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Abstract

Recent, studies have shown that Tcf712, an important transcription factor in Wnt pathway, plays
critical roles in oligodendrocyte development. In this article we report a study showing that Tcf712
is under tight regulation during myelin formation. We have found that during early development,
Tcf712 mRNA appears much earlier than the protein, suggesting a regulation at the translational
level. We induced demyelination in a mouse model by a dietary toxin, where remyelination
followed after a few weeks, and found that Tcf712 protein was expressed specifically during the
active remyelination phase. Similarly, in human patients with demyelination diseases, Tcf712
protein expression was specifically promoted in regions undergoing active remyelination. During
remyelination, Tcf712 was only expressed in non-dividing oligodendrocyte precursors and was
associated with modest levels of nuclear beta-catenin. We also documented that Tcf712 could form
protein complex with Olig2, but not with Oligl. Our data showed that during myelin formation,
Tcf712/beta-catenin is regulated temporally, spatially, and also at levels of expression. These data
suggest a key role for Tcf712 in myelination/remyelination processes via a tightly controlled
activation of Wnt/beta-catenin pathway and the interaction with Olig2.
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Introduction

In the mammalian central nervous system, the myelin sheath formed by oligodendrocytes
wraps around the axons and plays critical roles in signal transduction and in axon
maintenance (Miller 2002). However, oligodendrocytes are very vulnerable to damages
from trauma or autoimmune attack. The resulting demyelination condition leads to
neurological diseases like multiple sclerosis, which can be profoundly debilitating and
severely impact the patient's quality of life. In normal adult brain, oligodendrocyte
progenitors have the capacity to replenish demyelinated regions. However, in some cases,
pathological conditions can impede this process: progenitors are successfully recruited to the
demyelinated area, but they fail to differentiate into mature oligodendrocytes (Chang et al.
2002; Kuhlmann et al. 2008). Many details about the process of remyelination are unclear,
and limited therapeutic resources are available for treating demyelinating diseases.

Oligodendrocytes originate from multifunctional neural stem cells. During the last decade,
considerable research effort has been aimed at understanding the transcriptional control of
oligodendrocyte development. A number of transcription factors, including Olig1/2, Sox10,
Nkx2.2, Nkx6.2, Yyl1, Zfp488, Zfp191,and Mrf, are expressed by cells of the
oligodendrocyte lineage: some of these factors (e.g., Olig2 and Sox10) regulate the
specification of oligodendrocytes, others (e.g., Oligl, Sox10, Nkx2.2, and Yy1) play key
functional roles in the differentiation of oligodendrocytes, while still others (e.g., Nkx6.2,
Zfp488, Zfp191, and Mrf) are expressed at later stages to affect the myelination process
(Arnett et al. 2004; Cai et al. 2010; He et al. 2007; Howng et al. 2010; Lu et al. 2002; Qi et
al. 2001; Southwood et al. 2004; Stolt et al. 2002; Takebayashi et al. 2002; Wang et al.
2006; Xin et al. 2005; Zhou and Anderson 2002; Emery et al. 2009).

In an earlier study, we reported the results of a genome-wide screen for transcription factors
that regulate the development of astrocytes and/or oligodendrocytes, and identified Tcf712, a
transcription factor involved in the Wnt-signaling pathway, as an important regulator for the
maturation of oligodendrocytes (Gray et al. 2004; Fu et al. 2009). Our studies showed that
Tcf712 is specifically expressed in oligodendrocytes during the time window that is critical
for myelin formation, i.e., right before the formation of the myelin sheaths. Functionally,
Tcf712 likely regulates the expression of several myelin genes. In fact, the expression of
CNPase, MBP, and PLP is drastically reduced in Tcf712 null mice (Fu et al. 2009). Two
other groups have also reported the importance of beta-catenin/ Tcf712 pathway for myelin
genes (Fancy et al. 2009; Ye et al. 2009). However, there are some discrepancies among the
results from different groups. Studies with over-activating beta-catenin mouse models
showed that activation of Wnt/beta-catenin inhibits myelin formation (Fancy et al. 2009; Ye
et al. 2009), while Tcf712 knockout mice showed myelin defect phenotype (Fu et al. 2009;
Ye et al. 2009), suggesting Tcf712/beta-catenin signaling promotes myelin formation. Our
study in this case found that the previous reports actually might not contradict each other.
Whnt-signaling is under tight regulation during myelin formation: (1) Tcf712 is associated
with only moderate levels of betacat-enin to promote myelin formation. High levels or very
low levels of Wnt signal activation would inhibit the process. (2) Tcf712 might also be under
translational control during the early development of oligodendrocytes.
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Human Tissue

Animals

Collection and research-related use of discarded human specimens stored in the department
of pathology were approved by the Brigham and Women's Hospital Institutional Review
Board (protocol #2002-P-000579: Histological studies of progressive multifocal
leukoencephalopathy (PML)). Since these were de-identified, discarded specimens,
informed consent was waived by the Institutional Review Board.

