motor symptoms and at the time the patients 

notice motor symptoms, there is a 30% loss of dopaminergic neurons in the SN 

and 50-60% loss of their axonal terminals
11

 (Figure 2). This is in concordance with 

clinical evidence of prodromal symptoms 10 years before diagnosis
19

. 
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Figure 2. Image of relationship between neuronal cell death, Braak stage an clinical symptoms over time. With 

permission from Oskar Hansson 

However, Lewy body pathology not only affects the central nervous system 

(CNS), including the olfactory bulb but also the spinal cord as well as multiple 

areas of the autonomic and peripheral nervous system, the parasympathetic system 

and the intramural enteric nervous system, the cardiac nervous system etc
11, 20

 

explaining the multiple non motor symptoms affecting PD patient
21

. The 

neurodegenerative process causes a disruption in the normal, basal ganglia 

electrophysiological circuits including the motor, oculomotor, prefrontal and 

limbic circuit affecting both motor and cognitive function
22

. Furthermore, the 

neuropathology of cognitive symptoms are manifold and include degeneration of 

non-dopaminergic cells
23

. 

Neuroinflammation 

Neuroinflammation has been implicated in the pathogenesis in PD and has been 

suggested to play an important role in neuronal death in dopaminergic cells in the 

substantia nigra
24, 25

. Furthermore, dopaminergic neurons seem to be particularly 

vulnerable to inflammation
24

. In the neuroinflammatory process, activated 

microglia has been particularly implicated. Microglia are the immunocompetent 

and phagocytic cells in the CNS
25

. Microglia is sensitive to the local environment 

and when activated as a response to injury release substances such as cytokines, 

nitric oxide and glia-derived neurotrophic factor (GDNF). These substances may 

be pro- or anti-inflammatory, neurotrophic or neurotoxic leading to 

neurodegeneration
26-28

. Cytokines may also in turn activate microglia and thus 

aggravate the inflammatory cascade even further
27

. Microglia are particularly 

Neuronal 
cell death

5-20 years

Normal Moderate to severe
symptoms

Mild Symtoms

Functional
performance
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abundant in the substantia nigra where 12% of the cell proportion is microglia
29

 

PET studies have shown increased microglia in relevant structures of the brain in 

PD patients as well is APD
30-34

. However, it is still not clear whether activated 

microglia are detrimental or beneficial. It has been suggested that whether these 

are detrimental or beneficial may depend on disease stage
25

, but there is evidence 

of resulting toxic effects contributing to neurodegeneration
28

. It has also been 

suggested that aggregated α-syn contributes to the inflammatory response in 

microglia in PD 
28

 and possibly also MSA
35

. 

Cytokines also activate astrocytes as a response to injury
36

. In PD, astrocytes seem 

to have a protective effect but may also be detrimental
37, 38

. Furthermore, one study 

show that levels of α-syn positive astrocytes correlate with cell death in PD 

suggesting that α-syn may impair astrocyte function
39

. 

Genetics in PD 

The majority of all PD cases are idiopathic. However, about 20% of early onset 

PD and less than 3% late onset PD patients have a monogenetic etiology
40

. The 

first PD causing mutation was discovered in 1997 in the α-syn gene (SNCA) 

1997
41

. Since then, further genes linked to PD have been discovered with 

mutations with autosomal dominant inheritance (SNCA, LRRK2, VPS35 and 

CHCHD2) or autosomal recessive inheritance (PARK2, PINK1, DJ-1, ATP13A2, 

PLA2G6 and FBX07)
40, 42

. However, the mutations in these genes have a variable 

penetrance. SNCA is highly penetrant whereas the mutations in LRRK2 have a 

more varied penetrance with some highly penetrant mutations an others estimated 

to be as low as 24%
43, 44

. Furthermore, there are common genetic risk variants 

present in the general population with a very low penetrance, but that through 

interactions with other factors, for example environmental factors, may contribute 

to PD
43

. The low proportion of Parkinson caused by causative genes and the 

incomplete penetrance of risk genes become apparent in results from a 

longitudinal study based on the Swedish Twin registry where the concordance for 

PD were 11% for monozygotic twins and 4% for same-sexed dizygotic twins
45

. 

Mutations may yield distinct PD subtype phenotype (SNCA, PARK2, PINK1 or 

DJ-1), parkinsonism with more variable features (LRRK2) or parkinsonism with 

additional atypical features (ATP13A2, PLA2G6 and FBX07). Furthermore, there 

are mutations to genes more commonly linked to other neurological disorders that 

also may give rise to parkinsonism, for example the MAPT gene (microtubule-

associated protein tau) causing frontotemporal dementia
42

. Genome-wide 

association studies (GWAS) have identified numerous risk alleles
43

. 
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Clinical presentation in PD 

Motor symptoms in PD 

The core motor characteristics of PD are bradykinesia, rigidity, resting tremor and 

postural instability
46

. 

Resting tremor is in many patients an easily recognized symptom, presenting at a 

frequency of 4-6 Hz in the distal parts of the extremities, mainly the hands. 

Resting tremor on PD typically disappears in action as well as in sleep
46

. In some 

patients the tremor can be difficult to distinguish from dystonic tremor or essential 

tremor. However, about 25% of patients don’t have resting tremor at all
47

. 

Bradykinesia, slowness of movement, is another hallmark of PD. Bradykinesia 

may lead to difficulties in both walking as well as in fine motor skills that are 

important in daily living. Also, it is the cause of the classical presentation with 

hypomimia (loss of facial expression), and micrography as well as decreased arm 

swing. 

Rigidity, an increase in muscle tone, which in contrast to spasticity is not 

dependent on the speed of the movement, is the same in during whole range of 

motion and is not associated with increased muscle reflexes, is the third hallmark 

of PD. Rigidity is a lack of relaxation of the antagonistic muscle to a muscle 

actively being contracted in a motion. There is a continuum of rigidity towards 

dystonia where the paired muscles are contracted at the same time. Rigidity can 

also be accompanied by the cogwheel phenomena, which is rigidity and tremor 

simultaneously. 

An asymmetric initial presentation is also a key feature whereas postural 

instability and freezing of gait are common features that typically present at a later 

stage
46

. 

A prodromal phase has been described. In a retrospective clinical case control 

study in a primary care setting, the earliest symptoms recorded that were 

overrepresented in the group that later developed PD were found 10 years ahead of 

diagnosis, supporting the hypothesis of the pathophysiological process starting 

years before the onset of motor symptoms
19

. Indeed, the prodromal phase has 

gained a lot of interest over the last few years and diagnostic criteria for prodromal 

PD were recently proposed
48

. 

Non-motor symptoms 

Non-motor symptoms are less recognized than motor symptoms but have gained 

attention during the last decade
49

. Non-motor symptoms are for many patients an 

important cause of decreased quality of life
50, 51

 and include psychiatric 

manifestations such as anxiety and depression; dysautonomia such as orthostatic 
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symptoms, urinary symptoms and constipation; as well as cognitive impairment, 

REM sleep behavior disorder (RBD), excessive daytime sleepiness, restless legs, 

pain and anosmia
49

. Some non-motor symptoms can precede motor symptoms by 

several years, during the prodromal phase. Especially RBD and anosmia have 

therefore been suggested for screening to identify prodromal or very early PD
52, 53

. 

Parkinson’s disease with dementia 

Although considered a non-motor symptom, Parkinson’s disease with dementia 

(PDD) merits its own paragraph. The dementia in PD differs from Alzheimer’s 

disease (AD) in cognitive profile with more prominent visuospatial difficulties, 

and reduced attention and executive dysfunction. This differences between PD and 

AD are also reflected by differences in neuropathology
23

. Memory may also be 

affected but the mild PDD patient can have a rather well preserved memory
54

.This 

may lead to misdiagnosis of PDD as many of the test instruments commonly used 

to identify cognitive impairment focus on memory. Apathy, hallucinations, 

delusions, excessive daytime sleepiness and personality change are also common 

associated symptoms
55

. The prevalence of dementia in PD is around 30%, and 

additional 20-25% are affected by mild cognitive impairment
56

. The life time 

incidence of dementia in PD is estimated at around 75-80%
56, 57

. Dementia 

typically does not occur until after about 10 years into the disease course, 

however, there is a large variability and 15-20% of PD patients have mild 

cognitive impairment (MCI) at the time of diagnosis
56

. It is important to note that 

this aspect of MCI in the early course of the disease may improve after treatment 

with dopaminergic medication. MCI is a major risk factor for developing 

dementia, indeed in a recent study, all PD patients with incident MCI progressed 

to dementia in 5 years
58

. However, pseudo-dementia factors such as lack of sleep, 

depression and under medication of parkinsonism need to be ruled out. 

Diagnostic criteria 

As the diagnosis for PD is clinical, diagnostic criteria are key components in the 

diagnosis. For PD there have been two rather similar and both widely accepted 

sets of criteria, the Queen Square brain bank criteria for Parkinson’s disease
47

 and 

the NINDS Diagnostic criteria for Parkinson’s disease
59

. For this study we have 

chosen the NINDS Diagnostic criteria (Table 1). There is an ongoing work to 

redefine the clinical diagnostic criteria for PD and a committee set up by the 

International Parkinson’s disease and Movement Disorders Society (IPD-MDS) 

has recently introduced new criteria including non-motor symptoms in the 

definition as well as criteria for the prodromal phase
48, 60

. 
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Table 1. 

Diagnostic chriteria for PD, adapted from according to Gelb et al, Arch Neurol 1999 

Group A Features  

(clinical characteristis of PD) 

 

 Resting tremor 

 Bradykinesia 

 Rigidity 

 Asymmetric onset 

Group B features 

(suggestive of alternative diagnoses) 

 

 Prominent postural instability within the first 3 

 Freezing phenomena within the first 3 years 

 Hallucinations unrelated to medications within the first 3 years 

 Supranuclear palsy or slowing of vertical saccades 

 Severe, symptomatic dysautonomia unrelated to medication 

 Documentation of condition known to produce parkinsonism 
and plausably connected to the patient’s symptoms 

Cirteria for Possible dianosis of PD  

 At least 2 of the 4 features in group A; at least 1 of these is 
tremor or bradykinesia 

and None of the features in Group B are present  

OR 

Symptoms have been present for less than 3 years, and none 
of the features in Group B are present to date 

and Substantial and sustained response to levodopa or a dopamine 
agonist has been documented 

OR 

Patient has not had an adequate trial of levodopa or dopamine 
agonist 

Criteria for Probable diagnosis of PD  

 At least 3 of the 4 features in Group A are present 

and None of the features in Group B are present (a symptom 
duration of at least 3 years is necessary to meet this 
requirement) 

and Substantial and sustained response to levodopa or a dopamine 
agonist has been documented. 

 

There is also a set of diagnostic criteria of PDD
55

. The diagnosis for PDD is based 

on the core features of a preexisting diagnosis of PD, dementia with insidious 

onset and slow progression that leads to a cognitive decline compared with 

premorbid function. The cognitive impairment should be present in more than one 

cognitive domain and must be severe enough to cause impairment in activities of 

daily living. The cognitive difficulties should also be present over a period of 6 

months or more and be unresponsive to medication. There are also associated 
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cognitive and behavioral features. Cognitive features include different cognitive 

domains (attention, executive function, visuospatial function, memory and 

language) and behavioral features include apathy, personality and mood changes, 

hallucinations, delusions and excessive daytime sleepiness. 

Atypical parkinsonism 

Atypical parkinsonian disorders are rare, progressive neurodegenerative disorders. 

They are often, especially early on in the disease course difficult to distinguish 

from idiopathic PD as the different diagnoses share many features. However, they 

typically have some additional features, often termed “red flags”, such as early 

falls, symmetric onset, autonomic dysfunction, ophthalmoplegia, cerebellar 

dysfunction or pyramidal signs. Patients with atypical parkinsonism also generally 

have poor responseto dopamine replacement therapies and the disease course is 

often more aggressive. 

