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Abstract

The formation of the corpus callosum in the postnatal period is crucial for normal neurological
function, and clinical genetic studies have identified an association of 6q24—25 microdeletion in
this process. However, the mechanisms underlying corpus callosum formation and its critical
gene(s) are not fully understood or identified. In this study, we examined the roles of AKAP12 in
postnatal corpus callosum formation by focusing on the development of glial cells, because
AKAPI2is coded on 6g25.1 and has recently been shown to play roles in the regulations of glial
function. In mice, the levels of AKAP12 expression was confirmed to be larger in the corpus
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callosum compared to the cortex, and AKAP12 levels decreased with age both in the corpus
callosum and cortex regions. In addition, astrocytes expressed AKAP12 in the corpus callosum
after birth, but oligodendrocyte precursor cells (OPCs), another major type of glial cell in the
developing corpus callosum, did not. Furthermore, compared to wild types, Akap12 knockout
mice showed smaller numbers of both astrocytes and OPCs, along with slower development of
corpus callosum after birth. These findings suggest that AKAP12 signaling may be required for
postnatal glial formation in the corpus callosum through cell- and non-cell autonomous
mechanisms.
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Introduction:

White matter is composed of axonal bundles surrounded by myelin, which connect and
synchronize neural activity between various cortical areas. Among the white matter
structures in the brain, the corpus callosum is the largest, with millions of nerve fibers that
form a thick commissural tract connecting the cerebral hemispheres. The number of these
fibers is determined at birth; however, the structural and functional maturation of the corpus
callosum continues during the postnatal period. Because of its central role in neurological
function, the molecular mechanisms that promote or impede functional maturation of the
corpus callosum need to be examined to understand the processes of CNS development.

During embryonic and fetal development, chromosomal abnormality is one of the major
causes of agenesis (or hypoplasia/dysgenesis) of the corpus callosum (ACC). Although the
discovery of genotype—phenotype correlations has been constrained by the limitations of
standard cytogenetic techniques, an important observation is that phenotype varies with
some correlation to specific deleted regions [1]. Among chromosomal abnormalities, a rare
interstitial deletion, 6q deletion, has been documented to be “disease causing” with
observable clinical phenotypes, such as dysmorphic features, intellectual disabilities, upper
limb malformations, microcephaly and brain abnormalities including ACC [2]. Other studies
with a higher resolution of gene identification suggest that a 6q24—25 microdeletion may
contribute to CNS features of 6q deletion [3]. Nevertheless, the definitive genetic lesions that
result in abnormal postnatal corpus callosum formation remain unknown.

AKAP12 (A-kinase anchor protein 12; also called SSeKS or Gravin) has emerged as a
potential candidate gene in the postnatal development of the corpus callosum. AKAP12 is a
scaffolding protein that is known as a tumor suppressor that regulates oncogenic pathways
through the selective binding of signaling proteins, such as PKA or PKC [4, 5]. In the CNS,
it has been reported that AKAP12 regulates vascular development and differentiation [6-9].
Furthermore, a recent study using in-vivo and in-vitro experiments demonstrated a critical
role of AKAP12 in the function of oligodendroglial cells in adult cerebral white matter [10].
Along with these reports of the role of AKAP12 in the CNS, because the locus of human
AKAPI1Zis located on distal chromosome 6¢25.1, the chromosome region that has been
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associated with ACC, we hypothesized that AKAP12 may regulate corpus callosum
formation in the postnatal period. In this study, therefore, we compared Akap12 knockout
mice with wild-type mice to elucidate the roles of AKAP12 in glial formation in the
postnatal corpus callosum.

Materials and Methods:

Animals —

All experimental procedures followed NIH guidelines and were approved by the
Massachusetts General Hospital Institutional Animal Care and Use Committee. Akgp12 KO
mice of C57BL/6 background were provided from the Gelman Lab at Roswell Park
Comprehensive Cancer Center [11] and were maintained/expanded in the animal facility at
Massachusetts General Hospital. Protocols for the genotyping of Akgp12 KO mouse lines
are as previously described [10]. After screening DNA samples (see the representative
images in Supplementary Figure S1a), mice were used for experiments. After each
experiment, the genotype of each mouse was re-confirmed by measuring protein levels of
AKAP12 in the brain homogenate (see the representative images in Supplementary Figure
S1b-c). We used both male and female mice from our mouse colony, and a total of 104 mice
(WT; n =41, Akap12*~ n = 31, Akap12~~; n = 32) were used in this study. Of these, 92
mice (WT; n = 29, Akap12*/~ n = 31, Akap12~~; n = 32) were from 16 female
Akap12*/"mice crossed with male Akap12%~ mice. Each set of littermates was allocated to
the same experiment. The other 12 WT male mice used for the protein expression
experiment (for Figure 1a—b) were from another cohort. Detailed information of animal
numbers for each experiment is presented in our supplementary information.

