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Effects of the transcription factor Oligl on the differentiation
and remyelination of oligodendrocyte precursor cells
after focal cerebral ischemia in rats
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Abstract. The differentiation and maturation of oligodendro-
cyte precursor cells (OPCs) is important for remyelination in
the central nervous system. Nevertheless, this process is often
limited and incomplete in ischemic injury. Oligodendrocyte
transcription factor 1 (Oligl) is important for the maturation
of OPCs and the repair of demyelinated lesions. However, how
Oligl modulates the development of OPCs or the remyelination
associated with ischemic injury remains unclear. The present
study aimed to examine alterations in OPCs, and the expres-
sion of myelin and Oligl, at different time-points after focal
cerebral ischemia using immunohistochemistry and western
blot techniques to elucidate the role of Oligl in the maturation
of OPCs and remyelination. The present results showed that
the expression of Oligl significantly decreased at 1 day after
middle cerebral artery occlusion (MCAO) and returned to
normal levels from day 3 to 28. Additionally, Oligl was found
to translocate into the nucleus following ischemia in the brain.
The number of OPCs in the ischemic striatum significantly
declined at days 1 and 3 following MCAO, and increased at
days 7, 14 and 28 compared with the control. The expression of
myelin basic protein, a marker of mature oligodendrocytes and
myelin, gradually decreased from day 1 to 7 after ischemia
and recovered at day 14 and 28; however, the levels were lower
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than those in the control group. The present results indicated
that the restored normal level of Oligl following ischemia may
play an important role in the maturation of OPCs through
its translocation into the nucleus, where it may promote the
growth and development of myelin under pathological condi-
tions. However, this endogenous recovery mechanism fails to
fully repair the demyelinated lesion. The data of the present
study may help clinicians understand the expression pattern of
Oligl and its potential role in endogenous remyelination after
ischemia, which may have implications for the treatment of
diseases that lead to demyelination.

Introduction

A number of previous studies have investigated the central
white matter (1-3), which is predominantly composed of
axons, which are surrounded by myelin. In the central nervous
system (CNS), myelin is synthesized by oligodendrocytes,
which wrap their membranes around axons to maintain
saltatory conduction and neuronal support. Like neurons,
oligodendrocytes are highly vulnerable to ischemic injury,
which usually leads to loss and disruption of the myelin
sheath (4,5).

As a major source of new oligodendrocytes following
ischemic stress, oligodendrocyte precursor cells (OPCs) are
abundant throughout the gray and white matter of the adult
brain (6-9). Previous studies have shown that OPCs are
capable of rapidly dividing, migrating and eventually differ-
entiating into myelin forming oligodendrocytes in response
to local signals induced by stroke; this suggests that the adult
brain possesses the capacity for endogenous remyelination
by providing demyelinated areas with newly-formed mature
oligodendrocytes (10-12). However, the capacity for sponta-
neous myelin repair is limited despite the abundance of OPCs,
this may be due to the maturation arrest of OPCs (13,14).
Therefore, a better understanding of the molecular mecha-
nisms that control the process of oligodendrocyte development
is important to elucidate potential therapeutic interventions for
demyelinating disorders.
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Oligl and Olig2, two closely related basic helix-loop-helix
transcription factors, have been identified and shown to play
an important role in the differentiation of oligodendrocyte
lineage cells from OPCs to mature oligodendrocytes (15-17).
Previous gain and loss-of-function studies found that Olig2
is necessary for the initiation of oligodendrocytes, whereas
Oligl is suggested to contribute to the complete matura-
tion of oligodendrocytes and to the repair of demyelinated
lesions (18-21). Olig?2 is present in the nucleus of oligodendro-
cyte at all developmental stages, while Oligl is translocated
from the nucleus to the cytoplasm in OPCs during normal
myelinogenesis, and ultimately remains localized in the cyto-
plasm. Following demyelination, Oligl is translocated back to
the nucleus (22), suggesting a nuclear function of Oligl that
is important for remyelination. However, a detailed molecular
mechanism of the translocation of Oligl remains to be estab-
lished. Previous studies revealed that the post-translation
modification of proteins, particularly phosphorylation and
acetylation, regulates the subcellular location of Oligl (23,24).
Additionally, Tonchev et al (25) reported an increase in
the number of Oligl-immunopositive (Oligl+) cells in the
subventricular zone following ischemia. It is possible that
both the intracellular redistribution of Oligl and regulation of
its expression levels may be required for the repair process,
however, these mechanisms have not been well studied in the
middle cerebral artery occlusion (MCAOQO) model. Exploring
the temporal and spatial expression and distribution of
Oligl will increase the understanding of the role of Oligl in
oligodendrogenesis and facilitate the development of novel
therapeutic strategies for remyelination.

