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Since a long time it has been shown that Parkinson's Disease does not only affect motor system, but also
cognitive and emotional circuits. These non-motor symptoms appear in early stages,and could be a way
to diagnose the disease before a too serious degeneration. It is why many tests to realize have been
performed on humans with different questions leading to observations of emotional troubles, sleep
disorders, depression, apathy. But the research is difficult because of the hard task to generate models
exhibiting these non-motor symptoms. Indeed, genetic models (α-synuclein, Parkin or LRRK2) develop
motor impairments easier than cognitive and emotional ones. However some of them develop symptoms
like dementia or psychiatric impairments giving hope to find the right model.

Introduction
Detecting Parkinson's Disease (PD) in early stages is
becoming a priority. Indeed, when first motor symptoms
(MS) like tremor, difficulties to start a movement, etc.
appear, treatments are not efficient anymore: 60% to
70% of neurons of the Substantia Nigra (SN) have
already degenerated [1]. It is why researchers have to
find a way to diagnose a patient with PD before this
point of “non-return”. However, some non-motor
symptoms (NMS) have been exhibited in PD patients
by James Parkinson in 1817, such as sleep disorders
and delirium which seemed to appear before MS, so in
earlier stages. Then, many others NMS have been
diagnosed and characterized at earliest stages of the
neurodegenerative disease. Depression [2]•, apathy
[3], a l e x i t h y m i a [4], s l e e p d i s t u r b a n c e s [5],
hallucinations [6] and other cognitive troubles are often
found in early PD patients. However, these NMS are
common with others disorders which do not necessarily
lead to development of PD. So it is essential to link
these emotional and cognitive disturbances with
anatomic and physiological lesions specific to PD. To
establish this correlation, the NMS have to be
scrupulously studied and rated in order to identify PD
patients before the critical moment of “no return”. So,
scales of measure need improvements and new mice
models should be generated. Indeed it is very difficult
to obtain a model which replicates most of the
symptoms, motor and non-motor, and with histological
and anatomical phenotypes corresponding to what is
observed in humans PD patients. But it is not enough
to mimic the symptoms obtained in PD patients: it
would be more interesting if the cause of the disease
leading to the establishment of the model was the
same than the ones found in PD patients.
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Cognitive and emotional disorders
in PD patients in early stages
Depression
36% to 53% of European PD patients suffer from
depression [7]. This NMS is really controversial
because it is difficult to say if it is a consequence of the
awareness of the disease (hard to realize that we are
affected by an incurable disease) or whether it comes
from degenerescence in the brainstem [8]•. It may be a
mix of both. Moreover, depression shows different
features such as suicide attempts, mood disorders, or
weariness in many situations [9]. The Dorsal Raphe
Nucleus (RD) seems to be involved in depression in
PD with a reduction of neurons quantity and the
appearance of Lewy Bodies (LB), which consist of
α-synuclein (α-syn) aggregates [10]. Many neurons of
the RD are serotonergic (5-HT). But depression is also
associated with depletion of others monoaminergic
systems like dopaminergic (DA) and noradrenergic
(NA) system found in the SN. Degeneration of neurons
from the Locus Coeruleus (LC) precedes dopamine
neurons degeneration within SN (Figure 1). Indeed, the
decrease of DA and NA transporters from LC may be
linked to depression[11].
Regarding the molecular and genetic pathway,
Kasten and colleagues reviewed that PD patients who
carries α-syn mutations developed depression: 39% of
patients carrying A53T mutation, 40% with E46K
mutation, 59% with a duplication of the gene, and all
patients who present a triplication of it [12]. So there
seems to be a link between the mutation and the
severity of the disease.
Depressive symptoms can be evaluated with different
tests or questionnaires. The Hamilton Rating Scale for
depression (HAMD-A) measures the degree of severity
of depression. Another method to assess mood is the
Beck Depression Inventory (BDI). Developed by Aaron
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T. Beck in 1961, he revised it in 1978 (BDI1-A) and in
1996 (BDI-II). It consists in a 21 multiple choice
questions about patients feelings in the last few days.
The different possible answers are: 0 “I do not feel
sad”, 1 “I feel sad”, 2 “I am sad all the time”, 3 “I am so
sad or unhappy that I can't stand it”. The final score
varies from 0 (minimal severity) to 63 (worse severity).
It is interesting to notice that BDI-II is positively
correlated with the HAMD-A with a Pearson R of 0.71
which valid both test [13]. Older scales as the Geriatric
Depression Scale-15 (GDS-15) can be used to
evaluate depression.