Animal husbandry was performed according to the approved protocol 03-131 by
Institutional Animal Care and Use Committee (IACUC) at Dana-Farber Cancer Institute for
all experiments reported. The maintenance and genotyping of Oligl null mice have been
reported previously (Arnett et al. 2004). Time-pregnant CD-1 mice were ordered from
Charles River (Wilmington, MA). The Cuprizone-animal model has been reported
previously (Arnett et al. 2004). In brief, C57BL/6 J mice of age 8-10 weeks were fed with a
mixture of 0.2% cuprizone (Sigma-Aldrich, St. Louis, MO) in ground chow for up to six
weeks. Cuprizone is a copper chelator that induces demyelination of the corpus callosum if
administered orally to adult mice. Normal diet was given after six weeks of cuprizone
treatment. The demyelination reached the peak in the fifth week. The remyelination
occurred thereafter and was allowed to develop for two weeks in this study.

In Situ Hybridization and Immunostaining

In situ hybridization (ISH) was performed as described previously (Gray et al. 2004).
Immunofluorescence (IF) procedures have also been published (Fu et al. 2002). Antibodies
used in this study include anti-Tcf712 (1:200, Millipore, Billerica, MA), Olig2 (1:10,000,
Chemicon, Billerica, MA), beta-Catenin (1:200, BD, San Jose, CA), and Ki67 (1:200,
Novocastra, Buffalo Grove, IL). Vector NovaRED peroxidase substrate kit (\Vector
Laboratories, Burlingame, CA) was used for immunocytochemistry according to the
manufacturer's protocol. Sections were then counter stained with H&E.

Immunoprecipitation

293T cells were grown to about 60% confluence and transfected with pcDNA3.1/V5:Tcf712
and pcDNA3.1/ myc:0Olig2 or pcDNA3.1/myc:Oligl by Lipofectamine 2000 according to
the manufacture's protocol (Invitrogen, Grand Island, NY). Whole cell lysates were
collected 48 h after transfection by using RIPA buffer supplemented with a Protease
Inhibitor Complete Mini (Roche, Branchburg, NJ). For immunoprecipitation, cell lysate
proteins were incubated with mouse anti-myc or anti-V5 mAb (Invitrogen) in RIPA buffer at
4°C for 2 h. The antigen—antibody complex was collected by adding protein-G Sepharose
(GE healthcare, Piscataway, NJ) at 4°C for 1 h. After three washes with RIPA buffer, the
complex-bound resin was suspended in SDS sample buffer, boiled, and resolved on a 12.5%
SDS-PAGE gel. After western blotting, proteins were detected with mouse anti-Myc or V5
mADb conjugated with HRP (Invitrogen, Grand Island, NY) by using chemiluminescence
with the ECL kit (Pierce, Rockford, IL), according to the manufacturer's instructions.
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Image Analysis

Results

ImageJ program (NIH) was used for quantitative analysis of the levels of nuclear beta-
catenin. We used three cuprizone-fed mice with 6 week treatment for this study. The corpus
callosum regions were double-stained with Tcf712 and beta-catenin antibodies. The average
levels of nuclear beta-catenin in cells were measured by ImageJ program. For each section,
we picked up more than 10 cells (n>[ 10) with the highest nuclear beta-catenin levels as
reference cells. The average beta-catenin levels from those cells were arbitrarily designated
as 100. Then, we calculated the relative strength of the average nuclear beta-catenin levels
of all Tcf712 positive cells (n > [ 12) in the same section. For each animal, the data were
collected from at least three sections.

Tcf712 Transcripts are Expressed in Neural Stem Cells/ Progenitors at Early Stages and in
Oligodendrocyte Lineage Cells at Later Stages

We have built a genome-wide transcription factor expression atlas in developing mouse
CNS to systematically study the transcriptional control during neural development (Gray et
al. 2004). We applied this atlas to screen for transcription factors that are involved in glial
development and identified 12 transcription factors that are expressed in cells of the glial
lineage. From these genes, we singled out Tcf712, an important Wnt-signaling molecule, for
further study (Fu et al. 2009).

