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Abstract

Parkinson's disease manifests as a progressive movement disorder with underlying degeneration of
dopaminergic neurons in the substantia nigra, consequent depletion of dopamine levels, and the
accumulation of Lewy bodies in the brain. Since a-synuclein (a-Syn) protein is the major
component of Lewy bodies, mouse models expressing wild type or mutant SNCA/ a-Syn genes
provide a useful tool to investigate canonical characteristics of the disease. We evaluated a mouse
model (denoted M20) that expresses human wild type SNCA gene. The M20 mice showed
abnormal locomotor behavior and reduced species-specific home cage activity. However, the
direction of behavioral changes was task specific. In comparison with their control littermates, the
M20 mice exhibited shorter grip endurance, and longer times to traverse elevated beams, but they
descended the vertical pole faster and stayed longer on the accelerated rod than the control mice.
The M20 mice were also impaired in burrowing and nest building activities. These results indicate
a possible role of a-Syn in motor coordination and the motivation to perform species-specific
behaviors in the pre-symptomatic model of synucleinopathy.
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1. Introduction

Parkinson disease (PD) is one of the most common neurodegenerative disorders affecting
approximately 1% of elderly people (Tanner, 1992; Varma and Sen, 2015). The disease
typically manifests itself between the sixth and seventh decade of life and is predominantly
characterized by movement disorders that encompass uncontrollable resting tremors,
muscular rigidity, bradykinesia, and postural instability (Dietz, 2001; Khan, et al., 2003).
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These disorders can be accompanied by other behavioral symptoms, such as depression,
sleep disorders, olfactory dysfunction, and progressing cognitive decline (Oertel, et al.,
2001; Owen, et al., 1993; Yang, et al., 2016; Zhang, et al., 2016). Pathologically, the disease
is characterized by degeneration of dopaminergic neurons in the substantia nigra pars
compacta, with consequent depletion of dopamine levels in striatal projections and in other
brain regions (Cheesman, et al., 2005; Cools, et al., 2001; Lewis, et al., 2005; Mehler-Wex,
et al., 2006). The main histopathological features of PD are Lewy bodies and Lewy neurites,
proteinaceous fibrillar cytoplasmic inclusions composed mainly of a-Synuclein (a-Syn)
protein (Emmer, et al., 2011; Giasson, et al., 2002; Goedert, 2001; Graham and Sidhu, 2010;
Oaks, et al., 2013; Paumier, et al., 2013; Uchihara and Giasson, 2016; van der Putten, et al.,
2000). PD is predominantly a sporadic disease of unknown pathogenesis, with no
mechanism-driven therapeutic interventions available at present. Symptomatic therapy based
on administration of dopamine precursor L-DOPA is successful (Jimenez-Shahed, 2016;
LeWitt, 2016). Unfortunately, negative side effects and decreasing efficacy of long-term
treatments (Ceravolo, et al., 2016; Nonnekes, et al., 2016) present serious constraints to
these symptomatic therapeutic approaches.

The identification of familial forms of PD, with the mutations in many genes including
SNCAI a-Syn, Parkin, DJ-1, and LRRKZ/dardarin (reviewed by Klein and Schlossmacher,
2007), created opportunities to generate genetic animal models replicating pathological and
phenotypic facets of the disease. These single gene defects, however, are relatively rare and
represent only about 10% of all PD cases (Klein and Schlossmacher, 2007; Recchia, et al.,
2004). Although the etiology of sporadic cases of PD is unknown, both idiopathic and
sporadic cases are characterized by the loss of dopaminergic neurons and Lewy pathology.
a-Syn protein has been shown to be the major component of Lewy pathology in PD and
other neurodegenerative synucleinopathies (Emmer, et al., 2011; Giasson, et al., 2002;
Goedert, 2001; Graham and Sidhu, 2010; Oaks, et al., 2013; Paumier, et al., 2013; Peelaerts,
et al., 2015; Uchihara and Giasson, 2016; van der Putten, et al., 2000). Consequently, the
generation of mouse models expressing wild type or mutant a-Syn (Giasson, et al., 2002;
Magen and Chesselet, 2010; Magen, et al., 2012; Rockenstein, et al., 2002) provided an
experimental tool to replicate and investigate canonical characteristics of the disease, like the
loss of dopaminergic neurons and consequent deterioration of the motor system (reviewed
by Chesselet and Richter, 2011). The models expressing wild-type a-Syn are notably
interesting since they replicate the prevalent sporadic cases of the disease, and the simple
over expression of wild-type human a-Syn due to the duplication or triplication of the
SNCA gene is sufficient to cause PD and related disorders (Chartier-Harlin, et al., 2004;
Singleton, et al., 2003).

