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to higher and longer-term expression of p63 in the
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Introduction

Abstract

The tumor suppressor p63 is one of p53 family members and plays a vital role as a regulator
of neuronal apoptosis in the development of the nervous system. However, the role of p63 in
mature neuronal death has not been addressed yet. In this study, we first compared ischemia-in-
duced effects on p63 expression in the hippocampal regions (CA1-3) between the young and
adult gerbils subjected to 5 minutes of transient global cerebral ischemia. Neuronal death in the
hippocampal CA1 region of young gerbils was significantly slow compared with that in the adult
gerbils after transient global cerebral ischemia. p63 immunoreactivity in the hippocampal CAl
pyramidal neurons in the sham-operated young group was significantly low compared with that
in the sham-operated adult group. p63 immunoreactivity was apparently changed in ischemic
hippocampal CA1 pyramidal neurons in both ischemia-operated young and adult groups. In
the ischemia-operated adult groups, p63 immunoreactivity in the hippocampal CA1 pyramidal
neurons was significantly decreased at 4 days post-ischemia; however, p63 immunoreactivity in
the ischemia-operated young group was significantly higher than that in the ischemia-operated
adult group. At 7 days post-ischemia, p63 immunoreactivity was decreased in the hippocampal
CA1 pyramidal neurons in both ischemia-operated young and adult groups. Change patterns
of p63 level in the hippocampal CA1l region of adult and young gerbils after ischemic damage
were similar to those observed in the immunohistochemical results. These findings indicate that
higher and longer-term expression of p63 in the hippocampal CA1l region of the young gerbils
after ischemia/reperfusion may be related to more delayed neuronal death compared to that in
the adults.
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regions, including the cerebral cortex, hippocampus and stri-

Ischemic insults occur when blood flow to the brain stops or ~ atum (Petito et al., 1987; Globus et al., 1991). The CA1 region

reduces by cardiac arrest or respirato

ry arrest, and the isch-  of the hippocampus is especially well known to be highly

emic insults lead to irreversible neuronal damage in some  impressionable to transient global cerebral ischemia (Kirino
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and Sano, 1984), and a neuronal loss in the hippocampal CA1
region gradually represents 3 to 4 days after transient ischemic
injury, which has been commonly termed “delayed neuronal
death” (Kirino, 1982). Possible mechanisms related with the
delayed neuronal death following transient global cerebral
ischemia are proposed to involve excitotoxicity, oxidative stress
and inflammation (Stoll et al., 1998; White et al., 2000; An et
al., 2002). However, precise intrinsic mechanisms leading to
delayed neuronal death are not clearly understood yet.

As a tumor suppressor, p53 is a sequence-specific DNA
binding transcription factor that plays a crucial role in the
regulation of neuronal death (Banasiak and Haddad, 1998;
Morrison and Kinoshita, 2000). It has been reported that
activation of p53 occurs in the cellular response to stress
stimuli such as DNA damage and hypoxia, which can lead to
cell cycle arrest and apoptosis through controlling its many
target genes (Abrahamson et al., 1995; Levine, 1997; Prives
and Hall, 1999). Similarly to p53, p63, as a family member of
p53, regulates the genes that mediate cell cycle arrest as well
as apoptosis upon DNA damage, cooperating with or with-
out p53 (Flores et al., 2002; Candi et al., 2007). It has been
reported that, in the nervous system, p63 is known to play
a critical role in regulating neuronal survival (Jacobs et al.,
2004, 2006; Miller and Kaplan, 2007).

Although some investigators have focused on changes of
p53 in the brain following cerebral ischemia (McGahan et
al., 1998; Tounai et al., 2007), there are no reports regarding
changes in p63 expression in the hippocampus following
transient global cerebral ischemia. In this study, therefore,
we examined chronological changes in the immunoreactiv-
ity and protein level of p63 in the hippocampus following 5
minutes of transient global cerebral ischemia in gerbils, which
have been well used as an animal model of transient cerebral
ischemia to investigate pathophysiology of ischemia-induced
neuronal death (Bertolino et al., 2013; Malek et al., 2013;
Liu et al., 2014). In addition, we compared transient global
cerebral ischemia-induced changes in p63 expression in the
hippocampus between the young and adult gerbils, because
some researchers have proposed that the condition of neu-
ronal death following transient cerebral ischemia is different
according to the age of experimental animals (Tamagaki et
al., 2000; Lee et al., 2010, 2013).

