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Abstract 

Recent research point to several similarities between Alzheimer’s disease and Parkinson 

disease. Given that the major difference between the two diseases is the fact that 

Parkinson disease mainly exhibit motor impairments and only secondarly cognitive 

decline and Alzheimer’s disease hallmark is cognitive loss, we tried to evidentiate several 

key molecular differences and similarities. In this way, we found that Alzheimer’s disease 

is also characterized by mild motor decline which is exhibited before any cognitive 

symptoms and that several genetic hallmarks may be actually common in these two 

diseases. Also, it was suggested that the molecular hallmarks of Alzheimer’s disease may 

equally contribute to cognitive and motor decline. Furthermore, evidence regarding the 

overlapping genetic traits were presented and discussed alongside the description of 

Parkinson’s disease genetic loci.   

 

Abbreviations: AD – Alzheimer’s disease, APP – amyloid protein precursor, βAP  - beta-

amyloid peptide; MAPT – microtubule associated protein tau; NFT – neurofibrillary 

tangles; PD – Parkinson disease, Swe/Ind – Sweedish/Indian mutations; Swe/Lon – 

Sweedish/London mutations. 

 

Key words: Polymorphism, motor deficiencies, cognitive deficiencies, punctiform 

mutation, neurodegeneration. 

 

Introduction 

In nearly two decades of research, it had been shown that many neurological 

syndromes involve mostly movement discrepancies, but also cognitive 

disordering and tissue atrophy. PD can be considered a mixted-symptomes 

disorder. Thus, it can be considered paucy movement disorder characterized by 

rest tremor, bradykinesia, rigidity, postural instability, freezing phenomena, and 

flexed posture (Litvan et al., 2003), but also, according to Goldman and Fahn 

(2015), a cognitive decline tendency disorder due to recent research which 

showed that PD patients can also experience dementia-like symptoms (Buter et 

al., 2008). Many systems of classification refer to PD as to a group of 



 

 

Ioana Miruna BALMUS, Alin CIOBICA 

102  Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 5, No. 2,  (2016) 

syndromes and distribute the many features of PD as different type-PD 

syndromes: primary Parkinsonism (the main idiopathic or genetic disorder, 

commonly known as entirely motor neurodegenerative), secondary 

Parkinsonism (insults to the brain), Parkinson-plus syndromes (including 

progressive supranuclear palsy, multiple system atrophy and corticobasal 

degeneration), and heredo-degenerative disorders (in which Parkinsonism is 

not the primary clinical feature) (Goldman and Fahn, 2015).  

In this way, it seems that the need of differential diagnosis techniques led to 

the identification of those which include magnetic resonance imaging such as T1-

weighted volumetric technique (also used in Alzheimer’s disease study) in order 

to quantify atrophy areas via image analysis of caudate nucleus and putamen, iron 

quantification (Martin et al., 2008) or multimodal testing (Peran et al., 2010).  

Physiopathologically speaking, PD can be characterized by the loss of 

dopaminergic neurons located in the substantia nigra pars compacta (Bergman and 

Deuschl, 2002). This can affect the stratium in the caudal and front portions of the 

caudate nucleus resulting in dopaminergic depletion (Rodriguez-Oroz et al., 

2009). Studies show that the typical classic motor symptoms appear when at least 

60% of dopaminergic nigral cells die. This usually happens by the age of 50 or 60 

(Hassan et al., 2015). Another classical feature of PD is the accumulation of 

eosinophilic intracytoplasmic inclusions (Lewy bodies) that contain ubiquitin in 

the central core and α-synuclein in the halo (Goldman and Fahn, 2015). 

On the other hand, Alzheimer’s disease (AD) involves a pathological 

progressive neurodegenerative state occurring mainly in elders and being 

characterized by various symptoms depending on individuality, and physiological, 

neurological, and molecular states. Behind the visible altered cognitive 

performances stand several molecular processes which are the actual source of the 

impairments on cognitive functions and intellectual abilities loss (Balmus et al., 

2015).  

Being the most severe neurodegenerative diseases, AD is yet insufficiently 

characterized meaning that cause and progression are not clearly correlated. 