In the present study we characterized the motor phenotype of a mouse model over-
expressing wild type human a-Syn gene driven by the murine PrP promoter, denoted M20
(Giasson, et al., 2002). The original general characterization of hemizygous and
homozygous M20 mice revealed no overt neurological phenotypes or a-Syn inclusions in
the brain at ages up to 24 and 14 months, respectively (Giasson, et al., 2002). Interestingly,
another mouse model expressing human wild-type a-Syn under Thyl promoter (Thy1-
aSyn) (Rockenstein, et al., 2002) presents early and progressive deterioration of motor
function evaluated in beam traversing, inverted grid, and pole tests (Fleming, et al., 2004).
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These mice also showed impairment in the response to stimulus removal and deterioration of
fine motor skills at the age of 6 months (Fleming, et al., 2004). Following, in our study we
characterized the motor behavior of the M20 model in detail given that the differences in the
promoter used to drive transgene expression (mouse PrP versus Thy-1) and in the mouse
genetic background might affect observed phenotypes (Janus, et al., 2016; Wahlsten, et al.,
2006) and brain pathology of mouse models (Lehman, et al., 2003; Magara, et al., 1999;
Seabrook, et al., 2004). Such phenotypic characterization of the M20 model is timely as the
mice have recently been used in many a-Syn prion-like transmission studies (Ayers, et al.,
2015; Rutherford and Giasson, 2015; Rutherford, et al., 2017; Sacino, et al., 2014; Sacino, et
al., 2014; Sorrentino, et al., 2017) and they are currently being used in many ongoing
studies.

Here we report that 6-month-old M20 mice showed differences in their motor behavior in a
battery of tests including inverted wire, pole descending, beam traversing, and rotarod tests,
as well as in species-specific home cage burrowing activity as compared to their non-
transgenic (nTg) littermates.

2. Methods

2.1 Mice

Males and females transgenic (Tg) mice expressing wild type human a-Syn (M20 line,
(Giasson, et al., 2002) and their non-transgenic (nTg) littermates were used in the study.
Only heterozygous Tg mice were used. The level of human a-Syn expression in the cortex
of the M20 mice is 5.6 £ 0.07 over the endogenous mouse a-Syn level (Giasson, et al.,
2002). The expression pattern of human a-Syn in these mice have previously been reported
using immunoblotting and immunocytochemical analyses (Emmer, et al., 2011; Giasson, et
al., 2002; Sacino, et al., 2014). Human a-Syn in these mice is widely expressed at similar
levels throughout the CNS neuronaxis and, in the naive state, these mice do not develop a-
Syn pathological inclusions. The mice were maintained on hybrid C3;B6 genetic
background, were not homozygous for the recessive retinal degeneration (rd), and were bred
in house in the Animal Care facility of the University of Florida, Gainesville. Twenty two
mice [12 nTg (35:99) and 10 M20 (35:79)] were used in the study. Mice were housed in
same-sex groups of 2 - 4 under standard laboratory conditions (12:12h light/dark cycle,
lights on at 0600 h) with room temperature of 22°C, and water and food available ad /ibitum.
All tests were performed during the light phase of the cycle between 09:00 and 14:00 h in
accordance with AAALAC and institutional guidelines. Institutional Animal Care and Use
Committee of University of Florida approved all experimental protocols used in the study.

2.2 Experimental design

The mice were transferred to the behavioural lab at 3 months of age. Their body weight was
recorded upon arrival, and once per month afterwards up to the age of 7 months when all
tests were concluded. In order to facilitate individual recognition of mice, their tails were
individually marked with black dots, using non-toxic, waterproof permanent marker
(Sharpie), corresponding to ear-punch markings of the mice within each cage. The tail
marking was reapplied once per week afterwards to maintain its visibility. The mice were
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handled using hand-cupping method throughout the study. In this method, mice were
scooped up by the experimenter's cupped hands and were transferred to a testing apparatus
without physical restraint (Hurst and West, 2010). Prolonged physical restraint or picking
mice up by their tail increases anxiety (Hurst and West, 2010), which confounds the
performance in behavioral tests. The behavioral tests were administered sequentially; with
SHIRPA overall screen first (age of testing ~6.5 months), followed by inverted wire (IW)
test (~6.5 months of age), pole test (~6.6 months), grip test (~6.6 months), beam traversing
test (~6.7 months), rotarod (RR) test (6.9 months), and burrowing and nest building test
(~7.0 months).

2.3 Behavioral tests

Primary neurological and sensorimotor examination (SHIRPA, SmithKline Beecham
Pharmaceuticals; Harwell, MRC Mouse Genome Centre and Mammalian Genetics Unit;
Imperial College School of Medicine at St Mary's; Royal London Hospital, St
Bartholomew's and the Royal London School of Medicine; Phenotype Assessment). The
SHIRPA screen (Rogers, et al., 1997) involves a series of short tests assessing the physical
conditions of a mouse, including: (1) body position in a cage, respiration, tremor, transfer
arousal, palprebral closure, piloerection, gait, and tail elevation; (2) reflexes -pinna reflex,
trunk curl, limb grasping, visual placing, negative geotaxis, and righting reflex.