Materials and Methods

Experimental animals

We used the progeny of male Mongolian gerbils (Meriones
unguiculatus) obtained from the Experimental Animal Cen-
ter, Kangwon National University, Chunchon, South Korea.
Gerbils aged 1 month old, weighing 25-30 g, were included
in the young group and those aged 6 months old, weighing
65-75 g in the adult group. The animals were maintained in
pathogen-free conditions at 23°C and 60% humidity. All the
experimental protocols were approved by the Institutional
Animal Care and Use Committee (IACUC) at Kangwon Na-
tional University, South Korea and adhered to guidelines that
are in compliance with the current international laws and
policies (Guide for the Care and Use of Laboratory Animals,

The National Academies Press, 8" Ed., 201 1).

Induction of transient global cerebral ischemia

As previously described (Lee et al., 2013), transient global
cerebral ischemia was induced as follows. A midline ventral
incision was then made in the neck, and bilateral common
carotid arteries were isolated, freed of nerve fibers, and
occluded using non-traumatic aneurysm clips (Yasargil
FE 723K, Aesculap, Tuttlingen, Germany). The complete
interruption of blood flow was confirmed by observing the
central artery in retinae using an ophthalmoscope (HEINE
K180%®, Heine Optotechnik, Herrsching, Germany). After
5 minutes of occlusion, the aneurysm clips were removed
from the common carotid arteries. The restoration of blood
flow (reperfusion) was observed directly using the ophthal-
moscope. Body (rectal) temperature was maintained under
free-regulating or normothermic (37 + 0.5°C) conditions
with a rectal temperature probe (TR-100; Fine Science Tools,
Foster City, CA, USA) and a thermometric blanket before,
during and after the surgery until the animals completely
recovered from anesthesia. Thereafter, animals were kept in a
thermal incubator (temperature 23°C; humidity 60%) (Mirae
Medical Industry, Seoul, South Korea) until the animals were
euthanized. The gerbils were randomized to sham and isch-
emia groups and the sham-operated animals were subjected
to the same surgical procedures except that the common ca-
rotid arteries were not occluded.

Tissue processing for histological examination

For histological analysis, sham- and ischemia-operated adult
and young gerbils (1 = 7 at each time point) at the designated
time points (sham, 1 day, 4 days and 7 days after reperfusion)
were sacrificed. As previously described (Lee et al., 2013), the
animals were deeply anesthetized with pentobarbital sodium
at the designated time points and perfused transcardially with
0.1 M phosphate-buffered saline (PBS, pH 7.4) followed by 4%
paraformaldehyde in 0.1 M phosphate-buffer (PB, pH 7.4).
The brains were removed and postfixed in the same fixative
for 6 hours. The brain tissues were cryoprotected by infiltra-
tion with 30% sucrose overnight. Thereafter, frozen tissues
were serially sectioned on a cryostat (Leica, Wetzler, Germa-
ny) into 30 um thick coronal sections, and they were then
collected into 6-well plates containing PBS.

Staining for neuronal nuclei (NeuN) and Fluoro-Jade B
(E-JB)

To examine neuronal damage/death in the hippocampus be-
tween the young and adult animals after transient global ce-
rebral ischemia, immunohistochemistry for NeuN, a marker
for neurons and F-] B, a high affinity fluorescent marker for
the localization of neuronal degeneration, was performed
according to previously described methods (Schmued and
Hopkins, 2000; Park et al., 2013). In brief, the sections were
sequentially treated with 0.3% hydrogen peroxide (H,0,) in
PBS for 30 minutes and 10% normal goat serum in 0.05 M
PBS for 30 minutes. The sections were then incubated with
diluted mouse anti-NeuN (diluted 1:800; Chemicon Inter-
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national, Temecula, CA, USA) overnight at 4°C. Thereafter,
the tissues were exposed to biotinylated goat anti-mouse
IgG and streptavidin peroxidase complex (1:200; Vector,
Burlingame, CA, USA). They were visualized with 3,3'-di-
aminobenzidine (Sigma-Aldrich, St. Louis, MO, USA) in 0.1
M Tris-HCl buffer and mounted on the gelatin-coated slides.
After dehydration, the sections were mounted with Canada
balsam (Kanto, Tokyo, Japan).