Ischemia acutely induces mature oligodendrocyte damage,
leading to the diffuse loss of myelin and axons, which is
associated with severe neurologic deficits (9). OPCs contribute
to myelination in the CNS and have received much atten-
tion regarding their role in ischemic-associated injuries (10).
During recovery from ischemia, a significant increase in
the number of OPCs is observed, and some of them become
mature myelinating oligodendrocytes, in peri-infarct gray
and white matter where sprouting axons are present (12).
Transcriptional factor Oligl was detected in oligodendrocytes
and OPCs of the CNS and regulated oligodendrocyte lineage
progression (18). Although previous studies have demonstrated
that the role of Oligl in the development of OPCs (17,22),
the relationship between Oligl and OPCs development, and
myelination, remains largely unknown. In the present study,
the expression patterns of Oligl, along with the alteration of
OPCs and myelin, were systematically observed in the brain
following ischemia insult (from 1 to 28 days) using immuno-
histochemistry and western blot analysis. The effects of Oligl
on the maturation of OPCs and the subsequent remyelination
in a rat focal ischemic model were discussed in detail. The
present study provided an insight for the restorative treatment
of ischemia or other demyelination disease that requires the
manipulation of endogenous oligodendrogenesis in order to
enhance spontaneous brain repair.

Materials and methods

Experimental animals. A total of 72 adult male
Sprague-Dawley rats at age 6-8 weeks weighing 260-280 g
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were used in the present study and randomly assigned to the
ischemic group or the control group. The rats were purchased
from the Department of Experimental Animal Sciences,
Dalian Medical University, and housed under standard labo-
ratory conditions (temperature, 20-25°C; relative humidity,
50-70%) for 7 days before experimentation. The animals had
free access to food and water during the experiment, and were
maintained in natural day/night cycles. Efforts were made to
minimize the discomfort of the animals. All protocols were
approved by Animal Welfare Committee of Dalian Medical
University and followed the guidelines for Animal Care and
Use adapted from the National Institutes of Health.

Surgery. The rats were anesthetized with 80 mg 10% chloral
hydrate (300 mg/kg) by intraperitoneal injection, no signs of
peritonitis were observed in the animals. The middle cerebral
artery (MCA) was occluded as described by Longa et al (26).
After midline incision of the neck skin, the right external carotid
artery (ECA) was carefully isolated from the surrounding
nerves and fascia. Briefly, a nylon monofilament suture of
0.26 mm diameter (with one end rounded by heat and a diam-
eter of 0.34 mm) was inserted into the ECA and advanced into
the internal carotid artery to obstruct the origin of the right
MCA. The suture was inserted 18-20 mm from the bifurcation
of the common carotid artery. The rectal temperature of the
animals was maintained at 37+0.5°C using a heat lamp during
the operation. After awakening, neurological deficits were
evaluated according to the method of Bederson et al (27). Rats
without left forelimb paresis or circling towards the left side
were regarded as unsuccessful models and were excluded from
further study. The rats were anesthetized with ether 90 min
after MCAO and the occluding filament was withdrawn. The
rats in the control group were subjected to isolation of their
right carotid arteries only. At 1, 3, 7, 14 and 28 days after
MCADO, the rats were anesthetized with 80 mg 10% chloral
hydrate (300 mg/kg) followed by decapitation or by perfusion
(12 rats at each time-point and 12 total control rats).

