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Abstract Immunohistochemistry for neuron-specific
nuclear protein (NeuN), caspase-3, calcitonin gene-related
peptide (CGRP), and calcium-binding proteins was performed on the trigeminal ganglion (TG) in wild type and
Brn-3a knockout mice at embryonic days 12.5–16.5
(E12.5–E16.5). In Brn-3a knockout mice, the number of
NeuN-immunoreactive (ir) neuron profiles increased at
E14.5 (40.0% increase) and decreased at E16.5 (28.3%
reduction) compared to wild type mice. Caspase-3-ir neuron profiles were abundant in the TG of wild type mice at
E12.5–E16.5. However, the loss of Brn-3a decreased the
number of caspase-3-ir neuron profiles at E12.5 (69.7%
reduction) and E14.5 (51.7% reduction). At E16.5, the
distribution of caspase-3-ir neuron profiles was barely
affected by the deficiency. CGRP-ir neuron profiles were
observed in the TG of wild type mice but not knockout
mice at E12.5. At E14.5 and E16.5, CGRP-ir neuron profiles were abundant in both wild type and knockout mice.
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Calbindin D-28 k (CB)-ir neuron profiles decreased in the
TG of mutant mice at E12.5 compared to wild type mice
(56.4% reduction). At E14.5, however, Brn-3a deficiency
transiently increased CB-ir neuron profiles (169.4%
increase as compared to wild type mice). Calretinin (CR)-ir
neuron profiles could not be detected in the TG of wild type
mice at E12.5–16.5. However, numerous CR-ir neuron
profiles transiently appeared in the knockout mouse at
E14.5. Parvalbumin (PV)-ir neurons appeared in wild type
and knockout mice at E14.5. At this stage, the number of
large ([50 lm2) PV-ir neuron profiles in knockout mice
was fewer than that in wild type mice. The number and cell
size of PV-ir neuron profiles were barely affected by the
deficiency at E16.5. The present study indicates that the
loss of Brn-3a causes increase of TG neurons at E14.5 and
decrease of TG neurons at E16.5. It is also suggested that
Brn-3a deficiency affects the number and cell size of
CGRP- and calcium-binding protein-containing neurons at
E12.5 and E14.5. Caspase-3-dependent cell death of CBand CR-ir neurons may be suppressed by the deficiency at
E14.5.
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Introduction
Brn-3a/Brn-3.0 is a member of the POU family of transcription factors and expressed by neurons in the central
and peripheral nervous systems (Xiang et al. 1995; McEvilly et al. 1996; Huang et al. 1999). Targeted deletion of
Brn-3a gene causes defect of axonal growth in the trigeminal nerve and reduction of sensory neurons in the
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trigeminal ganglion (TG) (McEvilly et al. 1996; Xiang et al.
1996; Huang et al. 1999; Eng et al. 2001). Thus, this factor
is considered to stimulate outgrowth of neuronal processes
and protect neurons from apoptosis during development
(McEvilly et al. 1996; Latchman 1998; Smith et al. 1997a,
1997b, 1998; Eng et al. 2001; Ensor et al. 2001).
Recently, we have investigated the distribution of neurochemical substances in TGs of the knockout mice at
embryonic day18.5 (E18.5) and postnatal day 0 (P0)
(Ichikawa et al. 2002). Small calbindin D-28 k (CB)- and
calretinin (CR)-immunoreactive (ir) neurons increase and
large parvalbumin (PV)-ir neurons decrease in the knockout mouse. The number of calcitonin gene-related peptide(CGRP)-ir neurons is similar between wild type and
knockout mice. However, loss of Brn-3a causes reduction
in the cell size of CGRP-ir neurons. This suggests that Brn3a deficiency may affect the cell body size of TG neurons
and the content of neurochemical substances in TG neurons
during embryonic period. However, little is known about
the relationship between cell death of TG neurons and their
expression of neurochemical substances.
In the present study, the number of TG neurons was
examined in Brn-3a knockout and wild type mice during
embryonic period by neuron-specific nuclear protein
(NeuN) immunohistochemistry. The expression of apoptotic executioner caspase-3 was also examined in the TG of
Brn-3a knockout mouse. In addition, the distribution of
CGRP and calcium-binding proteins was investigated in
the mutant TG.