For F-] B staining, the sections were first immersed in a
solution containing 1% sodium hydroxide in 80% alcohol,
and then in 70% alcohol. They were transferred to a solu-
tion of 0.06% potassium permanganate, and transferred to
a 0.0004% F-J B (Histochem, Jefferson, AR, USA) staining
solution. After washing, the sections were placed on a slide
warmer (approximately 50°C), and then examined using an
epifluorescent microscope (Carl Zeiss, Gottingen, Germany)
with blue (450-490 nm) excitation light and a barrier filter.

In order to quantitatively analyze NeuN immunoreactiv-
ity and F-J B staining, as previously described (Park et al.,
2014), digital images of the hippocampus were captured
with an AxioM1 light microscope (Carl Zeiss) equipped with
a digital camera (Axiocam, Carl Zeiss, Germany) connected
to a PC monitor. NeuN immunoreactive neurons and F-J
B positive cells were counted in a 250 x 250 pm” applied
approximately at the center of the CAl region using an im-
age analyzing system (software: Optimas 6.5, CyberMetrics,
Scottsdale, AZ, USA). The studied tissue sections were select-
ed with 120-um interval, and cell counts were obtained by
averaging the total cell numbers of six sections taken from
each animal per group.

Western blot analysis for p63

To obtain the accurate data of changes in p63 protein levels
in the hippocampus after transient global cerebral ischemia,
the sham- and ischemia-operated young and adult animals
(n =7 at each time point) were sacrificed at designated time
points (4 and 7 days after reperfusion) and used for west-
ern blotting according to our previous method (Park et al.,
2013). In brief, the brains were serially and transversely cut
into a thickness of 400 um on a vibratome (Leica), and the
hippocampal CA1 regions were then dissected with a sur-
gical blade after sacrificing them and removing the hippo-
campus. The tissues were homogenized in 50 mM PBS (pH
7.4) containing 0.1 mM ethylene glycol-bis(2-aminoethy-
lether)-N,N,N',N'-tetraacetic acid (pH 8.0), 0.2% Nonidet
P-40, 10 mM ethylendiamine tetraacetic acid (pH 8.0), 15
mM sodium pyrophosphate, 100 mM B-glycerophosphate,
50 mM NaF, 150 mM NaCl, 2 mM sodium orthovanadate, 1
mM phenylmethylsulfonyl fluoride and 1 mM dithiothreitol
(DTT, Santa Cruz Biotechnology, Santa Cruz, CA, USA).
After centrifugation, the protein level was determined in
the supernatants using a Micro BCA protein assay kit with
bovine serum albumin as the standard (Pierce Chemical,
Rockford, IL, USA). Aliquots containing 20 ug of total pro-
tein were boiled in loading buffer containing 150 mM Tris
(pH 6.8), 3 mM dithiothreitol, 6% SDS, 0.3% bromophenol
blue and 30% glycerol. The aliquots were then loaded onto a
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10% polyacrylamide gel. After electrophoresis, the gels were
transferred to nitrocellulose transfer membranes (Pall Corp,
East Hills, NY, USA). To reduce background staining, the
membranes were incubated with 5% non-fat dry milk in PBS
containing 0.1% Tween 20 for 45 minutes, followed by in-
cubation with rabbit anti-p63 (1:1,000; Abcam, Cambridge,
UK) overnight at 4°C. The membranes were then incubated
for 2 hours with horseradish peroxidase (HRP)-conjugated
donkey anti-rabbit IgG (Santa Cruz Biotechnology) at room
temperature. An Enhanced Chemiluminescence (ECL) kit
(Pierce Chemical) was used to visualize the blots.

