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Summary

The name of Jan Evangelista Purkyné¢ and the cerebellum belong inseparably together. He
was the first who saw and described the largest nerve cells in the brain, de facto in the
cerebellum. The most distinguished researchers of the nervous system then showed him the
highest recognition by naming these neurons as Purkinje cells. Through experiments by J. E.
Purkyné and his followers properly functionally was attributed to the cerebellum share in
precision of motor skills. Despite ongoing and fruitful research, after a relatively long time,
especially in the last two decades, scientists had to constantly replenish and re-evaluate the
traditional conception of the cerebellum and formulate a new one. It started in the early 1990s,
when it was found that cerebellar cortex contains more neurons than the cerebral cortex.
Shortly thereafter it was gradually revealed that such enormous numbers of neural cells are
not without an impact on brain functions and that the cerebellum, except its traditional role in
the motor skills, also participates in higher nervous activity. These new findings were
obtained thanks to the introduction of modern methods of examination into the clinical praxis,
and experimental procedures using animal models of cerebellar disorders described below.
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Jan Evangelista Purkyn¢ was the most formidable figure in Czech physiology on the world
who brought many scientific discoveries into the biological, physiological and biomedical
sciences. Among the systems to which he paid attention it was mainly the nervous system and
especially the cerebellum. J. E. Purkyn¢ was the first scientist to see and describe the largest
nerve cells in the brain, de facto in the cerebellum. He hand-illustrated them at his memorable
lecture to the professional public in Prague in 1837. Moreover Purkyné¢ depicted and precisely
described the individual three layers of the cerebellar cortex when the largest neurons were
named ganglial bodies (Druga 1986). Later, S. R. y Cajal (1911), one of the most
distinguished researchers of the nervous system, recommended in his monumental
monography to designate these large neurons according an author who described them for the
first time. Since that time also other researchers used this eponyme and the Purkinje cells (in
English-language texts) represent one of the most cited scientific terms in the neuroscientific
literature and the name Purkyné is inseparably connected with the cerebellum. On the basis of
experiments with animals of many species (sheep, rabbits, chickens, pigeons, ortolans, fish)
and also by examination of human brains J. E. Purkyné (Valentin 1836, Druga 1986, Rokyta
2011) and later his followers (Friede 1963, Eccles et al. 1967, Szentagothai 1968, Ito 1970,
1972, 1984, Palay, Chan-Palay 1974) attributed to the function of the cerebellum a share in
the control and precision of motor skills. Despite their enormous scientific discoveries the
cerebellum resisted for some time further knowledge even though it prepared for another
surprise. The first relevation came in the early 1990s, when it was found that cerebellar cortex
contains more neurons than the cerebral cortex (Glickstein 1992) and that the cerebellum has
bidirectional connections with almost all significant structures of the brain (Schmahmann
1996, Schmahmann and Pandya 1997, Middleton and Strick 2001, Ito 2006). Shortly
thereafter it was revealed that such an enormous number of nerve cells as well as functionally
highly potential cerebellar connections exert some impact on brain functions. Shortly
thereafter it was confirmed that the cerebellum, except its traditional role in the precision of
motor skills, also participates in the higher nervous functions (Buckner 2013).

Functional and morphological characteristics of the cerebellum

The cerebellum is a brain structure well known even to people not educated in biology
or biomedical science. This is first of all thanks to its beautiful texture which resembles the
Biblical tree of life or Arbor vitae (in Latin). And, of course, Purkinje cells with their shrubby
dendrites belong to the most beautiful creations of living nature of all.



As a part of the hindbrain (rhombencephalon) the cerebellum is localized in the posterior part
of the cranial cavity, behind the pons and medulla oblongata. The surface of the cerebellum is
formed by vermis, paravermal zones and hemispheres. From a functionally-developmental
point of view, the cerebellum consists of three lobes. Flocculonodular lobe (archicerebellum,
vestibulocerebellum), smallest and phylogenetically oldest component of the cerebellum,
situated at its bottom part. It receives afferentation from the vestibular nerve and nuclei, and is
responsible for balance and posture.

The anterior lobe (paleocerebellum, spinocerebellum) is a phylogenetically younger part of
the cerebellum and represents 1/3 of its hemispheres. Afferentation comes mainly from the
spinal cord and enables the spinocerebellum to be responsible for muscular tonus.

The posterior lobe (neocerebellum, pontocerebellum), the largest and developmentally
youngest part of the cerebellum with afferentation from the neocortex, is responsible for the
coordination of movements, motor stereotypes and also participates in higher nervous activity.
The bidirectional communication of the cerebellum with the brainstem and other parts of the
CNS provide the three pairs of the cerebellar peduncle: the inferior, which contain both
afferent and efferent fibres; the middle, with afferent fibres coming from the nuclei pontis,
and the superior which consist mainly from efferent fibres from the deep cerebellar nuclei
(Kandel et al. 2000).

The cerebellar cortex is composed of gray matter, which is largely folding so that the
cerebellar surface is formed by transverse folia (which in sagittal sections resemble above
mentioned Arbor vitae). This is the reason that 85 % of the surface is hidden, despite the size
of this area being fully comparable to the cortical area of the big brain. The cerebellar cortex
consists of three layers viewed from the surface: the molecular layer, the Purkinje cell layer
and the granule cell layer (deepest) (Kandel et al. 2000). The input to the cerebellum comes
via the mossy fibers and via the climbing fibers. Both of these are glutamatergic (excitatory).
Nevertheless synapses between cerebellar cortical interneurons and Purkinje and granule cells
are GABAergic (inhibitory). Also the output from Purkinje cells to the deep cerebellar nuclei
is GABAergic. Therefore the functional effect of the cerebellum on the other part of the CNS
is inhibitory (Danbolt et al. 2004).

Under the gray matter the central part of the cerebellum is composed of white matter -
medulla, which consists of nervous fibres. Inside of the cerebellar hemispheres there are four
pairs of cerebellar nuclei embedded in the medullary center. From the midline to the lateral
side there are: the fastigial nucleus, the globose nucleus, emboliform nucleus and the largest

of them, the dentate nucleus. The input to the cerebellar nuclei comes from the Purkinje cells



(they represent the only output from the cerebellar cortex) and from sources outside the
cerebellum (pontocerebellar, spinocerebellar, and olivocerebellar fibres, together with fibres
from reticular nuclei). Most of these afferents are collaterals of fibers proceeding to the
cerebellar cortex. A few rubrocerebellar fibers end in the globose and emboliform nucleus,
and the fastigial nucleus receives afferents from the vestibular nerve and nuclei. The outputs
from the cerebellar nuclei go to the brain stem (from fastigial nucleus through the inferior
cerebellar peduncle descending through the reticular formation and the lateral vestibular
nuclei to the spinal cord and ascending through ventrolateral nucleus of the thalamus to the
primary motor cortex). Efferents from the other nuclei leave the cerebellum through the
superior peduncle and terminate in the brain stem and neurons of the ventral lateral nucleus of
the thalamus projecting to the limb areas of motor cortex (Barr and Kiernan 1988, Kandel et
al. 2000).

Although the human cerebellum represents only 1/10 of the whole brain volume, recent
research has shown, that number of neurons in this structure represents 80 % of all neurons in
the brain. Except humans the same situation is valid for agouti and galago, whereas e.g. in the
mouse the cerebellum holds 60 %, in rat, guinea pig and macaque it represents 70 % of all
brain neurons (Herculano-Houzel 2010). Because such huge functional potential was not
surprising, that except its traditional role in maintaining balance, posture control and motor
function, the cerebellum participates in cognition, language, learning, memory and emotions
which is a core of the new cerebellar conception (Buckner 2013, Dennis and Schutter 2013).
Within the framework of this conception, it is possible to sum up that the cerebellum receives
sensory and predictive stimuli, which include signals from receptors of muscles, tendons and
joints (proprioceptors). These then integrates with motor commands so that it leads to precise
control of movements and proper modulation of cognitive-emotional activities (Dennis and
Schutter 2013).

The cerebellar disorders and methods of examination and research of the cerebellum
The cerebellar disorders include mainly motor deficits but also mental and behavioral

abnormalities.

Inhibitory cerebellar syndrome as a consequence of the destruction of this structure (due to
injuries, ischemia, hemorrhage, tumors, inflammation, intoxication and inherited
neurodegenerative conditions) is characterized by:

- increased muscle passivity and weakness, intention tremor and ataxia



- asynergy and hypermetry of movements (lack of movements coordination and overreaching
the intended object or goal)

- adiadochokinesia (inability to perform rapid alternating movements)

- speech disorders (slow, incoherent, slurred) (Kandel et al. 2000).

Mental and behavioral abnormalities in the cerebellar disorders are known in humans as

cognitive-affective syndrome, which is typical with:

- deficit in the formation of words,

- diminished ability of planning and abstraction,

- disorder of working memory,

-altered personality with blunted emotions and inappropriate behavior (Schmahmann and
Sherman 1997).

There are also evidence for a probable pathogenetic connection with schizophrenia (findings
of small vermis and asymmetric hemispheres in these patients) and with autism (Andreasen
and Ronald Pierson 2008, Fatemi et al. 2012).

Less frequent are the cerebellar disorders characterized by the so-called

irritative cerebellar syndrome, which represents abnormalities in the sense of hyperfunction

due to pathologic irritation. It is characterized by:

muscle hypertonia

resting tremor

flexion posture

hypokinesia

These symptoms resemble the hypertonic-hypokinetic syndrome in parkinsonism (Zahlava
1994, Kishore et al. 2014). Here is useful to stress, that unilateral cerebellar lesions cause
functional disorders on the ipsilateral side in contrast to cerebral defects when motor
abnormalities are contralateral. The reason is crossing of both the cerebellar (decussation of
the superior cerebellar peduncle) and cerebral (cross in the rubrospinal and corticospinal
systems) pathways (Kandel et al. 2000).

It is obvious that the knowledge for formulation of the new conception of the cerebellum
would not be obtained without incredible effort of clinical and experimental researchers, and
of course, thanks to modern devices as well as the introduction of new special clinical and

laboratory methods put into praxis.