Measurement of body length —

For the measurement of body length, a neutral posture was captured by digital camera from
above. Then, the length from the nasal tip to the tail base was traced and measured using
ImageJ (NIH) by an operator who was blinded to the group allocation.

Western blot —

Brains were removed following transcardial perfusion with 2-mL/g body-weight of ice-cold
0.1M phosphate-buffered saline (PBS). Tissue samples of whole brain (P0), cerebral cortex
and corpus callosum (postnatal 2-weeks, 2- and 8- months) were dissected in NP40 cell lysis
buffer (MyBiosource). After centrifuge and aspiration of the supernatant, digested samples
with equal volumes of LDS sample buffer including reducing agent (NuPage) were heated at
70°C for 10 min. Seven ug of each sample were then loaded onto 4-12% Bis-Tris gels. After
electrophoresis and transfer to nitrocellulose membranes, the membranes were blocked in
5% skim milk with Tris-buffered saline (TBS) containing 0.1% Tween-20. Afterwards, they
were incubated with a primary antibody against AKAP12 (1:1,000, obtained from the
Gelman Lab) and p-actin (1:10,000, A5441, Sigma-Aldrich). Then, membranes were
processed with HRP-conjugated secondary antibodies (1:2,000, Jackson Immunoresearch
Laboratories) for 1 h at room temperature (RT) and visualized by enhanced
chemiluminescence (SuperSignal™ West Femto Maximum Sensitivity Substrate,
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ThermoFisher Scientific). Visualized bands were semi-quantified using ImageJ by an
operator who was blinded to the group allocation.

Immunohistochemical procedures and quantification —

Statistics —

On postnatal day 0 (P0) and 14 (P14), 15 mice per time point received transcardiac perfusion
with ice-cold PBS. Removed brains were then stored in —80°C until use. Fresh frozen brains
were embedded with optimal cutting temperature (OCT) compound. Twenty-um thick
coronal sections at the level of the anterior third of the corpus callosum were prepared for
immunostaining using cryostat CM1520 (Leica). Only sections with a circular shape of the
anterior commissure at the ventral edge of the lateral ventricle (corresponding to the area
0.8-1.0 mm anterior to bregma in the adult mouse, http://atlas.brain-map.org/atlas?
atlas=2&plate=100883869#atlas=2&plate=100883888&resolution=33.45&x=7756&y=3956
&zoom=-4) were included in this study (Figure 4a). The sections were fixed with methanol
for 12 min at —20°C. After being washed with PBS three times, they were blocked with 3%
bovine serum albumin (BSA) in PBS for 1 hour at RT. The sections were then incubated in
1% BSA in PBS containing anti-AKAP12 (1:500, Obtained from the Gelman Lab), anti-
GFAP (1:500, #130300, Invitrogen, USA), anti-PDGFRa (1:100, AF1062, R&D systems,
USA), and anti-S100 (1:200, ab4066, Abcam, USA) at 4°C overnight. After that, they were
incubated with secondary antibodies (1:500, Jackson Immunoresearch Laboratories) for 1h
at RT. Finally, the sections were sufficiently washed with PBS and covered with ProLong™
Gold mounting solution with DAPI (P36930, ThermoFisher Scientific, USA). Stained
sections were observed with fluorescent microscope (Nikon) and scanned with Retiga™
2000R Fast 1394 Digital Camera. For quantification of cell numbers of PDGFRa and area
of GFAP* and S100*, we first set the region of interest (ROI) of a 200 x 100 um rectangle in
the center of CC at the midline, as shown in the diagram in Figure 4b—c and Supplementary
Figure 2. Within the ROI, cell numbers were counted manually, and the area of positive cells
was measured using ImageJ software (NIH). For further assessment of GFAP* area and cell
numbers of PDGFRa. in CC, we set 4 ROIs by drawing a 100 um square in the bilateral side
(see the diagram in Supplementary Figure S3 and Supplementary Figure S4) as follows -
[ROI a]: the center of the corpus callosum at the midline, [ROI b]: the mid-point between
[ROI a] and [ROI c], [ROI c]: the center of the lateral ventricle on the lateral axis (for PO) or
the lateral edge of the lateral ventricle on the lateral axis (for P14), and [ROI d]: the highest
point on the ventral-dorsal axis. GFAP with DAPI was used to demarcate the boundary
between the corpus callosum and other surrounding structures (see the diagram in Figure
3a). The thickness of the cerebral cortex was defined from the dorsal edge to the ventral
edge beside the interhemispheric fissure (see the diagram in Figure 3a). The quantification
was conducted by an operator who was blinded to the group allocation.