Inverted Wire Test—The test, also known as Mesh Grip Test, assesses four-limb
neuromuscular strength and grip endurance (Yao, et al., 2011). A mouse was placed in the
center of the wire mesh (27 x 28 cm wire grid with wires 0.9 cm apart) that was held
horizontally. The firm grip of the legs was induced by the gentle horizontal movement of the
grid 2 — 3 times, followed by inverting it and holding it ~40 cm above an open larger cage
padded with a sponge covered by 2 layers of soft padding (Protection Plus Disposable
Underpads, Medline Industries, Inc.) to cushion any falls. All mice received one session of
habituation to the testing conditions, followed by three days of testing with one trial per day.
A trial ended when the mouse fell from the grid or at the cut off time of 100 seconds.

Pole Descending Test—The test assesses motor coordination of mice while descending a
vertical pole (Chesselet, et al., 2012; Fleming, et al., 2004). A mouse was placed head up
near the top of a vertical wooden pole (50 cm long, 1 cm in diameter, wrapped by firmly
glued plastic mesh to facilitate grip and preventing sliding). The times to turn head down and
descend the pole were measured by a stopwatch and recorded separately. The cut off time of
the test was 120 seconds. All mice were habituated to the test in two consecutive days with 3
trials per day, followed by a one-day test with 3 trials. The average durations to turn to head
down position and the time to descent the pole are reported.

Grip Strength Test—The test is widely used as a non-invasive method to evaluate mouse
limb strength. It is based on the natural tendency of a mouse to grasp a bar or a grid when
briefly suspended by a tail. We used a horizontal bar version of the test, where the mouse
grasps the horizontal bar (a toothpick) with its forelimbs. A mouse was picked up by the
base of a tail and gently lowered towards the horizontal bar until it grasped the bar. The hind
legs were then supported by an experimenter's hand and the mouse was gently pulled
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backward until it released a grip. The maximum pull-force at the time the animal released
the grip was recorded on a horizontally mounted scale (Pesola Spring Scale model 40300)
equipped with a drag pointer. The test was administered in two consecutive days with three
trials per day. The averaged maximum score across the two tests was used for the analysis.

Beam Traversing test—The test assesses a mouse's ability to maintain balance while
traversing a narrow beam to reach the safety of a goal cage (Carter, et al., 1999). Two types
of square aluminum 110cm-long beams; 2.5 and 1.7 cm wide, respectively, were used in the
test. Both beams were fitted with 0.62 cm square obstacles that were perpendicular to the
width of a beam and spaced at 10 cm intervals. The beam was elevated 50 cm above the
surface of a testing bench. The start end was lit by a 40 W lamp fixed ~25 cm above the
beam, while the opposite goal end was aligned with a 4.5 cm circular opening to the goal
cage. The goal cage was filled with fresh cage bedding mixed with the bedding taken from
the home cage of a tested mouse, and contained a square of pressed cotton (Nestlet) placed
in the middle. A strong white 50 cm wide surface liner (Fisherbrand™) was suspended 40
cm below the beam to catch a mouse in the case of a fall. Two days before the test, the mice
were habituated to the testing conditions using a wide (2.5 cm) beam. During habituation,
each mouse was placed on a beam facing the entrance to the goal cage at ~10 cm from the
entrance. Upon the entrance to the cage, a mouse was allowed to explore it for ~30s. A
second and third trial was administered, increasing the distance of placement on a beam to
20 and 40 cm from the cage entrance, respectively. On the second day, each mouse was
given 2 trials being released from the start end of the wide beam. In the case a mouse did not
traverse the beam and did not enter the goal box, additional training trials (up to 3 in total)
were administered. Following the habituation, the mice were tested during 4 consecutive
days, traversing the wider (2.5 cm) beam during the first two days, followed by two days of
traversing the narrower (1.7 cm) beam. Each day of testing comprised of two trials. The
recorded measures included: latency to traverse the beam, time to reach the goal cage,
number of pauses, turns in the direction, and foot slips. The fall from the beam terminated
the test. The cut off time of the test was set to 120s.