This scale makes the discrimination possible between
apathy and depression. It also organizes the trouble in
four categories. So it allows researchers to assess that
16,5% to 42% of PD patients are apathetic. It has also
been shown that apathy is correlated to loss of recall
and executive functions [3]. T h e Wisconsin Card
Sorting Test (WCST) is a way to measure it and to
detect frontal lobe disturbances. That is why many
researchers consider that apathy should be taken in
consideration as an early sign of dysexecutive
symptom in PD revealing troubles of cognitive
processing.

Apathy

Emotions

Apathy is characterized by a decrease of motivation,
with a reduced wish of participating to different
activities and a weak consciousness. The patient also
displays cognitive impairments or emotional distress,
and other features: hypomimia, a reduction of facial
mimics caused by motor and psychological factors,
rigidity, axial impairment. It is explained by the
impairment of the frontal lobes caused by damages of
the frontal cortex. Frontal-subcortical circuits could be
also involved leading to basal ganglia disorders (Figure
1) [14]•. Then, apathy can be evaluated with the Lille
Apathy Rating Scale (LARS) which is a structured
interview consisting in 33 items divided into 9 domains.

PD patients suffer from abnormal recognition of facial
emotion [20–22]. Bowers and colleagues showed that
PD patients exhibit a "blunted startle eye-blink
response" viewing nasty images [18] while Miller and
colleagues observed that PD patients seem to be
under-reactive when they are faced with an emotional
st i m u l u s [19]. Physiopathologically speaking, the
disturbance may be coming from a pupil dilatation
issue which is the consequence of sympathetic
activation during the presentation of pictures involving
emotional responses. It is good to know that the
sympathetic way is regulated by the noradrenergic
brain stem nuclei and inhibited by the parasympathetic
w a y [20]. However, reactions of PD patients are

Figure 1. Structures involved in non-motor symptoms of Parkinson's Disease. (Modified from Servier Medical Art.)
Recapitulation of brain lesions correlated with the different NMS: depression (blue), apathy (orange), emotion (pink), sleep
disorder (green). Degeneration of dopaminergic neurons are involved in all symptoms, but especially in depression. These
different part of the brain are linked and explain the dependance between NMS. The different arrows illustrate the projections
between nucleus and show the convergence of structures on the amygdala, which projects itself on Substantia Nigria and
which is the emotion and feeling center. So this picture shows all the links explaining the strong correlation between the LC,
the RD, the SN, the amygdala and the basal ganglia (the drawn way are not representative of the real circuit of the neurons
projections).
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different. Indeed, many studies tried to measure pupil
dilatation diameter and ocular movements as an
emotional processing to compare PD patients and
controls viewing affective scenes. But results are really
divergent. Some studies reveal a normal behavior for
voluntary saccade movements but not for reflex [21]
while Briand and colleagues show the opposite result
[22]. Recently, another study shows results from hyperreflexive saccades during emotional stimuli to a total
disregard for theses emotional stimuli [23]. To conclude
about the ocular processing, we can only say that
when PD patients present emotional abnormalities, it
might come from an amygdala atrophy (Figure 1) and
the characteristic Lewy body deposition [18] even if no
significant correlation between eye movements and PD
severity has been shown.

Sleep Disorders
Demonstrations of sleep disorders arise years before
MS [24]. 60% to 98% of PD patients suffer from it. Two
phenomena are observed: the Rapid Eye Movement
sleep Behavior Disorder (RBD) and the Excessive Day
Sleepiness (EDS) [8].
RBD leads to a loss of normal skeletal muscle atonia
due to the absence of motor activity. It is linked to a
complex dysfunction of GABAergic, glutamatergic and
cholinergic systems due to a degeneration of brainstem
nuclei in the latero-dorsal pontine tegmentum. Indeed,
in normal REM-sleep, cholinergic neurons are strongly
active, leading to the hypothesis of a disruption in the
processing of cholinergic facilitation for REM-sleep.
For EDS, other structures impairments seem to be
involved such as pedunculopontine nucleus (PPN), the
lateral tegmental nucleus (LTN), the LC [8]•[24]••, the
D R [8] and their anatomical connections (amygdala,
pallidum, neocortex...) (Figure1) [24]••. But the direct
link between sleep disturbances and theses structures
remains unclear [8]. Several scales are used to
diagnose sleep troubles in PD patients: the Pittsburgh
Sleep Quality Index (PSQI) assesses the nocturnal
sleep impairment while the Epworth Sleepiness Scale
(ESS) estimates daytime somnolence (significant when
score is higher than 10 because the maximum score
corresponding to the strongest difficulties is 21).

