
side. Also, Prkcd signals in the rostral half of the AIN were
significantly higher on the ipsilateral side (Fig. 5G, P � 0.05 in
both), whereas Prkcd hybridization signals in the caudal part were
comparable on both sides of the AIN (data not shown).

Discussion
Microarray analysis of the AIN revealed numerous genes with
transcriptional changes occurring in a time- and experience-specific
manner. Interestingly, the PCGs from the early stage and late stage
of training were largely different except for a small common set.
These results likely reflected different molecular events at different
stages during memory formation of eyeblink conditioning. The
genes annotated for synaptic plasticity were frequently identified in
comparisons between P7 and U7 groups, but not between P3 and
SHAM groups. These genes are likely involved in the synaptic
plasticity occurring in the AIN during motor memory formation of
eyeblink conditioning, described previously by Kleim and col-
leagues (11).

Expression of the EARLY group, Sgk, IkBa, and Plekhf1, which
was not restricted to the AIN area but was broadly localized in the
cerebellum, peaked in the very early stage of training and decreased
later. The time courses of the changes were very similar to the
pattern of ultrasonic vocalization reported as a marker for emo-
tional learning in rats (23). Although the emotional learning in
eyeblink conditioning was previously reported to depend on amyg-
dala activity (21–23), the broad localization of the induced mRNA
suggests that expression of the EARLY group was affected not only
by direct neuronal activity of the amygdala, but also by other factors
like glucocorticoids (GCs) released under stressful conditions.

Indeed, previous experiments indicated that Sgk (24) and IkBa (25)
expression is induced by treatment with GCs. The release of GCs
is induced by amygdala simulation (26). Collectively, these findings
suggest that the EARLY group is induced by amygdala activity in
the emotional learning stage and that this group of genes has a role
in priming the cerebellum for efficient acquisition of the subsequent
motor learning.

The high expression level of the EARLY gene group observed
in the training groups was likely due to elevated GC levels in
eyeblink conditioning (27). Changes in the relative expression level
between the paired and unpaired group imply that the situation
changes as learning progresses. The higher expression level in the
unpaired group at day 1 implies that the unpaired stimuli elicit a
stronger stress response. In the later stage, the mice might develop
tolerance to the stress. The increased expression in the EARLY
group, however, was preferentially sustained in the paired group.
These results suggest that multiple mechanisms are involved in the
later stages. Tsai and colleagues (28) suggest that Sgk is involved in
the memory consolidation of hippocampus-dependent learning in
rodents. Additionally, IkBa is a regulatory protein of NF-�B, which
is implicated in memory formation in mice (29). Prolonged expres-
sion of the EARLY group might successfully contribute to motor
memory formation.

In contrast to the EARLY group, expression of the LATE group,
Vamp1, Camk2d, and Prkcd, was specifically up-regulated in the
AIN of the 7-d paired group, and the expression pattern was similar
to the CR curve of eyeblink conditioning. These findings suggest
that the LATE group has a specific role in the acquisition of motor
memory for eyeblink conditioning. Vamp1 is a synaptic vesicle

Fig. 3. Expression profiling of six PCGs from the EARLY and LATE groups. The expression patterns of the EARLY group [Sgk (A), IkBa (B), and Plekhf1 (C)] are
shown. The mRNA of the EARLY group was significantly increased in the U1 and P1 groups, then decreased, but was greater than in the SHAM group. Expression
in the P3 and P7 groups slightly increased compared with the U3 and U7 groups, respectively. Expression of the LATE Group [Vamp1 (D), Camk2d (E), and Prkcd
(F)] was specifically increased numerically in the 7-d paired group. n � 3, except for n � 2 in P3 of A–D and U7 of D. See Material and Methods for abbreviations.

*, P � 0.05; **, P � 0.01 (both in one-way ANOVA followed by Tukey–Kramer multiple comparisons test).

Table 4. Relative expression level in the ipsilateral AIN determined by qRT-PCR

Gene

Relative mRNA expression level

Naı̈ve U3 P3 U7 P7

Per1 1.00 � 0.04 1.75 � 0.08 2.42 � 0.58 1.75 � 0.33 2.31 � 0.24
Clk 1.00 � 0.15 2.11 � 0.22** 2.00 � 0.11** 1.58 � 0.18 1.97 � 0.15*
Cebpd 1.00 � 0.40 1.14 � 0.11 1.34 � 0.32 0.90 � 0.10 1.32 � 0.27
Desrt 1.00 � 0.19 1.56 � 0.21 1.50 � 0.34 1.20 � 0.11 1.36 � 0.34
Gtl2 1.00 � 0.12 1.05 � 0.05 1.24 � 0.42 0.84 � 0.11 0.76 � 0.13

Relative mRNA expression is indicated as mean � SEM. *, P � 0.05; **, P � 0.01 (both in one-way ANOVA
followed by Tukey–Kramer multiple comparisons test).
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