Clinical and neuro-imaging procedures

Clinical medical examination of the cerebellar function is made mostly in persons suspected
of alcohol intake as a complement to the blood alcohol determination or/and as a preliminary
neurological examination before further diagnostic procedures. It involves the assessment of
posture and gait with eyes closed, coordination and accuracy of movements, quality of speech
and handwriting. Further, common studies with psychologists on cerebellum-injured patients
have reported e.g. deficits in generating words, performing tasks requiring anticipatory
planning and the occurence of dysgraphia and agrammatism (Fiez et al. 1992; Silveri et al.
1994, Schmahmann 1996, Leggio et al. 2008). Very significant progress both in diagnostics
and research was then done thanks to the introduction of modern imaging methods e.g. PET
and MRI (positron emission tomography and magnetic resonance imaging). Using these
methods, for example, the participation of the cerebellar dentate nucleus in tasks related to
planning was proved in healthy subjects tested in procedural learning abilities (Kim et al.
1994; Van Mier et al. 1998, 2002, Sharma et al. 2015).

The experimental research on animals

Experiments on animals play irreplaceable role in neuroscience research. In particular
the use of animal models of cerebellar disorders has brought valuable insights into the
physiology and pathophysiology of the cerebellum (Akita et al. 2009, Manto and Marmolino
2009, Ebner et al. 2013). The first was the confirmed participation of the cerebellum in
different types of learning and memory (Bickford 1993, Lalonde et al. 1993, 1996, Cendelin
et al. 2008, Hilber and Caston 2001, Kf¥izkova and Vozeh 2004; Thullier et al. 1997; Vozeh et
al. 1997, 1999, 2001). Also some pathogenetic mechanisms of cerebellar disorders were
clarified including the possibilities of influencing them (e.g. by means of non-invasive
procedures, forced motor activity, enriched environment, pharmacologically or by
transplantation of embryonic cerebellar tissue as well as stem cells). It was possible thanks to
a battery of sophisticated behavioral tests, electrophysiological investigation together with use
not only classic neuro-histological procedures but also modern immunofluorescence methods
(Cendelin and Vozeh 2013, Purkartova and VVozeh 2013).

There are two groups of these models of various cerebellar dysfunctions, known also in

human beings, used in this research




1) mouse models derived from naturally arising mutations in genome of individuals that were

then further bred and prepared for experimental research.

2) mouse models that were developed by means of genetical engeneering procedures as
transgenic animals which have to be treated according to rules for the manipulation with

genetically modified organisms (GMO).

1) Naturally arising animal models

Lurcher mutant mice

Lurcher mice represent the first described mutant animal of the 1st group (Phillips 1960 4
Fmtom), gradually derived from four strains (DBA, C57B6, C3H, CBA). The mice suffer
from olivocerebellar degeneration due to semi-dominant spontaneous mutation Grid2" in the
gene for delta 2 glutamate receptor localized on chromosome 6 (Zuo et al. 1997, De Jager et
al. 1997). Heterozygous animals (+/Lc) exhibit almost complete postnatal loss of Purkinje
cells and significantly decreased the number of granule cells and inferior olive neurons (ION)
during 3 postnatal months (PM). The death of Purkinje cells is a type of excitotoxic apoptosis
(Norman et al. 1995, Zuo et al. 1997, Selimi et al. 2000, Purkartova and Vozeh 2013) due to
an inborn mutation. Nevertheless, some features are present which indicate necrotic cell death
(Dumesnil-Bousez and Sotelo 1992, Dusart 2006) and autophagy (Wang et al. 2006). It means
that multiple Purkinje cell death pathways play role in Lurchers (Nishiyama and Yuzaki 2010,
Zanjani et al. 2013). The degeneration of granule cells and ION is a consequence of the lost
target of their axons (Purkinje cells) similarly, as described below, decrease of cerebellar
interneurons (Golgi, stellate and basket cells) (Zanjani et al. 2006). Homozygous Lurcher
mice die shortly after birth due to massive loss of brain-stem neurons during late
embryogenesis. Homozygous wild type littermates of Lurcher mutants (+/+) represent about
one half of newborns in the litter. They are completely healthy and serve as ideal controls.
Degeneration of the deep cerebellar nuclei is relatively mild in Lurchers (Heckroth 1994,
Sultan et al. 2002). Functionally, the Lurchers suffer from multiple neural problems. Except
ataxia, which is more or-less a common symptom of all cerebellar ataxic mice, they exhibit
higher excitability, impairment of learning and memory, higher stress response and worse
maternal behaviour (Lalonde et al. 1988, Lalonde and Thifault 1994, Frederic et al. 1997,
Tuma et al. 2013, Caston et al. 1998, Hilber et al. 2004). Further, the Lurcher mice exhibit a
lower resistance of ION against neurotoxine 3-acetylpyridine already before the Purkinje cell

degeneration starts (Caddy and Vozeh 1997). There were also described changes in classical



eylid conditioning in Lurchers (Porras-Garcia et al. 2005, 2010). Nevertheless, they are
capable of learning to a certain degree both cognitive and motor tasks. This was proven in
spatial memory using the Morris water maze but also with some motor tests whereby
significant improvement was observed in trained animals (Lalonde et al. 1993, Lalonde et al.
1996, Hilber and Caston 2001, Kiizkova and Vozeh 2004). Also the positive effect of forced
motor activity was evident in motor and cognitive functions in generam, and especially in the
impact on age dependent decline of these abilities (Cendelin et al. 2008, Cendelin and Vozeh
2013).

Purkinje cell degeneration mice

Purkinje cell degeneration (pcd) mutants mice are similar to Lurchers, characterized by
autosomal recessive Agtpbplpcd/J mutation in the gene encoding cytosolic ATP/GTP binding
protein 1(cytosolic carboxypeptidase-like protein, CCP1) on chromosome 13 (resulting in
lack of this protein) (Mulen et al. 1976, Fernandez-Gonzalez et al. 2002). Therefore the pcd
mice are homozygous. They exhibit almost a complete loss of Purkinje cells at the end of 1st
postnatal month (PM) (Mullen 1976) and their death is of apoptotic origin together with
autophagy (Kyuhou et al. 2006, Chakrabarti et al. 2009, Berezniuk and Fricker 2010). The
animals suffer also from progressive extinction of 90 % of the granule cells (between PM 3 —
20 %) because of the loss of their target — Purkinje cells (Ghetti et al. 1987, Triarhou 2010).
Probably due to the missing input from Purkinje cells there is also about a 20% reduction of
the deep cerebellar nuclei (in PM 10) (Triarhou et al. 1987). At PM 10 is also present a
significant decrease (almost 50 %) of ION as a cosequence of the lost Purkinje cells, their
target. Except for these defects, these mice are affected by degeneration of retinal
photoreceptors (Blanks et al. 1982, 1992, LaVail et al. 1982), bulb mitral olfactory neurons
and selected thalamic neurons (O’Gorman and Sidman 1985). In addition, there is also
defective spermatogenesis, which results in the pcd males being sterile (Kim et al. 2011).
Except the cerebellar ataxia, pcd mice exhibit subtle habitus and poor health. Functionally
they show worse performance in the rotarod, coat-hanger tests but also in stationary beam (Le
Marec and Lalonde 1997). In the Morris water maze they are unable to successfully navigate
to the hidden platform compared to reaching a visible goal where they are better (Goodlett et
al. 1992). The pcd mice are impaired in the delay eye-blink classical conditioning when
compared with wild type controls (Chen et al. 1996), while in trace eye-blink conditioning

there were no differences between them (Brown et al. 2009). The results indicate that the
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essential neural circuitry for trace conditioning bypasses the cerebellar cortex and differs from

the one for classical eye blink conditioning.

Staggerer mice

The Staggerers, simillarly like the pcd mice suffer from an autosomal recessive mutation
(Rorasg) in the gene encoding the retinoid-related orphan receptor alpha on chromosome 9
(Hamilton et al. 1996). They are characterized by a staggering gait, hypotony tremor, smaller
body size and except for Purkinje cells also granule cells and ION degeneration is present. At
the end of PM 1, 60-90 % of Purkinje cells are missing (in dependence on region), likewise
more than 90 % of granule cells and about 60 % of ION (Landis and Sidman 1978, Herrup
and Mullen 1979, Blatt and Eisenman 1985). Despite a 30% reduction in the volume of the
deep cerebellar nuclei, the number of neurons remains unchanged (Roffler-Tarlov and Sidman
1978, Roffler-Tarlov and Herrup 1981). The development of Purkinje cells in Staggerer mice
is characterized by a delayed growth of their spines and surviving Purkinje cells exhibit
smaller somata and dendritic trees (Landis and Sidman 1978, Herrup and Mullen 1979).

Hot-foot mutant mice

Hot foot mice are characterized by autosomally recessive mutation in the gen for delta 2
glutamate receptor (Grid 2ho) localized on chromosome 6 which is identical with the one in
Lurcher mutants (Lalouette et al. 1998). They display defective presynaptic inervation of
Purkinje cells due to ectopic spine and partial necrotic loss of granule cells. They suffer from
ataxia with typically irregular movements of hind limbs (as walking on a hot plate)
(Guastavino et al. 1990). Hot-foot mutants further exhibit poor performance in the rotating
grid, wooden beam, coat-hanger, rotarod tests and also in Morris water maze (Lalonde et al.
1996). Neverheless, they are capable of partial learning in the rotating grid and coat hanger
tests (Lalonde et al. 1995, 1996, 2003).

Nervous mice

Nervous mice represent autosomal recesive mutants who suffer from severe degeneration of
Purkinje cells and ION. The nervous mutation (nr) is located on chromosome 8 (Campbell
and Hess 1996, De Jager et al. 1998). Purkinje cells exhibit abnormally rounded mitochondria
(Landis 1973) and 90 % of them undergo to necrotic degeneration. About 10 % of Purkinje
cells survive. Nevertheless 1/3 of ION die by retrograde degeneration because of the lost of

their target. Nervous mutants are typical with ataxia and hyperactivity (Lalonde and Strazielle



2003) and they display bad performance in the beam, coat-hanger and rotarod tests. In the
Morris water maze, they fail in experiments with the hidden platform but not in those with a
visible goal (Lalonde and Strazielle 2003). Nervous mice also suffer from retinal regeneration
which is in early postnatal period prompt but then slows down with an almost complete loss
of photoreceptors in PM 17 (Mullen and LaVail 1975, LaVail et al. 1993).