Methods
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with fluorescein isothiocyanate-conjugated monoclonal
mouse anti-NeuN antibody, or rabbit antisera against caspase-3 (1:5,000, Cell Signaling Technology, Inc., USA),
CGRP (1:50,000, Peninsula, USA), CB (1:50,000, Swant,
Switzerland), CR (1:50,000; Winsky et al. 1989) or PV
(1:50,000, Swant, Switzerland). The sections were subsequently incubated with biotinylated goat anti-rabbit IgG and
avidin–biotin–horseradish peroxidase complex (Vector
Laboratories) except for NeuN. All images of the TG were
captured into a personal computer. For analysis of the
number of TG neurons, the number of all NeuN-ir profiles
was counted in all sections of the subseries. For other
analysis, the number and cross-sectional area of all round or
oval ir profiles[5 lm2 were obtained in all sections of each
subseries. Thus, all data were obtained from every tenth of
serial sections of four ganglia in four wild type mice and
four ganglia in four Brn-3a knockout mice. The data were
analyzed for each ganglion (LuminaVision program, Mitani
Corporation, Japan) and the difference between wild type
and Brn-3a knockout mice was analyzed by ANOVA and
Bonferroni-type multiple t-test.
The specificity of the primary antisera used in this study
has been described elsewhere (Winsky et al. 1989; Ichikawa et al. 1989, 2002; Sugimoto et al. 2004).
The experiments were carried out under the control of
the Animal Research Control Committee in accordance
with The Guidelines for Animal Experiments of Okayama
University Medical School, Government Animal Protection and Management Law (No. 105), and Japanese
Government Notification on Feeding and Safekeeping of
Animals (No. 6). All efforts were made to minimize the
number of animals used and their suffering.

Animals
Results
Mice lacking the Brn-3a gene were prepared as described
by Xiang et al. (1996). A total of 12 knockout mice were
obtained from breeding of Brn-3a heterozygous mice, and
used at E12.5, E14.5 and E16.5. Twelve age-matched wild
type mice were used for normal control.
Immunohistochemistry
Animals were immersion-fixed overnight in 4% paraformaldehyde at 4°C. Subsequently, tissues were stored at 4°C
in phosphate-buffered saline (PBS) containing 0.1 mM
sodium azide until use. The head including the TG was
immersed in PBS containing 20% sucrose overnight, frozensectioned sagittally at 8 lm, and thaw-mounted on gelatincoated glass slides. Complete series of sections were divided
into 10 subsets so that every tenth was mounted on the same
slides. Each subseries was stained for one of the 6 antigens
to be examined. These sections were incubated overnight
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NeuN
At E12.5, NeuN-ir neuron profiles were abundant in
wild type and Brn-3a knockout mice (figure not shown).
Table 1 The number of NeuN-immunoreactive neuron profiles in the
TG of wild type and Brn-3a knockout mice
Wild type

Knockout

E12.5

5367.8 ± 544.5

5867.3 ± 467.7

E14.5

7515.5 ± 855.6

10523.3 ± 1397.3*

E16.5

5162.8 ± 217.1

3703.5 ± 366.6**

Value for the number of immunoreactive neuron profiles represents
mean ± S.D/ganglion. The data were obtained from every tenth of
serial sections of four ganglia in four wild type mice and four ganglia
in 4 Brn-3a knockout mice. Difference between wild type and Brn-3a
knockout mice was statistically significant (** P \ 0.01, * P \ 0.05,
ANOVA and Bonferroni-type multiple t-test)
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However, the loss of Brn-3a affected the number of NeuNir neuron profiles at E14.5 and E16.5. The number of
NeuN-ir neuron profiles increased in the knockout mouse
compared to wild type mouse at E14.5, (40.0% increase)
(Table 1). At E16.5, however, Brn-3a deficiency decreased
the number of NeuN-ir neuron profiles (28.3% reduction)
(Table 1).
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Caspase-3
Caspase-3-ir neuron profiles were distributed throughout
the TG of wild type mice at E12.5–E16.5 (Figs. 2a–c).
They were abundant at E12.5 and E14.5, and decreased at
E16.5. The mean numbers ± S.D. of caspase-3-ir neuron
profiles/ganglion were 327.3 ± 44.6 at E12.5, 333.5 ± 22.6