Immunohistochemistry staining. Rats were perfused with
normal saline followed by 4% paraformaldehyde (PFA) in
0.1 M phosphate buffer (PB, pH 7.4) for 20 min at 25°C. The
brains were removed, post-fixed in 4% PFA for 24-48 h (4°C)
and then transferred to PB with 30% sucrose (4°C). Several
days later, the brains were frozen in solid carbon dioxide
and then cut in 20-um-thick serial sections using a cryostat
(Cryocut1800; Leica Microsystems, Inc.). The sections were
mounted on gelatin/chrome alum-coated glass slides.

The slides were processed for Oligl, NG2 or myelin
basic protein (MBP) using the avidin-biotin technique (Elite
kit; Vector Laboratories, Inc.), as described by Tu et al (28).
The sections were blocked with 2% goat serum (OriGene
Technologies, Inc.) for 30 min at 37°C and then incubated
overnight at 4°C in a humid chamber with the following
antibodies: Oligl (1:400; MAB5540, Chemicon International;
Thermo Fisher Scientific, Inc.), NG2 (1:400; AB5320,
Chemicon International; Thermo Fisher Scientific, Inc.) or
MBP (1:200; BA0094; Wuhan Boster Biological Technology,
Ltd.). After washing in 0.01 M PBS three times, sections were
incubated with goat anti-mouse or goat anti-rabbit secondary
antibodies conjugated to HRP (1:100, SP9001 or SP9002,
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OriGene Technologies, Inc.) for 30 min at 37°Cand were finally
processed with diaminobenzidine (1 mg/ml; 0.001% H,0,) for
2 min at 25°C.

Images were captured with a charge-coupled device
(CCD) spot light camera under x100, x200 and x400 magni-
fication with light microscopy (BX51; Olympus Corporation).
MetaMorph software (v7.8; Molecular Devices, LLC) was
used for the quantification of cell number and the average
intensity in the region of the ischemic striatum.

For the analysis of Oligl expression in normal rats,
3 sections in different brain areas (the cerebral cortex, corpus
callosum, and the striatum and hippocampus) were selected
and 5 fields of each section at the same magnification were
randomly chosen to count Oligl positive cells. The total
number of Oligl* cells was obtained from three sections of
each brain area and then averaged for six rats.

An area of 1,400x1,200 ym in the ischemic striatum was
defined for counting Oligl or NG2 positive cells at different
time-points after MCAO. The slides were visualized by
light microscope under x100 magnification. Counting of the
number of Oligl and NG2 cells was carried out blindly. In
total, 4 slides from each rat brain were obtained from 20 ym
thick coronal sections between 1.4 mm anterior and 0.4 mm
posterior to the bregma. All counts were pooled and results
were expressed as the average number of positive cells per rat.
In total, 6 rats were studied per group.

The average intensity of MBP-immunoreactivity in the
striatum of the ischemic side was calculated to identify the
extent of remyelination. The average intensity was defined as
the difference between the average gray value (mean density)
within the ischemic striatum and its background (29).