Weaver mice

Weaver mice are affected by autosomal semidominant Grikwv mutation in the gene (encoding
a G-protein) located on chromosome 2 (Patil et al. 1995). The consequences of the mutation
result in an impairment of the cerebellar and some extracerebellar structures. In contrast to
other mutants described, there mainly cerebellar granule cells suffer from apoptotic
degeneration, while Purkinje cells are relatively unimpaired (Migheli et al. 1995, Wullner et
al. 1995). Weaver homozygous have 72 % and heterozygous up to 86 % of the normal
number of Purkinje cells when ION in both of them are actually intact (Blatt and Eisenman
1985). On the other hand, homozygous Weaver mutants exhibit 23 — 25% decrease in the
number of deep cerebellar nuclei neurons (Maricich et al. 1997). Except the cerebellum there
were still further described: the degeneration of dopaminergic neurons in the substantia nigra
together with a decreased concentration of dopamine in the nucleus caudatus and in the
striatum (Roffler-Tarlov and Graybiel 1984). Morphological changes (thickening of the
pyramidal cell layer) were observed in the hippocampus of Weaver mice. From the functional
point of view the Weaver failed in the spatial learning in the Morris water maze, and they also
had lower exploratory activity as well as worse performance on the wooden beam and grid
tests. Just like some other cerebellar mutant mice (e.g. pcd mice) the Weaver homozygous

males are sterile due to the death of germ cells in their testes.

Reeler mice

Reeler mice are typical for autosomal recessive mutation in the gene encoding extracellular
matrix protein reelin, which is important for neural cell migration (D’ Arcangelo et al. 1995).
This mutation located on chromosome 5 leads to abnormal migration of neurons during brain
development (Beckers et al. 1994). There are therefore ectopic cell localizations not only in
the cerebellum (Hamburgh 1963, Terashima et al. 1983), but also in some other brain
structures (hippocampus, neocortex, inferior olive, olfactory bulb, superior colliculus,
substantia nigra) (Mikoshiba et al. 1980, Wyss et al. 1980, Kang et al. 2010). In homozygous

Reeler mice, the cerebellum is reduced in size (Mariani et al. 1977) with Purkinje cells



reduced to less than half the normal amount, but only about 5 % of them are localized
normally. About 10 % of Purkinje cells are placed within the granular layer while, some
granule cells are located in the molecular layer (Terashima et al. 1985, Heckroth et al. 1989).
Also the inferior olivary complex is reduced in size by 22.6 %. Despite all these
abnormalities, the specificity of the cerebellar connections is mostly preserved (Mariani et al.
1977). Functionally the Reeler mice exhibit poor performance in the active avoidance task,
water maze, wooden beam, coat-hanger and rotarod tests (Lalonde et al. 2004). The lower
neurogenesis rates together with a higher inclination to ischemic brain injury and epilepsy
were described in Reeler mice (Patrylo et al. 2006, Won et al. 2006). Because of special
behavioral abnormalities in heterozygous Reeler mice, some authors suggest considering them
as a model of schizophrenia (Costa et al. 2002, Schmitt et al. 2013).

Scrambler mice

Scrambler mice are characterized by the spontaneous autosomal recessive scrambler mutation
(Dablscm-3J) in the gene on chromosome 4 (Sweet et al. 1996). The cerebellum is reduced in
size already in 1M old homozygous mice. The number of Purkinje cells is decreased and only
5 % of them are normally located. The number of granule cells is reduced by 80 %. Despite
these abnormalities, the cerebellar afferent systems are preserved (Goldowitz et al. 1997).
Homozygous Scrambler mice display ataxia and whole body tremor as early as the 2nd
postnatal week. From the functional point of view, they exhibit poor performance in the
rotarod, wooden beam and coat-hanger tests. In the Morris water maze test of spatial
navigation, they failed in both variants with the submerged or visible platform (Jacquelin et
al. 2012, 2013).

Toppler mutant mice

Toppler mice suffer from autosomal recessive mutation in a gene on chromosome 8. The
dramatic loss of Purkinje cells with typical abnormalities of their dendritic trees is evident
already from 2nd postnatal week. Besides Purkinje cells there is present also degeneration of
Bergmann glia and these both processes are evidently in a functional relationship. The
Toppler mutants exhibit serious ataxia, which worsen with age and leads to a shorter lifespan
(8-12 months). They represent a useful model for investigation of the developmental
interaction of Purkinje cells and Bergmann glia (Duchala et al. 2004).



Pogo mutant mice

Pogo mice are naturally occuring mutants derived from an inbred strain of the Korean wild
mouse. The autosomal recessive mutation affects a gene, which is located on chromosome 8.

The mice show ataxia and difficulty in maintaining their posture. It is further characterized by
a wobbly gait and a tendency to fall over, which appear at about 2 postnatal weeks and
continue throughout life without progression. Morphologically in Pogo mice is the extent loss
of Purkinje cells with ectopic spines, emanating from their primary dendrites (Lee and Jeong
2009). In addition, parallel fiber varicosities were larger than in the control mice and a single
fiber often established synaptic contacts with up to four dendritic spines of a Purkinje cell.
These multiple synapses were observed in both the cerebellar vermis and the hemispheres.
Moreover, condensed and vacuolated granule cells nuclei were observed in the granular layer
of the ataxic Pogo but not in the control cerebella. These morphological defects suggest that
there could be massive synaptic abnormalities between Purkinje cells and the cerebellar

afferent pathways in the Pogo cerebellum (Lee et al. 2011).

2) Transgenic animal models

Animals of this group represent mainly transgenic mice arising from the same type of
hereditary determined neurodegeneration in humans resulting from repeating CAG triplets in
the genetic information. Besides Huntington disease also dentatorubral-pallidoluysian
atrophy, spinal and bulbar muscular atrophy, Niemann-Pick disease, Friedreich ataxia and
also 7 types of spinocerebellar ataxias (SCA 1, 2, 3, 6, 7, 17, 23) from more than many scores
of those in humans belong to this group (Yamada et al. 2008, Cendelin 2014). The
aforementioned triplet codes for polyglutamine (polyQ) in each respective gene, resulting in
mutants to the expansion of these sections mutated proteins.The severity of disability depends
on the number of CAG triplet repeats (Yamada et al. 2008). In any case, these transgenic

animals represent more precise models of the above-mentioned diseases.

Mouse models of human hereditary cerebellar ataxias

SCA1l

Spinocerebellar ataxia type 1 (SCA1L) represents one of the autosomal dominant hereditary
ataxias. SCA1 causes about 3 to 16 percent of autosomal dominant cerebellar ataxias. In
addition to ataxia, SCA1 is associated with the difficulty of speaking, swallowing, impaired

cognition and increased reflexes are also common. SCAL usually starts in the mid-30s and
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progresses more rapidly than other SCA subtypes (Manto 2005) It is caused by an enlarged
region of CAG repeat in the gene for ataxin-1 which results in the expansion of the polyQ
tract in the ataxin-1 protein. Normally the length is between 6 — 35 repeats, while in affected
people it is 39-83 (Taroni et al. 2013). To understand the pathophysiology of this disease, the
transgenic mice expressing the human SCA1 gene were generated with either a normal or an
expanded CAG tract. Both transgenes were stable in parents to offspring transmission and
therefore six transgenic lines of mice for both normal or an expanded CAG tract were
obtained. While all six transgenic lines expressing the unexpanded human allele had normal
Purkinje cells, in transgenic animals from five of six lines with the expanded SCA1 allele
(carrying 82 CAG repeats), ataxia and Purkinje cell degeneration developed (Burright et al.
1995). There is a marked loss of Purkinje cells, and those surviving have abnormal dendritic
trees. Bergmann glia proliferation, a shrunk molecular layer with gliosis and ectopic Purkinje
cells in it and also in the granular layer are further typical findings in the SCA1 mice
cerebellar cortex. Ataxia with shorter strides start at PM 3, with worse performance on the
rotarod test observed during PM 2 and serious gait abnormalities subsequently at PM 12
(Clark et al. 1997). The data obtained contributed to the clarification of some important
pathogenetic mechanisms of SCA1 as a role of nuclear localization of the pathological ataxin-
1 (Klement et al. 1998), its proteasomal degradation (Cummings 1999) as well as the effect of
expanded ataxin-1 in the downregulation of genes acting in signal transduction and calcium

homeostasis prior to manifestation of the pathology (Lin et al. 2000).

SCA2

SCAZ2 type of the autosomal dominant spinocerebellar ataxia causes about 6 to 18 % of all
types of this disease. Besides progressive ataxia SCA2 is characterized by progressive ataxia,
dysarthria, posture tremor, slow saccades, hyporeflexia of the upper limbs, autonomic
dysfunction, sleep disturbances, ophthalmoparesis, dementia, and parkinsonism (Huynh et al.
2000). The onset age varies from 2 to 65 years, and onset before the age of 20 years correlates
with a more aggressive disease course. SCAZ2 is caused by another CAG trinucleotide repeat,
this time encoding a protein called ataxin 2. Normal ataxin-2 usually contains 22 or 23
glutamines, while SCA2 patients have 32—77 repeats. SCA2 transgenic mice generated in
several lines differ in lengths of the CAG repeat segment and vary in severity of symptoms of
this disease. Those with 58 CAG repeats are characterized by about 50% reduction of
Purkinje cell numbers in PM 6. In animals from all three generated lines, SCA2 mice
exhibited a reduced stride length to the end of PM 4. Some interesting findings in animals of



two lines were observed in the rotarod test when 6 weeks old transgenic animals did not differ
in their performance from wild type controls, while SCA2 homozygotes and heterozygotes
failed by PM 4 or PM 6 respectively (Huynh et al. 2000). From the above mentioned
phenomena it is evident that a more severe manifestation is in mouse-lines with prolonged
polyQ tracts. It is in agreement with the facts obtained in humans when prolonged CAG
repeats characterized an earlier onset of symptoms and vice versa. Research performed on
transgenic SCA2 animals has brought important knowledge about the pathogenetic
mechanisms of this disease. It was shown, that nuclear localization and inclusion body
formation of ataxin-2 was not necessary for disease development. (Huynh et al. 2000). Further
glutamate induced death of Purkinje cells and its partial prevention by dantrolene was proved.
This a calcium-ion stabilizer used in long-term treatment of SCA2 mice also alleviated motor
deficits and Purkinje cell loss. These observations confirmed calcium signaling role in the
pathogenesis of SCA2 (Liu et al. 2009).