According to our previous method (Lee et al., 2013), the
result of western blot analysis was scanned, and densito-
metric analysis for the quantification of the bands was done
using Image J 1.46 (National Institutes of Health, Bethesda,
MD, USA), which was used to count relative optical density
(ROD). A ratio of the ROD was calibrated as %, with sh-
am-operated adult group designated as 100 %.

Immunohistochemistry for p63
To obtain the accurate data for immunoreactivity, the sec-
tions from sham- and ischemia-operated young and adult
animals were used at designated time points (sham, 1 day,
4 days and 7 days after reperfusion) under the same con-
ditions. According to the above-mentioned western blot
analysis method of p63, immunohistochemistry for rabbit
anti-p63 (1:200; Abcam, Cambridge, UK) was performed
under the same incubation temperature and time. In order
to establish the specificity of the immunostaining, a negative
control test was carried out with only the secondary anti-
body without primary antibody. The negative control result-
ed in the absence of immunoreactivity in any structures.
Eight sections per animal were selected to quantitatively
analyze p63 immunoreactivity. Digital images of the hip-
pocampus were captured with an AxioM1 light microscope
(Carl Zeiss) equipped with a digital camera (Axiocam,
Carl Zeiss, Germany) connected to a PC monitor. Accord-
ing to the method of our previous study (Lee et al., 2014),
semi-quantification of the immunostaining intensities was
evaluated with digital image analysis software (MetaMorph
4.01, Universal Imaging Corp.). The level of immunoreactiv-
ity was scaled as —, &, + or ++ representing no staining (gray
scale value C200), weakly positive (gray scale value 150-199),
moderate (gray scale value 100-149), or strong (gray scale
value B99), respectively.

Statistical analysis

The data shown here represent the means + SEM. Differenc-
es of the means among the groups were statistically analyzed
by one-way analysis of variance (ANOVA) with a post hoc
Bonferroni’s multiple comparison test in order to elucidate
ischemia-related differences among experimental groups.
Statistical significance was considered at P < 0.05.

Results

NeuN immunoreactive neurons and F-] B positive cells
In the sham-operated adult group, NeuN immunoreactive
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neurons were easily observed in the striatum pyramidale of
the hippocampus, and F-J B positive cells were not observed
in any region of the hippocampus (Figure 1A—C). One day
after ischemia/reperfusion, the distribution pattern of the
NeuN immunoreactive neurons and F-J B positive cells
was similar to that in the sham-operated group (data not
shown). However, in the ischemia-operated adult groups, a
few NeuN immunoreactive neurons and many F-J B positive
cells were found in the stratum pyramidale of the hippo-
campal CA1 region 4 days after ischemia/reperfusion (Table
1, Figure 1G-I). Seven days after ischemia/reperfusion, the
number of NeuN immunoreactive neurons and F-J B posi-
tive cells was similar to that in the ischemia-operated adult
group at 4 days post-ischemia (Table 1, Figure 1IM-0).

In the sham-operated young group, NeuN immunoreac-
tive neurons in the striatum pyramidale of the hippocampus
were also well observed, and no F-J B positive cells were
observed in the striatum pyramidale (Figure 1D-F). In the
ischemia-operated young roup at 4 days post-ischemia, the
number of NeuN immunoreactive neurons in the stratum
pyramidale was similar to that in the sham-operated young
group, and F-J B positive cells were hardly observed in the
stratum pyramidale (Table 1, Figure 1J-L). However, a sig-
nificant loss of NeuN immunoreactive neurons and some
F-J B positive cells was observed 7 days after ischemia/reper-
fusion; the number of NeuN immunoreactive neurons was
significantly greater than that in the ischemia-operated adult
group and the number of the F-J B positive cells was signifi-
cantly less than that in the ischemia-operated adult group
(Table 1, Figure 1P-R).