Furthermore, it seems that AD-like symptomatology may be a common feature of 

85+ years elders, and no treatment is known yet to cure, stop or slow this disease 

(Brookmeyer et al., 2007; Mölsä et al., 1986). Presently, the diagnostic charts 

include more than the original three stages of AD (mild, moderate, and severe) 

which were determined based on the cognitive deficit exhibited by the patient 

(ART, 2008; NIA, 2011). Sperling et al. (2011) enhanced the stage chart by 

adding new stages: presymptomatic AD, mild cognitive impairment due to AD, 

and AD dementia (with the already known three stages). Today it is thought that 

preceding the neuropsychiatric symptoms are the molecular accumulations of 

βAP and NFT which happens in time with no visible symptoms defining 

presymptomatic AD (Sperling et al., 2011). Thus, researchers find this stage 
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the most important due to the fact that no irreversible effect on the cognition is 

seen, and hypothesize that if discovered at this stage, it may be curable 

(Sperling et al., 2011).  

Also, Bruchman and Bennett (2011) suggest that the preclinical phase of AD 

is marked by some motor decline traits which actually foretell the cognitive 

decline. Over the last decade increasing evidences point to a link between 

motor function and the risk of developing AD (Bruchman and Bennett, 2011). 

Several motor function studies were previously conducted in AD patients after 

clinical diagnosis and the structural and functional brain alterations were 

demonstrated in older individuals with and without AD incapable simple and 

complex motor tasks (Hebert et al., 2010; Jahng et al., 2011). In this way, 

muscle bulk and muscle strength are associated with lower motor 

performances whereas physical frailty seems to be almost a ubiquitous 

symptom in AD. Also, several Parkinsonian signs including bradykinesia, 

rigidity and resting tremor, and posture disturbances are currently associated 

with AD as risk factors or predicting a more rapid cognitive decline previous 

or following AD diagnosis (Wilson et al., 2003; Portet et al., 2009). 

 

Role of genetics and environment in PD development 

 

Studying PD tendency to spread through the families of those affected and the 

MPTP parkinsonism developing neurotoxin (Porras et al., 2012), it have been 

shown that both genetic and environmental factors equally contribute to PD 

occurrence. It seems that the discovery of many genes that can contribute in a 

monogenic way to PD occurrence, made the term ‘idiopathic PD’ to be no 

longer used in favor of ‘primary parkinsonism’. Large community studies and 

twin studies confirmed a multifactorial inheritance as a main mechanism for 

PD and a clearly genetic origin of earlier than 50 years of life onset PD 

(Marder et al., 1996; Tanner et al., 1999).   

Genetically speaking, until today, eight genes have been discovered as 

associated with PD in a Mendelian form of inheritance (four autosomal 

dominant, four autosomal recessive). There are a number of rare genetic 

variations not yet confirmed as PD susceptibility genes. The PD associated 

genes are conveniently named as Parkinson associated genes and numbered in 

chronological order. Most of the classification systems refer to inheritance 

tendency, locus susceptibility or monogenic feature of locus mutations. 

Another relevant classification would be based on the type of locus 

modification. In this way, susceptibility loci can be altered by mutations, 

polymorphisms, large rearrangements, or polyallelle occurrence.  

Mutations can be very common causes of susceptibility, these beeing point 

mutations, deletions, substitutions, insertions, duplications, triplications, or 
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even copy number variants. Thus, the mutations of synuclein α gene can cause 

an excess of synuclein that influence both age of onset and severity (copy 

number variants more common and severe than point mutations) 

(Polymeropoulos et al., 1996; Singleton et al., 2003; Puschmann et al., 2013; 

Lesage and Brice, 2009; Houlden and Singleton, 2012). Similarly, PARK4 was 

originally mislinked to another locus, but in fact it has been shown that it is a 

triplication of a large chromosomal region containing PARK1 (Singleton et al., 

2003), was linked to AD susceptibility.  