With the use of ISH, Tcf712 mRNA was detected in the mouse spinal cord as early as E11.5.
From E11.5 to E15.5, Tcf712 mRNA was localized exclusively in the ventricular zone (Fig.
1). Its levels decreased during the developmental progress. At E15.5, very low levels of
Tcf712 mRNA were detected. From E18.5 on, Tcf712 mRNA was no longer expressed in the
ventricular zone, but was now visualized in the parenchyma of the spinal cord,
predominantly in the future white matter (Fig. 1). In the adult mouse spinal cord, Tcf712
mMRNA could not be detected with the use of ISH (data not shown). Our data suggest that
Tcf712 developmental expression pattern has two stages: the early stage, the developmental
period before E18.5, when Tcf712 mRNA is exclusively expressed in the ventricular zone;
and the later stage, after E18.5, when Tcf712 is expressed mostly in the future white matter
region of the spinal cord.

Tcf712 is Expressed During Remyelination Stages, in Human Patients, as well as in Animal
Models of Demyelination

To explore the role of Tcf712 in the remyelination process, we studied its expression in
sections from human brains with demyelination diseases. Tcf712 protein was not found in
the normal brain tissue. However, in four cases of PML caused by JC virus, we detected
Tcf712 protein specifically expressed at the edge of the demyelination plaque, where the
process of remyelination was likely to occur (Fig. 2a). This differential expression of Tcf712
was also recapitulated in brains of patients with multiple sclerosis (MS) (Fancy et al. 2009,
data not shown). For both diseases, Tcf712 protein was only found around demyelination
lesions, presumably where the axons were actively being remyelinated by oligodendrocyte
progenitors.
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Since Tcf712 expression showed spatial preference for the remyelinating regions in human
demyelinating diseases, we proceeded to test the time preference of Tcf712 during the
process of remyelination. To do this, we used cuprizone, a toxin known to cause
demyelinating lesion followed by the process of remyelination. Cuprizone and other toxin-
induced demyelination/remyelination animal models have been widely used to study the
mechanism of remyelination (Arnett et al. 2004; Fancy et al. 2009). We found that Tcf712 is
not expressed in the adult corpus callosum, where one would expect to find only mature
oligodendrocytes and early oligodendrocyte progenitors. However, after five weeks of
cuprizone treatment, the remyelination starts (Arnett et al. 2004) and Tcf712 protein is
widely expressed in the Olig2 positive oligodendrocytes at the corpus callosum. After 7
weeks, when the remyelination process is almost completed, Tcf712 protein expression drops
back to non-detectable levels as revealed by immunostaining (Fig. 2b).

The Potential Interaction of Tcf712 with Beta-Catenin and Olig2

Tcf712 is an important transcription factor involved in the Wnt-signaling pathway. Tcf712
alone can bind to the DNA to inhibit the transcription of downstream target genes. When the
canonical Wnt pathway is activated, beta-catenin translocates from the cytoplasm into the
nucleus, where it binds to Tcf transcription factors, including Tcf712. The beta-catenin
binding switches the Tcf712 from a transcription inhibitor to an activator for downstream
targets (Clevers 2006).

Co-immunolabeling experiments showed that during remyelination, Tcf712 was coexpressed
with beta-catenin in the nucleus, suggesting that the canonical Wnt-signaling is activated
and that Tcf712 is functioning as a transcription activator (Fig. 3a). However, further
analysis reveals that Tcf712 only associates with moderate levels of nuclear beta-catenin,
less than 40% to the highest nuclear beta-catenin levels in the same section (Fig. 3b),
suggesting that during remyelination, the activation level of Wnt-signaling is under tight
control. Double-labeling experiments showed that Tcf712 and Ki67, a cell division marker,
are not co-localized during the remyelination (Fig. 3d), indicating that Tcf712 is expressed in
post-mitotic oligodendrocytes. This result is similar to that reported for oligodendrocyte
development (Fu et al. 2009).

