
microarrays revealed that the expression of 505 and 1,208 probes
was increased �1.3-fold in the pairwise comparisons of 3-d paired
training (P3) and sham negative control (SHAM) groups and 7-d
paired training (P7) and 7-d unpaired training (U7) groups, re-
spectively (see Table 1), and denoted as plasticity candidate genes
(PCGs). Surprisingly, the PCGs from two pairwise comparisons
were largely different from each other except for a common

minority. The list of PCGs annotated for the synaptic function-
related PCGs is shown in Table 2.

Expression Profiling Revealed the EARLY Group and the LATE Group
from the PCGs. The entire AINs of eyeblink-conditioned mice were
precisely sampled with a laser microdissection microscope and
subjected to quantitative real-time RT-PCR (qRT-PCR). For these
analyses, we selected 11 representative genes that were up-
regulated in the AIN of the P3 or P7 groups (Table 3).

The representative expression profiling by qRT-PCR of six
PCGs (Sgk, IkBa, and Plekhf1 from the P3 group and Vamp1,
Camk2d, and Prkcd from the P7 group) was consistent with the
results of the microarray analysis (Fig. 3; and for five others, see
Table 4).

Expression of the genes chosen from P3 group was significantly
increased in the 1-d training groups (P � 0.01 for Sgk and IkBa; P �
0.05 for Plekhf1). The expression profiles of these genes, denoted as
the EARLY group, shared high similarity across training days.
Expression of these genes peaked at the 1-d training stage in both
the paired and unpaired groups, and higher levels of expression
were maintained in the training groups relative to the SHAM group
in the later training stages. The expression level of the EARLY
group in the paired groups was lower than that of the unpaired
groups at the 1-d training stage but higher in the later training stages
as the results of microarray revealed.

There were no dramatic changes in expression of the genes
selected from the P7 group, Vamp1, Camk2d, and Prkcd, in the early
stage of training. The increased expression, however, was specifi-
cally observed in the P7 group, not in the U7 or SHAM groups.
Additionally, the temporal expression patterns of these genes were
similar to one another. We denoted these genes as the LATE group.

Expression levels of both PCG groups in the 4-d extinction
training group were not decreased compared with those of the
SHAM group, despite the complete disappearance of the learned
CR (see Fig. 1).

Expression Levels of the EARLY Group Were Broadly Localized in the
Cerebellum and Higher in the Paired Group than in the Unpaired
Group. The hybridization results of the EARLY group, Sgk, IkBa,
and Plekhf1, are shown in Fig. 4 (A and D, B and E, and C and
F, respectively). Consistent with the qRT-PCR data, expression
of the EARLY group members was increased by eyeblink
conditioning regardless of the paradigm used, whereas the basal
level of expression was observed in the SHAM group. No signals
were detected with the sense probe (Sense in Fig. 4 A–C).
Interestingly, mRNA signals of these genes were increased not

Fig. 1. The results of eyeblink conditioning. (A) The CR percentage of the
paired group (filled circles) reached an asymptotic level, whereas there were
no significant changes in the unpaired group (open circles). The 4-d extinction
training effectively extinguished the CR% of the paired group to the baseline.
(B) Comparison of CR% on the day of DCN sampling revealed a significant
difference in the 3-d and 7-d training groups but not in the 1-d training or 4-d
extinction training groups. ***, P � 0.0001 in ANOVA.

Fig. 2. Representative photomicrographs of the cerebellum slices taken before
and after AIN-centered DCN sampling. After the AIN appeared in the cerebellum
slice (A), the DCN were sampled with a syringe needle. The cerebellum was
sectioned serially to verify the extent of the sampled area (B–D). Photomicro-
graphsshowthatthesampledtissueincludesAIN-centeredDCN:theextentofthe
sampling area was variable among subjects, but on average, the AIN-centered
DCN tissue included almost all areas of the AIN and lateral cerebellar nucleus (LN)
without their posterior extremities, small anterior parts of both the medial
cerebellar nucleus, and the posterior interpositus nucleus. All slices were stained
with cresyl violet. The rostrocaudal location of each slice is indicated with the first
slice of the sampling set to 0 �m. (Scale bar: 500 �m.)

Table 3. Functional grouping of the PCGs

Functional group P3-SHAM P7-U7

Cell adhesion 8 (1.6) 27 (2.2)
Cell cycle�proliferation�differentiation 17 (3.4) 22 (1.8)
Cell metabolism 31 (6.1) 89 (7.4)
Cell signaling 41 (8.1) 100 (8.3)
Cytoskeleton 4 (0.8) 46 (3.8)
DNA modification 10 (2.0) 22 (1.8)
Extracellular architecture 2 (0.4) 6 (0.5)
Extracellular signal transduction 3 (0.6) 15 (1.2)
Ion channel and transporter 14 (2.8) 31 (2.6)
Metabolite�protein transport 17 (3.4) 67 (5.5)
Posttranslational modification 42 (8.3) 93 (7.7)
Transcriptional regulation 36 (7.1) 89 (7.4)
Translational regulation 6 (1.2) 17 (1.4)
ETC 6 (1.2) 30 (2.5)
Unknown 268 (53.1) 554 (45.9)
Total 505 (100.0) 1,208 (100.0)
Synaptic function 3 (0.6) 20 (1.7)

The percentage ratio is indicated in the parentheses.
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