Fig. 1 Bar graphs showing the
mean number ± S.D. of ir cells/
ganglion of wild type and Brn3a knockout mice. The data
were obtained from four ganglia
in wild type mice and four
ganglia in Brn-3a knockout
mice. * indicates significant
difference between wild type
and knockout mice (P \ 0.01,
ANOVA and Bonferroni-type
multiple t-test)

Fig. 2 Immunohistochemical
microphotographs of capsae-3-ir
neurons in the TG of wild type
(a–f) and Brn-3a knockout (g–l)
mice at E12 (a, d, g, j), E14.5
(b, e, h, k), and E16.5 (c, f, i, l).
Brn-3a deficiency decreases the
number of caspase-3-ir neurons
at E12.5 (a, d, g, j) and E14.5
(b, e, h, k). At E16.5, however,
the distribution of caspase-3-ir
neurons is barely affected by the
deficiency (c, f, i, l). Arrows and
arrowheads point to small
(\50 lm2) and large ([50 lm2)
caspase-3-ir neurons,
respectively. Bars = 200 lm
(a–c, g–i) and 50 lm (d–f, j–l)
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Table 2 The number of small
and large immunoreactive
neuron profiles in the TG of
wild type and Brn-3a knockout
mice
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Small (\50 lm2)
Wild type

Large ([50 lm2)
Knockout

Wild type

Knockout

Caspase
E12.5

231.3 ± 43.2

68.3 ± 13.0**

E14.5

198.3 ± 13.2

96 ± 17.8**

E16.5

90.8 ± 15.5

117 ± 21.5

96 ± 9.6
135.3 ± 20.6
91 ± 15.4

31 ± 8.8**
47 ± 11.3**
87.8 ± 18.1

CGRP
E12.5

220.8 ± 25.5

E14.5

105 ± 90.4

65.5 ± 28.5

0**

12 ± 5.5
3±4

0**

E16.5

216.8 ± 25.7

218.8 ± 29.0

86.5 ± 25.0

56.5 ± 16.4

E12.5

557.5 ± 49.7

204.8 ± 46.0**

131.3 ± 20.1

95.8 ± 18.9*

E14.5
E16.5

489 ± 76.3
153.5 ± 39.2

1027.5 ± 142.9**
190.8 ± 106.6

66.3 ± 18.2
130.5 ± 39.3

468.5 ± 108.1**
127.5 ± 42.8

0

CB
Value for the number of
immunoreactive neuron profiles
represents mean ± S.D/
ganglion. The data were
obtained from every tenth of
serial sections of four ganglia in
four wild type mice and four
ganglia in four Brn-3a knockout
mice. Difference between wild
type and Brn-3a knockout mice
was statistically significant
(** P \ 0.01, * P \ 0.05,
ANOVA and Bonferroni-type
multiple t-test)

Fig. 3 Schematic drawings
(a–c, g–i) and
immunohistochemical
microphotographs (d–f, j–l) of
CGRP-ir neurons in
representative sections of the
TG of wild type (a–f) and Brn3a knockout (g–l) mice at E12
(a, d, g, j), E14.5 (b, e, h, k),
and E16.5 (c, f, i, l). CGRP-ir
neurons are detected in wild
type mice (a, d) but not in
knockout mice at E12.5 (g, j).
However, the distribution of
CGRP-ir neurons is similar in
wild type and knockout mice at
E14.5 (b, e, h, k) and E16.5 (c,
f, i, k). Green and red dots in
(a–c, h, i) indicate small
(\50 lm2) and large CGRP-ir
neurons ([50 lm2),
respectively. Arrows and
arrowheads in d, e, f, k, and l
point to small (\50 lm2) and
large ([50 lm2) CGRP-ir
neurons, respectively.
Bars = 200 lm (a–c, g–i) and
50 lm (d–f, j–l)
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CR
E12.5