SCA3

SCAS3 type of spinocerebellar ataxia is better known as Machado-Joseph disease. SCA3 is
characterized by progressive cerebellar ataxia, areflexia, peripheral amyotrophy, muscle
atrophy, parkinsonian features, dystonia, and spasticity (Bettencourt et al. 2008). However,
some minor presentations, such as external progressive ophthalmoplegia are also present. Its
onset varies from 5 to 75 years of age and it represents around 1 % from all SCA cases. In
normal alleles, CAG trinucleotides repeat length varies between 12 and 44, in SCAS3 patients,
the length is 52-86 (Taroni et al. 2013). SCAS3 transgenic mice were generated with polyQ
tracts of 64, 67, 72 76 and 84 repeats (Cemal et al. 2002). The severity of symptoms depends
on the number of CAG repeats. Therefore in the mice expressing ataxin-3 with an expanded
polyglutamine tract with 79 repeats suffer except from a wide gait, tremor and lower activity
also from progressive ataxia starting at PM 5-6 despite the fact that the loss of cerebellar
neurons is mild (Chou et al. 2008, 2011). These findings suggest that the decline in cerebellar
function is more dependent on down-regulation of cerebellar expressions of proteins and
neuronal dysfunction than on Purkinje cell loss (Chou et al. 2011). Research results obtained
from experiments on SCA3 mice contributed to the understanding of more pathogenetic
mechanisms of this disease mainly by pointing out the role of altered voltage-activated
potassium channels (Shakkottai et al. 2011), calcium dependent calpain-type proteases
(Hubener et al. 2013) and the disruption of dendritic development as well as metabotropic

glutamate receptor signaling in Purkinje cells by mutant ataxin-3 protein (Konno et al. 2014).


http://rarediseases.about.com/od/ataxiadisorders/a/machadojoseph.htm

SCAG6

The spinocerebellar ataxia type 6 (SCAG) is characterized by CAG polyQ repeat expansion in
the CACNAI1A gene encoding the alpha 1A-voltage-dependent calcium channel (CaV2.1)
(Zhuchenko et al. 1997) and it represents the most frequent type of all SCAs (from 5 to 18 %).
SCAG is characterized by a slowly progressive ataxia, dysarthria, intention tremor, gaze-
evoked and/or downbeat nystagmus, dysphagia, positional vertigo, and sensory, pyramidal,
and extrapyramidal motor deficits (Stevanin et al. 1997). Normal alleles have 4 — 18 repeats,
while alleles in diseased people contain 20 — 33 polyQ repeats. SCA6 generated transgenic
mice which have the 84 polyQ repeats tract are characterized by progressive motor
abnormalities and the aggregation of the pathological protein CACNA1A. Homozygous
animals have shown hypoactivity and worse performance on the accelerating rotarod (Watase
et al. 2008). Heterozygotes did not differ from wild type mice according to visual assessment
up to PM 20 despite performing worse than controls on the rotarod test at PM 19. Regardless
of motor disturbances no neuronal loss and morphological changes on Purkinje cells were
observed in these mice at PM 20. From the point of view of pathophysiological mechanisms,
the observations in SCA6 mice with 28 or 84 polyQ repeats suggest that alteration of Cav2.1
channel properties does not play any role in the SCA6 pathology which may be linked to the
accumulation of mutant channels (Saegusa et al. 2007, Watase et al. 2008).

SCA7

Spinocerebellar ataxia type 7 (SCAT7) is a neurodegenerative disease caused by the expansion
of a CAG repeat within the gene encoding ataxin-7. The normal range is 7-19 repeats.
Pathological alleles contain from 37 to more than 400 CAG triplets. SCA7, with the onset in
childhood, is characterized by progressive ataxia, macular or retinal degeneration with visual
loss, slow saccades, ophthalmoplegia, dysphagia, somatosensory and neuropsychiatric
impairment (David et al. 1998). Among SCAs, it is the only one characterized by severe
ataxia, and at the same time by blindness. (Taroni et al. 2013). Generated transgenic mice
with 90 polyQ repeats have nuclear inclusions of mutant protein ataxin-7 in Purkinje cells and
photoreceptors, and exhibit both abnormal motor coordination together with vision
impairment. Nevertheless, there are big differences in the spectrum of findings in dependence
on the polyQ tract length. For instance the mice with 266 CAG repeats suffer from an
infantile form of SCA7 characterized by ataxia, visual impairment, abnormal short-term
synaptic potentiation and untimely death (Yoo et al. 2003). On the other hand, the mice with

92 polyQ repeats and ataxin-7 expression in all CNS neurons, except Purkinje cells, display



severe degeneration just of these cells, ataxic gait disorder and typical ataxin-7 nuclear
aggregates which correlate with visible symptoms including anearlier death (Garden et al.
2002). Conversely, transgenic mice with 52 CAG repeats suffer from ataxia, without a
significant loss of Purkinje cells. All these findings suggest that the Purkinje cell degeneration
in SCAT is not cell-autonomous and that in the patogenesis of this disease yet other factors
play a role, for instance changes in gene expression with an impact on glutamatergic
transmission, signal transduction, myelin formation, axonal transport neuronal differentation
and glial function (Chou et al. 2010). This hypothesis was confirmed by observation when the
suppression of the mutant gene (to 50 %), one month after the ataxia started, was effective in
delaying motor disorders, reducing ataxin-7 pathological protein aggregation in Purkinje cells
and preventing the synaptic loss between Purkinje cells and the climbing fibers (Furrer et al.
2013).

SCA17

SCAL7 type of spinocerebellar ataxia late-onset degenerative disorder is caused by an
expanded polyQ repeat in the TATA-box-binding protein (TBP). The disease is characterized
by progressive gait and limb ataxia, seizure, cognitive dysfunction, neuropsychiatric
impairment, and pyramidal and extrapyramidal features such as spasticity, dystonia, chorea,
and Parkinson’s disease. While healthy people have 23 — 43 CAG polyQ repeats, patients
suffering from this pathology have 45 — 63 repeats polyQ tract. The disease is very rare, i.e.
below 1 % of all SCAs (Lasek et al. 2006). Despite that, two mouse models of this disease
were generated (Friedman et al. 2007, Chang et al. 2011), it is only type of SCA when a rat
TBPQ64 model SCAL7 has shown to be more advantageous. Similarly as in mouse models
for SCAL17, TBPQ64 rats show a severe neurological symptomatology including ataxia,
impairment of postural reflexes and hyperactivity in the early stages followed by a reduced
activity, loss of body weight, and early death. Neuropathological findings showed neuronal
loss, particularly in the cerebellum, degeneration of Purkinje, basket, and stellate cells as well
as, changes in the morphology of the dendrites. In addition, nuclear TBP-positive
immunoreactivity and axonal torpedos were found by light and electron microscopy. It was
also shown that some crucial characteristics of SCAL7 are better mirrored in TBP rats than in
existing mouse models. The use of this model for the first time by means of PET and
diffusion tensor imaging (DTI) were also replicated recent PET studies in human SCA17

patients. These results further confirmed that DTI are potentially useful correlates of



neuropathological changes in TBPQ64 rats and raise the hope that DTI imaging could provide
a biomarker for SCA17 patients (Kelp et al. 2013).

SCA23

Spinocerebellar ataxia type 23 (SCA23) is an adult-onset extremely rare neurodegenerative
disorder characterized by slow progressive gait and limb ataxia, with variable additional
features, including peripheral neuropathy and dysarthria (Bakalkin et al. 2010). In the
literature a Dutch family was reported with autosomal dominant late-onset spinocerebellar
ataxia affecting at least 13 members spanning 3 generations. Only 1 patient, with a disease
duration of 23 years, was wheelchair-bound. The MRI of that patient showed severe
cerebellar atrophy with memory deficits beginning around age 50. Postmortem examination
of 1 patient displayed frontotemporal atrophy, atrophy of the cerebellar vermis, pons, and
spinal cord. There was also neuronal loss in the cerebellar vermis, dentate nuclei, and inferior
olives, but not in the pons. Moreover there was thinning of the cerebellopontine tracts and
demyelination of the posterior and lateral columns of the spinal cord. SCA23 maps to

chromosome region 20p12.3-p13 and missense mutations in the prodynorphin PDYN gene
appear to cause the disease. (Verbeek 2004). Prodynorphin knock-out mice are more

sensitive to noxious stimuli but have normal responses to non-noxious stimuli (Wang et al
2001); additionally, mutant dynorphin proteins have enhanced non-opioid excitatory activities
which may undermine the development of SCA23 (Wang et al. 2013). Nevertheless, these
mice have not yet been tested for phenotypic similarity to human SCA23 (Cendelin 2014).

Conclusions

As mentioned above a new conception of the cerebellum including a more detailed
knowledge about physiology and pathophysiology of the cerebellum as well as about the
cerebellar disorders would not be possible without the above-surveyed clinical and research
methods including sophisticated procedures on experimental animals. First of all, both
naturally arising and also artificially by genetic engineering prepared animal models created
the basis for such enormous progress in cerebellar research. Because of these advances it is
idisputable that studies mainly on cerebellar mutants provided a lot of valuable information
about cerebellar function, manifestation of cerebellar disorders as well as pathogenesis and
therapy, though there are also some limitations that prevent a direct translation of findings to

humans.



Though the basic manifestation of cerebellar dysfunction is similar in most of the mouse
models of cerebellar degenerations, some particular signs differ. Moreover, some of the
mutations have extra-cerebellar impacts, which are integral components of the phenotype (e.g.
olfactory bulb, retina and thalamus degeneration in pcd mice etc.). There are, of course,
species differences in anatomy, metabolism, behavior, etc. between mice and men.
Spontaneous mouse mutations are usually not identical to human ones and therefore mouse
diseases can only be similar to human diseases. On the other hand, transgenic mice carry
human pathological alleles and thus can be used as models for specific human diseases.
Nevertheless, even in transgenic mice the action of the mutation could significantly differ
from the natural human mutation. The transgene could possibly be under the control of
different promoters and its expression could differ from that seen in humans regarding
intensity and cell type. The transgene usually does not replace the mouse wild type allele, if it
is not knocked-out. In these cases the mouse has both pathological as well as fully expressed
normal gene products. Autosomal dominant ataxias appear in humans mostly in the form of
heterozygotes. However, mice can also be studied as homozygous individuals. These
experiments have shown that homozygous mice often display more severe pathological
phenotype than heterozygous mice suggesting that the diseases might be more accurately
described as having a semi-dominant nature. Despite the limitations, cerebellar mutant mice
are invaluable tools for research, when the goal is a better understanding the pathogenesis of
cerebellar degenerative disorders and, hopefully, finding effective therapies for humans.
Cerebellar mutant mice will continue to serve as valuable tools in preclinical studies
investigating the therapeutic methods for treating human cerebellar degenerations.
Nevertheless, deep phenotypic characterizations, especially those of the new transgenic
mouse models, and the elucidation of the pathogenesis and relationship of the functional
disorders to the cerebellum will remain important. Verification of the conformity of the
mouse models with human diseases on the morphological, functional and molecular level is
also crucial for translation of experimental research to human medicine and thereby aid in its
progress.