Western blot analysis. At 1, 3,7, 14 and 28 days after reperfu-
sion, the animals were sacrificed and the levels of Oligl and
MBP were determined. Western blot analysis was performed
as described by Jiang et al (30). Briefly, the bilateral striatum
of the brain were removed, quickly frozen in liquid nitrogen
and stored at -80°C for later use. Frozen tissues were homog-
enized in homogenization buffer (50 mmol/liter Trisxbase,
2 mmol/liter EDTA, 40 mmol/liter NaF, 1 mmol/liter
phenylmethylsulfonyl fluoride). Protein concentrations were
determined using the bicinchoninic acid method. Samples
containing 60 mg of protein were separated by 15%
SDS-PAGE and transferred to PVDF membranes. The blots
were blocked with 5% non-fat milk for 1 h at 25°C and incu-
bated with mouse monoclonal anti-Oligl antibody (1:4,000;
MABS5540; Chemicon International; Thermo Fisher Scientific,
Inc) or rabbit polyclonal anti-MBP antibody (1:1,000; BA0094,
Wuhan Boster Biological Technology, Ltd.) overnight at 4°C.
B-actin (1:8,000; sc-130065; Santa Cruz Biotechnology, Inc.)
served as an internal control. After washing three times with
TBST, membranes were incubated for 1 h at room temperature
with goat anti-mouse or goat anti-rabbit [gG-HRP (1:1,000;
sc-2005 or sc-2004; Santa Cruz Biotechnology, Inc.). Protein
bands were visualized using enhanced chemiluminescence
reagents (Santa Cruz Biotechnology, Inc.) and the membranes
were exposed to autoradiographic film for 1-5 min.

For the quantification of the western blotting signals,
the blots were scanned with ScanWizard 5.0 (Microtek
International, Inc.) and the density of the bands were measured
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with the TotalLab version 1.0 software (TotalLab Ltd.). Values
for Oligl or MBP were normalized to the intensity of B-actin.

Statistical analysis. The experiments were repeated three
times. Data are expressed as the mean + SEM. Statistical
analysis was performed using GraphPad Prism (version 5.0;
GraphPad Software, Inc.). Differences between the control and
various time-points were determined using one-way ANOVA
followed by Dunnett's post-hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression pattern of Oligl protein in control and ischemic
rats. Fig. 1 shows the expression pattern of Oligl protein in
control and ischemic brain sections with immunohistochemical
staining. Oligl-immunoreactive cells were widely distributed
throughout the gray and white matter of the control adult brain,
including the cerebral cortex, corpus callosum, the striatum
and hippocampus (Fig. 1A and B). Oligl-immunoreactivity in
the control rats was restricted predominantly to the cytoplasm
and rarely seen in the nuclei of oligodendroglial-like cells
(characterized by a small cell body, sparse cytoplasm and few
processes; Fig. 1C and D). After focal ischemia, however, the
nuclear localization of Oligl significantly increased in the area
surrounding lesions (Fig. 1E and F). This indicated that the
Oligl protein was recruited to the nucleus following MCAO.

Time course of Oligl-immunoreactivity after MCAO.
Fig. 2A is a representative example of the immunostaining
for Oligl-immunoreactivity in the right striatum on the
sham-operation day (control) and on days 1, 3, 7, 14 and 28
after MCAO. The statistical results are shown in Fig. 2B. It
was found that the number of Oligl-immunoreactive cells were
reduced at days 1 and 3 after MCAO, with lowest numbers
observed at day 1. The number of Oligl-immunoreactive
cells increased at day 7 and remained at this level for the next
4 weeks. The ischemic side of MCAO rats exhibited extensive
nuclear Oligl staining, as observed by light microscopy, from
day 1 to 28 following the operation. By contrast, the contralat-
eral side showed no evidence of Oligl redistribution from the
cytoplasm to the nucleus in oligodendrocyte (data not shown),
which indicated that the presence of nuclear Oligl is highly
correlated with the active lesions.

Western blotting was performed to analyze Oligl expres-
sion. Results in the ischemic striatum at different time-points
(up to 28 days) are shown in Fig. 3A and B. Consistent with
the findings of the immunohistochemistry, Oligl expression
significantly decreased at 1 day after MCAO, returned to a
near control level at day 3 and maintained this level throughout
the remaining period of the experiment. However, there was
no difference in the expression of Oligl between control and
MCADO rats in the contralateral striatum at any time-point
(Data not shown).