0

E14.5

0

E16.5

0

0
789.3 ± 139.7**
0

0
0
0

0
678 ± 197.5**
0

PV
E12.5

0

0

0

0

E14.5

298 ± 61.6

350.3 ± 95.6

135.8 ± 25.0

57.8 ± 9.1**

E16.5

167 ± 51.5

156.8 ± 83.7

246.8 ± 29.0

214 ± 34.5
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at E14.5, and 190.8 ± 27.2 at E16.5 (Fig. 1). On the other
hand, loss of Brn-3a drastically decreased the number of
caspase-3-ir neuron profiles at E12.5 and E14.5 compared to
wild type mice (Figs. 1, 2a, b, d, e, g, h, j, k). The mean
numbers ± S.D. of caspase-3-ir neuron profiles/mutant
ganglion were reduced to 99.3 ± 14.5 at E12.5 (69.7%
decrease as compared to wild type mice) and 143 ± 22.7 at
E14.5 (51.7% decrease as compared to wild type mice). At
E16.5, however, the number of caspase-3-ir neuron profiles
was barely affected by Brn-3a deficiency (204.8 ± 37.3)
(Figs. 1, 2c, f i, l). Caspase-3-ir neuron profiles were evenly
distributed in the TG of knockout mice at E12.5–E16.5.
Cell size analysis demonstrated that Brn-3a deficiency
significantly decreased the number of both small (\50 lm2)
and large ([50 lm2) caspase-3-ir neuron profiles at E12.5
(70.5% [small] and 67.3% [large] decrease as compared to
wild type mice) and E14.5 (51.6% [small] and 65.3%
[large] decrease as compared to wild type mice) (Table 2,
Fig. 2d, e, j, k). At E16.5, however, the number of small and
large caspase-3-ir neuron profiles was similar in wild type
and knockout mice (Table 2, Fig. 2f, l).
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CGRP
Many CGRP-ir neuron profiles were detected in wild type
mice at E12.5 (Fig. 3a, d). The mean number ± S.D. of ir
neuron profiles/ganglion at E12.5 was 232.8 ± 28.5. These
neuron profiles transiently decreased to 108 ± 94.3 at
E14.5 and increased to 303.3 ± 34.2 at E16.5 (Fig. 1).
CGRP-ir neuron profiles were evenly distributed throughout the ganglion of wild type mice (Figs. 3a–f). In
knockout mice, however, CGRP-ir neuron profiles could
not be detected at E12.5 (Fig. 3g, j). At E14.5, such neuron
profiles appeared in the TG and the mean number ± S.D.
of CGRP-ir neuron profiles/mutant ganglion was 65.5 ±
28.5 (Figs. 1, 3h, k). These neuron profiles increased to
275.3 ± 44.5 at E16.5 (Figs. 1, 3i, l). At E14.5 and E16.5,
the topographic distribution and number of CGRP-ir neuron profiles were barely affected by Brn-3a deficiency
(Figs. 1, 3b, c, e, f, h, i k, l).
The great majority of CGRP-ir neuron profiles were
smaller than 50 lm2 in both wild type and knockout mice
in the embryonic period (Table 2, Fig. 3a–l).

Fig. 4 Schematic drawings
(a–c, g–i) and
immunohistochemical
microphotographs (d–f, j–l) of
CB-ir neurons in representative
sections of the TG of wild type
(a–f) and Brn-3a knockout (g–l)
mice at E12 (a, d, g, j), E14.5
(b, e, h, k), and E16.5 (c, f, i, l).
The number of CB-ir neurons in
knockout mice (g, j) is fewer
than that in wild type mice (a,
d) at E12.5. At E14.5, however,
Brn-3a deficiency dramatically
increases the number of CB-ir
neurons (b, e, h, k). The
distribution of CB-ir neurons is
similar in wild type and
knockout mice at E16.5 (c, f, i,
k). Green and red dots in (a–c)
and (g–i) indicate small
(\50 lm2) and large CB-ir
neurons ([50 lm2),
respectively. Arrows and
arrowheads in (d–f) and (j–l)
point to small (\50 lm2) and
large ([50 lm2) CB-ir neurons,
respectively. Bars = 200 lm
(a–c, g–i) and 50 lm (d–f, j–l)
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Cell size analysis demonstrated that loss of Brn-3a
reduced the number of small and large CB-ir neuron profiles by 63.3 and 27.0%, respectively, as compared to wild
type mice at E12.5 (Table 2, Fig. 4a, d, g, j). At E14.5,
however, the deficiency resulted in 110.1% increase of
small ir neuron profiles and 606.6% increase of large ir
neuron profiles as compared to wild type mice (Table 2,
Fig. 4b, e, h, k). The number of both small and large CB-ir
neuron profiles was barely affected by the mutation at
E16.5 (Table 2, Fig. 4c, f, i, l).