Finally, it is possible to wish our neuroscience research that it succeed, at least partially, as in

the period of the J. E. Purkyné.

Acknowledgments
The article was supported by the Charles University Research Fund (project number P36), the
Faculty of Medicine in Pilsen and by project CZ.1.05/2.1.00/03.0076 from the European



Regional Development Fund. The author would like to thank to Mr. Christopher Koy, M. A.,
Ph.D., for language editing.

References

AKITA K, ARAI S: The ataxic Syrian hamster: an animal model homologous to the pcd
mutant mouse? Cerebellum 8: 202-10, 20009.

ANDREASEN NC!, PIERSON R: The role of the cerebellum in schizophrenia. Biol
Psychiatry 64: 81-8, 2008.

BAKALKIN G, WATANABE H, JEZIERSKA J, DEPOORTER C, VERSCHUUREN-
BEMELMANS C, BAZOV |, ARTEMENKO KA, YAKOVLEVA T, DOOWES D,
VAN DE WARRENBURG BP, ZUBAREV RA, KREMER B, KNAPP PE, HAUSER
KF, WIJIMENGA C, NYBERG F, SINKE RJ, VERBEEK DS: Prodynorphin mutations
cause the neurodegenerative disorder spinocerebellar ataxia type 23. Am J Hum Genet 87:
593-603, 2010.

BARR ML, KIERNAN JA: The cerebellum. In: The human nervous system, Fifth Edition,
J B Lippincott Company, Philadelphia 1988, pp. 160-177.

BECKER MC, BAR I, HUY-THU T: A high resolution genetic map of mouse
chromosome5 encompassing the reeler(rl) locus. Genomics 23: 685-690, 1994.

BEREZNIUK |, FRICKER LD: A defect in cytosolic carboxypeptidase 1 (Nnal) causes
autophagy in Purkinje cell degeneration mouse brain. Autophagy 6: 558-559, 2010.
BETTENCOURT C, SANTOS C, KAY T, VASCONCELOS J, LIMA M: Analysis of
segregation patterns in Machado-Joseph disease pedigrees. J Hum Genet 53: 920-923, 2008.
BICKFORD P: Motor learning deficits in aged rats are correlated with loss of cerebellar
noradrenergic function. Brain Res 620: 133-8, 1993.

BLANKS JC, MULLEN RJ, LAVAIL MM: Retinal degeneration in the pcd cerebellar
mutant mouse. Il. Electron microscopic analysis. J Comp Neurol 212: 231-246, 1982.
BLANKS JC, SPEE C: Retinal degeneration in the pcd/pcd mutant mouse accumulation of
spherules in the interphotoreceptor space. Exp Eye Res 54: 637-644, 1992.

BLATT GJ, EISENMAN LM: A qualitative and quantitative light microscopic study of the
inferior olivary complex in the adult staggerer mutant mouse. J Neurogenet 2: 51-66, 1985.
BLATT GJ, EISENMAN LM: A qualitative and quantitative light microscopic study of the
inferior olivary complex of normal, reeler, and weaver mutant mice. J Comp Neurol 232:
117-128, 1985.

BROWN KL, AGELAN A, WOODRUFF-PAK DS: Unimpaired trace classical eyeblink
conditioning in Purkinje cell degeneration (pcd) mutant mice. Neurobiol Learn Mem 93: 303-
311, 2010.

BUCKNER RL: The Cerebellum and Cognitive Function: 25 Years of Insight from
Anatomy and Neuroimaging. Neuron 80: 807-815, 2013.

BURRIGHT EN, CLARK HB, SERVADIO A, MATILLA T, FEDDERSEN RM
YUNIS WS, DUVICK LA, ZOGHBI HY, ORR HT: SCAL transgenic mice: a model for
neurodegeneration caused by an expanded CAG trinucleotide repeat. Cell 82: 937-948, 1995.
y CAJAL S. R. Histologie du systéme nerveux de |'homme et des vertébrés. T. Il. Ed. A
Maloine, Paris, pp 1 —993, 1911

CADDY KW, VOZEH F: The effect of 3-acetylpyridine on inferior olivary neuron
degeneration in Lurcher mutant and wild-type mice. Eur J Pharmacol 330: 139-142, 1997.
CAMPBELL DB, HESS EJ: Chromosomal localization of the neurological mouse
mutations tottering (tg), Purkinje cell degeneration (pcd), and nervous (nr). Brain Res Mol
Brain Res 37: 79-84, 1996.


http://www.ncbi.nlm.nih.gov/pubmed/9253946

CASTON J, CHIANALE C, DELHAYE-BOUCHAUD N, MARIANI J: Role of the
cerebellum in exploration behavior. Brain Res 808: 232-237, 1998.

CEMAL CK, CARROLI CJ, LAWRENCE L, LOWRIE MB, RUDDLE P, AL-
MAHDAWI S, KING RH, POOK MA, HUXLEY C, CHAMBERLAIN S: YAC
transgenic mice carrying pathological alieles of the MJD1 locus exhibit a mild and slowly
progressive cerebellar deficit. Hum Mol Genet 11: 1075-1094, 2002.

CENDELIN J, KORELUSOVA I, VOZEH F: The effect of repeated rotarod training on
motor skills and spatial learning ability in Lurcher mutant mice. Behav Brain Res 189: 65-74,
2008.

CENDELIN J, VOZEH F: Lurcher mouse. In: MANTO M, GRUOL DL,
SCHMAHMANN JD, KOIBUCHI N, ROSSI F, editors. Handbook of the Cerebellum and
Cerebellar Disorders. New York: Springer Science + Business Media 2013, p. 1499-1520.
CENDELIN J: From mice to men: lessons from mutant ataxic mice. Cerebellum Ataxias 1:4,
1-21, 2014.

CLARK HB, BURRIGHT EN, YUNIS WS, LARSON S, WILCOX C, HARTMAN B,
MATILLA A, ZOGHBI HY, ORR HT: Purkinje cell expression of a mutant aliele of
SCAL in transgenic mice leads to disparate effects on motor behaviors, followed by a
progressive cerebellar dysfunction and histological alterations. J Neurosci 17: 7385-7395,
1997.

COSTA E1, DAVIS J, PESOLD C, TUETING P, GUIDOTTI A: The heterozygote
reeler mouse as a model for the development of a new generation of antipsychotics. Curr
OpinPharmacol 2: 56-62, 2002.

CUMMINGS CJ, REINSTEIN E, SUN Y, ANTALFFY B, JANG Y,
CIECHANOVER A, ORR HT, BEAUDET AL, ZOGHBI HY: Mutation of the E3-AP
ubiquitin ligase reduces nuclear inclusion frequency while accelerating polyglutamine-
induced pathology in SCA1 mice. Neuron 24: 879-892, 1999.

D’ARCANGELO G, MIAO GG, CHEN SC, SOARES HD, MORGAN JI, CURRAN
T: A proteion related to extracellular matrix proteins deleted in the mouse mutant reeler.
Nature 374: 719-723, 1995.

DANBOLT NC, HOLMSETH S, SKAR A, LEHRE KP, FURNESS DN: Glutamate
uptake and transporters. In: Excitotoxicity in Neurological Disease — New Therapeutic
Challenge. C FERRARESE, MF BEAL. Kluwer Academic Publishers: Boston Dordrecht
London, 2004, pp 27-49.

DAVID G, DURR A, STEVANIN G, CANCEL G, ABBAS N, BENOMAR A,
BELAL S, LEBRE, AS, ABADA-BENDIB M, GRID D, HOLMBERG M,
YAHYAOUI M, HENTATI F, CHKILI T, AGID Y, BRICE A: Molecular and clinical
correlations in autosomal dominant cerebellar ataxia with progressive macular dystrophy
(SCAT). Hum Mol Genet 7: 165-170, 1998.

DE JAGER PL, ZUO J, COOK SA, HEINTZ N: A new aliele of the lurcher gene,
lurcherJ. Mamm Genome 8: 647-650, 1997.

DE JAGER PL, HARVEY D, POLYDORIDES AD, zZUO J, HEINTZ N: A high-
resolution genetic map of the nervous locus on mouse chromosome 8. Genomics 48: 346-
353, 1998.

DENNIS J, SCHUTTER LG: Human Cerebellum in Motivation and Emotion. In: Manto
M, Gruol DL, Schmahmann JD, Koibuchi N, Rossi F, editors. Handbook of the Cerebellum
and Cerebellar Disorders, New York: Springer Science + Business Media; 2013, p 1499-
1521, .development of cortical layers and metabolic mapping by the deoxyglucose method. J
Neurochem 34: 835-844, 1980.

DRUGA R: Purkinje cells of the cerebellum. In: Jan Evangelista Purkyné, life and work. E.
TRAVNICKOVA (ed), Avicenum, Prague 1986, pp. 255-261 (in Czech).



DUCHALA CS, SHICK HE, GARCIA J.,, DEWEESE DM, SUN X, STEWART V],
MACKLIN WB: The toppler mouse: a novel mutant exhibiting loss of Purkinje cells. J Comp
Neurol 476: 113-29, 2004.

DUMESNIL-BOUSEZ N, SOTELO C: Early development of the Lurcher cerebellum
Purkinje cell alterations and impairment of synaptogenesis. J Neurocytol 21: 506-529, 1992.
DUSART I, GUENET JL, SOTELO C: Purkinje cell death: differences between
developmental cell death and neurodegenerative death in mutant mice. Cerebellum 5: 163-
173, 2006.

EBNER TJ, CHEN G: Tottering mouse. In: MANTO M, GRUOL DL, SCHMAHMANN
JD, KOIBUCHI N, ROSSI F, editors. Handbook of the Cerebellum and Cerebellar Disorders.
New York: Springer Science + Business Media 2013, p. 1521-1540.

ECCLES JC, ITO , SZENTHAGOTHAI J: The cerebellum as a neuronal machine.
Springer, Berlin, Germany, 1967.

FATEMI SH, ALDINGER KA, ASHWOOD P.,BAUMAN ML, BLAHA CD, BLATT
GJ et al.: Consensus paper: pathological role of the cerebellum in autism. Cerebellum 11:
777-807, 2012.