Changes in p63 immunoreactivity

Hippocampal CA1 region

In the sham-operated adult group, p63 immunoreactivity
was strongly detected in the pyramidal neurons of the stra-
tum pyramidale (Figure 2A). However, in the ischemia-op-
erated adult groups, p63 immunoreactivity in the stratum
pyramidale began to decrease 1 day after ischemia/reperfu-
sion (Table 2, Figure 2C). Four days after ischemia/reper-
fusion, p63 immunoreactivity was hardly detected in the
stratum pyramidale, and many non-pyramidale cells showed
p63 immunoreaction in the stratum oriens and radiatum
(Table 2, Figure 2E). Seven days after ischemia/reperfusion,
the distribution pattern of p63 immunoreactivity in the
ischemic hippocampal CA1 region was similar to that in the
ischemia-operated adult group at 4 days post-ischemia (Ta-
ble 2, Figure 2G).

In the sham-operated young group, p63 immunoreactiv-
ity in the pyramidal neurons of the stratum pyramidale was
lower than that in the sham-operated adult group (Table 2,
Figure 2B). However, in the ischemia-operated young groups,
p63 immunoreactivity in the stratum pyramidale was in-
creased 1 and 4 days after ischemia/reperfusion compared
with that in the sham-operated young group (Table 2, Figure
2D, F). Seven days after ischemia/reperfusion, p63 immuno-
reactive cells in the stratum pyramidale were decreased, and
non-pyramidal cells showed p63 immunoreactivity in the
stratum oriens and radiatum (Table 2, Figure 2H).

Hippocampal CA2/3 region
In the hippocampal CA2/3 region of the sham-operated
adult group, p63 immunoreactivity was similar to that in the
hippocampal CA1 region (Table 2, Figure 2a). In the isch-
emia-operated adult group, p63 immunoreactivity in the stra-
tum pyramidale of the hippocampal CA2/3 region was not
changed until 7 days post-ischemia (Table 2, Figure 2¢, e, g).
In the sham-operated young group, p63 immunoreactivity
in the stratum pyramidale of the hippocampal CA2/3 region
was lower, like that in the hippocampal CAl region, than
that in the sham-operated adult group (Table 2, Figure 2b).
However, p63 immunoreactivity was increased in the stra-
tum pyramidale 1 day after ischemia/reperfusion and then
was maintained at a stable leve until 7 days post-ischemia
(Table 2, Figure 2d, f, h).

Changes in p63 protein level
The pattern of changes in p63 protein level in the adult and
young hippocampal CAl region after ischemia/reperfusion
was similar to that observed in the immunohistochemical
data (Figure 3).

p63 protein level in the sham-operated young group was
significantly lower than in the sham-operated adult group.
Four days after ischemia/reperfusion, p63 protein level was
significantly decreased in the ischemic CA1 region of the
ischemia-operated adult group; however, p63 protein level
in the ischemia-operated young group was increased com-
pared with that in the sham-operated young group. Seven
days after ischemia/reperfusion, p63 protein level in the
ischemia-operated adult group was increased compared with
that at 4 days post-ischemia; at this time point, p63 protein
level in the ischemia-operated young group was significantly
decreased compared with that at 4 days post-ischemia.

Discussion

It has been well accepted that young animals have a high
resistance against ischemic damage (Bertrand et al., 1996,
2000). In this study, we found that neuronal death caused
by transient global cerebral ischemia in the hippocampus of
young gerbil was much lower than that in the adult gerbil by
NeuN immunohistochemistry and F-J B histofluorescence.
This result is consistent with other and our previous studies
that transient global cerebral ischemia-induced neuronal
death was more delayed in the young gerbil than that in the
adult gerbil (Kusumoto et al., 1995; Yan et al., 2011; Lee et
al., 2013).

Flores et al. (2002) first reported that p63 acted as a
pro-apoptotic protein in the developing central nervous
system following gamma irradiation-induced DNA dam-
age. In addition, Jacobs et al. (2005) showed that cultured
neonatal p63” sympathetic neurons were highly resistant
to nerve growth factor withdrawal-induced apoptosis and
that embryonic p63” mice exhibited a noticeable deficiency
in naturally occurring sympathetic neuronal death. Fur-
thermore, it was reported that the knockdown of p63 in the
embryonic telencephalon induced apoptosis of both cortical
precursor cells and newly born cortical neurons (Dugani et

947



Bae EJ , et al. / Neural Regeneration Research. 2015;10(6):944-950.

o

B

Figure 1 Neuronal nuclei (NeuN) immunohistochemistry and Fluoro-Jade B (F-J B) histofluorescence staining in the hippocampal CA1 region
of the adult (left three columns) and young (right three columns) gerbils in the sham- (A-F) and ischemia-operated (G-R) groups.