Multiple system atrophy (MSA) 

MSA is a sporadic neurodegenerative disease that includes the degeneration of 

multiple neurological systems. This results in a heterogeneous phenotype that 

includes combinations of symptoms from two or more of the domains 

parkinsonism, cerebellar impairment, autonomic dysfunction and pyramidal tract 

signs. Many patients also suffer from dysphagia, stridor and dysarthria. Non-motor 

symptoms such as anxiety, depression, emotional incontinence, REM sleep 

behavior disorder and excessive daytime sleepiness can also occur. Although 

dementia is not a prominent feature, some patients also show some attention 

deficits and frontal dysfunction
61

. MSA is a rare disease, with an estimated mean 

incidence of 0.6-0.7 affected persons per 100,000 per year. The disease usually 

presents in the sixth decade of life
61

. MSA can be classified into two subtypes, 

depending on the dominant motor phenotype, parkinsonian MSA (MSA-P) or 

cerebellar MSA (MSA-C). MSA-P seem to be more prevalent in western countries 

whereas MSA-C is more common in Asia
62

.  

MSA is neuropathologically characterized by glial cytoplasmic inclusions of α-

synuclein, neuronal loss and axonal degeneration but also myelin degeneration and 

microglia activation. The glial cytoplasmic inclusions and the neurodegeneration 

that follows occur primarily in the striatonigral system, the olivopontocerebellar 

region, autonomic nuclei of the brainstem and the spinal chord
63

. The prognosis is 

poor with a mean survival of 6-10 years from onset of symptoms
61

. The diagnosis 
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is based on clinical criteria
64

 that over the years have been updated to also include 

imaging in additional features
65

. 

Progressive supranuclear palsy (PSP) 

PSP is also a rare, sporadic, adult onset, progressive neurodegenerative disorder 

with a prevalence of 5.8-6,4 per 100,000
66

. PSP was originally described by J.C 

Richardson, J.C Steele and J. Olszewski in 1963 when they described a 

progressive neurological syndrome characterized by supranuclear 

ophthalmoplegia, particularly downward gaze, pseudobulbar palsy, dysarthria, 

dystonic rigidity of the neck and upper trunk and dementia. They described eight 

patients who also presented with personality changes, axial rigidity and unsteady 

gait
67

. This syndrome has subsequently become known as PSP-Richardson’s 

syndrome (PSP-RS). The classic form of PSP, PSP-RS usually presents in the 

mid-60s and is characterized by postural instability, early falls, vertical 

supranuclear palsy, symmetric parkinsonism with bradykinesia and axial rigidity, 

pseudobulbar palsy and frontal disinhibition
68

. However, PSP has over the years 

become known as a more heterogeneous disease with several phenotypes. These 

different phenotypes may over the disease course progress to PSP-RS. PSP with 

predominant parkinsonism (PSP-P) may, especially during the first years, be 

almost indistinguishable from PD and may also have a good levodopa response. 

However, early on, they develop dysphagia, dysarthria and eye symptoms even if 

these may be more subtle than in PSP-RS. PSP-P often has a more benign disease 

than PSP-RS. PSP with pure akinesia with gait freezing (PSP-PAGF) present with 

a prominent freezing of gait that does not respond to levodopa. They may also 

have akinesia but oculomotor signs and postural instability are late symptoms. 

There are several other phenotypes; PSP with corticobasal syndrome (PSP-CBS), 

PSP with predominant speech and/or language dysfunction (PSP-AOS and PSP-

PNFA), PSP with predominant frontotemporal dysfunction (PSP-FTD), PSP with 

cerebellar ataxia (PSP-C) and PSP with primary lateral sclerosis (PSP-PLS)
69

. 

PSP-RS typically has an aggressive disease course with a median survival of 5.6 

years
68

. 

PSP is neuropathologically a tauopathy, with 4R (4 repeat isoform) tau deposits in 

glia cells, astrocytic tufts and neurofibrillary tangles particularly in the basal 

ganglia, diencephalon and the brainstem, but also in the cerebral cortex and white 

matter. Brain atrophy can be seen in the same areas. The distribution of tau 

pathology varies between the different phenotypes
70, 71

 

Even though a definite diagnosis is based on neuropathology, there are criteria for 

a clinical diagnosis. The diagnosis of probable PSP requires vertical supranuclear 

gaze palsy and postural instability with falls within the first year of disease onset. 
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Possible PSP however only requires vertical supranuclear palsy or slowing of 

vertical saccades and postural instability with falls within the first year
72

. There is 

also an ongoing work by the IPD-MDS committee on redefining the disease 

criteria. 

Corticobasal degeneration (CBD) 

CBD is yet another sporadic, adult onset neurodegenerative parkinsonian disease. 

CBD can present with different phenotypes with corticobasal syndrome (CBS) 

being the classical clinical presentation of CBD. CBS is characterized by 

asymmetric parkinsonism with limb rigidity and bradykinesia that is irresponsive 

to levodopa. Dystonia and myoclonus are also typical features. Higher cortical 

deficits such as apraxia, alien limb phenomenon and cortical sensory loss are also 

prominent features in CBS. Cognitive impairment is prevalent. However the 

clinical presentation is highly heterogeneous. Other phenotypes include Frontal 

behavioral-spatial syndrome, nonfluent/agrammatic variant of primary progressive 

aphasia, and progressive supranuclear palsy syndrome
73

. CBD can thus present as 

Richardson syndrome and with that clinical presentation the pathology of PSP-RS 

is more likely but CBD-RS may occur making it a possible phenotype of CBD
74

.  

Neuropathologically CBD is yet another tauopathy with accumulation of 4R tau, 

however, compared to PSP, CBD has more cortical involvement. Also, CBD has 

astrocytic plaques compared to the tufted astrocytes in PSP
74

. 

The challenge of differential diagnosis in parkinsonism 

As the different diseases and syndromes can be highly heterogeneous in 

themselves and are largely overlapping, the clinical diagnosis can in spite of 

existing clinical criteria be very difficult. Many patients, especially those with 

APD are diagnosed early on as PD, but as time passes, “red flag” symptoms 

develop and levodopa response is poor, the diagnosis may be changed, hopefully 

leading to a more correct diagnosis. Furthermore, to make the diagnosis of 

“probable” instead of ”possible” PD, three years should have passed without 

symptoms related to “red flags” and with a preserved good levodopa response. 

Indeed, studies on the diagnostic accuracy of on parkinsonian syndromes have 

shown just how difficult the clinical diagnosis is. In a meta-analysis on the 

accuracy of the diagnosis of PD, studies where diagnoses have been made mainly 

by non-experts predictably show the lowest diagnostic accuracy with an accuracy 

of 73.8% (67.8-79.6). The accuracy improved if the diagnoses had been made by 

movement disorders specialist with an accuracy of 79.6% (46-95.1) at the initial 
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assessment and 83.9% (69.7-92.6) at follow-up. Using criteria can evidently help 

in the diagnosis of PD giving a pooled accuracy of 82.7% (62.6-93)
75

. The 

diagnosis of atypical parkinsonian disorders is even more difficult. In a study on 

the diagnosis of parkinsonian syndromes by general neurologists PD was 

diagnosed with a sensitivity of 89.2% (79.1-95.6) but with a specificity of only 

57.8% (42.2-72.3). The diagnosis of MSA and PSP had low sensitivity of 64.3% 

(35.1-87.2) and 52.9% (27.8-77.0) respectively but a high specificity of 99% 

(94.4-100) and100% (96.2-100), respectively
76

. The results again improve in a 

specialist movement disorder setting with a higher sensitivity of 88.2% and 84.2% 

in MSA and PSP respectively but with a specificity of 95.4 and 96.8% 

respectively
77

. Thus there is a need for better diagnostic tools so that the patient 

can get a reliable diagnosis even if the patient isn’t in a highly specialized clinic. 

Are there tools that can help us today? 

Imaging 

Imaging of the dopaminergic system 

Dopamine transporters (DAT) are responsible for the reuptake of dopamine 

released into the synaptic cleft and are expressed on the terminals of dopaminergic 

neurons in the striatonigral pathway. With the loss of dopaminergic neurons, there 

is also a loss of DAT. This can be investigated with single photon emission 

computer tomography (SPECT) or positron emission tomography (PET) imaging 

using ligands binding DAT, for example 
123

I β-CIT (DopaScan™), 
123

I FP-CIT 

(DatScan™) for SPECT or 
18

F FP-CIT for PET. DAT can in PD patients also be 

reduced as a consequence of reduced dopamine levels. The reduction of 

dopaminergic neurons can thus be overestimated with DAT imaging
78

. In early 

PD, DAT imaging has showed a bilateral reduction in DAT binding in the 

putamen, being the most reduced in the posterior part contralateral to the most 

affected limb
79

. In healthy elderly subjects there is a slight reduction in striatal 

DAT binding of 0.8% per year as measured by repeated 
123

β-CIT SPECT scans. 

However, the reduction is significantly higher in PD (11.2% per year)
80

. DAT 

imaging can also be used to detect preclinical PD
78

. 

Studies have shown a high accuracy for DAT-SPECT imaging in differentiating 

patients with parkinsonian syndromes (PD and APD) from healthy subjects and 

essential tremor (ET) with a 87-98% sensitivity and 80-100% specificity
81, 82

. Still, 

4-15% of suspected early PD patients have normal DAT function when 

investigated with SPECT or PET. However these “subjects without evidence of 

dopamine deficit” (SWEDD) do not seem to progress significantly neither on 

imaging nor, but a few cases, clinically
78

. Furthermore, DAT imaging is normal in 

drug induced parkinsonism and levodopa responsive dystonia. Also, imaging of 
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striatal DAT binding cannot distinguish between PD and atypical parkinsonian 

disorders (MSA, PSP and CBD) or DLB
78, 81

. That being said, a longitudinal study 

showed that DAT binding reduction was faster in PD and PSP compared with 

MSA and healthy controls. Repeated DAT imaging could thus help improve the 

differential diagnosis
83

. Regarding vascular parkinsonism results are conflicting, 

but DAT imaging may also show a reduction in DAT binding and even though a 

more diffuse uptake might indicate vascular PD
81

. DAT imaging can thus be an 

important tool in the diagnosis of PD and can be of use in identifying preclinical 

PD. However, a clinical assessment is still paramount. 

Transport of dopamine into vesicles can be assessed with 
11

C-DTBZ PET which 

targets vesicular monoaminergic transporter type2 (VMAT-2)
84

. Binding of 
11

C-

DTBZ in the striatum has been found to correlate with motor dysfunction in PD. 

Uptake and storage of dopamine can be identified using
 
the L-dopa precursor 

18
F-

F-dopa PET
84

. 
18

F-F-dopa correlates well with dopaminergic cell count and 

longitudinal studies using 
18

F-F-dopa have shown a decline in dopamine capacity 

at a considerably higher rate in PD compared with healthy elderly
82, 85

.
 18

F-F-dopa 

PET studies have also shown correlations between decreased 
18

F-F-dopa binding 

and increased motor dysfunction in PD
86

 However, there is no difference in 

diagnostic accuracy in between DAT imaging and
18

F-F-dopa PET. 

Magnetic resonance imaging 

Traditional computer tomography and magnetic resonance imaging (MRI) can be 

useful to identify structural lesions that may cause parkinsonism but not to identify 

PD. In patients with parkinsonism however, MRI can be helpful in the differential 

diagnosis between PD and atypical parkinsonian disorders. 

Studies using susceptibility weighted imaging (SWI) MRI sequences sensitive to 

iron have shown a hyperintense area in the dorsolateral part of the SN, the 

“swallow tail sign” in healthy controls whereas PD patients show a loss of this 

particular hyperintensity
87, 88

. Loss of the dorsolateral nigral hyperintensity has 

also been shown to correlate with reduced DAT binding using 
123

I-FP-CIT 

SPECT
89

. However, the loss of the dorsolateral nigral hyperintensity is also seen in 

atypical parkinsonian disorders
88, 89

. One small study using 7 Tesla MRI could 

show a loss of nigral hyperintensity in all patients with PD, MSA-P and PSP. 

However, this needs further validation 
90

. Substantia nigral hyperintensities may 

also be visualized by transcranial sonography (TCS) and studies suggest that TCS 

can differentiate between PD and controls and may better differentiate between PD 

and ADP than MRI. The investigation is however dependent on bone window and 

the expertise of the investigator
91

. 

In MSA there is a considerable overlap between MSA-P and MSA-C. In MSA-P, 

putaminal atrophy with hyperintense putaminal rim and atrophy of the globus 
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pallidus are more pronounced; and in MSA-C infratentorial changes are more 

pronounced with atrophy of the middle cerebellar peduncle and pons, and 

dilatation of the fourth ventricle. The “hot cross bun sign” caused by T2 weighted 

hyperintensities in the pons has been shown to have a high positive predictive 

value of 97% but with a low sensitivity of 50% in comparison with other 

parkinsonian disorders and controls. However, the hot cross bun sign can also be 

seen in spinocerebellar ataxia
92

. 