Morphological changes of OPCs in the ischemic striatum of
the rats. Fig. 4A shows the population of OPCs in the ischemic
area, which was stained using an NG2 antibody. The number of
OPCs was uniformly distributed in the white and gray matter
of the control brain. These cells had small bodies, round or
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Figure 1. Immunohistochemical staining of Oligl in control and MCAO rats. (A) Distribution of Oligl positive cells in different regions of the brain. Scale
bar, 30 ym. (B) Statistical analysis of (A). (C) In normal rats, Oligl was predominantly located in the cytoplasm and rarely in the nuclei of oligodendrocytes.
Arrows indicate the cytoplasmic localization of Oligl. Scale bar, 30 zm. (D) Higher magnification of black box in (C). Scale bar, 10 ym. (E) MCAO rats
exhibited extensive nuclear localization of Oligl. Arrows indicate the nuclear localization of Oligl. Scale bar, 30 ym. (F) Higher magnification of black box
in (E). Scale bar, 10 zm. Oligl, oligodendrocyte transcription factor 1; MCAO, middle cerebral artery occlusion; Cx, cortex; Cc, corpus callosum; St, striatum;

hip, hippocampus.
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Figure 2. Time course of Oligl immunostaining in the ischemic striatum following MCAO. (A) Oligl immunostaining at days 1, 3, 7, 14 and 28. The number
of Oligl positive cells decreased 1 day after MCAO and then returned to control levels at day 3. This level was maintained until day 28. Nuclear Oligl was
significantly increased in the striatum of the ischemic side after MCAO. Scale bar, 50 ym. (B) Quantification of the number of Oligl positive cells. n=6.
“P<0.05, “P<0.01 vs. Con. Oligl, oligodendrocyte transcription factor 1; MCAQO, middle cerebral artery occlusion; Con, control.
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Figure 3. Western blot analysis of Oligl in the striatum after MCAO. (A) Oligl bands in the Con group and at different time points (1, 3, 7, 14 and 28 days
following focal cerebral ischemia) in the ischemic striatum. The level of Oligl protein decreased 1 day after MCAO and then returned to near control levels
from day 3 to 28. B-actin was used as a loading control. (B) Quantification of results in (A). n=6. “P<0.01 vs. Con. Oligl, oligodendrocyte transcription factor 1;

MCAO, middle cerebral artery occlusion; Con, control.

oval, with multiple and highly branched processes extending
in all directions. In the brains sampled 7 days after MCAO,
the OPCs exhibited swollen cell bodies, with very heavy
staining, and many short and hypertrophied processes, indi-
cating OPCs were activated and entered mitosis. The number
of NG2-positive cells was quantified in the ischemic region at
each of the time-points (Fig. 4B). The number of OPCs in the
ischemic striatum significantly decreased at days 1 and 3, and
recovered at day 7. The number of OPCs reached a peak at
day 14, and this level was maintained until day 28 after MCAO.

Changes in the expression of MBP in brain tissues. To
investigate the extent of demyelination in the white matter
of MCAQO rats, the expression of MBP, a major constituent of
CNS myelin, was studied using immunohistochemistry and
western blotting. Representative images from the time course
of MBP staining in ischemic striatum is shown in Fig. 5A.
Many myelinated fibers, which were detected with anti-MBP
antibody, were clearly visible in the control cerebral striatum
and each fiber tract could be easily followed. By contrast, these
fibers became obscure and spaces between fiber tracts appeared
during reperfusion following MCAO. The ratio of MBP optical
densities on the ischemic side was also analyzed (Fig. 5B). The
average intensity of MBP staining in the ischemic group was
decreased gradually from day 1 to 7, and marginally recovered
at days 14 and 28. However, the difference between days 14
and 28 was not statistically significant (P>0.05).

Results of the western blotting and band density analysis
are shown in Fig. 6A and B. MBP levels in the affected striatal
tissues were measured at days 1, 3, 7, 14 and 28 after MCAO.
Compared with the control, the average level of MBP progres-
sively decreased from day 1 to 7, reaching a minimum at
day 7, then recovered at days 14 and 28. Despite the increased
expression of MBP at days 14 and 28, the MBP expression
level remained lower than in the control group. These data
suggested that myelin loss occurred at an early time-point
(1 day) and advanced during ischemia.