Statistical analyses were performed with Prism 8 (Graphpad, USA). Statistical significance
was evaluated using 1- or 2-way (repeated-measures) ANOVA with post-hoc test for
multiple comparisons, as appropriate. Data are expressed as mean plus and/or minus S.D. A
p value of < 0.05 was considered statistically significant.
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Spatio-temporal patterns of AKAP12 expression in mouse brain:

We first examined the spatio-temporal patterns of AKAP12 expression in postnatal mouse
brains. AKAP12 protein expression is greater in the corpus callosum compared to the
cerebral cortex, and its expression levels gradually decreased with age (Figure 1a—b), which
highlights the importance of examining the roles of AKAP12 in the postnatal corpus
callosum. We then examined which cell type(s) expressed AKAP12 in the postnatal corpus
callosum. Immunostaining of mouse coronal brain sections showed that GFAP-positive
astrocytes express AKAP12 at postnatal days 0 and 14 (Figure 2a). On the other hand,
AKAP12 signal was not observed in PDGFRa-positive OPCs, another type of major glial
cell in the developing corpus callosum (Figure 2b).

AKAP12 contributes to corpus callosum formation in post-natal development:

To investigate the roles of AKAP12 in the corpus callosum after birth, Akap12homozygous
(Akap127") or heterozygous (Akap12%/~) knockout mice were compared with wild type
(WT) littermates (Supplementary Figure S1). We first examined whether Akap12 deficiency
influenced physical parameters, such as body length and weight. Among the 3 genotypes,
there were no significant differences in body length at 2 weeks of age or body weight at a
later stage (e.g. age of 13 weeks) (Supplementary Figure S1d—e). We next assessed how
AKAP12 is involved in the postnatal development of cerebral white matter (corpus
callosum) with a focus on the midline callosal formation, wherein glial cells play a crucial
role through the expression of guidance molecules [12]. At the anterior third level of the
corpus callosum in the coronal section of neonatal mouse brains (e.g. corresponding to the
area 0.8-1.0 mm anterior to bregma in the adult mouse), the callosal and cortical thickness
of PO and P14 were compared between the 3 genotypes (Figure 3a). Cortical thickness did
not significantly differ between the 3 genotypes at both ages (Figure 3b); but importantly,
the thickness of the corpus callosum was significantly greater in WT mice compared to that
of Akap12*/~ or Akap12~/~ mice (Figure 3c—d). Furthermore, the ratio between callosal
thickness and cortical thickness was also significantly greater in WT mice compared to
Akap12~/~ mice (Figure 3e).

Cell- and non-cell-autonomous mechanisms of AKAP12 in glial development:

Finally, we investigated whether AKAP12 expression affected the number of glial cells, i.e.
astrocytes and OPCs, in the postnatal corpus callosum. Using the coronal brain sections
from WT, Akap12%/~, and Akap12~~ mice (Figure 4a), we confirmed that at the midline of
the corpus callosum, Akap12 deficiency resulted in a smaller number of astrocytes (assessed
by the total area of astrocyte markers GFAP or S100beta) at postnatal days 0 and 14 (Figure
4b—e, Supplementary Figure S2). In addition to the midline area of the corpus callosum
region, the paramedial areas of the corpus callosum were also found to contain fewer GFAP-
positive astrocytes in Akap12 KO mice on postnatal days 0 and 14 (Supplementary Figure
S3). Similarly, a smaller number of PDGFRa-positive OPCs was seen in the midline area of
the postnatal corpus callosum of Akap12 KO mice (Figure 4b—e), and again, the difference
in OPC numbers between WT and KO mice was also confirmed in the paramedial areas
(Supplementary Figure S4). In addition, the decrease in astrocytes and OPCs in Akap12
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deficient mice was accompanied by a reduction in the total cell number in the corpus
callosum in these mice (Figure 4f).