Patients with PSP typically show a midbrain atrophy with an enlargement of the 

third ventricle and preserved pons giving rise to the typical appearance of a 

humming bird “the hummingbird sign”. The width of the superior cerebellar 

peduncle has also been shown to be reduced in PSP. Whether these signs also are 

present early on in the disease course in unclear
92

. 

In CBD patients typically have an asymmetric fronto-parietal atrophy and 

enlargement of the lateral ventricle
92

. 

Diffusion tensor imaging (DTI) and diffusion kurtosis imaging (DKI), diffusion 

magnetic resonance imaging (dMRI) modalities, have shown white matter (WM) 

alterations in PD and clinical symptoms have correlated to diffusivity 

abnormalities
84

 but the methods are still far from clinical use. Our group has 

shown that diffusion tensor tractography (DTT) and volumetrics could identify 

disease specific regional changes in white matter in foremost PSP and that these 

changes could help differentiate PSP vs. PD
93, 94

.  

FDG PET and rCBF –SPECT 
18

F-FDG PET reveals regional cerebral glucose metabolism whereas rCBF-SPECT 

reveals regional alterations in cerebral blood flow. In PD, 
18

F-FDG PET studies 

have revealed PD related metabolic patterns compared with healthy controls
84

. 

However, the diagnostic accuracy when comparing PD from healthy controls is 

not high enough to use in clinical practice with 80% sensitivity and 78%
95

. In 

contrast, FDG PET and rCBF-SPECT are used in clinical practice in atypical 

parkinsonian disorders and are incorporated in diagnostic criteria in MSA
65

. FDG 

PET has in one study shown a 93% sensitivity and 83% specificity in 

distinguishing PD from APD
96

 and another study found FDG PET to distinguish 

PD from MSA with 90% sensitivity and specificity
95

. 

In MSA, FDG PET studies have shown decreased metabolism in the putamen, 

brainstem and cerebellum and this is considered to be the most sensitive imaging 

test to distinguish MSA from other conditions
92

. Patients with PSP typically have 

reduced metabolism and rCBF in the frontal lobes as well as the striatum, 

thalamus and midbrain
84, 92

. In CBD metabolism and rCBF can be reduced in the 

areas typically affected by atrophy, indeed asymmetry in metabolism and rCBF 

may be evident earlier than asymmetry on MRI
84, 92

. 
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Cerebrospinal fluid biomarkers 

α-Synuclein 

α-Synuclein (α-syn) is a 140 amino acid presynaptic protein. The physiological 

role of α-syn is unclear but has been implicated in neurotransmitter release and 

vesicle transport
97

. Under physiological conditions, α-syn exists mainly in a 

monomeric form
98

 but tetrameric and multimeric forms have also been reported
99, 

100
. Oligomeric α-syn species are thought to be neurotoxic and have been 

implicated in the formation of Lewy bodies and Lewy neurites
101

. α-Syn is mainly 

found in the intracellular space, but can also been found in CSF and in blood, 

where it is abundant in erythrocytes. Due to its abundance in erythrocytes, it is 

important in CSF studies to not include samples with blood contamination
102

.  

In CSF, α-syn has in many studies been found to be decreased in PD compared 

with healthy controls 
102-110

 whereas other studies have found no significant 

differences
111, 112

. However, α-syn is also decreased on other synucleopathies i.e. 

DLB and MSA
103, 105, 112, 113

. In contrast α-syn has been shown to be increased in 

both Alzheimer’s disease
103

 and Creutzfeldt-Jakob disease
107

. One longitudinal 

study has shown that an increased level of α-syn within the PD group is associated 

with future cognitive decline 
114

. In contrast, a study on early, untreated PD 

patients found lower α-syn to be associated with decreased cognitive performance, 

in particular on the executive-attention domain
108

. 

Not only has total α-syn but also oligomeric α-syn been investigated; levels of 

oligomeric α-syn are higher in PD and PDD compared with controls
115-118

, 

correlate with motor and cognitive dysfunction
119

 and increase further over a 2 

year follow-up period
120

. 

Levels of phosphorylated α-syn in CSF have also been investigated. One study 

found increased levels of α-syn phosphorylated at serine 129 (pS129) in PD 

compared with controls in the discovery cohort but not in the validation cohort but 

decreased in both PSP and MSA in both cohorts. They also found a weak 

correlation between pS129 and disease severity as measured by UPDRS III
121

. 

pS129 has also been shown to increase over time
120, 122

. We have not seen these 

differences in our cohort (data not shown). 

Tau 

The tau protein is present in high concentrations in areas with non-myelinated 

cortical axons and is important in stabilizing microtubule. Its hyperphosphorylated 

form, P-tau, causes tau to detach from the microtubule leading to microtubule 

destabilization and thus impaired axonal function. P-tau has an important role in 

synaptic plasticity but is also the basis for the formation of fibrillary tangles that 

are central in AD pathology
123

. Tau in CSF thus reflects neurodegeneration and 
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axonal damage whereas CSF P-tau reflects the phosphorylated state of tau in the 

CNS. 

In CSF, tau and tau phosphorylated at Thr 181 (P-tau) are markers commonly 

associated with AD, where studies have shown increased levels of both tau and P-

tau compared with controls
124, 125

. In PD however, studies have shown normal
104, 

113, 126, 127
 or slightly decreased levels of a tau as well as P-tau in CSF

105, 106, 108
. One 

study has shown that the ratio P-tau/tau, as well as P-tau/Aβ42, correlates 

negatively with rate of change of UPDRS and rate of change in tau correlate 

positively with rate of change in UPDRS
128

. Another study showed that increased 

P-tau and the ratio P-tau/Aβ42 at baseline predicted future cognitive decline on 

both memory and executive function
129

. Interestingly, one study on early, 

untreated PD patients with MCI showed reduced tau and P-tau compared with 

controls
108

. On the other hand, studies on PDD have shown normal or increased 

levels of tau and P-tau in PDD compared with controls and higher levels compared 

with patients with PD 
130-132

. 

Aβ42 

CSF Aβ42 is a biomarker reflecting amyloid pathology. Aβ42 is like tau and P-tau 

considered a core biomarker for AD where studies have shown decreased levels of 

Aβ42
124, 125, 133

. In PD, studies have shown normal 
104, 113, 130

 or decreased levels of 

CSF Aβ42 in PD with and without MCI or PDD compared with controls 
105, 106, 108, 

126, 127, 131, 132
. Low levels of Aβ42 in non-demented PD patients have been shown to 

be associated with future cognitive decline and an increased risk of developing 

dementia (HR 9.9%) 
126, 134, 135

. Furthermore, low Aβ42 has in non-demented PD 

patients been linked to worse result on phonetic fluency
131

 and memory 

impairment
127

. Also, lower levels of Aβ42 has been linked to the PIGD 

phenotype
136

 

NfL 

Neurofilament is an important component of the axonal cytoskeleton. 

Neurofilament consists of three subunits, neurofilament light (NfL), medium 

(NfM) and heavy (NfH)
137

. Neurofilaments are unique to the CNS and can 

therefore serve as markers for neuroaxonal damage. NfL is the most abundant of 

the filaments and is also small and the most soluble, making it the neurofilament 

of choice
138

. NfL has been found to be increased in CSF in several diseases and 

conditions where neuroaxonal damage occur, such as traumatic brain injury
139

, 

stroke
140

, amyotrophic lateral sclerosis
141, 142

 and frontotemporal dementia
143, 144

. In 

this context, more importantly, NfL has been found to be increased in atypical 

parkinsonian disorders (MSA, PSP and CBD) compared with not only healthy 

controls but also compared with PD
113, 145-148

. Indeed NfL has in two studies been 

shown to discriminate between APD and PD with a high degree of accuracy (92% 
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and 85% respectively 
113, 145

. A couple of studies show slightly increased levels of 

NfL in PD compared with controls
113, 126

 but others show unchanged levels
145, 146, 

148
. 

Correlations between biomarkers 

Tau has been found to correlate positively with P-tau
128

. Furthermore one group 

has shown positive correlations between α-syn and tau as well as P-tau in PD and 

controls
106

. These results are however contradicted by results from another group 

showing a negative correlation between tau and α-syn in PD
104, 112

. 

Inflammatory biomarkers 

YKL-40, also known as chitinase-3-like-1, is a glycoprotein that is upregulated 

under inflammatory conditions in both peripheral tissue and the CNS
149-151

. In the 

CNS, YKL-40 is expressed mainly by astrocytes and microglia and is a marker of 

glial activation
152, 153

. Concentrations of YKL-40 in CSF have been found to be 

increased in AD
154

. Fewer studies have been performed on parkinsonian 

syndromes showing normal or decreased levels in PD
113, 155, 156

, but increased in 

APD
113, 156

. The cytokine IL-6 is involved in the acute phase response. A couple of 

studies have shown increased levels of IL-6 in de novo PD patients
157, 158

 and one 

study showed an inverse relationship between IL-6 and motor symptoms as 

measured by UPDRS
158

. Furthermore, in one study, IL-6 has been shown to be 

increased in PD patients with cognitive impairment
159

. Our group did not see any 

significant differences in IL-6 levels in CSF between PD and PDD, however we 

found CSF CRP to be increased in PDD compared with non-demented PD patients 

and controls and IL-6 did correlate with cognitive dysfunction as measured by 

MMSE. We could also show a correlation between CRP and depression and 

fatigue in PD patients
160

. 

Blood biomarkers 

Over the years, attempts to find diagnostic biomarkers for neurodegenerative 

diseases have been unsuccessful
161-163

. However, during the last few years NfL in 

plasma and serum measured by ultrasensitive immunoassays have in a few studies 

shown great promise with increased levels in neurodegenerative disorders and 

CNS injury showing a high degree of correlation with levels in CSF
141, 142, 164

. A 

very recent study has shown increased levels of plasma NfL in PSP compared with 

controls
165

. 
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The need for biomarkers 

As described above, the clinical diagnosis of PD can be difficult, largely because 

of overlapping symptoms, especially early on in the disease course. In spite of 

numerous studies, there are to date, no validated blood or CSF based diagnostic 

biomarkers for PD. CSF NfL has over the last few years emerged as a reliable 

biomarker in differentiating PD from APD and has become a useful tool in the 

clinical setting. However, NfL cannot distinguish PD from healthy controls or 

between the different APDs. DAT imaging can distinguish between healthy 

controls and disorders with dopamine deficiency but not distinguish between the 

different disorders. SWI MRI can contribute to the diagnosis of PD in a highly 

specialized setting, but is not available everywhere. Therefore, there is a need for 

better biomarkers. Preferably a biomarker should be reliable, with a high degree of 

sensitivity and specificity, available close to the patient, be non-invasive and 

reasonably priced.  

In spite of numerous studies, there is to date no disease-modifying treatment 

available for PD. However, a few clinical trials are on the way. The pathological 

process is thought to start over a decade before the occurrence of motor symptoms 

and when the patient comes to a diagnosis, a large proportion of dopaminergic 

neurons are already lost. Disease-modifying treatments would therefore likely be 

most effective if initiated as early as possible, preferably even before the start of 

motor symptoms
166

. There is thus an urgent need for biomarkers for an early and 

certain diagnosis. Furthermore, PD is a heterogeneous disease and reliable 

biomarkers are needed for stratifying clinical trials. Moreover, further CSF studies 

can contribute to our understanding of early pathophysiological mechanisms that 

may lead to new disease models and disease-modifying treatments.  

From the perspective of patients and caregivers, a correct and early clinical 

diagnosis is highly beneficial, even in the absence of disease-modifying treatment. 

An early and certain diagnosis reduces insecurities, unnecessary investigations, 

allows for an early start of symptomatic treatment and medication errors may be 

avoided. Biomarkers might also be able to provide prognostic information in cases 

where patients and caregivers want that information. 
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Aims of the thesis 

The overall aims of this thesis are: 

 To identify biomarkers in CSF and blood for an early and accurate 

diagnosis. 

 To identify prognostic biomarkers on disease progression and find better 

methods to predict if an individual with PD will develop cognitive 

impairment and/or more aggressive motor progression. Markers predicting 

disease progression would be valuable in the clinic and in clinical trials to 

select subjects most likely to benefit from novel treatments. 

 Investigate the longitudinal change in CSF biomarkers. To understand the 

temporal changes are of great importance if CSF biomarkers are to be 

used in clinical trials or in clinical practice.  