Rotarod test—The test evaluates neurological deficits in the motor coordination of rodents
(Dunham and Miya, 1957). In this test a mouse is challenged to stay upright on a horizontal
rod that gradually accelerates along its long axis. The mice were trained in squads of 4 in the
Rotamex-5 apparatus (Columbus Inst. OH). The apparatus was fitted with a mouse rod
(spindle) 3 cm in diameter, which has a knurled surface of parallel ridges along its long axis
to ensure secure grip. The rod was mounted 44 cm above the surface. Two days before the
test, all mice were given three, 5-min habituation trials; the first with constant (4 rpm), and
the 2"d and 3" with accelerating (4 to 20 rpm) rotation of the rod. The mice were tested in
three consecutive days, with three, 5-min trials (inter-trial-interval of 40-50 min) and
gradual acceleration of the rod from 4 to 40 rpm within the 5-min trial. An array of infrared
beams recorded the upright position of a mouse on the rod. In the case of passive rotation (a
mouse loses its balance, but clings to the rod and recovers balance after a full rotation), the
latency to the first passive rotation was recorded and reported along with the total time to fall
and the rotation speed at fall.
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Burrowing and nest building activity—Although mice burrow spontaneously (Dudek,
et al., 1983), the burrowing test was preceded by a habituation trial that acclimated mice to
the novel conditions of the test and burrowing activity (Deacon, 2006). A day before the test,
all cage mates were moved as a group from their home cage to a larger rat cage (26 x 48 x
20 cm) fitted with a burrow consisted of a plastic white tube, 20 cm long and 7.5 cm in
diameter, which was raised 2.5 cm by two screws bolted at the open end. The lower end of
the burrow was closed off. The tube contained ~200g of standard mouse food pellets. Also,
a commercially available, pressed 2.5 cm square cotton wafer (Nestlet, Ancare) was placed
in the cage. The cage water bottle was fitted with longer (11 cm) water tube allowing the
mice easy access to water. The burrowing test was administered the following day. Three
hours before the onset of the dark phase of the LD cycle, mice were placed individually in
rat cages containing a burrow, filled with ~200g of food pellets. A nestlet and two additional
food pellets were placed in the middle of the cage floor, covered by a thin layer of bedding.
The amount of food pellets displaced (initial food pellets weight (~200 g) minus the weight
of the pellets left in a tube) after the first 2 h of the test was recorded and the test continued
overnight with the remaining pellets left in a burrow. The following morning, the mice were
returned to their home cages and the weight of the pellets left in the burrow was recorded.
The burrowing activity was expressed as the percent of food pellets displaced after 2 h and
overnight. The nest quality was assessed on a 1 to 5 scale: with 1 - nestlet no shredded, no
nest; 2 — nestlet shredded, scattered on the floor; 3 — nestlet mostly shredded, flat nest; 4 —
nestlet shredded, bowl nest; 5 — nestlet shredded, nest in a burrow.

2.4 Data analysis

3. Results

Departures from normal distribution were checked using Kolmogorov-Smirnov (K-S)
goodness of fit test. General linear model of factorial ANOVA (Statistical Package for Social
Sciences, SPSS v.23, Inc. Chicago) with genotype (M20 versusnTg) as between subject, and
test sessions as within subject factors, was used to analyze the data. When necessary, degrees
of freedom were adjusted by Greenhouse-Geisser epsilon correction for the heterogeneity of
variance. Comparisons between two independent groups were done using Student #test.
Comparisons against chance performance were done using Kolmogorov-Smirnov one
sample f-fest. The comparisons of scores obtained on ordinal scale of measurement
(SHIRPA screen, nest quality scale) were performed using non-parametric Mann-Whitney U
test for two independent samples. The critical a level was set to 0.05, and all values in the
text and figures represent means = SEM. Due to limitation of space only significant results
pertaining to the main experimental factors and interactions are reported.

3.1 Body weight

Both M20 Tg and their nTg littermates exhibited an increase in body weight between the age
of 3 and 7 months (F(2,37) = 195.7, p < 0.001; dfs adjusted by Greenhouse-Geisser epsilon
correction). Although, the body weight of M20 mice was not significantly different from the
nTg mice (F(1,20) = 1.7, p = 0.2), they gained weight at slower rate than nTg mice (F(2,37)
= 8.5, p =0.001, age body weight x genotype interaction effect). The comparisons of the
differences at each age revealed that M20 mice showed significantly lower body weight only
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at the age of 6 months (t(20) = 2.2, p < 0.05, Fig. 1). The phenotypic evaluation of the mice
took place between the 6 and 7 month of the mice's age and at that age the M20 mice
showed steadily lower body weight than the controls (Fig. 1). Since, the body weight was
not randomly distributed and independent of the genotype (r2 = 0.19, p < 0.05, df = 22), it
could not be used as a covariate in the analyses of data. The lower body weight of M20 mice
indicated shared variance with the genotype, which violated the assumptions of the analysis
of covariance (Miller and Chapman, 2001; Tabachnick and Fidell, 1989). We report,
however, the association of the body weight with the performance of the mice in each
behavioral test separately to provide an insight of the effect of body weight on mice
performance in a test.

3.2 Effects of a-Syn expression on physical condition and reflexes of mice (SHIRPA

screen)

The M20 did not differ from nTg littermates in most measures evaluating physical
conditions and reflexes. All mice showed normal respiration and active exploration of a
novel cage and performed frequent rearings. Their gait was normal, with no noticeable
tremor, their eyes were fully opened and tail horizontally extended during walking. The
pinna reflex, the extension of forelimbs during visual placing and righting reflex were
present and comparable between the M20 and their control littermates. However, the
negative geotaxis reflex differentiated the genotypes (Mann-Whitney U = 33.5, np1q = 12;
Nm2o = 10, p < 0.05, two-tailed test). Eleven out of 12 nTg mice turned and climbed upwards
on an inclined wire grid, with only one nTg mouse freezing after turning. On the other hand,
only 5 out of 10 M20 mice showed the negative geotaxis reflex, two turned but froze, two
failed to turn, and one M20 mouse did not move within the 30 sec cut off limit.