A Global Study
In order to evaluate NMS of PD in a global way and
to have the possibility to rate severity or disease stage,
a first questionnaire has been developed as a primary
screening instrument for NMS. It is the Non-Motor
Symptoms Questionnaire (NMSQuest) evaluating
cognitive and sleep disorders with "present" or "absent"
responses (Figure 2) [25]••. In addition, the Unified
Parkinson's Disease Rating Scale (UPDRS) evaluates
the severity of the disease for patients that have
already been diagnosed as affected by PD. It is used in
studies in order to make homogenous patients groups
(same stage in the disease) and performed only at the
third part of the study because it tests motor activities:
it shows the important place that NMS takes in the
disease[26]. Duncan and colleagues recently made a
global study with an array of questionnaires: the
Ecole Normale Supérieure de Lyon

NMSQuest, the Mini-Mental State (MMSE) and the
Montral Cognitive Assessment (MoCA) evaluating
global cognitive functions, the GDS-15, the PSQI and
the ESS. Thanks to these tests, authors observed
different NMS such as attention, apathy, memory,
hallucinations, disillusions, depression and anxiety,
sleep. It was demonstrated that PD patients suffer
more from NMS than controls: mean number 8.3 ± 4.3
symptoms for PD patients versus 2.8 ± 2.5 for controls
(P<0.001). Many PD patients displayed memory
troubles (53.8%) but many controls complained of the
same cognitive impairment (40.8%). Moreover, MMSE
and MoCA showed significant reduced scores in PD
patients compared to controls and increases of
depression and anxiety via GDS-15 [27]•. NMS are
positively correlated with The Parkinson's Disease
Questionnaire Summary Index (PDQ-SI), the UPDRS
and severity of depression. Note that NMS such as
hyposmia, constipation and RBD represent the earliest
symptoms of PD [27]•.

Figure 2. Study of non-motor symptoms in Parkison's
Disease patients. (Adapted from Chaudhuri et al, 2008.)
Results of the NMSQuest with PD patients and controls
(same age) showing the percent of people who answer yes to
the appearance of the symptoms during their disease.

Genetic Models for Parkinson's
Disease
All these symptoms have been observed and
measured in PD patients. But the current main problem
is the lack of valid models to test treatments and
understand how they appear. Indeed, animal models
already used recapitulate the different symptoms but
are not based on the true origin (for the genetic forms).
On the contrary, models based on mutations found in
PD patients do not mimic correctly all symptoms
(histological, motor and non-motor symptoms). That is
why it is necessary to develop genetic models which
are able to reproduce the origins of the disease and
lead to the same symptoms.
Until now, there are three major genetic models used
in PD research: α-synuclein (α-syn), LRRK2 and parkin
models (Figure 3). Indeed, the first gene identified as
involved in PD was the α-syn gene [28]. More recently,
new mutations have been found in Leucine-Rich
Repeat Kinase 2 (LRRK2), Parkin, PTEN-Induced
Kinase 1 (PINK1) and DJ-1 genes. Theses proteins are
associated with mitochondrial metabolism or are
involved in protein degradation through the ubiquitine
proteasome system [29]•. This review will then
recapitulate these three models as the most relevant
and the most studied until today.
BioSciences Master Reviews, Jan 2014
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Figure 3. Transgenic mice generated for PD study. Several models have been performed to establish most symptoms
(motor and non-motor) of PD. Here are listed the promoters used (blue), the mutations studied and most common (brown), the
transgene expression pattern (purple), the damaged structures (pink) and the symptoms observed in mice models (orange).