A very large susceptibility locus, PARK2 (parkin gene), can possess many exon 

rearrangements, point mutations, duplications, triplications, insertions, and 

deletions, that can alter pigmented nuclei neuronal structure resulting in neuronal 

loss and locomotor dysfunction caused by mitochondrial impairment and cellular 

apoptosis (Houlden and Singleton, 2012; Poulopoulos et al., 2012). Also, PARK6 

(PTEN-induced putative kinase 1, PINK1) mutations are responsible for 1–9% of 

early-onset PD which makes them the most common autosomal recessive cause of 

PD and are believed to trigger an aberrant depolarization mechanism of 

mitochondrial membrane which cause apoptosis (Lesage and Brice, 2009).  

PARK7 locus can be involved in oxidative stress defense and cell survival. Its 

mutations can cause an increase in reactive oxygen species production creating 

elevated mitochondrial permeability-transition pore openings that can lead to 

apoptosis (Lev et al., 2013). The mutations of PARK8 (dardarin, leucine-rich 

repeat kinase-2) appear to trigger autophagy, but because they are predisposing 

to non-skin cancers, Crohn’s disease and leprosy too, their exact mechanism is 

yet to be determined though G2019S mutation is extremely common in 

populations (Ashkenazy, North African Berbers, Basques) with PD (Healy et 

al., 2008; Alcalay et al., 2009). PARK14 (phospholipase A2, group VI) is 

associated to neurodegeneration with brain iron accumulation. It can mutate 

and lead to fatty acid metabolism disturbances which lead to parkinsonism at 

young ages (Lu et al., 2012).  

Similarly, PARK17 (vacuolar protein sorting 35) in mutated variant, can 

cause a very rare PD type associated with dementia (Zimprich et al., 2011), 

PARK18 (eukaryotic translation initiation factor 4-gamma 1) mutations can cause 

discrepancies in mRNA translation, is barely associated with a mild form of PD of 

unknown mechanism (Chartier-Harlin et al., 2011), PARK19 (dinactyn 1) can get 

mutated and inherited in an autosomal dominant way and cause a PD-like motor 

neurons disease, also associated with depression due to tau protein and organelle 

poor trafficking mostly (Farrer et al., 2009); and PARK20 (synaptojanin 1) 

mutations can cause synaptic vesicles poor recycling leading to synaptic 

transmission unbalance, also found in Down’s syndrome, Alzheimer’s disease, 

and learning deficits disorders. 
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Very rare mutations have been confirmed in PARK9 (lysosomal type 5 P-type 

ATPase trans membrane active transporter) susceptibility locus and associated 

with neurodegeneration with brain iron accumulation. This is considered as a risk 

factor to PD (Di Fonzo et al., 2007).  

Interestingly, PARK15 (F-box protein 7) may be involved in ubiquitin-

mediated pathways, but its mutations are not well studied (Bonifati, 2012).  

Polymorphisms and polyallelic state are quite rare in PD susceptibility loci. 

Many polimorphisms of unknown clinical relevance were found in PARK2 locus. 

Some polymorphisms of PARK1 can be considered a risk factor. PARK5 

(ubiquitin carboxy terminal hydrolase), yet unconfirmed loci, exhibit a 

polymorphism in a Northern German family with autosomal dominant PD. This 

was considered a risk factor for sporadic PD (Maraganore et al., 1999).  

Also, there are some unconfirmed loci that cannot be assigned to any of the 

categories above due to the lack of informations. In this way, PARK3 (sepiapterin 

reductase) was found in a small group of European families with autosomal 

dominant PD (Sharma et al., 2011), but not relevantly tied to PD susceptibility. 

Similar cases are PARK10 to PARK13 that are unconfirmed susceptibility loci. 

One interesting case is the PARK12 susceptibility locus, the only one X-linked 

(Hicks et al., 2002; Pankratz et al., 2002; Hardy et al., 2006; Krüger et al., 2011). 

There is PARK16 (Na+/Mg2+ exchanger, Mg2+ efflux system, SCL41A1) too that 

is not fully confirmed as a PD susceptibility locus, but recent research (Kolisek et 

al., 2013) showed that a substitution can be associated with PD through a gain-of-

function mutational mechanism. 