Discussion

OPCs are defined as glial cells in the CNS and constitute a
stable population of quiescent cells that divide infrequently (6).
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Figure 4. Immunostaining of OPCs in the ischemic area. (A) Representative
images of sections stained with anti-NG2, a marker of OPCs, atday 1, 3,7, 14
and 28 after reperfusion. Scale bar, 50 ym. There was a significant increase
in the number of OPCs and this was accompanied by morphological changes
in these cells from day 7 to 28 after reperfusion. (B) Statistical analysis of the
number of NG2 positive cells. n=6. “P<0.05, “P<0.01 vs. Con. MCAO, middle
cerebral artery occlusion; Con, control; OPCs, oligodendrocyte precursor
cells; NG2, chondroitin sulfate proteoglycan 4.

Remyelination is a complicated and elaborate process, which
is predominantly mediated by endogenous OPCs (10). In
response to injury signals at sites of demyelination, OPCs in
the vicinity are activated. OPCs then proliferate and migrate
into the injured area and differentiate into oligodendrocytes,
which form new myelin sheaths wrapping the demyelinated
axons (11,31-33). This indicates that the adult brain possesses
the capacity to regenerate myelin by supplying mature oligoden-
drocytes that originate from activated OPCs. Accordingly, the
OPC:s in the adult brain are hypothesized to have the potential
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Figure 5. Measurement of MBP expression in the ischemic brain tissues using
immunohistochemistry. (A) Representative images of sections stained with
anti-MBP,a marker for myelin, after MCAO. Scale bar, 50 ym. (B) Quantification
of the average intensity as shown in (A). The intensity of MBP decreased from
day 3 to 28 after MCAO. n=6. "P<0.05, “P<0.01 vs. Con. MBP, myelin basic
protein; MCAO, middle cerebral artery occlusion; Con, control.

to repair damaged brain tissue. Tanaka ef al (12) showed that
the upregulation in the number of OPCs may contribute to an
almost complete recovery of the myelin in the peri-infarct area
after ischemic insult. However, previous studies demonstrated
that remyelination is limited and incomplete, although OPCs
are present (13,14). These inconsistent results indicate that it
is necessary to further explore the contribution of OPCs to
myelin repair following ischemia, with the aim of identifying
potential targets for clinical treatment.

In the present study, changes in OPCs and myelin were
observed systematically from day 1 to 28 after MCAO. The
findings of the present study revealed that OPCs stained with
an anti-NG2 antibody were abundant and homogenously
distributed in the white and gray matter of adult rat brains.
These cells persist quiescently and have small bodies with
multiple, and highly branched, processes under normal condi-
tions. Consistent with previous studies (12,34), we found that
OPCs exhibited swollen and hypertrophied cell bodies with
many radiating thick processes when the brain was subjected
to ischemia insult, indicating OPCs were activated and entered
into the mitotic phase in response to damage. This transi-
tion from a quiescent to an activated state enabled OPCs to
undergo differentiation, which is important to the success
of remyelination. In addition, these morphological changes
were accompanied by a significant increase in the number of
OPCs. As shown in the present study, the number of OPCs
reduced significantly between day 1 and 3 after reperfusion,
and then increased until day 28. A significant decrease in the
population of OPCs at the early stage following reperfusion
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suggested that OPCs may be as vulnerable as neurons to isch-
emia. The ischemic striatum demonstrated a gradual increase
in the number of OPCs, possibly because the activated OPCs
migrated into the injury sites from the outer pre-infarct area to
substitute the loss of these cells. Although a number of OPCs
were recruited into the ischemic striatum, whether they could
differentiate terminally into mature oligodendrocytes and
form new myelin remains to be determined. MBP was used
as a specific marker of mature oligodendrocytes and myelin
sheath (35). It was found that MBP expression decreased from
day 1 to 7 following focal cerebral ischemia, and marginally
recovered at days 14 and 28 (Figs. 5 and 6), which indicated
a loss of myelin at day 1 and a continuous advancement of
demyelination until day28. Despite the late increase, the
MBP expression level remained lower than that of the control
group, suggesting that the injured myelin can only be partially
repaired. The limited remyelination indicated that OPCs
maturation may be inhibited under ischemic condition. This
is supported by the fact that Oligl is transported into the
cytoplasm following oligodendrogenesis (22,36,37); however,
in the present study, most of the Oligl protein remained in
nucleus as late as 28 days after ischemia, suggesting that OPCs
maturation was hindered. The molecular mechanisms regu-
lating OPC differentiation and maturation under pathological
conditions require further investigation.