Inverted wire test—Overall the M20 mice showed significantly shorter times of grip
endurance than the nTg counterparts (F(1,20) = 4.5, p < 0.05, Figure 2A). The endurance
scores were comparable across all three days of testing (F(1,28) = 1.3, p = 0.3, dfs adjusted
by Greenhouse-Geisser epsilon correction), with no significant interaction between test days
and genotypes. The performance in this test was not affected by the differences in the body
weight of mice.

3.3 Effects of a-Syn expression on motor behavior

Pole descending test—The time of head-down turns at the top of the pole, and the
consequent descent time from a vertical pole for the M20 and nTg mice are shown in Fig 2B
and C, respectively. The M20 mice turned head-down faster and also descended the pole
faster than nTg mice (t(20) = 2.6, p < 0.02, Fig. 2B and t(20) = 3.3, p < 0.01, Fig. 2C,
respectively). Neither measure was significantly affected by the body weight (data not
shown).

Grip Strength test—The strength of the forelimbs was comparable between the M20 and
nTg mice (Fig. 2D), and it was not affected by the differences in the body weight (data not
shown).
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Beam traversing test—None of the variables (latency to move, time to the goal, number
of slips, pauses, and falls) were affected by the body weight of mice (data not shown).
Although, the M20 mice showed longer latencies to begin traversing the beams (Fig. 3A),
the effect of the genotype was not significant (F(1,19) = 3.6, p = 0.08). Similarly, the time to
reach the goal cage of M20 mice tended to be longer than the time of nTg littermates (9.9

+ 2.4 sec versus 4.9 £ 2.1 sec, respectively), but the difference was not significant (F(1,19) =
2.4, p = 0.1, Fig. 3B). Since the completion of the test relies on spontaneous behavior of
mice to traverse the beam, the scores yielded by this test are usually more variable and more
labile to changes in procedures or laboratory conditions (Janus and Welzl, 2010; Wahlsten,
et al., 2003). Therefore, we presented the results using box plot graphs, which depict first
quartile, median, mean, third quartile, and interquartile range (Fig. 3) to reflect the nature of
the scores obtained in the test. No significant interactions between the beam type and the
genotype of mice were found in the analyses of the latency to move or the time to reach the
goal. Since the time to traverse the beam depends not only on the speed of walking, but also
on the fluidity of movements and limb coordination, we analyzed additionally the humber of
slips and pauses exhibited by mice during the test. These analyses revealed that the M20 and
nTg mice showed comparable levels of slips during traversing both the wide and the narrow
beams (Fig. 3C), and all mice slipped more often when traversing the narrow beam (Z =
-3.31, p = 0.001, Wilcoxon Signed Ranks test, Fig. 3C). Also, the overall number of pauses
was comparable between M20 and nTg mice when traversing the wide (Mann-Whitney U =
33.5, Np1g = 12; Nz = 10, p = 0.07, two-tailed test) and the narrow (Mann-Whitney U =
39.5, Nprg = 125 nzp = 10, p = 0.16, two-tailed test) beams (Fig. 3D). However, The post-
hoc analysis of pauses revealed that M20 mice paused more frequently than nTg littermates
while traversing the narrow beam during the second session of the test (Mann-Whitney U =
28.0, Ny = 12; npzo = 10, p < 0.05, two-tailed test, Fig. 3D). The comparison of pauses on
the wide and the narrow beams within each genotype revealed comparable performance for
nTg (Z =-1.27, p = 0.21, Wilcoxon Signed Ranks test) and for M20 (Z = -1.95, p = 0.051,
Wilcoxon Signed Ranks test) mice. The rate of pauses, but not slips, was positively
associated with the longer time to reach the goal box during traversing the wide beam for
both M20 and nTg mice (r = 0.87, n =10, p =0.001 and r = 0.96, n = 12, p < 0.001,
respectively), but only for nTg mice during traversing of the narrow beam (r = 0.58, n = 12,
p < 0.05). None of the tested mice fell off the beam during the entire test.

Rotarod test—One M20 female was removed from rotarod test because it was persistently
jumping off the rod. Since the latency to fall from the rotating rod was significantly
associated with its revolution (rpm) at the fall (Pearson correlation coefficients for both M20
and nTg mice varied between 0.99 to 1.0 for the 3 sessions of the test, all ps< 0.001), we
report only the latency to fall (Fig. 4). Overall, the latency (averaged over the 3 test sessions)
to fall from the accelerating rod was 80.3 s for nTg and 171.2 s for M20 mice, which
corresponded to 14 and 25 rpm of rotating speed, respectively. Overall, M20 mice stayed
significantly longer on the accelerated rod than their nTg littermates (F(1,19) = 13.2, p <
0.01, Fig. 4). The latency to fall was not significantly different between the 3 sessions of the
test within each genotype, and no significant interaction between the genotype and testing
sessions was observed. Post-hoc analysis revealed that the genotypes differed significantly at
each day of testing (Fig. 4). Although the associations between the body weight and the
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latencies to fall were negative within each genotype in all three sessions, none of the
associations reached significance at a. = 0.05.