In the ischemia-operated adult groups, a few NeuN immunoreactive neurons (black arrows) and many F-J B positive cells (white asterisk) were
shown in the stratum pyramidale of the hippocampal CA1 region 4 days after ischemia/reperfusion; however, at this time point, neuronal damage
is hardly found in the ischemia-operated young group. Seven days after ischemia/reperfusion, decreased NeuN immunoreactive neurons (black
asterisk) and increased F-J B positive cells (white arrows) were observed in the stratum pyramidale of the hippocampal CA1l region in the isch-
emia-operated young group. CA: Cornus ammonis; DG: dentate gyrus; SO: stratum oriens; SR: stratum radiatum. Scale bars: 800 pm in A, D, G, ], M,

P,and 50 pmin B, C,E,E H, LK, L, N, O, Q, R.

Table 1 Quantification of neuronal nuclei (NeuN) immunoreactive
neurons and Fluoro-Jade B (F-J B) positive cells in adult versus young
gerbils

NeuN immunoreactive

neurons F-J B positive cells
Time after /R Adult Young Adult Young
Sham 84+2.12 73+2.47 0 0
4 days 11+1.37°  75+3.69" 46+2.15° 0
7 days 13£1.02°  43+4.927"  4441.83° 204224

The number of NeuN immunoreactive neurons and F-J B positive
cells was counted in a 250 X 250 pm’ area of the stratum pyramidale
of the hippocampal CA1 region after ischemia/reperfusion (I/R; n =
7 per group).*P < 0.05, vs. corresponding sham-group, #P < 0.05, vs.
corresponding pre-time point group, TP < 0.05, vs. corresponding adult

group.

Table 2 Semi-quantifications of p63 immunoreactivity in the stratum
pyramidale of the hippocampal CA1-3 regions of young versus adult
gerbils following transient global cerebral ischemia

Time after ischemia/reperfusion

Brain region Sham 1 day 4 days 7 days

CAl region  Adult ++ + + +
Young + ++ ++ ++

CA2/3 region Adult ++ ++ ++ ++
Young + ++ ++ ++

The levels of immunoreactivity were defined as four grades: negative
(=), weakly positive (+), moderate (+) and strong (++).

948

Sham 4d

7d
oot [ —
‘ : p63

150 1

100 1

ROD (% of adult sham)

(o)
o o
}“"‘
*
N
a
*
-y
*
~
a
*
+*

Sham

Figure 3 Western blot analysis of p63 protein in the hippocampal
CA1 region of the adult and young gerbils in the sham- and
ischemia-operated groups.

In the sham-operated young group, the protein level of p63 was sig-
nificantly lower compared with that in the sham-operated adult group.
Four days after ischemia/reperfusion, p63 protein level in the isch-
emia-operated young group was significantly higher than that in the
ischemia-operated adult group. Each experiment was repeated three
times, and relative optical density (ROD) was represented as % val-
ues of immunoblot band. Data were analyzed by one-way analysis of
variance (ANOVA) with a post hoc Bonferroni’s multiple comparison
test (*P < 0.05, vs. corresponding sham-operated group, #P < 0.05, vs.
corresponding pre-time point group, TP < 0.05, vs. corresponding adult
group). The bars indicate the means + SEM. d: Day(s).
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Young Sham

al., 2009). As mentioned above, p63 has an important role in
neuronal apoptosis during the development of the nervous
system; however, the possible role of p63 in mature neuronal
death has not been addressed yet. On the other hand, Bui
et al. (2009) suggested that p63 is closely associated with
cell survival in ischemic brain. Therefore, in this study, we
first compared ischemia-induced changes of p63 expression
in the hippocampal CA1/3 regions between the adult and
young gerbils.