 To increase our understanding of the disease and pathophysiological 

mechanisms. 
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The specific aims were 

Paper I 

To investigate levels of CSF biomarkers tau, P-tau, Aβ42, α-syn and NfL in the 

different diagnostic groups PD, PDD, DLB, AD, MSA, PSP, CBD and healthy 

controls and if a combination of biomarkers can differentiate between the different 

diagnostic groups. 

Paper II 

To investigate if levels of the CSF biomarkers tau, P-tau, Aβ42, α-syn and NfL in 

PD could predict progression of motor symptoms or cognitive decline over a two 

year follow up. 

Paper III 

To investigate if the levels CSF biomarkers tau, P-tau, Aβ42, α-syn, NfL and YKL-

40 change over a two year follow up period in PD and in healthy controls; and if 

that change in biomarker levels would correlate with motor or cognitive 

symptoms. 

Paper IV 

To investigate if NfL in serum or plasma can differentiate between PD and APD 

with as high an accuracy as NfL in CSF. We also investigated correlations 

between NfL in plasma/serum and CSF. 

Paper V 

To investigate levels of biomarkers for inflammation in CSF in PD, PDD, MSA, 

PSP and healthy controls and to investigate if inflammation correlates with disease 

severity. 
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Material and Methods 

The cohort 

In all the papers of this thesis, patients from the cohort with parkinsonian 

symptoms in the prospective and longitudinal Swedish BioFINDER 

(www.biofinder.se) study were included (Figure 3). For paper I and IV, we also 

collaborated with other centers to include additional patients (please see the 

methods section for each paper). 

 

Figure 3 The BioFINDER Cohorts 
 

As of December 2016, in the cohort with patients with parkinsonian symptoms 

who are recruited at the Neurology Clinic at Skåne University Hospital, we have 

included patients with PD (n = 177, of whom 58 were De Novo at baseline), PDD 

(n = 28), MSA (n = 30), PSP (n = 26), CBD (n = 6), dementia with Lewy Bodies 

(DLB) (n = 14), some with unclear diagnosis and five patients with Essential 

Tremor. We also include neurologically healthy controls (n = 53) at the same 

clinic, besides the larger cohort of healthy elderly individuals (n=350) recruited in 

Malmö. The study participants undergo assessment by a medical doctor with 

experience in movement disorders and a registered nurse using a large battery of 

rating scales (Table 2). 

http://www.biofinder.se/
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Table 2 

Rating scales in the study 

Rating Scale Function Reference 

Motor tests   

Unified Parkinson Disease rating scale (UPDRS) I-IV Measure of function 
167

 

Hoehn & Yahr Disease stage 
168

 

Timed up and Go (TUG) Ability of walking and turning. 
169

 

Tandem gait Balance 
170

 

Cognitive tests   

Mini-Mental State Examination (MMSE) Global test of cognitive function 
171

 

Alzheimer’s disease Assessment Scale (ADAS) item 1-3  Measures episodic memory recall 
172

 

A Quick test of Cognitive speed (AQT), Cognitive speed 
173

 

1-minute Animal Fluency test Verbal and executive function 
174

 

1-minute Letter S Fluency test Verbal and executive function 
175

 

Clock drawing test Visuospatial function 
176

 

Questionnaires   

The International Quality Of Life Assessment (IQOLA), 
SF-12 

Quality of life 
177

 

Walk-12 Self assessed ability to walk. 
178

 

SCOPA-AUT Measures autonomic dysfunction 
179

 

SCOPA-Sleep Measure sleep and sleepiness 
180

 

FACIT-FS Measures fatigue 
181

 

HADS Measures anxiety and depression 
182
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A thorough medical history is taken and the patients undergo physical examination 

regarding symptoms of PD and APD according to criteria as well as exclusion 

criteria.
55, 59, 64, 183-185

. Levodopa equivalent daily dose is calculated
186

. Controls 

undergo the same extensive testing, and individuals with overt signs of 

Parkinsonism or cognitive symptoms are not included in the study. Blood and CSF 

samples are obtained at baseline and biannually. 

Study participants of the cohort with parkinsonian symptoms are followed for up 

to 10 years. At baseline and at the 2, 4, 6 and 10 year follow-up, the study 

participants undergo the examination as listed above. At the 1, 3, 5 and 8 year 

follow up patients are assessed with a shorter visit with a research nurse. Patients 

also undergo MRI at baseline and there after every other year (Table 3). 

Table 3 

Chart over follow-up routines in the study 

 Baseline 1 
year 

2 
years 

3 
years 

4 
years 

5 
years 

6 
years 

8 
years 

10 
years 

Medical Doctor √  √  √  √  √ 

Registered nurse √ √ √ √ √ √ √ √ √ 

Medical history √  √  √  √  √ 

UPDRS I-IV √ √ √ √ √ √ √ √ √ 

Hoehn & Yahr 

scale 
√  √  √  √  √ 

Timed Up and Go √  √  √  √  √ 

Tandem Gait √  √  √  √  √ 

MMSE √ √ √ √ √ √ √ √ √ 

ADAS item 1-3 √  √  √  √  √ 

AQT √ √ √ √ √ √ √ √ √ 

Animal Fluency √  √  √  √  √ 

Letter-S Fluency √  √  √  √  √ 

Clock drawing 
test 

√  √  √  √  √ 

CSF √  √  √  √  √ 

Blood samples √  √  √  √  √ 

Questionnaires √  √  √  √  √ 

MRI √  √  √  √  √ 
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Ethical approval and patient consent 

All individuals gave informed written consent. The study procedure was approved 

by the local ethics committee at Lund University Sweden and conducted according 

to the Helsinki agreement 

Blood and CSF samples 

Plasma and CSF samples are collected with the patient non-fasting. CSF samples 

are collected in polypropylene tubes. Samples are centrifuged within 30 minutes at 

+4°C at 2000g for 10 minutes to remove cells and debris. Samples are stored in 

aliquots at -80°C pending biochemical analysis. The procedure and analysis of the 

CSF follow the Alzheimer’s Association Flow Chart for CSF biomarkers
133

. 

Samples are also sent to the local laboratory at Lund University Hospital for 

routine analyses in order to rule out previously undetected disease such as thyroid 

dysfunction or infection. 

Paper I 

Study participants and settings 

This study was a collaboration between the Neurology Clinic at Skåne University 

hospital in Lund (from the Swedish BioFINDER cohort with parkinsonian 

symptoms), the Memory Clinic at Skåne University hospital in Malmö and 

Sahlgrenska University Hospital in Göteborg. In total we analyzed 453 CSF 

samples from patients with PD (n=90), AD (n=48), PDD (n=33), DLB (n=70), 

PSP (n=45), MSA (n=48), and CBD (n=12) and from healthy individuals serving 

as controls (n=107). All patients met diagnostic criteria
55, 59, 64, 183-185, 187, 188

. 

Healthy controls had all undergone clinical and cognitive testing and individuals 

with objective parkinsonian or cognitive symptoms were not included in the study. 

Cognition was assessed with the MMSE and disease severity was assessed with 

Hoehn & Yahr. 
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CSF samples and hemoglobin test 

CSF samples were collected and stored as described above. All samples were 

centrifuged within 30 min at +21°C (Sahlgrenska University Hospital) or at+4°C 

(Skåne University Hospital) at 2000g for 10 min. CSF hemoglobin levels were 

analyzed using a human hemoglobin enzyme-linked immunoassay kit (Bethyl 

Laboratories, Inc). Since our experiments using artificially blood-contaminated 

CSF showed that α-syn concentrations started to increase in CSF samples with 

hemoglobin concentrations above 1000 ng/L, only samples with hemoglobin 

levels below 1000 ng/L (405 of the 453 CSF samples) were included when 

studying CSF α-syn with non-parametric statistical methods. 

NfL was analyzed using the NF-L enzyme-linked immunoassay (NF-light; 

UmanDiagnostics). 

For simultaneous quantification of α-ayn, Aβ142, tau and P-tau, a newly developed 

multiplex assay (Luminex) was used. Luminex data for Aβ142 and P-tau were 

normalized to ELISA concentrations by analyzing approximately 200 samples 

using both methods. 

Statistical analysis 

For basic statistics, the statistical analysis was performed using SPSS for 

Windows, version 18.0 (SPSS Inc). We then used a univariate general linear 

model, analysis of covariance using log–transformed biomarker levels correcting 

for confounding factors. We then performed a multivariate discriminant analysis 

(DA) using the orthogonal projections to latent structures (OPLS) algorithm 

implemented in commercial software (SIMCA P
+,

 version 12; Umetrics). Receiver 

operating characteristic analysis was performed on the individual analytes as well 

as the results from the OPLS-DA using commercial software (GraphPad Prism, 

version 5; GraphPad Software). 

Paper II 

Study participants and settings 

In this study, we included participants with PD from the cohort with parkinsonian 

symptoms from the Swedish BioFINDER study, who had a follow-up visit 2 years 

after baseline at the time when we started the analyses for paper II. These 

participants were also included in Paper I with baseline CSF. For comparisons of 
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baseline CSF levels we also included controls from the healthy elderly cohort of 

the Swedish BioFINDER study, also described in paper I. In total we included 42 

non-demented PD patients and 69 controls. 

CSF samples 

CSF samples were obtained and handled as described for the cohort above. Levels 

of α-syn, Aβ42, tau, p-tau, NfL and hemoglobin were determined as described in 

paper I. Samples with hemoglobin > 1000 ng/L were excluded when analyzing α-

syn as done in paper I. 

Statistical analysis 

The statistical analysis was performed using SPSS for Windows, version 20.0. 

Due to the bimodal distribution of Aβ42, this analysis was dichotomized using 550 

ng/L as cut off
124

. We used linear regressions to test associations between scores 

on clinical rating scales and CSF biomarkers, adjusting for age, gender, disease 

duration, and LEDD (levodopa equivalent daily dose), a calculated estimate of the 

amount of medication a patient is taking based on a levodopa effect comparison of 

various anti-parkinsonism medications
186

. Before parametric analyses, non-

normally distributed were normalized using log-transformation. However, in the 

case of change on clinical rating scale scores we used Blom’s method for non-

normally distributed data
189

. 

Paper III 

Participants and settings 

In this study, we included participants from the Swedish BioFINDER cohort with 

parkinsonian symptoms with lumbar puncture both at baseline and at the 2 year 

follow-up at the time we started the analysis of paper III. We included 63 patients 

with PD without dementia. 37 of the PD patients had short disease duration (≤ 5 

years) and 26 had long disease duration (> 5 years). 11 of the patients with short 

disease duration were De Novo patients. We also included 21 neurologically 

healthy controls with repeated lumbar puncture at baseline and at the 2 year 

follow-up. 
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CSF samples 

CSF samples were obtained as handled as described in papers I-II. Both baseline 

and follow-up samples were analyzed at the same time. CSF Ab42, tau, and P-tau 

were analyzed using Alz-Bio3 (Fujirebio, Ghent, Belgium), YKL-40 was analyzed 

using the Human Chitinase3-like 1 Quantikine ELISA Kit (R&D, Minneapolis, 

Minnesota), a-syn was analyzed using the Covance assay (Covance, Dedham, 

Massachusetts), NfL was analyzed using the NF-light assay (UmanDiagnostics, 

Umeå, Sweden), and hemoglobin was analyzed with an assay provided by Bethyl 

Lab, Inc. (Montgomery, Texas). In this study we did not perform our own 

experiments using artificially blood-contaminated CSF to investigate at what 

hemoglobin level α-syn concentrations started to increase. Therefore, we used 

hemoglobin < 200 ng/ml as cut-of point as established by a previous group
102

. 

Four baseline samples from PD patients and one baseline sample from the controls 

were subsequently excluded. For P-tau there were 16 missing in the PD group and 

eight missing in the control group. Baseline and follow-up CSF samples were 

always analyzed in the same batch. All analyses were performed using one batch 

of reagents. 

Statistical analysis 

The statistical analysis was performed using SPSS for Window version 22.0. To 

investigate changes in CSF biomarker levels over time we used a paired t test, or 

in the case of skewed data Wilcoxon signed-rank test. Linear regression was used 

to test for correlations between CSF biomarkers at baseline but also for 

correlations between changes in CSF biomarkers over 2 years and changes in 

clinical test scores as well as changes in other CSF biomarkers, correcting for age 

and LEDD. 