CB-ir neuron profiles were abundantly scattered throughout the TG of wild type mice at E12.5–E16.5 (Fig. 4a–f).
The mean number ± S.D. of CB-ir neuron profiles/ganglion in wild type mice at E12.5 was 688.8 ± 69.4, and
gradually decreased toward 284 ± 68.1 at E16.5 (Fig. 1).
On the other hand, loss of Brn-3a caused significant
changes in the number and topographic distribution of
CB-ir neuron profiles. At E12.5, CB-ir neuron profiles
were seen only in the ventral portion of the mutant ganglion and the number (300.5 ± 55.9) was reduced by
56.4% as compared to wild type mice (Figs. 1, 4a, d, g, j).
At E14.5, CB-ir neuron profiles dramatically but only
transiently increased to 1,496 ± 214.1 (169.4% increase
as compared to 555.3 ± 85.9 in wild type mice) (Figs. 1,
4b, e, h, k). At E16.5, CB-ir neuron profiles in the mutant
TG drastically decreased to 318.3 ± 146.7, which is
comparable to the number in wild type mice (284 ± 68.1)
(Figs. 1, 4c, f, i, l). At E14.5 and E16.5, CB-ir neuron
profiles were evenly distributed throughout the ganglion
(Figs. 4b, c, h, i).

Fig. 5 Schematic drawings
(a–c, g–i) and
immunohistochemical
microphotographs (d–f, j–l) of
CR-ir neurons in representative
sections of the TG of wild type
(a–f) and Brn-3a knockout (g–l)
mice at E12 (a, d, g, j), E14.5
(b, e, h, k) and E16.5 (c, f, i, l).
Small (arrows in k) and large
(arrowheads in k) CR-ir
neurons are detected only in
knockout mice at E14.5. (Green
and red dots in h indicate small
(\50 lm2) and large CB-ir
neurons ([50 lm2),
respectively. Bars = 200 lm
(a–c, g–i) and 50 lm (d–f, j–l)
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CR
CR-ir neuron profiles could not be observed in the TG of
wild type mice at E12.5–E16.6 (Figs. 1, 5a–f). In knockout
mice, the ganglion was also devoid of CR-ir neuron profiles
at E12.5 (Fig. 5g, j). At E14.5, however, numerous CR-ir
neuron profiles dramatically and transiently appeared in the
TG (Figs. 1, 5h, k). The mean number ± S.D. of CR-ir
neuron profiles/mutant ganglion was 1467.3 ± 327.1
(Fig. 1). These neuron profiles were observed throughout
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the mutant ganglion (Fig. 5h, k). They disappeared in the
TG of knockout mice at E16.5 (Fig. 5i, l).
By cell size analysis, CR-ir neuron profiles had small
and large cell bodies in knockout mice at E14.5 (Table 2,
Fig. 5h, k).

neuron profiles was barely affected by loss of Brn-3a at
E16.5 (Table 2, Fig. 6c, f, i, l).

PV

The present study demonstrated that the number of NeuNir neurons increased in the TG of Brn-3a knockout mouse
at E 14.5. The present study also revealed that the number
of small and large caspase-3-ir cells reduced in Brn-3a
knockout mice at E12.5 and E14.5. Thus, Brn-3a deficiency probably suppresses caspase-3-dependent cell death
at E12.5 and E14.5, and increases the number of TG neurons at E14.5. At E16.5, the number of NeuN-ir neurons
decreased in the TG of Brn-3a knockout mice at E 16.5. In
this study, the distribution of caspase-3 was not examined
in the mutant TG between E14.5 and E16.5. However, a
previous study by Nissl stain has demonstrated that pyknotic cells markedly increase in the TG of Brn-3a knockout
mice at E15.5 (Huang et al. 1999). Thus, Brn-3a deficiency
is considered to accelerate cell death of TG neurons at this
stage. As a result, the number of TG neurons may decrease
in the mutant TG at E16.5.