Discussion:

In this study, we demonstrate that (i) AKAP12 expression level varies according to brain
region and age after birth, (i) AKAP12 expression is observed in GFAP-positive astrocytes
but not in PDGFRa-positive OPCs in the postnatal corpus callosum, and (iii) the numbers of
astrocytes and OPCs in the postnatal corpus callosum are decreased by Akap12 deficiency.
The observations that the AKAP12 signal is co-localized with an astrocyte marker (Figure 2)
and that astrocyte development was decreased by Akap12 deficiency (Figure 4 and
Supplementary Figures S2—3) suggest that astrocytic-AKAP12 contributes to postnatal
structural development of the corpus callosum. On the other hand, PDGFRa-positive OPCs
in the postnatal corpus callosum did not express AKAP12 even in WT mice (Figure 2),
while the number of OPCs was decreased in Akap12knockout mice (Figure 4 and
Supplementary Figure S4). These findings about the roles of AKAP12 in cell- and non-cell
autonomous mechanisms of glial development provide further insights into the cellular
mechanisms of corpus callosum formation after birth.

It is now widely accepted that astrocytes play important roles in the postnatal formation of
the corpus callosum. In the postnatal corpus callosum, astrocytes maintain the homeostasis
of their microenvironment through sensing, integrating, and responding to synaptic activity
[13-17]. Besides the fact that midline glia - mainly GFAP™* astrocytes - play a central role in
callosal formation via expression of guidance molecules [18-20], another notable role of the
astrocyte is its bidirectional interaction with OPCs through the exchange of secreted soluble
factors [21-25]. For example, astrocyte-derived PDGF-AA is a positive regulator of OPCs in
the postnatal period [26], and astrocytic BDNF supports compensatory OPC activation after
white matter damage in the adult brain [27]. The present study lacks direct evidence for
AKAP12-related astrocyte-OPC interactions; however, because AKAP12 deficiency caused
decreased numbers of astrocytes in the corpus callosum, it is possible that AKAP12
deficiency may result in decreased levels of astrocyte-derived trophic factors for OPCs. In
addition, AKAP12 has been reported to regulate the release of soluble factors in the CNS [7,
28]. Therefore, future research regarding the modulation of the astrocytic secretome by
AKAP12 signaling will help us understand the astrocyte-OPC interaction in corpus callosum
development.

Another important finding of this study is that Akgp12 deficiency appears to be involved in
developmental aberrations, which result in ACC. The critical genes responsible for ACC
have not yet been characterized in the clinical setting, despite remarkable progress in the
molecular science of corpus callosum development. Over the last decades, however, 6q
deletion, which is a rare interstitial deletion of the long arm of chromosome 6, has been
documented as a possible cause of several brain abnormalities, including ACC [2, 29]. With
recent technical advances in high resolution cytogenetics studies, 6q24—25 microdeletion is
now recognized as a specific etiology for the representative CNS features of 6q deletion
syndrome, such as microcephaly, developmental delay, dysmorphic features, hearing loss or
ACC [3, 30-32]. The finding that Akap12 knockout mice exhibited slower corpus callosum
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formation (Figure 3) supports the concept that the Akap12gene, which is coded on 6¢25.1
in humans, is indeed a critical determinant for ACC. On the other hand, Nagamani et al
presented 4 cases of 6025.2—3 microdeletion with demonstrable features of the 6q deletion
syndrome, and ACC was only confirmed in 2 of these 4 cases [3]; also, only 3 out of 8 cases
of 6g25.1-3 deletion covering the AKAPI12locus showed ACC (Supplementary Figure S5)
[3, 31-40]. These discrepancies suggest the presence of compensatory mechanisms which
support corpus callosum formation under the conditions of 6g25.2—-3 microdeletion. Future
studies about how combinational deficiencies of genes encoded in the 6g25.3 segment lead
to compensatory effects in corpus callosum formation in Akap12knockout mice could shed
light on the pathological mechanisms and genetic background of ACC. In addition, we may
also need to consider the synteny of AKAP12. The mouse Akapl2is on mouse chrom. 10 in
a region syntenic to human 6g24-25.1. Some genes downstream of Akap12, such as ESR,
are still on mouse chromosome 10, but others, such as SCAF8, are no longer syntenic, i.e.
SCAF8is on mouse chrom. 17. Hence, future investigations into the mechanisms by which
the loss of Akap12in mice leads to the downregulation of other ACC-regulating gene
functions would provide a deeper understanding of the pathological mechanisms of ACC.