Paper IV 

Participants and settings 

This study was a collaboration between four centers, forming three independent 

cohorts Skåne University Hospital, Lund with patients from the cohort with 

parkinsonian symptoms in the Swedish BioFINDER study (Cohort 1); National 

Hospital for Neurology and Neurosurgery, Queen Square, London (Cohort 2); 



42 

Sahlgrenska University Hospital, Göteborg and Umeå University, Umeå (Cohort 3 

or Early disease cohort). 

Cohort 1 (Lund cohort) 

171 patients with PD, 30 with MSA, 19 with PSP, 5 with CBS and 53 

neurologically healthy controls were included. All patients met diagnostic 

criteria
59, 64, 183, 184

 

Cohort 2 (London cohort) 

20 patients with PD, 30 with MSA, 29 with PSP, 12 with CBS and 26 

neurologically healthy controls were included. For PD the Queen Square Brain 

Bank Criteria was used
47

, all other criteria were the same as in the Lund cohort 

Cohort 3 (Early disease cohort) 

Since the differential diagnosis between APD and PD is the most challenging 

during the first years of the disease, we included 53 patients with PD, 28 with 

MSA, 22 with PSP and 6 with CBS with early disease stage (disease duration ≤ 3 

years). 26 neurologically healthy controls were also included. Patient in Cohort 3 

met the same criteria as the London cohort. 

Blood and CSF samples 

Serum (London, Göteborg), plasma (Lund, Umeå), and CSF (London and Lund) 

were collected with the patients non-fasting, centrifuged and stored at −80°C 

within 30 minutes after collection.  

CSF concentrations of NfL were measured with a sensitive sandwich method (NF-

light® ELISA kit, UmanDiagnostics AB, Umeå, Sweden). In blood, NfL was 

measured using the monoclonal antibodies and calibrator from the NF-light assay, 

transferred onto the Simoa platform using a homebrew kit (Quanterix, Lexington, 

MA, USA)
164

. Cohort 3 was analyzed separately from the Lund and London 

cohorts. We therefore included samples from the Lund cohort in this analysis to be 

able to normalize the NfL values between the cohorts. 

In cohorts 1 and 2, the CSF levels of Aβ42, and tau phosphorylated at Thr181 (P-

tau) were analyzed using INNOTEST ELISA (Fujirebio Europe, Ghent, Belgium). 

CSF tau was analyzed with the EUROIMMUN ELISA (EUROIMMUN AG, 

Lübeck, Germany) in the Lund cohort and INNOTEST ELISA in the London 

cohort. 
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Magnetic Resonance Imaging 

A subgroup of 102 study participants, including 39 controls, 89 PD, 7 PSP, 8 MSA 

and 2 CBS patients from the Lund cohort underwent MRI using a 3 T Siemens® 

system (Skyra). For assessment of WMLs standard T2 FLAIR images were used. 

Visual rating of WML on FLAIR images were performed according to the Fazekas 

scale
190

. 

Statistical analysis  

SPSS (IBM, Armonk, NY, US) was used for statistical analysis. We excluded one 

outlier with plasma NfL value > 10 SD above the mean. Regression models were 

used to adjust for gender and age. The diagnostic accuracy of blood NfL was 

investigated using receiving operating characteristic (ROC) curve analysis. 

Paper V 

Study participants and settings 

The study participants in this study were all from the parkinsonian symptoms 

cohort in the Swedish BioFINDER study. We included patients with PD (n = 131), 

PDD(n = 27), MSA (n = 24) and PSP (n = 14) with CSF samples. We also 

included 50 neurologically healthy controls with CSF samples. 

CSF samples 

The collection and handling of CSF samples are described for the cohort above. 

CRP, SAA, IL-6, IL-8 and MCP-1 were analyzed using V-Plex Custom Human 

Biomarkers kit (Meso Scale Discovery, Rockville, MD, USA). YKL-40 

concentrations were measured by solid phase sandwich ELISA according to the 

manufacturer’s instructions (R&D Systems, Inc., Minneapolis, MN, USA). α-syn 

was analyzed using an Alpha-synuclein ELISA kit (Meso Scale Discovery, 

Rockville, MD, USA). The analyses for tau, P-tau Aβ42, Hb and NfL are described 

in paper IV (Hansson et al 2016). For α-syn only samples with hemoglobin < 200 

ng/L were used. 
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Statistical analysis 

The statistical analysis was performed using SPSS for Window version 22.0. 

Comparisons between CSF inflammatory biomarkers in the different diagnostic 

groups were made with a univariate linear model correcting for age. Correlations 

between levels of CSF biomarkers and correlations between CSF biomarkers and 

clinical test scores were analyzed with a linear regression correcting for age. Non-

normally distributed data was log-transformed before parametric analyses. 
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Results 

Paper I 

In this study, we investigated levels of five different CSF biomarkers (α-syn, tau, 

P-tau, Aβ42 and NfL) across the diagnostic spectrum of common dementias, 

parkinsonian syndromes and healthy controls. We then investigated if a panel of 

these five CSF biomarkers could help differentiating between the disorders. 

CSF biomarkers in the different diagnostic groups 

α-synuclein 

We found that α-syn correlated with age in controls, PD and MSA (Rs ≥ 0.2, p ≤ 

0.05). α-syn was decreased in PD and MSA compared with controls and patients 

with PSP (p < 0.05). The patients with PDD and DLB were significantly older 

than controls. After age matching the groups, α-syn was also decreased in PDD 

and DLB compared with controls. In AD on the other hand, α-syn was 

significantly increased compared with all other groups (p < 0.05, Figure 4). These 

differences between the groups withstood correcting for age, gender and 

hemoglobin levels. 

 

Figure 4. Boxplots of α-syn in the different diagnostic groups. The lower, upper and the middle lines of boxes 

correspond to 25th, 75th percentile and median, respectively. The whiskers at the top and bottom extend from the 
95th and 5th percentile, respectively. 
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Traditional AD biomarkers 

We found that patients with DLB had decreased Aβ42 (p < 0.001) compared with 

controls and patients with PD. However, in AD, levels of Aβ42 were even further 

decreased. Tau as well as P-tau was as expected increased in AD compared with 

controls, PD and PDD (p < 0.001). These results withstood correcting for age, 

gender and hemoglobin levels. In PD, tau and P-tau was decreased compared with 

controls (p < 0.05). P-tau was also decreased in PSP and MSA (p < 0.05). These 

results however did not withstand correcting for age, gender and hemoglobin 

levels. 

NfL 

NfL correlated with age in controls, PD and DLB (Rs ≥ 0.4, p≤ 0.01). NfL also 

correlated with disease severity as measured by Hoehn & Yahr in PD and PSP (Rs 

≥ 0.33, p < 0.01) but not disease duration. In AD, NfL correlated with worse 

results on MMSE (Rs = -0.035, p = 0.02). 

NfL was increased in all patients with atypical parkinsonism (i.e. MSA, PSP and 

CBD) as well as DLB compared with PD and controls (p < 0.001). Furthermore, 

NfL was increased in PDD compared with PD (p < 0.01). However, when 

correcting for age, gender and hemoglobin levels the significant difference 

between PD and PDD was lost. When correcting for age, gender and hemoglobin, 

controls had lower levels compared with all other groups (p < 0.05). After 

additional adjustment for Hoehn & Yahr score we still found a significant 

difference between APD compared with PD and PDD (p < 0.05, Figure 5). 

 

Figure 5. Boxplots of NfL in the different diagnositc groups. The lower, upper and the middle lines of boxes 

correspond to 25th, 75th percentile and median, respectively. The whiskers at the top and bottom extend from the 
95th and 5th percentile, respectively. 
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Multivariate discriminant analysis (OPLS-DA) 

When analyzing all five CSF biomarkers simultaneously we found that in the 

groups with predominantly dementia, a combination of the five  biomarkers could 

differentiate AD from DLB and PDD with a sensitivity of 90% (95% CI, 83%-

95%), a specificity of 81% (95% CI, 67%-91%) and an area under the curve 

(AUC) = 0.90 (95% CI, 85%-96%, Figure 6). 

 

 

Figure 6. 

A) Multivariate discriminant analysis (DA) was performed using the orthogonal projections to latent structures (OPLS) 
algorithm. Receiver operating characteristic curves were calculated for both OPLS-DA and for each analyte, including 
α-synuclein (α-syn), β-amyloid1-42 (Aβ1-42), total tau (T-tau) phosphorylated tau (P-tau), and neurofilament light 
chain (NF-L). The areas under the curves (AUC) are given. B) Patients with AD were compared to patients with DLB 
and PDD. Corresponding variable importance in projection (VIP) plots illustrate the relative contributions of the 
analytes to the separation between the patient groups. Error bars represent the 95% confidence interval 
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Furthermore, in the groups with predominantly parkinsonism, the five different 

CSF biomarkers could together separate PD from APD with a sensitivity of 85% 

(95% CI, 76%-91%), a specificity of 92% (95% CI, 85%-97%) and AUC = 0.93 

(95% CI, 89%-97%). In the multivariate analysis, NfL contributed the most to the 

model. Indeed, NfL alone could separate APD from PD a similar diagnostic 

accuracy to that of the multivariate model (Figure 7). 

 

 

Figure 7. 

Multivariate discriminant analysis (DA) was performed using the orthogonal projections to latent structures (OPLS) 
algorithm. Receiver operating characteristic curves were calculated for both OPLS-DA and for each analyte, including 

α-synuclein (α-syn), β-amyloid1-42 (Aβ1-42), total tau (T-tau) phosphorylated tau (P-tau), and neurofilament light 
chain (NF-L). The areas under the curves (AUC) are given comparing patients with PD to patients with atypical 
parkinsonism, i.e. PSP, CBD and MSA. 
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Paper II 

In this study, we investigated if the CSF biomarkers assessed at baseline in paper I 

could predict cognitive decline and motor progression in PD. 

Correlations between the different CSF biomarkers 

There were extensive correlations between the different biomarkers at baseline. In 

both PD and controls α-syn correlated with tau (Rs ≥ 0.508, p ≤ 0.001), P-tau (Rs ≥ 

0.597, p < 0.001) and NFL (Rs ≥ 0.380, p < 0.020) (Figure 8). Tau also correlated 

with P-tau in both groups (Rs ≥ 0.620, p < 0.001). In the PD-group but not the 

control group, NfL correlated with lower levels of Aβ42 (Rs = -0.308, p = 0.050). 

 

Figure 8. Correlations between levels of CSF biomarkers in PD. Black lines are the linear regressions, blue lines 95% 
confidence interval. 

Correlations between CSF biomarkers at baseline and cognitive decline 

Higher baseline levels of α-syn in the PD group correlated with deterioration of 

cognitive speed (AQT) over the 2 year follow up (β = 0.423, p = 0.018) (Figure 9). 

Furthermore, PD patients with baseline Aβ42 < 550 ng/L deteriorated more on 

delayed memory recall (ADAS item 3) compared with PD patients with normal 

levels of Aβ42 (F = 5.834, p.= 0.022), all correcting for age, gender, disease 

duration and LEDD. 

Correlations between CSF biomarkers at baseline and motor 

progression 

Higher levels of α-syn at baseline in the PD group correlated with increased motor 

dysfunction over the 2 year follow up period as measured by an increase in Hoehn 
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Yahr score (β = 0,394, p = 0.043), an increased UPDRS III score (β = 0.449, p = 

0.013) (Figure 9) and prolonged TUG (β = 0,406 p = 0.023). Higher baseline of P-

tau also correlated with increased motor dysfunction in PD as measured by an 

increase in Hoehn Yahr score (β = 0,366, p = 0.038) and an increase in UPDRS III 

score (β = 0,350, p = 0.045, all correcting for age, gender, disease duration and 

LEDD (Figure 9). 

 

Figure 9. Correltions between CSF biomarkers at baseline and change in clinical test scores over 2 year. Black lines 

are the linear regressions, blue lines 95% confidence interval. 

Paper III 

In this study we investigated the temporal changes of the CSF biomarkers α-syn, 

Aβ42, tau, P-tau, NfL and YKL-40 in PD and healthy controls. We also 

investigated if changes in levels of CSF biomarkers correlated with clinical 

progression. 

Demographics and CSF biomarkers at baseline 

In this study, we found no significant differences in CSF biomarker levels at 

baseline between the groups. In both PD and controls age correlated positively 

with NfL (Rs ≥ 0.517, p ≤ 0.002), and YKL-40 (Rs ≥ 0.525, p ≤ 0.014). In the PD 

group age correlated positively with α-syn (Rs = 0.286, p = 0.028), tau (Rs = 0.394, 

p = 0.001) and negatively with Aβ42 (Rs = -0.263, p = 0.037). 

