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The cerebellum coordinates motor activities to be performed or
that are already underway. In fact, it is very well known that
cerebellar damage produces disturbance in movements and in
body support. The relationship between cerebellum and motor
learning was first suggested with the studies of Ramón y Cajal
(1911), Dow and Moruzzi (1958), and Eccles et al. (1967). Dow
and Moruzzi (1958) hypothesized that the cerebellum contributes
to motor learning by determining how to perform accurate and
correct movements (revised in Ito, 2002). Thereafter, numerous
studies have been devoted to analyzing the role of the cerebellum
in perceptive and cognitive processes. Thus, the essential con-
tribution of Marr, localizing the site of motor learning in the
cerebellar cortex (Marr, 1969), and the later application of Marr’s
theory to the classical conditioning (Albus, 1971), whose physi-
ological basis is directly related to long-term depres-sion (LTD)
mechanisms (Ito, 1989), defined the neuronal circuit involved
in associative motor learning (revised by Porras-García et al.,
2013). Although this appearance of agreement in these gen-
eral aspects of cerebellar contribution to motor learning, the
underlying cellular mechanisms of this contribution are far to
be clear. Actually, recent reviews were published trying to get a
consensus about the functional complexity that links the cerebel-
lar intrinsic and extrinsic circuits with the motor coordination
and learning; to conclude that there is still a lot of work to be
done to get a precise idea about cerebellar cognitive function
and the physiopathology of behavioral deficits in cerebellar dys-
functions (Ito, 2006, 2008; Manto et al., 2012). In this book,
functional mechanisms of cerebellar circuits involved in motor
learning are represented by the contribution of Dr. Jose Maria
Delgado-Garcia’s group (Sánchez-Campusano et al., 2012), where
by modern electrophysiological methods they accurately ana-
lyzed the role of interpositus neurons in eyelid kinetics, demon-
strating that antagonistic groups of deep cerebellar nuclei neu-
rons are required for proper dynamic control of learned motor
responses.

In parallel to the knowledge deficits on cerebellar func-
tion, cerebellar morphogenesis, which seems to be simple due
to the repetitive myelo- and cyto-architecture along the whole
organ, has revealed in the last two decades inspected complex-
ities. First by the discovering of molecular heterogeneities in
Purkinje cells; that is, new antigens (among then zebrins were
pioneers) revealed a repetitive-stripe like structural organization

of cerebellar Purkinje cells that reminded sagittal distribution
of cortical afferences and efferences in the cerebellum. Then,
probably for first time in vertebrates the molecular architecture
reminded functional organization of neuronal circuits. Moreover,
the expression patterns of these markers during development
showed how Purkinje cells regulate the fundamental processes
in the structural and functional development of the whole cere-
bellum. This was a seminal result to develop causal ontogenetic
studies on the molecular control of cerebellar structure and func-
tion (reviewed in Dastjerdi et al., 2012; White and Sillitoe, 2013).
Second, complexity also derived from experimental embryology
approaches revealed a heterogeneous origin of cerebellar precur-
sors, from at least three different domains: caudal mesencephalon,
isthmus and rhombencephalon. Each domain originated differ-
ent cerebellar regions: anterior and posterior vermis, as well as
the cerebellar hemispheres, respectively (Martinez et al., 2013).
Moreover we have strongly advanced in identifying the molecular
mechanisms underlying internal cerebellar regionalization. The
revisions from Martinez et al. (2013) and Basson and Wingate
(2013) describe the embryology and morphogenesis of cerebel-
lar anlage, which is controlled by different organizer regions
and morphogenetic signals. The relation between neuroepithe-
lial microdomains and Purkinje neurons specification to develop
antigenic-defined stripes is extensively revised in Dastjerdi et al.
(2012).

The contribution from Dr. Ferdinando Rossi laboratory (Leto
et al., 2012) describes how neural progenitors of cerebellar
GABAergic neurons have different origin, in relation to the neu-
ronal character: (1) projection GABAergic neurons are originated
from ventricular progenitors locally committed to their fate under
cell autonomous mechanisms (Leto et al., 2012); which are con-
sequence of positional information defined microdomains in the
neuroepithelium (see Dastjerdi et al., 2012; Basson and Wingate,
2013; Martinez et al., 2013). (2) Conversely, GABAergic cerebellar
interneuron progenitors are multipotent and sensitive to spatio-
temporally patterned environmental signals that regulate the
genesis of different categories of interneurons, in precise quanti-
ties and at defined times and places. Our friend Dr. Ferdinando
Rossi passed away on January 24th, 2014, shortly after having
made this contribution. His excellent and highly significant sci-
entific legacy will continue to illuminate us in understanding the
cerebellum.
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Dr. Isabelle Dusart’s group contribution (Dusart and Flamant,
2012) describes the strong structural changes that Purkinje
neurons suffer during the two first postnatal weeks and the sig-
nificant role of thyroid hormones in this process. The cerebellar
alterations of hypothyroidism have been described in Dr. Manto
and Dr. Jissendi paper (2913).

Barkovich (2012) revises the most frequent malformation
patterns in humans and discusses about potential underling
causal molecular and cellular mechanisms that operating dur-
ing cerebellar development can explain the observed malfor-
mations. This revision is complemented by the contribution
of Manto and Jissendi (2012) were cerebellar anomalies asso-
ciated to genes regulating neural migration and synaptogenesis
were revised, together with other noxious situations. Interestingly,
pathogenic predictions developed from the molecular and genetic
embryonic approaches (Basson and Wingate, 2013; Martinez
et al., 2013) were clearly recognizable in the described clinical
phenotypes.
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