During the process of remyelination, the expression pattern of Tcf712 protein is very similar
to that reported for the nuclear Oligl protein, both in brains of human patients and in animal
models (Arnett et al. 2004). We thus decided to examine whether Tcf712 could potentially
interact with Olig1/2. Expression vectors carrying Tcf712, Oligl, and Olig2 were transfected
into 293T cells. Tcf712 was tagged with V5 peptide, and Olig1/2 was tagged with myc
peptide. Cell lysates were collected 48 h after transfection and used in Co-
immunoprecipitation (ColP) experiments. We found that Tcf712 did not exist in an
immunoprecipitated protein complex with Oligl, but did exist in a complex with Olig2 (Fig.
3c).
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Discussion

Tcf712 is Likely Under Translational Control During Early Development of
Oligodendrocytes

We have previously shown that Tcf712 protein is expressed in post-mitotic, pre-myelinating
oligodendrocytes (Fu et al. 2009). In the mouse spinal cord, it is expressed not earlier than
E18.5 (Fu et al. 2009), a result that differed from our earlier findings from the ISH study
done in the genomewide screening, where we reported that Tcf712 mRNA was expressed in
the ventricular zone at E13.5 and in the white matter at PO (Gray et al. 2004). To resolve this
discrepancy in the timing of initial expression of Tcf712, we undertook the current, more
detailed study of Tcf712 mRNA expression in the developing mouse spinal cord. We
reported that Tcf712 mRNA expression has two spatially and temporally distinct patterns: at
an early stage (before E18.5), Tcf712 is specifically in the ventricular zone, while at a later
stage (after E18.5), Tcf712 is expressed mostly in the white matter. The spatiotemporal
expression pattern of the protein only matches the late stage of the mMRNA expression.

In general, protein expression occurs later than the transcription of mMRNA. However, in this
study, the time difference between the mRNA and protein expression of Tcf712 is more than
5 days. The time disparity could be due to a number of other causes: 1. Technical artifact:
We think this is not likely, since we can detect the Tcf712 protein as early as E13.5 in
neurons of the brain. 2. Alternative splicing: Since many alternatively spliced forms of
Tcf712 have been detected in both mouse and human cells (Weise et al. 2010), it is possible
that different isoforms were expressed at different developmental stages of
oligodendrocytes, and were differentially recognized by our in situ probe and antibody. We
found that both the probe used for ISH and the antibody recognize the similar region in the
N-terminus of Tcf712, while the major difference among splicing isoforms is located in the
C-terminus (Fu et al. 2009). It was determined that both the in situ probe and the antibody
recognize most of the Tcf712 isoforms. 3. Tcf712 is under translation control, such as
miRNA regulation, during the early stages of brain development when oligodendrocytes are
starting to mature. We think this is the situation most likely to occur. We speculate that
Tcf712 mRNA is under the control of miRNA activity, as several possible miRNA-binding
sites have been predicted on Tcf712 mMRNA: TargetScan predicts miR-212 and miR-132-
binding sites at the 3-UTP region, while PicTar provides a list of 18 potential binding sites,
including those two sites predicted by TargetScan.

The studies from the laboratories of Dr. Ben Barres and Dr. Richard Lu report that miRNA
plays important roles in oligodendrocyte development (Zhao et al. 2010; Dugas et al. 2010).
Note that Oligl, another transcription factor involved in myelin formation, also shows a
mismatch between the protein and mRNA expression. Our unpublished data shows that
mRNA for Oligl can be detected as early as E9.5. However, the protein can only be detected
after E18.5. These data suggest that both Oligl and Tcf712 are under similar translational
regulations, and this regulation might be important for oligodendrocyte development.

Cell Mol Neurobiol. Author manuscript; available in PMC 2014 May 19.
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Tcf712 Expression During the Process of Remyelination

Previous studies showed that the expression of Tcf712 protein is closely coupled with the
timing of myelin formation during oligodendrocyte development (Fu et al. 2009). After
oligodendrocyte precursors exit the cell cycle, Tcf712 protein starts to be expressed- this is
the phase that occurs right before the myelin formation. Once the oligodendrocytes are
matured, Tcf712 protein expression is turned off. In other words, Tcf712 expression and
myelin formation are temporally correlated. Further studies on Tcf712 knockout mice have
since confirmed that Tcf712 is functionally important for myelin formation (Fu et al. 2009).