Change over 2 years in CSF biomarker levels 

In the control group there were no significant changes in CSF biomarkers over 

time. In the PD group, tau (t62 = -2.570, p = 0.013), P-tau (t46 = -2.458, p = 0.018), 

α-syn (t58 = -2.350, p = 0.022), NfL (z = -3.769, p < 0.001), and YKL-40 (t62 = -

3.682, p < 0.001) increased over the 2 year follow-up (Figure 10). 
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Figure 10. Scatter dot plot over percentual change i CSF levels in the different CSF biomarkers over 2 years. Lines 

represent means and standard deviations. One data point for P-tau (at 200%) and one data point for NfL (at 276%) 
are outside the axis limit. 

In the PD group with short disease duration (disease duration ≤ 5 years, n = 37), 

CSF levels of NfL and YKL-40 increased over 2 years (z = -3.079, p = 0.002 and 

t36 = -2.675, p = 0.011) but not α-syn or tau. However, in PD with long disease 

duration (disease duration > 5 years, n = 26) there were significantly increased 

levels if α-syn (z = -2.192, p = 0.028), tau (z = -2.437, p = 0.015), NfL (z = -2.210, 

p = 0.027) and YKL-40 (z = -2.222, p = 0.026) over 2 years (Figure 11). Similar 

results were seen when separating the PD group by unilateral (i.e. Hoehn & Yahr 

score < 2) or bilateral (i.e. Hoehn & Yahr score ≥ 2) disease. 

 

Figure 11. Scatter dot plots over percentual change in CSF levels of α-syn in PD with short and long disease 
duration. Lines display means and standard deviations. 
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Correlations between changes in CSF biomarker levels over 2 years in 

PD 

There were extensive correlations between changes in CSF biomarkers over 2 

years (Table 4). These correlations withstood correcting for age and LED. 

Table 4 

Correlations beween changes in CSF biomarkers over 2 years in PD. 

 Aβ42 Tau P-tau α-syn NFL YKL-40 

Aβ42   p=0.004 
r=0.408 

   

Tau   p<0.001 
r=0.487 

p<0.001 
r=0.588 

p=0.003 
r=0.371 

p=0.002 
r=0.382 

P-tau p=0.004 

r=0.408 

p<0.001 

r=0.487 
 p=0.005 

r=0.424 
 p=0.008 

r=0.381 

α-syn  p<0.001 
r=0.588 

p=0.005 
r=0.424 

  p<0.001 
r=0.521 

NFL  p=0.003 
r=0.371 

    

YKL-40  p=0.002 

r=0.382 

p=0.008 

r=0.381 

p<0.001 

r=0.521 
  

 

Correlations between changes in CSF biomarker levels and changes in 

clinical symptoms over 2 years in PD 

An increase in P-tau over 2 years in the PD group as a whole correlated with 

deterioration in motor function as measured by UPDRS III (β = 0.292, p = 0.048) 

and in executive cognitive function as measured by Letter S fluency (β = -0.440, p 

= 0.002). An increase in YKL-40 correlated with worsening on Letter S fluency (β 

= -0.276, p = 0.032), all correcting for age and LEDD (Figure 12). 

 

Figure 12. Correlation between changes in CSF biomarker levels over 2 years and changes in clinical test scores 

over 2 years in PD. Solid lines ar linear regressions and and dotted lines are 95% confidence intervals. 
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Paper IV 

In this study we collaborated with three other centers to be able to if NfL in blood 

correlated with NfL in CSF and to assess if NfL in blood could differentiate 

between PD and APD in independent cohorts. 

Demographics 

In both the Lund and the London cohorts, we found that blood levels of NfL 

correlated with age in the cohort as a whole (Rs ≥ 0.290, p ≤ 0.001), controls (Rs ≥ 

0.411, p ≤ 0.037) and patients with PD (Rs ≥ 0.483, p ≤ 0.031). In the Lund cohort 

women had higher blood NfL levels compared with men in the whole cohort (p = 

0.041) and in the PD group (p = 0.040). In the London cohort women had higher 

levels of NfL in blood compared with men in the APD groups (p = 0.048). 

Correlations between levels of NfL in CSF and Blood 

The Lund Cohort 

Blood NfL correlated with CSF NfL in the cohort as a whole (β = 0.697, p < 

0.001) (Figure 13) as well as in each individual group; controls (β = 0.344, p = 

0.033), PD (β = 0.481, p < 0.001) and APD (i.e. MSA, PSP and CBS) (β = 0.523, 

p < 0.001) all correcting for age and gender.  

The London Cohort 

Similar results were seen in the London cohort with a strong correlation between 

blood NfL with CSF NfL in the cohort as a whole (β = 0.796, p < 0.001) (Figure 

13) as well as in controls (β = 0.449, p = 0.022) and APD (i.e. MSA, PSP and 

CBS) (β = 0.677, p < 0.001), all correcting for age and gender. The number of PD 

patients with CSF analysis was too low (n = 5) to allow for statistical analysis. 
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Figure 13. Correlations between NfL in blood and CSF in the Lund cohort  and in the London cohort. 

Blood NfL levels in the different diagnostic groups 

The Lund cohort 

The levels of NfL in blood were significantly higher in MSA, PSP and CBS 

compared with controls as well as PD (all p < 0.001), adjusted for age and gender 

(Figure 14). Also adjusting for disease duration did not affect the results. 

The London cohort 

Similar results were seen in the London cohort with significantly higher levels of 

NfL in blood in MSA, PSP and CBS compared with controls and PD (all p < 

0.001), all adjusted for age and gender. Furthermore, in the London cohort, blood 

NfL was higher in PD compared with controls (p = 0.011) but still far below the 

levels of the APD patients, adjusted for age and gender (Figure 14). Also adjusting 

for disease duration did not affect the results. 

The early disease cohort 

In the early disease cohort with patients with disease duration ≤ 3 years blood NfL 

was significantly higher in MSA, PSP and CBD compared with PD (all p < 0.001), 

all adjusted for age and gender (Figure 14). 
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Figure 14. Scatter dots and box plots of blood NfL in the different diagnostic groups in the three different cohorts. 

Values are from a the univariate linerar model correcting for age and gender. *p < 0.05, **p < 0.01, ***p < 0.001.One 
case with PSP in the early disease cohort had NfL concentration outside the axis limit but is included in the statistical 

analysis. 

Diagnostic accuracy of blood NfL 

The Lund Cohort 

Blood NfL could distinguish patients with PD from patients with APD with a high 

diagnostic accuracy (82% sensitivity and 91% specificity, AUC = 0.91, 95% CI 

0.87-0.95). Similar results were seen when analyzing the different APD groups 

(MSA, PSP and CBD) separately with > 80% sensitivity and > 0.80% specificity, 

AUC > 0.91. The diagnostic accuracy for NfL in blood to discriminate between 

PD and APD was comparable to that of NfL in CSF (92% sensitivity, 93% 

specificity and AUC = 0.96, 95% CI 0.92-0.99). 

The London Cohort 

Similarly, Blood NfL could in the London cohort distinguish patients with PD 

from patients with APD (80% sensitivity and 90% specificity, AUC = 0.85, 95% 

CI 0.72-0.98). Similar results were seen when analyzing the different APD groups 

(MSA, PSP and CBD) separately with > 72% sensitivity, > 85% specificity and; 

AUC > 0.81. 

The Early disease cohort 

In the early disease cohort, blood NfL could distinguish patients with PD from 

patients with APD with 70% sensitivity and 80% specificity, AUC = 0.81, 95% CI 
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0.73-0.90. Similar results were seen when analyzing the different APD groups 

(MSA, PSP and CBD) separately with > 86% sensitivity, > 70% specificity and 

AUC > 0.80. 

Correlations between blood NfL and clinical symptoms 

The Lund cohort 

In PD, increased levels of blood NfL correlated with longer disease duration (β = 

0.278, p < 0.001) and more severe motor symptoms as measured by UPDRS III (β 

= 0.227, p < 0.001), Hoehn & Yahr (β = 0.187, p = 0.004), TUG (β = 0.164, p = 

0.036), Tandem gait test (β = 0.237, p = 0.045) and LEDD (β = 0.235, p = 0.003). 

In APD blood NfL only correlated with UPDRS III (β = 0.449, p = 0.001) and 

Hoehn & Yahr (β = 0.286, p = 0.040). 

The London cohort 

Blood NfL did not correlate with disease duration or Hoehn & Yahr stage in 

neither PD nor APD in the London cohort. 

The early cohort 

Blood NfL did not correlate with disease duration or Hoehn & Yahr stage in 

neither PD nor APD in the Early cohort. 

Correlations between blood NfL and white matter lesions 

In the Lund cohort an increase in blood NfL correlated more white matter lesions 

as measured by Fazeka’s score in PD (Rs = 0.328, p = 0.002) but not in controls or 

APD. The association in PD did not withstand correcting for age and gender. 
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Paper V 

In this study we investigated levels of inflammatory biomarkers in CSF in PD, 

APD and healthy controls and if the inflammatory biomarkers correlated with 

disease severity in PD. 

CSF inflammatory biomarker levels in the different diagnostic groups 

There were significant correlations between age and inflammatory biomarkers in 

CSF (i.e. CRP, SAA, IL-8, YKL-40 and MCP-1) (Rs ≥ 0.186, p ≤ 0.004). Men had 

higher levels of MCP-1 compared with women (p < 0.001) but there were no other 

gender effects. 

CSF levels of CRP and SAA were increased in PDD and MSA compared with 

controls and PD (p ≤ 0.018). SAA was also higher in PSP compared with controls 

(p = 0.014). IL-6 was higher in PDD compared with controls (p = 0.014). CSF 

levels of IL-8 were higher in in all groups compared with controls (p ≤ 0.007). 

PSP also had higher levels if IL8 compared with PD (p = 0.021) (Figure 15). 

CSF levels of YKL-40 were lower in PD compared with controls (p = 0.033). 

Patients with MSA and PSP on the other hand had higher levels of YKL-40 

compared with PD and PDD (p ≤ 0.026) but not compared with controls. All 

corrected for age (Figure 15). 

CSF levels of MCP-1 were higher in MSA compared with all other groups (p ≤ 

0.048), all corrected for age. Also correcting for gender did not change the results 

(Figure 15). 
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Figure 15. Box plots with scatter dots of inflammatory CSF biomarkers A) CRP, B) SAA, C) IL-6, D) IL-8, E) YKL-40 and F) MCP-1 in the different diagnostic groups presented as 

median and inter quartile range. Outer whiskers are 1.5 IQR. P values are from univariate general linear model adjusting for age. In the CRP figure, there were 4 outliers in PD 
and 2 in MSA outside the axis limit. In the SAA figure there were 5 outliers in PD, 3 in PDD, 2 in PSP and 2 in MSA outside the axis limit. In IL-6 there was 1 outlier in PDD 
outside the axis limit. Outliers outside the graph limits are included in all statistical analyses. 
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There were extensive correlations between the different inflammatory biomarkers 

in CSF in the cohort as a whole (Table 5). CRP and SAA correlated strongly with 

each other in the cohort as a whole but also in each individual diagnostic group (β 

≥ 0.629, p ≤ 0.001). Further, CRP and SAA levels correlated with IL-6, IL-8 and 

YKL-40 in the cohort as a whole. The CSF levels of IL-6 correlated with IL-8 in 

the cohort as a whole, a correlation that remained in each patient diagnostic group 

but not controls (β ≥ 0.238, p ≤ 0.002). IL-8 correlated with YKL-40 and MCP-1. 

All corrected for age. 

Table 5. 

Correlations between different CSF biomarkers in the cohort as a whole, correced for age, given as β values.  

 

 

YKL-
40 

MCP-1 CRP SAA IL-6 IL-8 α-syn Tau P-tau Aβ42 

MCP-1 NS          

CRP 0.131 * NS         

SAA 0.137 * NS 0.667 
*** 

       

IL-6 NS NS 0.138 * 0.178 
** 

      

IL-8 0.242 
*** 

0.135 * 0.232 
*** 

0.220 
*** 

0.285 
*** 

     

α-syn 0.393 
*** 

NS NS 0.152 * NS 0.203 
** 

    

Tau 0.419 
*** 

NS NS 0.147 * - 0.175 
** 

NS 0.785 
*** 

   

P-tau 0.348 
*** 

NS NS NS NS 0.146 * 0.834 
*** 

0.746 
*** 

  

Aβ42 NS NS NS NS NS NS 0.329 

*** 

NS 0.213 

*** 

 

NfL 0.367 
*** 

0.207 
** 

0.177 * 0.250 
*** 

NS 0.292 
*** 

0.157 * 0.349 
*** 

NS -0.126 
* 

* significant at <0.05. ** significant at <0.01. *** significant at < 0.001. 