Models based on autosomic dominant
gene mutated
α-synuclein model
The α-syn gene is an autosomal dominant gene. Its
overexpression has been developed by using several
promoters. Nevertheless, these models do not illustrate
all neurological lesions features and behavior of PD
patients.
Use of tyrosine hydroxylase promoter (Thp) restricts
t h e α-syn expression to catecholaminergic neurons
because tyrosine hydroxylase allows to transform Ltyrosine into L-DOPA, therefore it is specifically
expressed in this. Several lines of mice have been
generated with this promoter. One of them expresses a
construction with the human α-syn protein containing a
double mutation A53T plus A30P under Thp in which
Richefield and colleagues observed the degeneration
of nigrostriatal neurons and a locomotor activity
decrease [30]. Other lines have been generated with
truncated α-syn under Thp. However it does not lead to
degeneration of SN neurons (which occurs at early
stages of the disease) but only to nigrostriatal
pathology [31]. Chen and Feary also showed that the
phosphorylation of Serine 129 of α-syn protein is
necessary to increase the pathology in flies [32] and to
get a cell loss and a reduced dopamine level in mice
even if it is not enough to cause significant
neurodegeneration [33].
Other transgenic mice have been generated with
Prion promoter (prpP) controlling human α-syn mutated
on A53T position. Use of Prion promoter allows to
Ecole Normale Supérieure de Lyon

obtain high quantity of the mutated protein in neurons.
The A53T mutation found in PD patients seemed to be
link to a large field of phenotype and more particularly
to a high frequency of dementia and psychiatric
impairments [29]•. Paumier and colleagues studied
transgenic mice prpP-A53T and observed sensorimotor
dysfunction before the onset of early symptoms of PD
such as motor problems and cognitive deficiency. At 6
and 12 months, these mice exhibit loss of spatial
memory and signs of long-term depression [34].
Another line has also been conceived with prpP but
with human α-syn mutated on E46K. This missense
mutation is able to cause PD and authors noted that
morphology, histology and biochemistry of LB was
closer than ones in prpP-A53T mice. It also leads to
the formation of neurofibrillary tangles (tau
aggregation) [35]. Regarding the behavior of these
mice, it is surprising to observe some mice which
develop serious motor impairments while others
present no significant differences with wild-type mice,
maybe due to their intrinsic heterogeneity [35].Two
other promoters can be used: PDGFbeta and Thy1,
allowing to observe different pattern of expression [36].
Construction with PDGFbeta promoter is associated
with reduced level of dopamine in the striatum. This
transgenic line of mice allowed to demonstrate a
neuroprotective effect of anti-α-syn antibodies in vivo
[37]. Thy1 has the advantage to lead to an expression
of wild-type human α-syn in high and widespread
levels in cortical and subcortical neurons, and more
precisely in SN pars compacta avoiding glial, spinal or
neuromuscular pathologies [36]. It has been observed
BioSciences Master Reviews, Jan 2014
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that proteinase K resistant inclusions of α-syn, an
important symptoms in PD, are present in olfactory
bulb, SN and LC, regions involved in earliest stage
symptoms of PD [38,39]. So these mice mimic early
NMS of PD, such as olfactory deficits and digestion
dysfunctions [40]. However, emotional and cognitive
symptoms, and more particularly depressive phenotype
have not been found yet α-syn mice models, reducing
the validity of these models.

LRRK2 model
LRRK2 is strongly involved in both sporadic and
familial α-synucleopathies. LRRK2 impairments lead to
dysfunction of cytoskeleton dynamics and of the
protein degradation system. The most common
mutation is G2019S. Li and colleagues designed a
transgenic line of mice carrying mutation R1441G,
made with a bacterial artificial chromosome clone in
which there is the full length LRRK2 gene mutated on
arginine 1441. This model is interesting because it
recapitulates the main features of PD such as
disturbances in movement and a lower dopamine
release linked to nigrostriatal dopaminergic axonal
projection impairments [41]. So these mice could be a
good model for therapeutic improvements. In a more
recent study, Bichler and colleagues tried to investigate
if NMS precede MS with this transgenic mouse. They
did not find symptoms at early stage but only
gastrointestinal disorders [42]. So this transgenic
mouse could be a good model with the advantage of a
progressive age-dependent phenotype motor deficit for
therapeutic improvement but the absence of NMS
remains an imperfection. More generally, LRRK2 acts
like α-syn: enhancing through an overexpression of the
gene increase the neuropathology. On the contrary, a
knock-out of the gene reduces cell disorders [43].