Oligl is important for oligodendrocyte differentiation
from OPCs to mature oligodendrocytes and the repair of
demyelinated lesions (36,38). The expression pattern of Oligl
and its effects on remyelination were investigated. It was
observed that Oligl was located predominantly in cells with
an oligodendroglial morphology (small process-bearing cells)
and widely distributed homogeneously throughout the white
and gray matter of the adult brain. This is consistent with other
reports (16,39). That the expression of Olig] persists throughout
the life of an oligodendrocyte suggests a fundamental role for
this gene in oligodendrocyte maturation and/or survival (40).
The fact that oligodendrocytes fail to develop in Oligl
knockout mice supports this viewpoint (19,20). Furthermore,
the present study demonstrated that in the normal brain, the
Oligl protein was cytoplasmic. According to the subcellular
localization of Oligl at different developmental stages, it was
predicted that the small proportion of cells containing nuclear
Oligl is likely to be the quiescent undifferentiated progenitors,
which are abundant and comprise 5-8% the glial cell popula-
tion in the normal brain (41). The function of these nuclear
Oligl+ cells in the undamaged CNS is unclear, however, it
may involve spontaneous remyelination, as suggested in the
human CNS during aging (42,43). In the present study, when
the brain underwent ischemia, Oligl displayed extensive
nuclear localization in the affected striatum, consistent with
a previous report (22). However, the meaning of the dynamic
redistribution of Oligl is poorly understood. It was shown that
the phosphorylation of Oligl regulated its nuclear-cytoplasmic
shuttling during oligodendrocyte development. Oligl local-
ized into the nucleus to facilitate myelin gene expression, then
Oligl changed the phosphorylation state and translocated into
the cytoplasm to enhance membrane expansion and differen-
tiate into mature oligodendrocytes (24). These findings imply
that the cytoplasmic relocation of Oligl may contribute to
the process by which OPCs mature into oligodendrocytes.
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However, the detailed molecular mechanism of this process
requires further investigation.

For the first time in the present study, to the best of our
knowledge, a systematic and long-term observation of Oligl
expression after MCAO was performed. Using immunostaining
it was found that the number of Oligl* cells decreased from
day 1 to 3 after MCAO, and recovered to a near normal level
until day 28. Western blotting analysis supported the results
of the immunostaining. The mechanism mediating the rapid
reduction in the number of Oligl* cells at day 1 after ischemia
is likely to be complex. As Oligl is predominantly expressed
by OPCs and myelinating oligodendrocytes (16,39), the death
of these cells within the lesion area may explain the reduced
number of Oligl* cells, although it cannot be excluded that the
transcriptional downregulation of Oligl may also contribute
to this. The increased number of Oligl* cells observed from
day 7 to day 28 after ischemia may be due to the recruitment
and/or proliferation of Oligl* OPCs at the injury sites, which
may partially compensate for Oligl* cells death.