In this study, we have demonstrated that Tcf712 is also re-expressed during the
remyelination process, underscoring its requirement for the process of myelin formation. We
have examined several demyelination/remyelination models. In the dietary cuprizone mouse
model, Tcf712 was specifically expressed during the remyelination period—no Tcf712
protein was detected before or after remyelination. Since the loss of myelin is almost
completely recovered in this mouse model, it is very likely that Tcf712 has a role in
promoting remyelination. Evidence from Oligl null mice also supports the pro-
remyelinating role of Tcf712: Oligl null mice were not able to remyelinate their axons and
died after the cuprizone treatment, and we could barely detect Tcf712 protein in the corpus
callosum of the treated mice (data not shown). The study of human patients with
demyelinating diseases is also consistent with mouse data: in patients with MS or PML,
Tcf712 protein is expressed at the edges of the demyelination region, the area where active
remyelination is taking place (Arnett et al. 2004). And finally, data from other labs are also
consistent with our findings, in documenting that Tcf7I12 is activated during the
remyelinating process in several animal models of demyelination, and in the brains of MS
patients (Fancy et al. 2009).

The Role of Wnt-Signaling in Myelin Formation

Whnt-signaling pathway has key roles in the development of a number of tissues (Clevers
2006; Grigoryan et al. 2008), and increasing attention is now being focused on how this
pathway might influence oligodendrocyte development. Wnt-signaling proteins are
expressed during the early as well as the late stages of oligodendrocyte development (Kim et
al. 2008), and functional studies show that over-activated Whnt-signaling inhibits the early
phase of oligodendrocyte development either by pharmacological activation (Kim et al.
2008; Shimizu et al. 2005) or by genetic animal model (Fancy et al. 2009; Ye et al. 2009).
As the cells are maturing, the exact function of Wnt-signaling is less clear: overactivating
beta-catenin inhibits the development of oligodendrocyte precursors (Fancy et al. 2009; Ye
et al. 2009), while conditional beta-catenin null mice display no obvious defects in
oligodendrocyte development (Fancy et al. 2009). However, in Tcf712 null mice, the
expression levels of myelin proteins are greatly reduced (Fu et al. 2009; Ye et al. 2009).

We have observed that Tcf712 positive oligodendrocytes coexpress moderate-to-low levels
of nuclear beta-catenin, both during myelination and remyelination. At P5 spinal cord
(Supplementary Fig. 1) or the corpus callosum after 5 weeks of cuprizone treatment (Fig. 2),
Tcf712 is colocalized with weak nuclear beta-catenin. For reference, we observed that some
of the neurons on the same section expressed much higher levels of nuclear beta-catenin.
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These data indicate that the level of Tcf712/beta-catenin signal activation is tightly
controlled during the maturation of oligodendrocytes, which explains the reason that in
studies of overactivating beta-catenin, the myelination process was inhibited (Fancy et al.
2009; Ye et al. 2009). Fancy et al. has recently found that Axin2 is important for
remyelination, and pharmacological stabilization of Axin2 accelerates remyelination after
injury (Fancy et al. 2011). The transcription of Axin2 is promoted by Tcf/beta-catenin, while
the Axin2 protein promotes the degradation of beta-catenin. Therefore, Axin2 negatively
feeds back on the Tcf/beta-catenin pathway and keeps the signal levels down. The
importance of Axin2 in remyelination further supports the significance of low levels of
Tcf712/beta-catenin during myelin formation.

Tcf712 is under the regulation of several transcription factors, such as Olig1/2, Nkx2.2, and
Nkx6.1 (Fu et al. 2009). In this study, we further examined the protein— protein interaction
between Tcf712 and Olig1/2. The relationship between Tcf712 and Olig1 is very interesting.
Tcf712 expression is very similar to that of Oligl. Both have early expression of mMRNA
during early spinal cord development and the late protein expressions starting around E18.5.
Tcf712 is coexpressed with Oligl protein during development as well as during the
remyelination process (Fancy et al. 2009), and both proteins are actively involved in myelin
formation. However, under our experimental conditions, Oligl did not form a protein
complex with Tcf712, while Olig2 did—this finding suggests that Olig2 is also actively
involved in myelin formation as a partner protein with other transcription factors, such as
Tcf712 and/or Zfp488 (Wang et al. 2006). Studies from our lab and others have documented
that Tcf712 maybe the converging point for transcriptional control of myelin formation
(Supplementary Fig. 2) (Ye et al. 2009).