3.4 Effects of a-Syn expression on species-specific home cage behavior

Burrowing and nest building behavior—All mice were engaged in removing food
pellets from the tubes shortly after being introduced to the testing cages. The M20 mice,
however, displaced significantly fewer pellets than the control nTg littermates after the first
2-hour period of the test (t(18) = 2.2, p < 0.05, Fig. 5A). They also tended to remove fewer
pellets than nTg mice overnight (18 hr after the onset of the test); however, the difference
was not significant at a = 0.05 (Fig. 5A). The M20 mice also built less elaborated nests as
compared to their nTg control littermates (Fig. 5B). Out of the 12 nTg mice, four built either
bowl-shaped nests in the corner of the cage or a nest inside an empty burrowing tube,
another 3 mice building flat nests in the cage corners (~ 58% in total), and only 1 nTg
mouse did not shred the nestlet at all (Fig. 5C). In contrast, none of the M20 mice build a
nest in a burrowing tube, only 2 mice build a bowl-shaped nest in the corner of the cage and
7 out of the 10 mice did not shred the nestlets at all during the test (Fig. 5C). These
differences in the nests quality between nTg and M20 mice were significant (Mann-Whitney
U =24.5, nyrg = 125 nzp = 10, p < 0.02, two-tailed test).

4. Discussion

There is a general consensus, based on the available models that a-Syn biological alterations
lead to motor dysfunction (Emmer, et al., 2011; Giasson, et al., 2002; Goedert, 2001;
Graham and Sidhu, 2010; Oaks, et al., 2013; Paumier, et al., 2013; Uchihara and Giasson,
2016; van der Putten, et al., 2000). In humans, these motor dysfunctions are primarily due to
dopaminergic deficiencies in the substantia nigra par compacta and striatum that is
accompanied by neuronal a-Syn aggregation, but many additional regions of the CNS are
also affected (Uchihara and Giasson, 2016). Detailed accounts of pathologies and behavioral
deficits in a-Syn animal models are presented in several scholarly reviews (Beal, 2010;
Chesselet and Richter, 2011; Fernagut and Chesselet, 2004; Magen and Chesselet, 2010).
The over expression of full-length wild type human a-Syn gene generally manifests less
severe pathological phenotypes in these models (reviewed by Magen and Chesselet, 2010).
However, the simple over expression of wild-type human a-Syn due to the duplication or
triplication of the SNCA gene is sufficient to cause PD and related disorders (Chartier-
Harlin, et al., 2004; Singleton, et al., 2003). Furthermore, recent studies indicate that a-Syn
expression can be altered by p2-adrenoreceptor activation, which can be a risk factor for PD
(Mittal, et al., 2017). Thus, models of wild-type human a-Syn over expression present a
useful tool to study the causative factors underlying PD (Edwards, et al., 2010; Gatto, et al.,
2010).

Our results showed that over expression of wild-type a-Syn under the murine PrP promoter,
which is relatively uniform across the neuroaxis (Emmer, et al., 2011; Giasson, et al., 2002;
Graham and Sidhu, 2010; Oaks, et al., 2013; Paumier, et al., 2013; Sacino, et al., 2014; van
der Putten, et al., 2000), decreased the rate of body weight gain of the mice within the first 6
months of age and modulated their motor behavior in a task-specific manner. Overall, the

Neurobiol Aging. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Giraldo et al.