  

Genetic links between PD and AD  

 

Similar motor dysfunctions were also observed in AD animal models 

expressing either human four-repeat tau or diverse mutant human tau isoforms 

(Whirts and Bayer, 2008). Motor deficits and reduced performance in 

sensorimotor tasks were also described leading to the idea that a partial link 

between AD and PD exists, in regarding the genetic features of both of the 

diseases.  

While JNPL3 transgenic mice show progressive motor disturbance (Lewis et 

al., 2000), a first link between AD and PD rises. The fact that mice which 

overexpress in the brain tau isoforms or variants are found to develop tau-positive 

lesions which lead to motor weakness (Ishihara et al. 1999) is clear evidence that 

molecular defects that occur in the presymptomatic stage of AD does not 

necessarily lead to cognitive impairments, but also to sensorimotor effects. Motor 

function damage goes even further in another transgenic mice model expressing 

human mutant tau P301L (Higuchi et al. 2005) and human mutant tau P301S 
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being characterized by severe paraparesis at young age due to abundant 

hyperphosphorylated tau filaments (Allen et al., 2002).  

Since tau gene mutations seems not to be a hallmark trait of AD, the 

association between AD and motor disturbances characteristic to PD may be 

questionable. Therefore, supplementary arguments can be brought to discussion 

due to the fact that motor disturbances were found also in APP mutant transgenic 

mice. Although many studies show no differences in motor performances in APP 

mutants, there are also several positive reports. In this way, APP23 transgenic 

mice (Van Dam et al. 2003), and aged APP Swe/Ind transgenic mice showed a 

decline in motor performance in simple motor tasks (Lee et al. 2004) within a year 

before the typical disease-related pathology (Wirths and Bayer, 2011). Also 

presenilin 1 knockdown associated with APP Swe/Lon mutations seems to 

degenerate even more the motor activity (Wirths et al., 2006, Wirths et al., 2007). 

This suggests that several motor impairments may be actually a common trait of 

AD exhibited in early stages, even before the cognitive decline occurs.  

In similar transgenic animal models studies was showed that even the 

common AD risk factors may compromise motor activity when present. In this 

way, APOE4 mice models exhibited age-dependent axonopathy, reduced 

locomotor activity and swimming inability linked to hyperphosphorylation of tau 

(Tesseur et al. 2000). Also, increased tau phosphorylation and tau-positive 

inclusions were reported in a different ApoE 4 transgenic mouse model (Brecht et 

al. 2004), but shown that only under the control of enolase or Thy1 promoters 

(Tesseur et al. 2000) suggesting that the motor activity impairment may be a 

neuron-specific defect and not conditioned by the surrounding glial matrix 

integrity and function.  

These findings were partially demonstrated by a large genetic research study 

based on genome-wide association studies for both AD and PD in which is 

showed that although dominantly inherited mutations of MAPT lead to 

frontotemporal dementia with parkinsonism, rare MAPT variants may increase the 

risk for AD due to the fact that tau modulates Aβ-associated Alzheimer’s 

neurodegeneration (Desikan et al., 2015). Also, it seems that tau-associated 

polymorphisms are important in MAPT transcript levels modulation which further 

affects medial temporal lobe volume loss.  

Also they suggest that a concomitant AD and PD pathogenesis may occur but 

consisting evidence (small cohort of autopsy confirmed AD cases and controls 

rs393152 allele study) indicated no overlapping of the two studied pathologies. It 

was showed that MAPT mutations may influence Alzheimer’s neurodegeneration 

in the absence of APOE4 form.  
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Conclusions 
 

1. Parkinsons disease is mainly a motor impairment disease, but cognitive 

decline was also observed. 

2. Alzheimer’s disease is a complex disease marked by severe cognitive loss and 

secondarly motor impairments.  

3. Several similarities between the sensorimotor and cognitive neuronal matrix 

were observed in both diseases.  

4. Key genetic loci point to an overlap on Alzheimer’s and Parkinson’s diasease 

genetic and molecular traits.  

5. Although many Alzheimer’s disease animal models show motor impairments, 

further research is needed in establishing the real overlap between the two 

diseases.  
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