NS = not significant. 
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Correlations between inflammatory markers and clinical test scores in 

PD 

Cognition 

Inflammatory biomarkers, foremost CRP and SAA correlated cognitive 

impairment in PD with significant correlations between worse results on MMSE 

and CRP (β = -0.164, p = 0.047) and SAA (β = -0.229, p = 0.005). Similarly, AQT 

and Letter S fluency correlated with inflammatory markers (for AQT: CRP, β = 

0.214, p = 0.010; SAA, β = 0.208, p = 0.012; and for Letter S fluency: SAA β = -

0.212, p = 0.010; IL-6 β = -0.190, p = 0.022), all corrected for age. 

Motor impairment 

Inflammatory markers also correlated with motor impairment. A higher UPDRS 

III score correlated with higher levels of CRP (β = 0.248, p = 0.003) and SAA (β = 

0.261, p = 0.001); and increased Hoehn &.Yahr score correlated with increased 

levels of CRP (β = 0.289, p < 0.001), SAA (β = 0.257, p = 0.002) and IL-8 (β = 

0.168, p = 0.037), all corrected for age. 

Mood and fatigue 

Depressive symptoms, measured by the depression items on HADS, as well as 

fatigue as measured by FACIT-f, correlated with CRP (β = 0.263, p = 0.002 and β 

= 0.282, p < 0.001, respectively) and SAA (β = 0.333 p < 0.001 and β = 0.250, p = 

0.003, respectively). Furthermore, we also noted that IL-6 but not SAA or CRP 

correlated with lower score on HADS depression items in the control group (β = -

0.488, p = 0.018). All corrected for age. 
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Discussion 

Parkinson’s disease is a quite common disease in the elderly population with great 

impact on the patient and their family but also to society. Still, the differential 

diagnosis can be difficult to make, especially early on in the disease course, with 

atypical parkinsonian disorders (i.e. MSA, PSP and CBD) being important 

differential diagnoses. In clinical trials and future treatments with disease 

modifying therapies directed against specific pathological mechanisms, an 

accurate and early diagnosis will be paramount since treatment most likely will be 

most effective if initiated before widespread neurodegeneration has occurred
166

. 

Furthermore, to select the most appropriate treatment option, methods to assess the 

underlying neuropathology (or pathologies) causing the symptoms will most likely 

be highly important. Also, with an early and correct diagnosis symptomatic 

treatment can be initiated early and unnecessary investigations and medication 

errors can be avoided. 

In the papers included in this thesis we have sought to find diagnostic as well as 

prognostic biomarkers to improve the differential diagnosis of PD and atypical 

parkinsonian disorders (APD) and to investigate the temporal changes in these 

biomarkers. Our aim has also been to further our understating of these disorders. 

The discussion will include the more salient discussion points regarding the papers 

but also some general aspects of the cohort as a whole. 

Improvement of the differential diagnosis 

In paper I, where we investigate a panel of five CSF biomarkers in common 

dementias and parkinsonian disorders, we show that CSF NfL, a marker of 

neuroaxonal damage, is increased in APD compared with PD and controls, 

corroborating previous studies
113, 145, 146, 148

. We also show that NfL in CSF can 

separate PD from APD with an accuracy (AUC = 0.93) high enough do give it 

clinical relevance. Even though NfL in CSF cannot help discriminate between the 

different atypical parkinsonian disorders, an increased NfL in CSF in a patient 

with parkinsonism indicates that further investigations are needed. Indeed, CSF 

NfL has become a tool in the clinical investigation of parkinsonian patients where 
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an atypical parkinsonism is suspected in is included in the Swedish national 

guidelines for PD. 

The performance of lumbar puncture is however not always possible (for example 

in a primary care setting, or due to anticoagulant treatment or patient 

apprehension). The results from paper IV where we in independent cohorts show a 

good correlation between NfL in blood and NfL in CSF and that NfL in blood can 

distinguish between PD and APD with an accuracy comparable to NfL in CSF 

may thus prove highly useful in a clinical setting. 

In paper I, confirming previous studies, we show that Aβ42 is decreased and that 

tau and P-tau is increased in AD
124, 133

 and that Aβ42 also is decreased in DLB 
191

 

reflecting the importance of amyloid pathology in DLB and PDD. However, we 

also show that Aβ42 is even further decreased in AD compared with DLB. Also 

confirming previous studies 
102, 103, 105-109, 112, 113

, but contradicting others
111, 112

, we 

show that α-syn is decreased in synucleinopathies (i.e. PD, PDD, DLB and MSA) 

compared with controls and patients with PSP and AD. Furthermore, we find that 

a combination of these biomarkers can separate PDD and DLB from AD with high 

accuracy (AUC = 0.90) with tau and α-syn contributing the most to the model. The 

improvement in the differential diagnosis between these dementias is highly 

important for the patients as treatment differs somewhat, foremost, patients with 

DLB are highly sensitive to neuroleptic medication. Even though α-syn is 

decreased in synucleinopathies including PD, the difference is subtle and overlap 

between the groups is still too large for α-syn to differentiate between PD and 

controls or other disorders on its own. There is thus still a need for further efforts 

in identifying new biomarkers for PD. 

CSF biomarkers and neurodegeneration and disease 

progression 

NfL is a biomarker of neuroaxonal damage. As shown in paper I and IV, NfL is 

increased in APD, diseases that usually are associated with a more aggressive 

disease course and more intense neurodegeneration. In paper I and IV we also 

show that NfL in both blood and CSF is associated with more severe parkinsonism 

as measured by Hoehn & Yahr stage in patients with PD. Furthermore we show 

that CSF NfL is associated with worse results on MMSE in AD. One can thus 

infer that NfL indeed is a marker of more aggressive disease with a higher rate of 

neurodegeneration. It is therefore somewhat surprising that we do not see a 

correlation between higher baseline levels of NfL and clinical progression in PD, 

neither for cognition nor motor progression, in paper II. This could possibly be due 

to the rather short follow-up. Furthermore, one can speculate that the non-
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demented PD cohort investigated had not come to a stage where a more aggressive 

neurodegeneration becomes a major factor or that the patients with longer disease 

duration who have remained non-demented may have a more benign phenotype. 

On the other hand, in paper III we show that NfL increases in both early and later 

stages of the disease but that the rate of change of NfL levels did not correlate with 

disease progression. 

In paper I we confirm that α-syn is decreased in synucleinopathies but increased in 

AD. Increased levels of α-syn have previously been linked to both AD and 

Creutzfeldt-Jakob, diseases with intense neurodegeneration
103, 107

. Furthermore, in 

paper II we show that increased levels at baseline of α-syn within the PD group is 

associated with both cognitive decline and motor progression over 2 years 

confirming the result from one previous study
114

 but contradicting the results from 

another group
104

. Moreover, in paper III we show that levels of α-syn increase 

during the later stages of the disease but not in the early stages. We thus 

hypothesize that α-syn is decreased early in the disease course, and probably also 

in the prodromal phase, as a reflection of an intracellular accumulation. However 

we also hypothesize that α-syn is bimodal and increases over time as a reflection 

of neuronal damage where α-syn is released to the extracellular space through 

neuronal cell death as its correlation with NfL and tau would suggest; or as a 

reflection of more complex mechanisms with an active secretion as a response to a 

physical stress
28

 or defective clearance of the protein. Due to differences in study 

design, this bimodal temporal profile of α-syn may explain the divergent results 

from different studies. Indeed we find that all CSF biomarkers measured in paper 

II but Aβ42 (i.e. α-syn, tau, P-tau, NfL and YKL-40) increase over time but that α-

syn, tau remain stable over the first 5 years of disease. In light of this it is 

interesting that α-syn does not seem to correlate with disease duration in cross 

sectional studies (including paper I and II in this thesis)
102, 112

. This might be a 

reflection of the difficulty in estimating the disease duration retrospectively and 

may thus be imprecise when used on its own. 

The association between tau and α-syn 

Supporting results from another group, we show in paper II that baseline levels of 

α-syn strongly correlate with tau 
106

. In paper III, we also find that change in α-syn 

correlates with change in tau over 2 years. Parallel to α-syn, higher baseline levels 

of P-tau were associated with faster motor progression in paper II. Another group 

on the other hand has shown that the ratio P-tau/tau negatively correlates with the 

rate of change in UPDRS score over time
128

. In paper III we find that a larger 

increase in P-tau over 2 years was associated with faster motor progression and 
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increased executive dysfunction as measured by Letter S fluency, but not any other 

cognitive test. Interestingly, one other group has also linked P-tau cognitive 

decline showing that higher baseline levels of P-tau were associated with the 

progression of both memory impairment and executive dysfunction
129

. Tau thus 

seems to play a role not only in tauopathies but also in PD and interact with α-syn 

Not only the α-syn-encoding gene (SNCA) but also the tau-encoding gene (MAPT) 

have been linked to PD through GWAS (genome-wide association studies)
192

. Tau 

has been found in the brains of sporadic PD patients
193, 194

. Furthermore, P-tau has 

been found in the striatum of patients with PD and PDD
194, 195

. Moreover, α-syn 

fibrils may induce aggregation of tau by cross-seeding
196

. α-Syn may also disrupt 

the binding of tau to tubulin leading to cytoskeleton disorganization and tau 

aggregation, and has been shown to promote the phosphorylation of tau
194, 197

. We 

hypothesize that a more aggressive disease with a greater synaptic degeneration 

may lead to higher levels of α-syn in the intracellular space which in turn may lead 

to a higher rate of phosphorylation of tau which may aggravate the disease further. 

Cognitive decline 

Cognitive impairment or dementia are common features in PD with a life-time 

incidence as high as 75-80%
56, 57

. Aβ42 is a biomarker associated with amyloid 

pathology. Neuropathological studies have shown that amyloid pathology is 

frequent in brains from patients with PDD
198, 199

. Reduced CSF concentrations of 

Aβ42 most likely reflect cortical amyloid accumulation
200, 201

. Cross sectional 

studies have shown normal 
104, 113, 130

 or decreased levels of Aβ42 in PD and PDD 

compared with controls 
105, 106, 108, 126, 127, 131, 132

. Furthermore, low levels of Aβ42 in 

non-demented PD patients have been shown to be associated with future cognitive 

decline and progression to PDD
126, 134, 135

.  

In paper I, we show decreased levels of Aβ42 in in DLB but fail to find 

significantly lower levels in PD or PDD. In paper II we confirm that decreased 

levels of Aβ42 in PD is associated with faster cognitive decline but only on 

episodic memory delayed recall, a cognitive domain more associated with AD 

than PD. Instead, increased levels of α-syn within the PD group were associated 

with worsening cognitive speed, a cognitive deficit more commonly associated 

with the cognitive profile in PDD. This confirms the results from another group 

who found that higher α-syn was associated with a higher rate of cognitive decline 

as measured by the Selective Reminding Test (SRT)-Total and SRT-Delayed 

(measures of verbal learning and memory), Symbol Digit Modalities Test (a test of 

visuospatial working memory/processing speed), and New Dot Test (visuospatial 

working memory)
114

. However, another study on biomarkers and cognitive decline 
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did not find an association between α-syn levels at baseline and cognitive decline 

as measured by MMSE and the Montreal Cognitive Assessment (MoCA)
104

. 

However, MMSE and MoCA do not measure cognitive speed which might explain 

the differing results. 

In paper III, we find that Aβ42 remains stable over 2 years. This support results 

from studies on AD, showing that cortical amyloid accumulation and decrease in 

Aβ42 occurs early in the disease process, developing years before symptoms 

occur
124, 202, 203

. We also show that an increase in P-tau is associated with executive 

dysfunction as measured by Letter S fluency, confirming the results from a 

previous study
129

. The pathophysiology of cognitive impairment in PD is thus 

likely different from the pathophysiology in AD. Furthermore, in paper III, we 

find that patients with long disease duration perform better on Letter S fluency 

compared with patients with short disease duration which might be an indication 

that patients who, is spite of a long disease duration, still have not developed 

cognitive dysfunction, are a separate clinical phenotype with better prognosis 

regarding cognition. This however needs to be investigated further but might be 

important to take into account when stratifying patient groups in future clinical 

trials. 