Page 10

general physical conditions, including responses to novel environment, basic reflexes, as
well as the physical strength of front paws were comparable between M20 and nTg control
mice. Interestingly, the lower body weight did not affect the performance of M20 mice in the
battery of administered tests; however, the direction of changes differentiating the M20 mice
from their control littermates was task specific. Specifically, while the M20 mice showed
shorter grip endurance in the inverted wire test, and longer pauses resulting in longer times
to traverse narrow elevated beams as compared to their nTg littermates, the results which
suggests impairments in performance in these task, faster times to descend the vertical pole
(Fig. 2B and C) and longer latencies to fall off the accelerated rod (Fig. 4) might suggest
improved performance. It has to be noted, however, that another line of a-Syn transgenic
mouse line, denoted M7, that also expresses human a-Syn and that was generated with the
same construct as the M20 line showed no significant impairment on the rotarod task at 7
month of age: nTg = 306.2 +/- 11.0 (n = 12), M7 homozygous = 316.4 +/- 12.0 (n = 12)
(Giasson, et al., 2002). The most parsimonious explanation of this discrepancy might be that
the M7 mice express about 2 fold less human a-Syn than the M20 line and that the rotarod
test was performed at only at one time point for the M7 line. Overall, our observation that
the M20 mice began to show lower body weight than their control littermates at about 4
months of age is comparable with the changes in the body weight of Thy1 a-Syn mice that
showed lower body weight at a similar age (Chesselet, et al., 2012). Earlier studies using
male only mice reported lower body weight in Thy 1 a-Syn model even earlier, at of 2
months age (Fleming, et al., 2004). Similarly to M20 mice, the Thy1 a-Syn mice showed
impairment in movement coordination while traversing elevated beams (Chesselet, et al.,
2012; Fleming, et al., 2004). However, both the times to orient head down and descend the
vertical pole were significantly longer in Thyl a-Syn male mice as compared to their
controls (Fleming, et al., 2004), which is in contrast to the results observed in M20 mice in
the present study. Also, the performance on the inverted wire grid differed between the two
models. Despite the differences between the recorded parameters (the latency to fall in the
present study, and step distance in the case of Thyl a-Syn mice (Fleming, et al., 2004)) the
Thy1 a-Syn mice showed lower step distance, indicating their lower activity. Our qualitative
observations indicate that M20 mice were falling sooner, in most cases due to increased
locomotor activity, off the inverted wire grid. Also, the similarity between the two models
can be drawn when comparing home cage, species-specific behavior. Our results provide
compelling evidence of impaired burrowing activity and nest building behavior. Similar
results were demonstrated in a series of elegant experiments showing that Thyl a-Syn mice
were impaired in cotton manipulation and adhesive removal (Fleming, et al., 2004) as well
as nest building (Chesselet, et al., 2012), at the ages comparable to the age at which the M20
mice were tested. The observed differences between the M20 and Thy-1 a-Syn mice might
be due to the differences in protocols and mouse husbandry between different laboratories
(Janus and Welzl, 2010; Wahlsten, 2001; Wahlsten, et al., 2003) or due to the use of different
promoters (Janus, 2016). Differences in the relative expression of a-Syn in transgenic mice
generated using the Thy and PrP promotes are possible, although both promoters reportedly
result in wide spread CNS neuronal expression.

The result demonstrating that M20 mice showed consistently longer latencies than their nTg
littermates to fall off the rotating rod is surprising, but this behavior of M20 mice was

Neurobiol Aging. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Giraldo et al.

Page 11

reliable and repeatable; they usually stayed on the rod about 70 s longer than nTg littermates
(Fig. 4). This behavior seems to be a characteristic phenotypic feature of the M20 model, at
least at the age of 6-7 months, since we observed it in a pilot experiment as well as in an
independent unpublished study (data not shown). Unfortunately the Thyl a-Syn mice were
not evaluated in the rotarod test (Chesselet, et al., 2012; Fleming, et al., 2004; Magen, et al.,
2012). However, a different model, over expressing human wild-type a-Syn under the
control of the platelet-derived growth factor-p (PDGF-), showed significant impairment in
the rotarod test; with Tg a-Syn mice showing shorter latencies to fall off the rod (Masliah, et
al., 2000). Interestingly, yet another model, over expressing the mutated human A53T a-Syn
(a-SynA53T) gene under the murine PrP promoter, showed significantly longer latencies of
falling off the accelerated rod as compared to their control counterparts at the age of 9
months (Guerreiro, et al., 2017). An explanation suggesting that the lower body weight
might facilitate longer latencies in the rotarod test (Guerreiro, et al., 2017) is unlikely in the
case of the M20 model because the body weight was not associated with the rotarod
performance of the mice. A possible behavioural factor underlying longer latencies to fall
off the rod observed in some models over expressing a-Syn might be related to their reduced
anxiety as compared to a-Syn knockout or nTg controls (George, et al., 2008). The Tg a-
Syn A53T mice (Giasson, et al., 2002) were evaluated in plus maze and open field, and
showed reduced locomotor habituation, while spending a higher proportion of time in the
open arms of the plus maze (George, et al., 2008). The same model, evaluated in an
independent study in both rotarod and plus maze, demonstrated shorter latencies to fall,
despite showing lower anxiety levels in the plus maze test at the age of 12 months and up
(Oaks, et al., 2013).