PV-ir neuron profiles could not be detected in the ganglion
of wild type mice at E12.5 (Fig. 6a, d). However, they were
abundant and scattered throughout the ganglion at E14.5
and E16.5 (Figs. 1, 6b, c, e, f). The mean numbers ± S.D.
of ir neuron profiles/ganglion in wild type mice were
433.8 ± 84.5 at E14.5 and 413.8 ± 78.0 at E16.5 (Fig. 1).
The number of PV-ir neuron profiles was barely affected by
loss of Brn-3a at E12.5 (0), E14.5 (408 ± 88.9), and E16.5
(370.8 ± 90.8). The topographic distribution of PV-ir
neuron profiles was also similar between wild type and
knockout mice at E14.5 and E16.5 (Fig. 6b, c, e, f, h, i, k, l).
By cell size analysis, loss of Brn-3a decreased the
number of large PV-ir neuron profiles at E14.5 (57.4%
reduction as compared to wild type mice) (Table 2,
Fig. 6b, e, h, k). The number of small and large PV-ir

Discussion

Fig. 6 Schematic drawings
(a–c, g–i) and
immunohistochemical
microphotographs (d–f, j–l) of
PV-ir neurons in representative
sections of the TG of wild type
(a–f) and Brn-3a knockout (g–l)
mice at E12 (a, d, g, j), E14.5
(b, e, h, k), and E16.5 (c, f, i, l).
The TG of wild type and
knockout mice is devoid of PVir neurons at E12.5 (a, d, g, j).
At E14.5, Brn-3a deficiency
reduces large PV-ir neurons
(b, e, h, k). The distribution and
cell size of PV-ir neurons are
similar in wild type (c, f) and
knockout (i, l) mice at E16.5.
Green and red dots in b, c, h and
i indicate small (\50 lm2) and
large CB-ir neurons ([50 lm2),
respectively. Arrows and
arrowheads in e, f, k, and l
point to small (\50 lm2) and
large ([50 lm2) PV-ir neurons,
respectively. Bars = 200 lm
(a–c, g–i) and 50 lm (d–f, j–l)
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The present study also investigated the distribution of
CGRP and calcium-binding proteins in wild type and Brn3a-knockout mice. At E12.5, CGRP-ir neurons were
observed in the TG of wild type mice whereas such neurons could not be detected in Brn-3a knockout mice. Brn3a deficiency also decreased the number of CB-ir neurons
at this stage. As shown in a previous study, excessive cell
death of TG neurons could not be detected in Brn-3a
knockout mice until E14.5 (Huang et al. 1999). Therefore,
the expression of CGRP and CB in TG neurons may be
suppressed by the deficiency at E12.5.
At E14.5, loss of Brn-3a increased the number of small
and large CB-ir neurons. This observation is similar to a
previous microarray finding that the expression of mRNA
for calbindin increased in the TG of Brn-3a knockout mice
at E13.5 (Eng et al. 2004). In addition, small and large CRir neurons appeared in Brn-3a knockout mice but not in
wild type mice at E14.5. The increase of CB- and CR-ir
neurons may be correlated to the reduction of caspase-3-ir
neurons in mutant mice at E12.5–14.5. It is possible that
the loss of Brn-3a suppresses caspase-3-dependent cell
death of CB- and CR-ir neurons. However, the possibility
that the transient increase of CB- and CR-ir neurons at
E14.5 results from transient expression of CB and CR
proteins could not be also neglected in this study. On the
other hand, large PV-ir neurons decreased in Brn-3a
knockout mice compared to wild type mice at E14.5. This
reduction is unlikely to be correlated to cell death of TG
neurons, because their excess cell death could not be
detected at E12.5–E14.5. The loss of Brn-3a may reduce
PV protein in large TG neurons.

Conclusion
The present study investigated the effect of Brn-3a deficiency on the expression of NeuN, caspase-3, CGRP, and
calcium-binding proteins. We found that the number of
NeuN-ir neurons increased at E14.5 and decreased at E16.5
in Brn-3a knockout mice. Caspase-3-ir cells were significantly reduced in the mutant mouse at E12.5 and E14.5
whereas CB- and CR-ir neurons dramatically and transiently
increased at E14.5. Thus, loss of Brn-3a may suppress
caspase-3-dependent death of CB- and CR-ir neurons.
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