We found that p63 immunoreactivity in the pyramidal
neurons of the hippocampal CAl region, not in hippocam-
pal CA2/3 regions, of gerbils in the ischemia-operated adult
group was decreased with time and hardly found at 4 days
post-ischemia. A recent study showed that the heterozygosity
or acute ablation of p63 in the adult brain caused death of
both neural precursor cells and adult-born neurons in the
hippocampal dentate gyrus, which consequently led to hip-
pocampal-dependent learning and memory deficits (Cancino
et al., 2013). Therefore, the significant decrease of p63 ex-
pression in the adult hippocampal CA1 region after transient
ischemia may be related to delayed neuronal death.

In contrast with the adult gerbils, we found that p63 im-
munoreactivity in the pyramidal neurons of the hippocam-
pal CA1 region in the sham-operated young group was sig-
nificantly lower than that in the sham-operated adult group.
Furthermore, p63 immunoreactivity in the hippocampal
CA1 pyramidal neurons of the ischemia-operated young
group was significantly higher than that in the ischemia-op-
erated adult group after ischemia/reperfusion. In addition,
our present western blot result showed that change patterns

CA2/3
L Adult

Figure 2 Immunohistochemistry for
p63 in the hippocampal CA1 region
(left two columns) and CA2/3 regions
(right two columns) of the adult and
young gerbils in the sham- (A, B,a and
b) and ischemia-operated (C-H and c—
h) groups.

In the sham-operated young group,
p63 immunoreactivity in the stratum
pyramidale (SP, black asterisks) was
significantly lower than that in the sh-
am-operated adult group. In the isch-
emia-operated adult group, p63 immu-
noreactivity was significantly decreased
in the SP (black asterisk) of the hippo-
campal CA1 region 4 days after ischemia/
reperfusion. However, at this time point,
p63 immunoreactivity was distinctively
increased in the SP (white asterisk) of
the ischemia-operated young group, and
p63 immunoreactive pyramidal neurons
were significantly decreased 7 days after
ischemia/reperfusion. Meanwhile, in the
ischemia-operated adult group, p63 im-
munoreactivity was not changed in the
SP of the hippocampal CA2/3 regions
compared with that in the sham-operat-
ed adult group. In the ischemia-operated
young group, p63 immunoreactivity was
similar to that in the ischemia-operated
adult group. SO: Stratum oriens; SR:
stratum radiatum. Scale bars: 50 pm in
A-H and 100 pm in a-h.

Young

in p63 protein levels in the adult and young ischemic hippo-
campal CA1 region were similar to those observed in the im-
munohistochemical data. It was reported that p63 expression
was rapidly upregulated in the cerebral cortex of the young
rat (postnatal day 7) after permanent focal cerebral ischemia
and that the rapid induction of p63 expression initiated a
transcriptional repressor Zinc finger E-box-binding ho-
meobox 1-mediated pro-survival cascade (Bui et al., 2009).
Therefore, it is likely that higher and longer-term expression
of p63 in the hippocampal CA1 region of the young gerbil
after ischemia/reperfusion may be related to more delayed
neuronal death compared to that in the adult.

In this study, we also found that there was no change in
p63 immunoreactivity in the pyramidal neurons of the isch-
emic hippocampal CA2/3 regions in both ischemia-operated
adult and young groups. It has been well known that the
hippocampal CA2/3 pyramidal neurons are relatively re-
sistant to transient global cerebral ischemia compared with
hippocampal CA1 pyramidal neurons (Kirino and Sano,
1984; Pulsinelli, 1985).

In brief, our present results show that p63 expression was
apparently altered in the ischemic hippocampal CA1 region
after 5 minutes of transient global cerebral ischemia and
that the pattern of p63 expression in the young hippocampal
CA1 region was distinctively different from that in the adult;
greater and much longer-term p63 expression in the young
hippocampal CA1 region was observed following transient
global cerebral ischemia than in the adult hippocampal CA1
region. These findings indicate that different p63 expression
levels and durations between adult and young gerbils may
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be associated with delayed neuronal death of the pyramidal
neurons in the hippocampal CA1 region following transient
global cerebral ischemia and that greater and longer-term p63
expression in the young hippocampal CA1 region after tran-
sient ischemia might be a key to explaining the difference in
neuronal survival between the young and adult gerbils.
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