At present, it might be difficult to reconcile the observed phenotypic discrepancies observed
in rotarod test between various models over expressing a-Syn. The usual suspects related to
different mutations, prompters, gene copy numbers and idiosyncratic to each laboratory
testing protocols (Janus and Welzl, 2010; Wahlsten, et al., 2003), or the differences in the
handling of mice before testing (Hurst and West, 2010; Janus, et al., 2016) that might affect
the phenotypes of mice should always be considered, however, in the case of M20 mice the
longer latencies of fall off the accelerated rod were observed repeatedly in our lab
(University of Florida), regardless of the amount of pre-experimental handling, as well as
independently at University of Pennsylvania (Giasson, unpublished data). Alternatively, the
expression of human wild-type a.-Syn in a mouse results in more benign pathological
phenotype than the expression of mutated a-Syn. The lack of overt loss of dopaminergic
neurons, as established in M20 mice (Giasson, et al., 2002), might likely model the early
stages of idiopathic PD (Chesselet, 2008). Detailed characterization of Thyl a-Syn mice
revealed that the mice showed elevated levels of extracellular dopamine in the straitum
around 6 months of age, which coincided with their increased activity in the open field
(Lam, et al., 2011). Future studies will establish whether the same phenotype can be
observed in M20 mice, and whether the increased level of dopamine in the striatum might
affect the motor behaviour of the mice in the rotarod test. Although the link between the
mutations in a-Syn and PD is well established, the normal function of a-Syn, including its
role in neuronal functioning that affects behaviour, is not fully elucidated. a-Syn is
redundant with g-Syn in the CNS, but interestingly deletion of both of these synuclein
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proteins does not affect brain basic functions or survival in double-knockout mice (Chandra,
et al., 2004). Although dopamine levels were decreased by 20%, its uptake and release from
synaptic terminals was normal, suggesting that synucleins may not be critical for
neurotransmitter release, but may significantly contribute to the regulation or maintenance of
presynaptic function (Chandra, et al., 2004). Increased levels of dopamine at the early stages
of PD often lead to increased general activity, impairments in set-shifting, task switching or
probabilistic reversal learning (Cools, et al., 2001; Cools, et al., 2001; Partiot, et al., 1996;
Peterson, et al., 2009; Taylor, et al., 1990), and tasks that implicate basal ganglia and
frontostriatum circuits (Taylor, et al., 1990), including nucleus accumbens (Groenewegen, et
al., 1996), and manifest behaviourally by the increase in repetitive behaviours, which in
mice might include longer latencies to fall off the rotating rod (Rothwell, et al., 2014). In
conclusion, a parsimonious explanation of persistently longer latencies to fall off the
accelerated rod suggests that the increased levels of dopamine at stages preceding overt
motor dysfunction might inadvertently affect fronto-striato circuits with consequent
increases in repetitive behaviours. The comparative studies between lines expressing wild
type (pre-symptomatic mild pathology) and mutated (progressing pathology with loss of
dopaminergic neurons) lines of a-Syn transgenic mice should elucidate whether longer
latencies of falling off the rod might present an early pathological biomarker of functional
dysfunction of striatum - basal ganglia circuits.
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Highlights
. M20 mice expressing human wild type SNCAa-Syn gene had lower body
weight
. The physical development and reflexes of the M20 mice were not
compromised
. Motor behavior of M20 mice was compromised in the wire and beam
traversing tests
. M20 mice increased their performance in the vertical pole and rota-rod tests
. M20 mice showed impaired home cage, species specific burrowing and nest

building
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Figure 1. Transgenic M20 mice over-expressing wild type human a.-Syn showed lower body
weight than their non-transgenic littermates

The body weight of M20 (n = 10) and nTg (n = 12) mice was recorded between 3 and 7
months of age. The M20 mice showed a slower body weight gain over time, especially
within the last 2 months (5-7 months of age) of the study (p = 0.001, age by genotype
interaction). Data are expressed as the mean + SEM. * p < 0.05.
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Figure 2. Evaluation of M20 and nTg control mice in inverted wire, pole descending and grip
tests

(A) The M20 mice (n = 10) showed shorter times of grip to inverted wire grid as compared
to their nTg littermates (n = 12) (p < 0.05). (B and C) Pole descending test; after being
placed at the top of 50-cm vertical pole, the M20 mice showed shorter latencies of head-
down turns than nTg control (B, p < 0.05). Also, their descent time was shorter than the
descent of the control mice (C, p < 0.01). (D) The grip strength of the forelimbs of both M20
and nTg mice was comparable. Data are expressed as the mean + SEM. * p < 0.05; ** p <
0.01.
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Figure 3. Locomotor evaluation in beam-traversing test
M20 and nTg mice (n = 10 and n = 12, respectively) were tested on wide and narrow beams

in two consecutive days (sessions); each session consisting of two trials. Data from the two
trials were averaged and are presented as box plots, including; first quartile, median
(horizontal line in the central box), mean (black square), third quartile (the central box
represents an interquartile range). The whiskers on the bottom and the top represent the 101
and the 90t percentile of the scores. S denotes session. The horizontal wide and narrow
lines below x-axis represent the 2.5-cm and 1.7cm wide beams, respectively. * p < 0.05.
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Figure 4. Transgenic M20 mice showed longer latencies to fall from the accelerated rod than nTg
littermates in rotarod test

The mice (n = 10 and n = 12 for M20 and nTg, respectively) were tested in 3 consecutive
days (sessions), with three trials per session. Data from the three trials within each session
were averaged and are presented as the mean + SEM. * p < 0.05; ** p < 0.01.
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Figure 5. M20 mice showed reduced burrowing activity and nest building behavior
(A) M20 mice (n = 10) displaced fewer pellets from the burrow than nTg littermates (n = 12)

after 2 hours from the onset of the test. The reduced burrowing of M20 mice continued
throughout the rest of the test duration. (B) The majority of the M20 mice (7 out of 10) did
not shred nestlets and build nests. (C) Most of the nTg mice (9 out of 12) shredded nestles
and built the nest that was confined either in the middle or corners of the cage, or in the
burrowing tube, Only one nTg mouse did not build a nest during the test. The differences in
the nest quality between the genotypes were significant (p < 0.02, Mann-Whitney test).
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