Till now, there are no effective therapies for remyelination in treating demyelinating
diseases. The problem is not the recruitment of oligodendrocyte progenitors, but that the
progenitors are unable to differentiate into myelinating oligodendrocytes. Our study showed
that Wnt-signaling might be important for myelin formation. Specifically, the levels of
Tcf712/beta-catenin could be critical. Our data showed that Tcf712 positive cells always
express nuclear beta-catenin at low levels, suggesting that during myelin formation, Wnt-
signaling pathway is activated, and the strength of the signal is tightly controlled. In
pathological conditions, this balance and control mechanism could be easily broken and hard
to recover, which could be one of the reasons that makes remyelination such a tough
medical challenge.

In summary, our data support that Tcf712/beta-catenin plays critical roles during myelin
formation, and the activation of this canonical Wnt pathway is tightly controlled during the
process. Tcf712 is regulated by transcription factors expressed in oligodendrocyte
progenitors and controls the downstream myelin genes. Tcf712 is expressed only in short
time window—right before myelin formation, and probably interacts directly with Olig2 and
beta-catenin to promote myelin formation. The levels of Tcf712/beta-catenin are tightly
controlled during development and remyelination processes. At early developmental stages,
Tcf712 is probably under translational control as its mMRNA appears much earlier than its
protein. During myelin formation, Tcf712 is only associated with moderate levels of beta-
catenin. High levels or low levels of Tcf712/beta-catenin have been shown to be detrimental
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for myelin formation (Fu et al. 2009; Fancy et al. 2009; Ye et al. 2009). During pathological
conditions, the control mechanism of levels of Tcf712/beta-catenin could be dysfunctional,
which would result in unsuccessful remyelination. Since conventional Tcf712 null mice die
at PO, we are currently working with inducible oligodendrocyte-specific Tcf712 knockout
mice to study further details of Tcf712 function, which may provide direct evidence of its
role during myelination and remyelination, as well as its interaction with beta-catenin/Wnt-
signaling pathway.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.

Expression pattern of Tcf7I2 mRNA in the developing mouse spinal cord. Before E18.5,
Tcf712 mRNA is restricted in the ventricular zone. After E18.5, Tcf712 mMRNA expression
spreads out, mostly into the (future) white matter
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Fig 2.
Tcgf7l2 protein is expressed in the brains of patients with PML and in the brains of the
cuprizone-treated mice. a Brain sections of PML patients. Tcf712 protein (reddish brown) is
expressed around the demyelination plaque (indicated by * symbol). The section is counter-
stained with H&E. b Tcf712 protein (red) is expressed in the mouse corpus callosum (CC)
after 5 weeks of cuprizone treatment. Before the treatment, only Olig2-positive cells (green)
are seen in the CC region. After 5 week treatment, Tcf712 and Olig2 doublepositive cells
(orange and yellow) are visible in the CC region. After 7 weeks, Tcf712 is no longer
expressed, but Olig2-positive cells (green) remain in the CC region. The red frame indicates
the region where the pictures are taken
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Fig 3.

Tcgf?IZ associates with nuclear beta-catenin and with Olig2. a Tcf712 (red) and beta-catenin
(green) double staining in the mouse corpus callosum after 5 weeks of cuprizone treatment.
Arrows point to the cells that are positive for Tcf712 and also exhibit weak nuclear beta-
catenin expression. b The quantitative analysis of nuclear beta-catenin levels in Tcf712
positive cells. Comparing to the average of the highest nuclear beta-catenin levels in the
same section, Tcf712-positive cells only associate with moderate levels of nuclear
betacatenin (<40%) during the remyelination process. n, the total number of cells measured
in each brain section. The error bar shows the value of the standard deviation. ¢ Tcf712
protein can form protein complex with Olig2, but not with Oligl, in 293T cells. Cells are
only transfected with Olig2-myc plasmid (Lane 1); only Tcf712-V5 plasmid (Lane 2); both
Olig2-myc and Tcf712-V5 plasmids (Lane 3); both Olig2-myc and Tcf712-V5 plasmids with
no antibodies used to pull down myc or V5 antigens (Lane 4, control); both Oligl-myc and
Tcf712-V5 plasmids (Lane 5); both Oligl-myc and Tcf712-V5 plasmids with myc or V5
immunoblotting only (Lane 6). Arrowhead points to the Olig2 protein in the
immunoblotting. Arrows indicate the positions of Tcf712, Oligl, and Olig2 proteins in the
immunoblotting determined by molecular weight. d Tcf712 (red) is not expressed with Ki67
(green) in the mouse corpus callosum after 5 week cuprizone treatment
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