The transcription factor Oligl is an important regulator of
OPCs and can promote the development of immature OPCs to
mature oligodendrocytes, and eventually contribute to the migra-
tion of mature of oligodendrocytes to newly formed myelin (44).
The present study showed asharp decline in the expression of Oligl
and MBP at 1 day following the ischemia insult. Subsequently,
the expression of Oligl was restored to near normal levels from
day 3 to 28, while MBP expression decreased from day 3 to 7
and recovered marginally until day 28.

Despite the partial recovery at the late stage of ischemia,
the expression of MBP expression failed to reach the levels
observed in the control group. The expression of MBP
increased at the late compared to the early stage, which is
a pattern similar to that of Oligl; this suggested that Oligl
has a promoting role in the repair and regeneration of myelin.
These findings revealed that the downregulation of Oligl in
hypoxic-ischemic brain tissue led to a decreased expression of
some proteins, such as MBP, that are required to form myelin,
and thus delayed the synthesis of myelin. However, despite
the repair effect of Oligl, myelin was not fully repaired to a
normal level. Our previous study revealed that the upregulation
of Oligl may enhance the differentiation of OPCs into mature
oligodendrocytes and accelerate the kinetics of myelination
after focal cerebral ischemia (45), indicating that the normal

level of Oligl is not sufficient for myelinogenesis following
ischemia. The effect of the upregulation of Oligl on the repair
process following ischemia requires further investigation.

Oligl is an important regulator of myelin specific genes,
however, the changes of Oligl expression did not parallel those
of MBP, leading to the speculation that Oligl regulates the
expression of MBP along with other transcription factors. The
process governing remyelination is complex and orchestrated
by a network of transcriptional regulators; Oligl as a single
transcription factor is not sufficient (46). It has been reported
that increased expression of the homeobox protein Nkx2.2
and Olig2 had an important role in the differentiation of OPCs
into remyelinating oligodendrocytes (47). An in vitro experi-
ment showed that oligodendrocyte differentiation initiated by
Oligl gene transfection did not lead to full maturation, which
highlighted requirement for Nkx2.2 (48). Moreover, other
transcription factors, such as Sox9, Sox10, Nkx2.2 and zinc
finger protein 488, may be involved in regulation (49-51). It
was found that Nkx2.2*/0Olig2* OPCs failed to remyelinate in
areas depleted of astrocytes, which suggested astrocytes may
produce a wide range of signaling molecules to support differ-
entiation (52,53). However, glial scars composed of astrocytes
may prevent remyelinating cells from gaining access to demy-
elinated axons, so it is not yet clear whether astrocytes promote
or hinder the process (54,55). In addition, the existence of
myelin inhibitory factor and the delayed clearance of myelin
debris surrounding demyelinated axons by macrophages
also have inhibitory effects on remyelination (56). Processes
governing remyelination rely not only on the intrinsic deter-
minants expressed in a specific spatial and temporal sequence,
but also on extracellular signals.

In conclusion, the present study investigated the changes
of Oligl expression in MCAO rats and further explored the
effects of Oligl on OPC maturation, and remyelination, using
immunostaining and western blotting. The present study has
shown for the first time, to the best of our knowledge, that
Oligl is markedly decreased during the initial 24 h after demy-
elination injury, and is subsequently returned to near control
levels, which are maintained up to day 28. Oligl translocated
from cytoplasm to nucleus at the ischemia site. The number
of OPCs increased from day 7 to 28 after ischemic insult,
while the expression of MBP decreased from day 1 to 7 and
marginally increased at days 14 and 28. Despite the increase at
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the late time-points following MCAO, the final levels of these
proteins remained lower than the corresponding levels in the
control group; this suggested that Oligl has a limited ability to
promote the repair of myelin. In the present study it was found
that Oligl can promote myelination by stimulating nuclear
transcription, but this effect is insufficient for the complete
repair of the damaged myelin. Additional studies are required
to determine whether interventions based on Oligl expression
or stimulating nuclear Oligl relocation into the cytoplasm
to promote endogenous remyelination would be efficient to
prevent and/or treat ischemic-related disease.
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