FERNANDEZ-GONZALEZ A, LA SPADA AR, TREADAWAY J, HIGDON JC,
HARRIS BS, SIDMAN RL, MORGAN JI, ZUO J:. Purkinje cell degeneration (pcd)
phenotypes caused by mutations in the axotomy-induced gene, Nnal. Science 295: 1904-
1906, 2002.

FIEZ JA, PETERSEN SE, CHENEY MK: Impaired non-motor learning and error
detection associated with cerebellar damage. Brain 1115: 155-178, 1992.

FREDERIC F, CHAUTARD T, BROCHARD R, CHIANALE C, WOLLMAN E,
OLIVER C, DELHAYE-BOUCHAUD N, MARIANI J: Enhanced endocrine response to
novel environment stress and endotoxin in Lurcher mutant mice. Neuroendocrinology 66:
341-347, 1997.

FRIEDE RL: The relationshipof body size, nervecell size, axon length, and glial density in
the cerebellum. Proc Natl Acad Sci U S A 49: 187-193, 1963.

FRIEDMAN MJ, SHAH AG, FANG ZH, WARD EG, WARREN ST, Li S, Li XJ:
Polyglutamine domain modulates the TBP-TFIIB jnteraction: implications for its normal
function and neurodegeneration. Nat Neurosci 10: 1509-1528, 2007.

FURRER SA, WALDHERR SM, MOHANACHANDRAN MS, BAUGHN TD,
NGUYEN KT, SOPHER BL, DAMIAN VA, GARDEN GA, LA SPADA AR:
Reduction of mutant ataxin-7 expression restores motor function and prevents cerebellar
synaptic reorganization in a conditional mouse model of SCA7. Hum Mol Genet 22: 890-903,
2013.

GARDEN GA, LIBBY RT, FU YH, KINOSHITA Y, HUANG J, POSSIN DE,
SMITH AC, MARTINEZ RA, FINE GC, GROTE SK, WARE CB, EINUM DD,
MORRISON RS, PTACEK LJ, SOPHER BL, LA SPADE AR: Polyglutamine-
expanded ataxin-7 promotes non-cell-autonomous purkinje cell degeneration and displays
proteolytic cleavage in ataxic transgenic mice. J Neurosci 22: 4897-4905, 2002.

GHETTI B, NORTON J, TRIARHOU LC: Nerve cell atrophy and loss in the inferior
olivary complex of ,,Purkinje cell degeneration” mutant mice. J Comp Neurol 260: 409-422,
1987.

GLICKSTEIN M: The cerebellum and motor learning. Cur Opin Neurobiol 2: 802-806,
1992.

GOLDOWITZ D, CUSHING RC, LAYWELL E, D’ARCANGELO G, SHEIDON M,
SWEET HO, DAVISSON M, STEINDLER D, CURRAN T: Cerebellar disorganization
characteristic of reeler in scrambler mutant mice despite presence of reelin. J Neurosci 17:
8767-8777, 1997.



GOODLETT RC, HAMRE KM, WEST JR: Dissociation of spatial navigation and visual
guidance in Purkinje cell degeneration (pcd) mutant mice. Behav Brain Res 47: 129-141,
1992.

GUASTAVINO JM, SOTELO C, DAMEZ-KINSELLE I: Hot-foot murine mutation:
Behavioral effects and neuroanatomical alteration. Brain Res 523: 199-210, 1990.
HAMBURGH M: Analysis of the postnatal developmental effects of ,,reeler, a neurological
mutation in mice. A study in developmental genetics. Dev Biol 8: 165-185, 1963.
HAMILTON BA, FRANKEL WN, KERREBROCK AW, HAWKINS TL, FITZ-HUGH
W, KUSUMI K, RUSSELL LB, MUELLER KL, van BERKEL V, BIREN BW,
KRUGLYAK L, LANDER ES: Disruption of the nuclear hormone receptor RORalpha in
staggerer mice. Nature 379: 736-739, 1996.

HECKROTH JAl, GOLDOWITZ D, EISENMAN LM: Purkinje cell reduction in the
reeler mutant mouse: a quantitative immunohistochemical study. J Comp Neurol 279: 546-
555, 1989.

HECKROTH JA: A quantitative morphological analysis of the cerebellar nuclei in normal
and lurcher mutant mice. I. Morphology and cell number. J Comp Neurol 343: 173-182,
1994,

HERCULANO-HOUZEL S: Coordinated scaling of cortical and cerebellar numbers of
neurons. Frontiers in Neuroanatomy 4: 1-8, 2010.

HERRUP K, MULLEN RJ: Regional variation and absence of large neurons in the
cerebellum of the staggerer mouse. Brain Res 172: 1-12, 1979.

HERRUP K, MULLEN RJ: Staggerer chimeras: intrinsic nature of Purkinje cell defects
and implications for normal cerebellar development. Brain Res 178: 443-457, 1979.

HILBER P, CASTON J: Motor skills and motor learning in Lurcher mutant mice during
aging. Neuroscience 102: 615-623, 2001.

HILBER P, CASTON J: Motor skills and motor learning in Lurcher mutant mice during
aging. Neuroscience 102: 615-623, 2001.

HILBER P, LORIVEL T, DELARUE C, CASTON J: Stress and anxious-related
behaviors in Lurcher mutant mice. Brain Res 1003: 108-112, 2004.

HUBENER J, WEBER JJ, RICHTER C, HONOLD L, WEISS A, MURAD F,
BREUER P, WULLNER U, BELLSTEDT P, PAQUET-DURAND F, TAKANO J,
SAIDO TC, RIESS O, NGUYEN HP: Calpain-mediated ataxin-3 cleavage in the
molecular pathogenesis of spinocerebellar ataxia type 3 (SCA3). Hum Mol Genet 22: 508-
518, 2013.

HUENG-CHUEN FAN, LI-ING HO, CHING-SHIANG CHI, SHYI-JOU CHEN, GIIA-
SHEUN PENG, TZU-MIN CHAN, SHINN-ZONG LIN, HORNG-JYH HARN:
Polyglutamine (PolyQ) Diseases: Genetics to Treatments. Cell Transplantation 23: 441-458,
2014.

HUYNH DP, FIGUEROA K, HOANG N, PUIST SM: Nuclear localization or inclusion
body formation of ataxin-2 are not necessary for SCA2 pathogenesis in mouse or human. 26:
44-50, 2000.

CHAKRABARTI L, ENG J, IVANOV N, GARDEN GA, LA SPADA AR: Autophagy
activation and enhanced mitophagy characterize the Purkinje cells of pcd mice prior to
neuronal death. Mol Brain 2: 24, 2009.

CHANG YC, LIN CY, HSU CM, LIN HC, CHEN YH, LEE-CHEN GJ, SU MT, RO
LS, CHEN CM, HSIEH-Li HM: Neuroprotective effects of granulocytecolony stimulating
factor in a novel transgenic mouse model of SCA17. J Neurochem 118: 288-303, 2011.
CHEN L, BAO S, LOCKARD JM, KIM JK: Thompson RF: Impaired classical eyeblink
conditioning in cerebellar —lesioned and Purkinje cell degeneration (pcd) mutant mice. J
Neurosci 6: 2829-2838, 1996.



CHOU AH, YEH TH, OUYANG P, CHEN YL, CHEN SY, WANG HL:
Polyglutamineexpanded ataxin-3 causes cerebellar dysfunction of SCA3 transgenic mice by
inducing transcriptional dysregulation. Neurobiol Dis 31: 89-101, 2008.

CHOU AH, CHEN CY, CHEN SY, CHEN WJ, CHEN YL, WENG YS, WANG
HL: Polyglutamine-expanded ataxin-7 causes cerebellar dysfunction by inducing
transcriptional dysregulation. Neurochem Int 56: 329-339, 2010.

CHOU AH, CHEN SY, YEH TH, WENG YH, WANG HL: HDAC inhibitor sodium
butyrate reverses transcriptional downregulation and ameliorates ataxic symptoms in a
transgenic mouse model of SCA3. Neurobiol Dis 41: 481-488, 2011.

ITO M: Neurophysiological basis of the cerebellar motor control systém. Int J Neurol 7:
162-176, 1970.

ITO M: Neural design of the cerebellar motor system. Brain Res 40: 81-84, 1972.

ITO M: The cerebellum and neural control. New York, 1984.

ITO M: Cerebellar circuitry as a neuronal machine. Progress Neurobiol 78: 272-303, 2006.
JACQUELIN C, STRAZIELLE C, LALONDE R: Spontaneous alternation and spatial
learning in Dablscm (scrambler) mutant mice. Brain Res Bull 87: 383-386, 2012.
JACQUELIN C, LALONDE R, JANTZEN-OSSOLA C, STRAZIELLE C:
Neurobehavioral performances and brain regional metabolism in Dabl (scm) (scrambler)
mutant mice. Behav Brain Res 252: 92-100, 2013.

KANDEL ER, SCHWARTZ JH, JESSEL TM: Principles of neural science. 4th ed.
McGraw-Hi, New York, 2000.

KANG WY, KIM SS, CHO SK, KIM S, SUH-KIM H, LEE YD: Migratory defect of
mesencephalic dopaminergic neurons in developing reeler mice. Anat Cell Biol 43: 241-251,
2010.

KELP A, KOEPPEN AH, PETRASCH-PARWEZ E, CALAMINUS C, BAUER C,
PORTAL E, YU-TAEGER L, PICHLER B, BAUER P, RIESS O, NGUYEN HP: The
novel Transgenic Rat Model for Spinocerebellar Ataxia Type 17 Recapitulates
Neuropathological Changes and Supplies In Vivo Imaging Biomarkers. J Neurosci 33: 9068-
9081, 2013.

KIM SG, UGURBIL K, STRICK PL: Activation of a cerebellar output nucleus during
cognitive processing. Science 265: 949-951, 1994.

KIM N, XIAO R, CHOI H, JO H, KIM JH, UHM SJ, PARK C: Abnormal sperm
development in pcd(3J)-/- mice: the importance of Agtpbpl in spermatogenesis. Mol Cells 31:
39-48, 2011.

KISHORE A, MEUNIER S, POPA T: Cerebellar influence on motor cortex plasticity:
behavioral implications for Parkinson’s disease. Front Neurol 5: 1-8, 2014,

KLEMENT IA, SKINNER PJ, KAYTOR MD, YI H, HERSCH SM, CLARK HB,
ZOGHBI HY, ORR HT: Ataxin-1 nuclear localization and aggregation: role in
polyglutamine-induced disease in SCA1 transgenic mice. Cell 95: 41-53, 1998.