Neuroinflammation in PD and APD 

Inflammation, particularly microglia activation and astrocyte dysfunction have 

been heavily implicated in PD. However, evidence of microglia activation has also 

been seen in APD
31-34

. In paper V, we find that inflammatory markers in CSF, 

foremost CRP and SAA and IL-8 are increased in PDD and MSA compared with 

PD and controls. This confirms and adds to the previously scarce studies on 

inflammatory biomarkers in CSF in parkinsonian disorders. In a study from our 

group, CRP in CSF has previously been shown to be increased in PDD compared 

with PD and controls
160

. Another group has previously shown increased IL-6 in 

CSF in PD patients with cognitive impairment compared with PD without 

cognitive impairment and another study from our group found increased CSF IL-8 

in PPD compared with controls
159, 204

. 

In paper V, we find correlations between YKL-40, SSA and IL-8 with α-syn as 

well tau and NfL which are markers of neuroaxonal injury. Furthermore, we find 

correlations between inflammation and more severe clinical symptoms both 

regarding cognition and motor symptoms in PD. This is in line with studies 

finding associations between microglia activation and worse results on MMSE in 

PDD
205, 206

. In paper III we show that levels of YKL-40 increase over the 2 year 

follow up in PD and that the increase of YKL-40 is associated with both motor 
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progression and cognitive decline. Inflammation thus seems to be associated with 

a more aggressive disease in PD. One can speculate that α-syn pathology triggers 

an inflammatory response that may aggravate the disease and neurodegenerative 

process even further. 

In paper V, we find that YKL-40, a biomarker for mainly astrocytes and microglia, 

is decreased in PD compared with controls and APD. This is in line with one 

previous study
156

 but contrasts others
113, 155

. Furthermore, we see strong 

correlations between α-syn and YKL-40 in paper V and between the increases in 

α-syn levels with the increase in YKL-40 in paper III. In PD, astrocytes have been 

suggested to have a protective role
37, 38

. On the other hand, α-syn positive 

astrocytes have been seen to correlate with cell death in PD
39

 indicating that α-syn 

pathology might lead to impaired astrocyte function. Astrocyte dysfunction in PD 

might thus be reflected by a down regulation of YKL-40. In APD we find 

increased levels of YKL-40, which corroborates previous results
113, 156

. The 

increase of YKL-40 in APD may be a reflection of astrocyte activation as a 

response to the injury the neurodegeneration entails. Indeed, increase in YKL-40 is 

associated with an increase in α-syn (due to an increased release or defective 

clearance) and to neuroaxonal injury as reflected by the association with tau and 

NfL. 

Neuroinflammation and mood in PD 

In paper V we also find that CSP and SAA are associated with depression and 

fatigue in PD but not in controls, corroborating and adding to previous results
160

. 

Moreover, in line with some previous investigations but contradicting others, we 

find that lower IL-6 correlates with depressive mood in controls indicating 

different mechanisms in the pathophysiology of the non-motor symptom 

depression in PD
160, 207, 208

. 

Pre-analytic handling of CSF samples 

Can pre-analytic handling of CSF-samples affect the results in biomarker studies? 

Diurnal variations of biomarker levels have been discussed in several studies. 

Although one study has shown a large diurnal variation of Aβ42 in healthy 

subjects
209

, most studies have shown no significant fluctuations in tau, P-tau or 

Aβ42
210, 211

. A few studies on α-syn have shown slight or no fluctuations
212

. Thus, 

as CSF samples for non-emergency conditions generally are taken during the day, 
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standardization is not needed. It is however recommended to record sampling time 

and to take blood and CSF samples at the same time
213

. 

Studies on traditional AD biomarkers have shown no gradient effect. However, 

CSF α-syn has been found to show slightly decreased levels in a rostro-caudal 

gradient. A standardized volume is therefore recommended, generally 12 ml
213

. As 

a rule, in our cohort we tap 20 ml. 

More importantly, α-syn and Aβ peptides bind to the walls of non-polypropylene 

tubes
210

. Therefore polypropylene tubes should be used
213

. 

Although several studies have shown stable levels of Aβ42, tau and P-tau at room 

temperature, in one case up to 5 days, there are conflicting results
213, 214

. 

Furthermore, α-syn has been shown to decrease by 40% when stored at 4 °C for 4 

days
213

. The number of freeze/thaw cycles should be limited as this can affect 

concentrations α-syn and Aβ42 and possibly also tau
213, 214

. Studies have indicated 

that freezing temperature can affect the levels tau and P-tau with decreased levels 

when stored at -20° compared with -80°. Furthermore, Aβ42 has been shown to 

remain stable over 2 years when stored at -80°
210

. We therefore store CSF and 

blood samples at -80° pending analysis. 

In this study, we have taken great care to use a standardized handling of or 

samples according to the Alzheimer’s association flow chart
133

. However, small 

differences in pre-analytic handling may account for differences in CSF levels 

between sites in paper I and IV. 

Confounders 

As evident in this thesis, choices need to be made regarding what confounding 

factors to correct for in biomarker studies. In the different papers for this thesis, 

different choices have been made based upon the effects on confounding factors 

found in the individual study as well as the current knowledge at the time. 

LEDD: Even though much discussed as a potential confounder, α-syn has over the 

last few years been shown to be consistently decreased in De Novo patients
102, 106, 

110
, similar to studies on PD patients currently on medication

105, 107
. Dopaminergic 

medication thus does not seem to affect levels of CSF α-syn. Furthermore, 

dopaminergic treatment also does not seem to affect the levels of tau, P-tau or 

Aβ42
215

. A correlation between LEDD and CSF biomarker levels may thus be a 

reflection of increased disease severity rather than an effect of levodopa treatment. 

Gender: Most studies have found no gender effects of α-syn in PD although there 

are some conflicting results. In the papers for this thesis we have not found any 
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gender-effects of α-syn. There is thus not enough evidence to consider gender a 

confounder in CSF studies on α-syn
215

. On the other hand, we saw an increase of 

blood NfL in women compared with men in paper IV and subsequently corrected 

for gender in the analyses in that study. In CSF however, gender has not been 

shown to affect NfL concentrations, when commented at all in publications
146

. 

Age: Results have been conflicting regarding α-syn and age
215

. However, we have 

seen correlations between α-syn and age in the papers of this thesis
216, 217

. Even 

though results are also conflicting regarding tau, P-tau and Aβ42 some studies show 

an effect of age
215

. Furthermore, NfL has been shown to increase with age
146

 and 

this is also something we find in the papers for this thesis
216-218

. Indeed, clinical 

cut-off levels for CSF NfL are increased with an increased age. We have 

subsequently chosen to adjust for age in our studies. 

Limitations 

In our cohort, we follow our patients over time and use diagnostic criteria to 

ensure as correct a diagnosis as possible. However, for a definite diagnosis 

neuropathology is required. The lack of neuropathology, but for a few cases in our 

cohort, is therefore a major limitation. 

The strict use of criteria may ensure a higher specificity but may also lead to a loss 

in sensitivity particularly in identifying patients with PSP. The criteria we use 

mainly identify PSP-RS and we may therefore miss other subgroups of PSP. 

Due to the heterogeneous nature of these diseases and the slow progression rate in 

PD, a large cohort with long follow-up would improve the study. In the 

longitudinal studies of this thesis we have only 2 years follow-up data. This is too 

short to draw any definite conclusions about clinical progression and temporal 

changes in CSF biomarkers over the long therm. We are therefore extending our 

follow-up to 10 years. 

In the papers included in this thesis we have only studied total α-syn. To further 

improve our understanding of the role of α-syn, future longitudinal studies should 

also include phosphorylated, truncated and oligomeric forms of α-syn. 

In our cohort, the patients are examined in the ON state. We believe that this 

improves our possibility to continue to follow the patients over time as abstaining 

from medication may be increasingly inconvenient for the PD patient as the 

disease progresses. However, this might reduce the reliability of the different 

motor tests (possibly except Hoehn & Yahr stage) used in the study. Also, any 

clinical test is a snapshot in time and might be influenced by a multitude of 
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different individual factors. It is therefore important to include large numbers of 

patients to increase the reliability of the results. Also, results need to be replicated. 

Still, we lose some, mainly late stage, patients to follow-up. It may be too much of 

a strain to come to the clinic or they don’t have relatives who can help them. 

Patients in our cohort, foremost those with long disease duration, may therefore 

not be fully representative of the disease population. 

Even though patients in our cohort are examined by only a few medical doctors, 

inter rater variability may affect result on clinical test scores. This may be 

particularly problematic when collaborating between different sites. 

The cross sectional design of paper V makes it impossible to address if 

inflammation, microglia activation and astrocyte dysfunction is detrimental or 

beneficial. Future longitudinal studies are therefore needed. 

Future directions 

Further longitudinal studies are needed. To address whether inflammation with 

microglia activation and astrocyte dysfunction truly is detrimental as 

hypothesized, longitudinal studies need to be performed. Also, to further 

investigate the temporal changes in CSF biomarkers, further longitudinal studies 

over a longer period of time are needed. With a follow-up up to ten years we will 

be able to address these issues to some extent. 

There is also a need of better biomarkers for PD and related pathologies. For 

example, -syn measured using existing assays is not Lewy body-specific; -syn 

is a protein released by normal synapses and also abundantly expressed in non-

neuronal cell types, e.g. erythrocytes. A Lewy body-specific or –enriched -syn 

form would be a promising biomarker candidate to explore further. Such forms 

would most likely be present at very low concentrations in biofluids but could 

potentially be quantified using novel ultrasensitive technology such as Simoa.  

With new imaging possibilities we are now also investigating patients with Tau-

PET, hoping this will further contribute to our understanding of the role of tau in 

the tauopathies as well as in Parkinson’s disease with dementia. 

In spite of the effort by our group and many others, there is still not one biomarker 

that can diagnose Parkinson’s disease with a high enough degree of diagnostic 

accuracy. The use of diagnostic criteria requiring motor symptoms is still the 

golden standard. For clinical trials this is of course unsatisfactory as disease-

modifying therapies are likely most effective were they to be initiated early, before 

major neuronal loss has already occurred. Further efforts to identify new 
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biomarkers are therefore needed. Ideally this biomarker should be easy to use in a 

primary care setting, helping the non-expert make an early and accurate diagnosis 

as well as making screenings of patients with prodromal symptoms possible for 

early intervention clinical trials. However, most likely the key to an early 

diagnosis will be a combination of biomarkers, probably multimodal, making use 

of a combination of different techniques in patients with an increased risk such as 

patients with hyposmia and REM sleep behavior disorder. 
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Conclusions 

The levels of NfL are increased in both blood and CSF in patients with Atypical 

parkinsonian disorders (APD) compared with Parkinson’s disease (PD) and 

controls. Furthermore NfL in both blood and CSF can differentiate between PD 

and APD with a relatively high diagnostic accuracy. This may prove highly useful 

in the preliminary investigation of patients with parkinsonism, even outside highly 

specialist settings. 

We confirm that α-syn is decreased in PD, possibly because of intraneuronal 

accumulation of the protein (the latter remains an unproven hypothesis). However 

we show that increased levels of α-syn at baseline within the PD group are 

associated with increased motor progression as well as increased cognitive decline. 

Furthermore, α-syn correlates with markers of neurodegeneration (tau and NfL) 

suggesting an association between α-syn and neurodegeneration. Also, low levels 

of Aβ42 are associated with subsequent memory decline in PD.  

Over a follow-up of two years, CSF levels of α-syn, tau, P-tau, NfL and YKL-40 

but not Aβ42 increase in patients with PD but remain stable in controls. However 

α-syn and tau remained stable in patients early in the disease course and increased 

only in the group with > 5 years disease duration, suggesting that the increase in α-

syn is a reflection of a more intense neurodegeneration in patients with longer 

disease duration. 

We also confirm the role of neuroinflammation in PD. We find increased levels of 

inflammatory biomarkers in PDD and MSA compared with PD and controls. 

YKL-40 was however decreased in PD suggesting astrocyte dysfunction. 

Furthermore, inflammatory biomarkers correlate with more motor symptoms as 

well as cognitive impairment in PD suggesting an association between 

inflammation and a more aggressive disease. 
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