Model based on autosomic recessive gene
mutated
Parkin model
The parkin gene is an autosomal recessive gene.
Parkin protein is involved in proteasome system as an
E3 ubiquitine ligase. Recently, it has been shown that
Parkin was associated with the mitochondrial outside
membrane and could be play a role in the up-keeping
of mitochondrial integrity [44]. Parkin acts mainly with
PINK1 in the same mitochondrial regulation pathway. A
dysfunction of this pathway will stop the process of
removal of mitochondrial damages which have as
consequences an increase of oxydative stress. This
condition seems to favor the α-syn aggregation
process [45]. The deletion of the third or the seventh
exon in mice leads to get knocked-out mice for Parkin
protein which show lesions in nigrostriatal circuits
(dopaminergic projections) and within the LC
(noradrenergic system). Cognitive and locomotor
deficiency were observed [46]••. Surprisingly, an
overexpression of Parkin also leads to impairments:
progressive degeneration of SN, confirming the
hypothesis that some parkin mutants may behave as a
dominant-negative [43].
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Model based on genetic tools
Not all genetic models are obtained through the
generation of transgenic line of mice. Overexpression
o f α-syn is a way to generate PD models. High
concentration of the protein allows to obtain significant
neurodegeneration and NMS or MS and to get it more
quickly. Viral vectors as lentiviruses or adenoassociated viruses (AAV) can been used. Decressac
and colleagues performed an AAV construct using
neuron-specific synapsin-1 promoter. They improve the
construction in integrating in it a woodchuck hepatitis
virus post-transcriptional regulatory element. The
efficacy of this model has been demonstrated by the
observations of severe motor impairments and
degeneration of dopaminergic neurons compared to
controls [47]••. Studies are actually done to test the
NMS as depression in Per Svenningsson group by
overexpress the α-syn in the SN and the VTA.

Estimation of cognitive and emotional
troubles in mice models
Behavioral tests on an interesting mice model
An interesting study has been done on an animal
model displaying reduced for vesicular storage of
monoamine because it only expresses 5% of normal
vesicular monoamine transporter 2 (VMAT2-deficient).
It has been show that these mice suffer from lots of the
NMS [48]•. Through the Forced swim test (FST) and
the Tail Suspension Test (TST), measuring mood and
depress states of mice by the immobility time, Taylor
and colleagues showed that, in early stages (4-6
months), there were no significant difference between
normal and VMAT2-deficient mice. But later, at 12-15
months, the immobility time for VMAT2-deficient mice
was higher. Moreover, when both VMAT2-deficient
mice were exposed to desipramine (an anti-depressive
drug), the immobility time of VMAT2-deficient mice
decreased to control mice level. It demonstrates that
this model could be valid to test the different NMS of
PD. On the contrary, the resperine, an inhibitor of
VMAT2, accelerated the depressive-like symptoms.
Concerning the sleep disturbances, there is no
significant difference between controls and VMAT2deficient mice. Indeed, authors have only noticed a
trouble increasing with age, but not accentuated by
aging. So VMAT2-deficient-mice seem to be a good
model for the study of monoaminergic deficits
manifested in human PD.
Another way to develop good mice model is to
combine several mutations. For example, Hennis and
colleagues described a genetic model with two knockout: Parkin and DJ-1 (Parkin -/-DJ-1-/-). DJ-1 is a protein
involved in the mitochondrial pathway and which
participates to the decrease of oxydative stress. Animal
models expressing only mutated parkin did not shown
NMS. So different tests have been performed in order
to test both MS and NMS. Indeed, it has been shown
that the locomotor activity and coordination of
movements was reduced in Parkin-/-DJ-1- / - mice, more
than Parkin-/- alone. In addition, these mice displayed
troubles in their reflexes and sensitive mechanisms.
BioSciences Master Reviews, Jan 2014
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The authors tried to understand if the results of the
coordination test, which consists in measuring latency
for falling for mice from a rotated platform, were due to
the fear or the anxiety of the fall. So they performed a
FST and observed a decrease of immobility time when
anti-depressive drug were administrated to these mice.
This model shows depressive states of PD mice. This
aspect seems interesting to develop with more tests in
order to create more models allowing to study NMS of
PD [49].
Others behavioral tests are possible to test the
different NMS, like “sucrose preference” or Intracranial
self-stimulation (ICSS). Indeed, studies performed in
line mouse KO for α-syn gene show that they had
superior level of ICSS in comparison with controls. This
deletion may lead to an increase of DA release in the
mesolimbic terminals [50]. We can also perform open
field test and Elevated Plus-Maze (EPM) which are
others ways to evaluate a depressive-phenotype in
mice.

harder the research of the origins of the symptoms,
and only allows trials of new treatments.
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