KONNO A, SHUVAEV AN, MIYAKE K, IIZUKA A, MATSUURA S, HUDAB F,
NAKAMURA K, YANAGI S, SHIMADA T, HIRAI H: Mutant ataxin-3 with an
abnormallyexpanded polyglutamine chain disrupts dendritic development and metabotropic
glutamate receptor signaling in mouse cerebellar purkinje cells. Cerebellum 13:29-41, 2014.
KOEPPEN AH: The pathogenesis of spinocerebellar ataxia. Cerebellum 4: 62-73, 2005.
KRIZKOVA A, VOZEH F: Development of early motor learning and topical motor skills
in a model of cerebella degeneration. Behav Brain Res 150: 65-72, 2004.

KYUHOU S, KATO N, GEMBA H: Emergence of endoplasmic reticulum stress and
activated microglia in Purkinje cell degeneration mice. Neurosci Lett 396: 91-96, 2006.
LALONDE R, LAMAME Y, SMITH AM: Does the mutant mouse Lurcher have deficits
in spatially oriented behaviours? Brain Res 455: 24-30, 1988.



LALONDE R, JOYAL CC, COTE C etal.: Simultaneous visual discrimination learning
in Lurcher mutant mice. Brain Res 618: 19-23, 1993.

LALONDE R, JOYAL CC, GUASTAVINO JM, BOTEZ MI: Hole poking and motor
coordination in Lurcher mutant mice. Physiol Behav 54: 41-44, 1993.

LALONDE R, THIFAULT S: Absence of an association between motor coordination and
spatial orientation in lurcher mutant mice. Behav Genet 24: 497-501, 1994.

LALONDE R, BENSOULA AN, FILALI M: Rotorod sensorimotor learning in cerebellar
mutant mice. Neurosci Res 22: 423-426, 1995.

LALONDE R: Pharmacotherapy in animals with hereditary cerebellar disease. Pandalai S.
G. (Eds). Recent research development in neurochemistry. Vol. 1 Trivadrutt: Research
Singpost 55-88, 1996.

LALONDE R, FILALI M, BENSOULA AN, LESTIENNE F: Sensorimotor learning in
three cerebellar mutant mice. Neurobiol Learn Mem 65: 113-120, 1996.

LALONDE R, HAYZOUN K, SELIMI F, MARIANI J, STRAZIELLE C: Motor
coordination in mice with hotfoot, Lurcher, and double mutations of the Grid2 gene encoding
the delta-2 excitatory amino acid receptor. Physiol Behav 80: 333-339, 2003.

LALONDE R, STRAZIELLE C: Motor coordination, exploration, and spatial learning in a
natural mouse mutation (nervous) with Purkinje cell degeneration. Behav Genet 33: 59-66,
2003.

LALONDE R, HAYZOUN K, DERER M, MARIANI J, STRAZIELLE C:
Neurobehavioral evaluation activity. Neurosci Res 49: 297-305, 2004.

LALOUETTE A, GUENET JL, VRIZ S: Hotfoot mouse mutations affect the delta 2
glutamate receptor gene and are allelic to lurcher. Genomics 50: 9-13, 1998.

LANDIS SC: Ultrastructural changes in the mitochondria of cerebellar Purkinje cells of
nervous mutant mice. J Cell Biol 57: 782-797, 1973.

LANDIS DM, SIDMAN RL: Electron microscopic analysis of postnatal histogenesis in the
cerebellar cortex of staggerer mutant mice. J Comp Neurol 179: 831-863, 1978.

LASEK K, LENCER R, GASER C, HAGENAH J, WALTER U, WOLTERS A,
KOCK N, STEINLECHNER S, NAGEL M, ZUHLKE C, NITSCHKE MF,
BROCKMANN K, KLEIN C, ROLFS A, BINKOFSKI F: Morphological basis for the
spectrum of clinical deficits in spinocerebellar ataxia 17 (SCA17). Brain 129: 2341-2352,
2006.

LAVAIL MM, BLANKS JC, MULIEN RJ: Retinal degeneration in the pcd cerebellar
mutant mouse. i. Light microscopic and autoradiographic analysis. J Comp Neurol 212: 217-
230, 1982.

LAVAIL MM, WHITE MP, GORRIN GM, YASUMURA D, PORRELLO KV,
MULLEN RJ: Retinal degeneration in the nervous mutant mouse. I. Light microscopic
cytopathology and changes in the interphotoreceptor matrix. J Comp Neurol 333: 168-181,
1993.

LE MAREC N, LALONDE R: Sensorimotor learning and retention during equilibrium
tests in Purkinje cell degeneration mutant mice. Brain Res 768: 310-316, 1997.

LEE NS!, JEONG YG: Pogo: a novel spontaneous ataxic mutant mouse. Cerebellum 8:
155-62, 2009.

LEE KY, KIM JS, KIM SH, PARK HS, JEONG YG, LEE NS, KIM DK: Altered
Purkinje cell responses and calmodulin expression in the sponaneously ataxic mouse, Pogo.
Eur J Neurosci 33: 1493-1503, 2011.

LEGGIO MG, TEDESCO AM, CHIRICOZZI FR: Cognitive sequencing impairment in
patients with focal or atrophic cerebellar damage. Brain 131: 1332-43, 2008.



LIN X, ANTALFFY B, KANG D, ORR HT, ZOGHBI HY: Polyglutamine expansion
down-regulates specific neuronal genes before pathological changes in SCAL. Nat Neurosci
3: 157-163, 2000.

LIU J, TANG TS, TU H, NELSON O, HERNDON E, HUYNH DP, PULST SM,
BEZPROZVANNY I: Deranged calcium signaling and neurodegeneration in spinocerebellar
ataxia type 2. J Neurosci 29: 9148-9162, 2009.

MANTO MU: The wide spectrum of spinocerebellar ataxias (SCAs). Cerebellum 4: 2-6,
2005.

MANTO M, MARMOLINO D: Animal models of human cerebellar ataxias: a cornerstone
for the therapies of the twenty-first century. Cerebellum 8: 137-54, 2009.

MANTO M, LORIVEL T: Cognitive repercussions of hereditary cerebellar disorders.
Cortex 47: 81-100, 2011.

MARIANI J, CREPEL F, MIKOSHIBA K, CHANGEUX JP, SOTELO C: Anatomical
mutant mouse. Philos Trans R Soc Lond B Biol Sci 281: 1-28, 1977.

MARICICH SM, SOHA J, TRENKNER E, HERRUP K: Failed cell migration and death
of purkinje cells and deep nuclear neurons in the weaver cerebellum. Neurosci 17: 3675-
3683, 1997.

MIDDLETON FA, STRIK PL: Cerebellar projections to the prefrontal cortex of the
primate. J Neurosci 21: 700-712, 2001.

MIGHELI A, ATTANASIO A, LEE WH, BAYER SA, GHETTI B: Detection of
apoptosis inweaver cerebellum by electron microscopic in situ end-labeling of fragmented
DNA. Neurosci Lett 199: 53-56, 1995.

MIKOSHIBA K, KOHSAKA S, TAKAMATSU K, AOKI E, TSUKADA Y.
Morphological and biochemical studies on the cerebral cortex from reeler mutant mice. J
Neurochem 34: 835-44,1980.

MULLEN RJ, LAVAIL M: Two types of retinal degeneration in cerebellar mutant mice.
Nature 258: 528-530, 1975.

MULLEN RJ, EICHER EM, SIDMAN RL: Purkinje cell degeneration, a new
neurological mutation in the mouse. Proc Natl Acad Sci USA 73: 208-212, 1976.

NANCY C: Andreasen and Ronald Pierson Biol Psychiatry 64: 81-88, 2008 review.
NISHIYAMA J, YUZAKI M: Excitotoxicity and autophagy: lurcher may not be a model of
,,autophagic cell death”. Autophagy 6: 568-570, 2010.

NORMAN DJ, FENG L, CHENG SS, GUBBAY J, CHAN E, HEINTZ N: The
lurcher gene induces apoptotic death in cerebellar Purkinje cells. Development 121: 1183-
1193, 1995.

O'GORMAN S, SIDMAN RL: Degeneration of thalamic neurons in ,,Purkinje cell
degeneration mutant mice. I. Distribution of neuron loss. J Comp Neurol 234: 277-297,
1985.

PALAY SL, CHAN-PALAY V: Cerebellar cortex: cytology and organization. Springer,
1974.

PATIL N, COX DR, BHAT D, FAHAM M, MYERS RM, PETERSON AS:. A
potassium channel mutation in weaver mice implicates membrane excitability in granule cell
differentiation. Nat Genet 11: 126-129, 1995.

PATRYLO PR, BROWNING RA, CRANICK S: Reeler homozygous mice exhibit
enhanced susceptibility to epileptiform activity. Epilepsis 47: 257-266, 2006.

PHILLIPS RJS: ,Lurcher®, a new gene in linikage group XI of the house mouse. J Genet 57:
35-42, 1960.

PORAS-GARCIA E, CENDELIN J, DOMINGUEZ-DEL-TORO E, VOZEH F,
DELGADO-GARCIA JM: Purkinje cell loss affects differentially the execution, acquisition



and prepulse inhibition of skeletal and facial motor responses in Lurcher mice. Eur J Neurosci
21: 979-988, 2005.

PORAS-GARCIA E, SANCHEZ-CAMPUSANO R, MARTINEZ-VARGAS D,
DOMINQUEZ-DEL-TORO E, CENDELIN J, VOZEH F, DELGADO-GARCIA JM:
Behavioral characteristics, associative learning capabilities, and dynamic association mapping
in an animal model of cerebellar degeneration. J Neurophysiol 104: 346-365, 2010.
PURKARTOVA Z, VOZEH F: Cerebellar degeneration in Lurcher mice under confocal
laser scanning microscope. Microsc Res Tech 76: 545-551, 2013.

REEBER SL, LOESCHEL CA, FRANKLIN A, SILLITOE RV: Establishment of
topographic circuit zones in the cerebellum of scrambler mutant mice. Front Neural Circuits
7: 122, 2013.

ROFFLER-TARLOV S, SIDMAN RL: Concentrations of glutamic acid in cerebellar
cortex and deep nuclei of nornal mice and Weaver, Staggerer and nervous mutants. Brain Res
142: 269-283, 1978. ROFFLER-TARLOV S, HERRUP K: Quantitative examination of the
deep cerebellar nuclei in the staggerer mutant mouse. Brain Res 215: 49-59, 1981.
ROFFLER-TARLOV S, GRAYBIEL AM: Weaver mutation has differential effects on
dopamine-containing innervation of the limbic and nonlimbic striatum. Nature 307: 62-66,
1984.