In this study, our data lend support to our hypothesis that AKAP12 plays an active role in
glial formation (e.g. astrocytes and OPCs) in the postnatal corpus callosum. However, there
are some caveats and limitations, which need to be carefully examined in future studies.
First, our current study focused on the roles of AKAP12 in glial development in the
postnatal corpus callosum, so our experiments did not place emphasis on the process of
axonal tract and myelin sheath formation. However, the formation of myelinated axons is a
major indispensable process for corpus callosum during development. Although it is
technically difficult to assess myelin proteins in developing corpus callosum partly because
their expression levels are low, in order to fully understand the roles of AKAP12 in corpus
callosum development, we need to compare axonal tract and myelin sheath formation
between WT and Akap12 KO mice in the next series of experiments. Second, we examined
glial formation only in postnatal brains, which does not reflect events in the embryonic
stage. Previous studies have demonstrated that perinatal formation of glial cells, including
astrocytes, leads to postnatal synaptogenesis and outgrowth of axonal growth cones via
secreting guidance molecules [16]. Therefore, future studies are needed to compare glial
formation in the prenatal brain between wildtype and Akgp12 KO mice. Third, to understand
the pathological mechanisms of ACC, we may also need to pay attention to vascular/BBB
development because cerebral vasculature undergoes substantial structural and functional
changes during development [41]. Thus far, there is no direct evidence that ACC is
accompanied with vascular/BBB dysfunction. However, because astrocytes/OPCs are known
to support BBB function [42—44] and because AKAP12 also contributes to BBB tightness
[7], it is worthwhile testing a hypothesis that ACC may lead to vascular/BBB dysfunction in
corpus callosum through AKAP12-related mechanisms. Finally, we did not examine whether
other brain cell types besides astrocytes expressed AKAP12 in the developing brain. Past
studies showed that AKAP12 may be expressed in endothelial cells, myelinating
oligodendrocytes, and pericytes [6, 28]. In addition, it is still undetermined whether
microglia express AKAP12. To understand the cell- and non-cell autonomous mechanisms
of AKAP12 in corpus callosum development, we will carefully examine the cell specificity
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of AKAP12 expression, and ultimately, the usage of cell-specific Akap12 deficient mouse
lines would be required to assess the mechanisms of AKAP12-related cell-cell interaction
for future studies.

In summary, our present study demonstrates that AKAP12 contributes to postnatal corpus
callosum formation by increasing the numbers of astrocytes and OPCs. AKAP12 expression
was observed in astrocytes, but not in OPCs. Therefore, AKAP12-dependent glial
development may depend on both cell-autonomous (astrocytic AKAP12 regulates astrocyte
development) and non-cell-autonomous (OPC development is regulated by AKAP12-
expressing neighboring cells, such as astrocytes) mechanisms. Our data points to AKAP12
as a likely candidate in the subset of genes responsible for ACC. Future translational studies
regarding AKAP12-mediated mechanisms in postnatal corpus callosum formation would
provide insights into therapeutic options for ACC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Spatio-temporal profile of AKAP12 expression in mouse brain after birth:
Western blotting analysis of the tissue lysates of whole brain samples (D0) and the lysates of

corpus callosum (CC) or cortex (CX) samples (W2, M2 and M8) from WT, Akap12*/~, and
Akap12”~ mice. (a) Representative western blot images for AKAP12 band and B-actin
band. (b) Quantitative results of western blot experiments. Significant Tissue x Time course
interaction was not observed (£ (2, 24) = 0.15, P = 0.86). The levels of AKAP12 expression
were significantly higher in the corpus callosum compared to in the cortex from postnatal 2-
week to 8-month (£ (1, 24) = 9.84, P < 0.01; Two-way ANOVA). AKAP12 expression in
postnatal 2-week old mice was also significantly higher compared to that of 2- and 8-month
old mice (P = 0.011; Two-way ANOVA, *P < 0.05; Tukey’s multiple comparison). WB;
whole brain, Cx; cerebral cortex, CC; corpus callosum. DO; postnatal day 0, W2; postnatal
2-week, M2; postnatal 2-month, M8; postnatal 8-month. n = 4 per time point. Data are
shown as mean plus and/or minus S.D.
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Figure 2. AKAP12 expression in postnatal corpus callosum:
AKAP12 (red; arrows) was expressed in the corpus callosum on postnatal days 0 (P0) and

14 (P14), and merged with GFAP (green; arrowheads) signals (a) but not with PDGFRa
(green; arrowheads) positive cells (b) in WT mice. n = 3 on both PO and P14. Scale bar =
100 pm
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Figure 3. AKAP12 contributesto corpus callosum formation after birth:
(a) Schematic and representative images of GFAP (green) and DAPI (blue) staining of

coronal brain sections on postnatal days 0 (P0) and 14 (P14). (b) In the analysis of cortical
thickness, no significant Genotype x Time course interactions were observed (F (2, 24y =
0.29, P = 0.75). In addition, the cortical thickness was not significantly different between the
3 genotypes on PO and P14 (P = 0.67; Two-way ANOVA); however, the cortical thickness
was significantly different between PO and P14 (P < 0.001; Two-way ANOVA). (c, d) In the
analysis of callosal thickness, no significant Genotype x Time course interactions were
observed (F (2, 24) = 0.079, P = 0.92). Callosal thickness was significantly greater in WT
mice compared to Akap12 heterozygous (Akap12*/") and homozygous (Akap127") KO
mice (P < 0.001; Two-way ANOVA, *P < 0.05; Tukey’s multiple comparison) and was not
statistically different between PO and P14 (P = 0.51; Two-way ANOVA). (e) The ratio
between callosal thickness and cortex thickness showed no significant Genotype x Time
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course interactions (£ (2, 24) = 0.90, P = 0.42); however, the ratio in WT mice was
significantly larger compared to that of AkapZ2~~ mice (P < 0.01; Two-way ANOVA, *P <
0.05; Tukey’s multiple comparison). Furthermore, the ratio between callosal thickness and
cortex thickness significantly decreased from PO to P14 (P < 0.001; Two-way ANOVA). WT
(PO; n =5, P14; n = 5), Akap12*~ (PO; n = 7, P14; n = 4), Akap12”/~ (P0;n=3,P14;n=
5). Cx; cerebral cortex, CC; corpus callosum, Scale bar = 100 um. Data are shown as mean
plus S.D..
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Figure 4. AKAP12 contributesto cell proliferation of astrocytes and OPCsin postnatal corpus

callosum:

Immunofluorescences for GFAP (green), PDGFRa (red) and DAPI (blue) on coronal brain
sections on postnatal day 0 (P0) and 14 (P14). (a; upper) Schematic diagram of mouse brain.
Coronal brain sections at the level of anterior third of corpus callosum with circle shape of
AC were analyzed. (a; lower) Representative DAPI staining (blue) image in the coronal
section. (b-d) GFAP staining (green) demonstrated no significant Genotype x Time course
interactions (£ (2, 24y = 1.32, P = 0.29). The number of GFAP-positive astrocytes in WT mice
was significantly larger than that of Akap12heterozygous (Akap12*/") and homozygous
(Akap1277) KO mice (P < 0.001; Two-way ANOVA, *P < 0.05; Tukey’s multiple
comparison). No significant difference was found between PO and P14 (P = 0.26; Two-way
ANOVA). (b, c, €) In the number of PDGFRa-positive OPCs, there were no significant
Genotype x Time course interactions (F (2, 24y = 0.50, P = 0.61). The number of OPCs in
WT mice was significantly larger than that of AkapZ27~mice (P < 0.01; Two-way ANOVA,
*P < 0.05; Tukey’s multiple comparison). No significant difference was observed between
PO and P14 (P = 0.80; Two-way ANOVA). (b, c, f) There were no significant Genotype x

Time course interactions in DAPI number in the corpus callosum (F 2, 24) =
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WT mice showed larger numbers of DAPI-positive cells than Akap12*/~ and Akap12~/~
mice (P < 0.01; Two-way ANOVA, *P < 0.05; Tukey’s multiple comparison). No statistical
difference was found between PO and P14 (P = 0.32; Two-way ANOVA). In the GFAP/
PDGFRa double-staining images, there were no cells that were positive for both GFAP and
PDGFRa. WT (PO; n =5, P14; n = 5), Akap12*/~ (P0; n = 7, P14; n = 4), Akap12~/~ (P0; n
=3, P14; n = 5). CC; corpus callosum, AC; anterior commissure, LV; lateral ventricle, Scale
bar = 100 pm. Data are shown as mean plus S.D.
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