ROKYTA R: J. E. Purkyné and his discoveries in the nervous system. Ziva 227 — 228, 2011
(in Czech).

SAEGUSA H, WAKAMORI M, MATSUDA Y, WANG J, MORI Y, ZONG S,
TANABE T: Properties of human CaV2.1 channel with a spinocerebellar ataxia type 6
mutation expressed in Purkinje cells. Mol Cell Neurosci 34: 261-270, 2007.

SELIMI F, DOUGHTY M, DELHAYE-BOUCHAUD N, MARIANI J: Target-related
and intrinsic neuronal death in Lurcher mutant mice are both mediated by caspase-3
activation. J Neurosci 20: 992-1000, 2000.

SHAKKOTTAI VG, DO CARMO COSTA M, DELL'ORCO IM,
SANKARANARAYANAN A, WULFF H, PAULSON HL: Early changes in cerebellar
physiology accompany motor dysfunction in the polyglutamine disease spinocerebellar ataxia
type 3. J Neurosci 31: 13002-13014, 2011.

SHARMA P, MAZUMDAR B, CHATTERJEE P: Cerebellar hypermetabolism on éF-
FDG PET/CT with normal MRI in a case of paraneoplastic cerebellar degeneration with
negative antibodies. Rev Esp Med Nucl Imagen Mol 34: 79-80, 2015.

SCHMAHMANN JD: From movement to thought: anatomic substrates of the cerebellar
contribution to cognitive processing. Hum Brain Mapp 4: 174-98, 1996.

SCHMAHMANN JD, PANDYA DN: The cerebellar system. Int Rev Neurobiol 41: 31-60,
1997.

SCHMAHMANN JD, SHERMAN JC: Cerebellar cognitive affective syndrome. Int Rev
Neurobiol 41: 433-440, 1997.

SCHMITT A, TURCK CW, PILZ PK, MALCHOW B, von WILMSDORFF M,
FALKAI P, MARTINS-de-SOUZA D: Proteomic similarities between heterozygous reeler
mice and schizophrenia. Biol Psychiatry 74: e5-e10, 2013.

SILVERI MC, LEGGIO MG, MOLINARI M: The cerebellum contributes to linguistic
production. A case of agrammatic speech following a rught cerebellar lesion. Neurology 44:
2047-2050, 1994.

STEVANIN G, DURR A, DAVID G, DIDIERJEAN 0O, CANCEL G, RIVAUD S,
TOURBAH A, WARTER JM, AGID Y, BRICE A: Clinical and molecular features of
spinocerebellar ataxia type 6. Neurology 49 1243-1246, 1997.



SULTAN F, KONIG T, MOCK M, THIER P: Quantitative organization of
neurotransmitters in the deep cerebellar nuclei of the Lurcher mutant. J Comp Neurol 452:
311-323, 2002.

SZENTAGOTHAI J: Structure-functional considerations of the cerebellar neuron network.
Proc. IEEE 56: 960-968, 1968.

SWEET HO, BRONSON RT, JOHNSON KR, COOK SA, DAVISSON MT:
Scrambler, a new neurological mutation of the mouse with abnormalities of neuronal
migration. Mamm Genome 7: 798-802, 1996.

TARONI F, CHIAPPARINI L, MARIOTTI C: Autosomal dominant spinocerebellar
ataxias and episodic ataxias. In: Handbook of the Cerebellum and Cerebellar Disorders. 1st
edition. Edited by Manto M, Gruol DL, Schmahmann JD, Koibuchi N, Rossi F. New York:
Springer Science+Business Media; 2193-2267, 2013.

TERASHIMA T, INOUE K, INOUE Y, MIKOSHIBA K, TSUKADA Y: Distribution
and morphology of corticospinal tract neurons in reeler mouse cortex by the retrograde HRP
method. J Comp 218: 314-326, 1983.

TERASHIMA T, INOUE K, INOUE Y, MIKOSHIBA K, TSUKADA Y: Observations
on mutant mouse. Brain Res 350: 103-112, 1985.

TRIARHOU LC, NORTON J, GHETTI B: Anterograde transsynaptic degeneration in the
deep cerebellar nuclei of Purkinje cell degeneration (pcd) mutant mice. Exp Brain Res 66:
577-588, 1987.

THULLIER F., LALONDE R., COUSIN X: Neurobehavioral evaluation of lurcher mutant
mice during ontogeny. Dev Brain Res : 100: 22-28, 1997.

TRIARHOU LC: Biological clues on neuronal degeneration based on theoretical fits of
decay patterns: towards a mathematical neuropathology. Folia Neuropathol 48: 3-10, 2010.
TUMA J, CENDELIN J, VOZEH F: Maternal infanticide and low maternal ability in
cerebellar mutants Lurcher. Neuro Endocrinol Lett 34: 101-106, 2013,

VALENTIN G: Uber den Verlauf und die letzten Enden der Nerven. Nova Acta Acad Leop
Carol, 18, pp 51-240, 1836.

VAN MIER HI, TEMPEL LW, PERTMUTTER JS et al.: Changes in brain activity
during motor learning measured with PET: effects of hand of performance and practice. J
Neurophysiol 80: 2177-99, 1998.

VERBEEK DS, van de WARRENBURG BP, WESSELING P, PEARSON PL,
KREMER HP, SINKE RJ: Mapping of the SCA23 locus involved in autosomal dominant
cerebellar ataxia to chromosome region 20p13-12.3. Brain 127: 2551-2557, 2004.

VOZEH F, CADDY KWT, MYSLIVECEK J et al.. Some characteristics of early
learning in cerebellar degeneration model. Studia Psychol 39: 279-281, 1997.

VOZEH F, CENDELIN J, MOTANOVA A: The development of different types of
learning in cerebellar degeneration model. Homestasis 39: 248-250, 1999.

VOZEH F, CENDELIN J, STENGLOVA V: The development of spatial learning in a
model of olivocerebellar degeneration. Homestasis 41 : 64-66, 2001.

WANG Z, GARDELI LR, OSSIPOV MH, VANDERAH TW, BRENNAN MB,
HOCHGESCHWENDER U, HRUBY VJ, MALAN TP Jr, LA J, PORRECA F:
Pronociceptive actions of dynorphin maintain chronic neuropathic pain. J Neurosci 21: 1779-
1786, 2001.

WANG Z, GARDELL LR, OSSIPOV MH, VANDERAH TW, BRENNAN MB,
HOCHGESCHWENDER U, HRUBY VJ, MALAN TP Jr, LAl J, PORRECA F:
Pronociceptive actions of dynophin maintain chronic neuropathic pain. J Neurosci 21: 1779-
1786, 2001.



WANG QJ, DING Y, KOHTZ DS, MIZUSHIMA N, CRISTEA IM, ROUT MP,
CHAIT BT, ZHONG Y, HEINTZ MP, YUE Z: Induction of autophagy in axonal
dystrophy and degeneration. J Neurosci 26: 8057-8068, 2006.

WATANABE H, MIZOGUCHI H, VERBEEK DS, KUZMIN A, NYBERG F,
KRISHTAL O, SAKURADA S, BAKALKIN G: Non-opioid nociceptive activity of
human dynorphin mutants that cause neurodegenerative disorder spinocerebellar ataxia type
23. Peptides 35: 306-310, 2012.

WATASE K, BARRETT CF, MIYAZAKI T, ISHIGURO T, ISHIKAWA K, HU'Y,
UNNO T, SUN Y, KASAI S, WATANABE M, GOMEZ CM, MIZUSAWA H,
TSIEN RW, ZOGHBI HY: Spinocerebellar ataxia type 6 knockin mice develop a
progressive neuronal dysfunction with age-dependent accumulation of mutant CaV2.1
channels. Proc Natl Acad Sci USA 105: 11987-11992, 2008.

WON SJ, KIM SH, XIE L, WANG Y, MAO XO, JIN K, GREENBERG DA:
Reelindeficient mice show impaired neurogenesis and increased stroke size. Exp Neurol 198:
250-259, 2006.

WYSS JM, STANFIELD BB, COWAN WM: Structural abnormalities in the olfactory
bulb of the Reeler mouse. Brain Res 188: 566-571, 1980.

WULLNER U, LOSCHMANN PA, WELLER M, KLOCKGETHER T: Apoptotic cell
death in the cerebellum of mutant weaver and lurcher mice. Neurosci Lett 200: 109-112,
1995.

YAMADA M, SATO T, TSUJI S et al.. CAG repeat disorder models and human
neuropathology: similarities and differences. Acta Neuropathol 115: 71-86, 2008.

YOO SY, PENNESI ME, WEEBER EJ, XU B, ATKINSON R, CHEN S,
ARMSTRONG DL, WU SM, SWEATT JD, ZOGHBI HY: SCA?Y knockin mice model
human SCA7 and reveal gradual accumulation of mutant ataxin-7 in neurons and
abnormalities in short-term plasticity. Neuron 37: 383-401, 2003.

ZAHLAVA J: The cerebellum. In: Pathological Physiology of the nervous system. J.
MYSLIVECEK (ed), Charles University Prague 1994, pp. 150-155 (in Czech).

ZANJANI SH, SELIMI F, VOGEL MVV, HAEBERLE AM, BOEUF J, MARIANI J,
BAILLY YJ: Survival of interneurons and parallel fiber synapses in a cerebellar cortex
deprived of Purkinje cells: studies in the double mutant mouse Grid2Lc/-;Bax-/-. J Comp
Neurol 497: 622-635, 2006.

ZANJANI HS, LOHOF AM, McFARLAND R, VOGEL MW, MARIANI J: Enhanced
survival of wild-type and Lurcher Purkinje cells in vitro following inhibition of conventional
PKCs or stress-activated MAP kinase pathways. Cerebellum 1: 377-389, 2013.
ZHUCHENKO O, BAILEY J, BONNEN P, ASHIZAWA T, STOCKTON DW,
AMOS C, DOBYNS WB, SUBRAMONY SH, ZOGHBI HY, LEE CC: Autosomal
dominant cerebellar ataxia (SCA6) associated with small polyglutamine expansions in the
alpha 1A-voltage-dependent calcium channel. Nat Genet 15: 62-69, 1997.

ZUO J, DE JAGER PL, TAKAHASHI KJ, JIANG W, LINDEN DJ, HEINTZ H:
Neurodegeneration in Lurcher mice caused by mutation of 62 glutamate receptor gene. Nature
388: 769-773, 1997.



