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Delayed Precursor Cell Markers Expression in Hippocampus
following Cold-Induced Cortical Injury in Mice

TAKEHIRO NAKAMURA,1,2 OSAMU MIYAMOTO,3 ROLAND N. AUER,4 SEIGO NAGAO,2
and TOSHIFUMI ITANO3

ABSTRACT

The purpose of this study was to examine the possibility of neuronal remodeling and repair after
cold-induced brain injury using immunoassay of nestin and 3CB2 (potential precursor cell mark-
ers). Male ddN strain mice were subjected to cold-induced cortical injury. Animals were divided
into the following six groups: (1) 1 day after injury, (2) 1 week after injury, (3) 2 weeks after in-
jury, (4) 1 month after injury, (5) sham controls, and (6) normal controls. Western blot analysis
(n � 3 in each group) and histological examination (n � 5 in each group) were performed. At 1 day
and 1 week after injury, TUNEL-positive cells were observed, while immunoreactivity of nestin and
3CB2 was absent. At 1 month after injury, expression of both nestin and 3CB2 was observed in the
ipsilateral hippocampus. Nestin was expressed in GFAP- or 3CB2-positive astrocytes at 1 month af-
ter injury, and nestin expression with TUC-4 (immature neuron marker) was present in the hip-
pocampal cell layer. The findings demonstrate delayed nestin expression in both glia and neuron-
like cells after brain injury. The present study suggests that the delayed nestin expression in glia
and neuron-like cells might be part of the adaptation to injury.
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INTRODUCTION

PATHOLOGICAL EVENTS in traumatic brain injury may
be divided into primary and secondary brain injury

(Nakamura et al., 1999a; Sahuquillo et al., 1993). Pri-
mary brain injury occurs at the time of the insult, whereas
secondary injury follows during the recovery period. Fur-
thermore, reparative processes may occur following dam-
age to the tissue. Eventually, the reaction results in the

formation of gliotic scar (Malhotra et al., 1990). How-
ever, there are few data on long-term reparative processes
after traumatic brain injury.

Nestin is an intermediate filament protein, transiently
expressed early in embryogenesis in neuroepithelial cells,
radial glia, germinal matrix cells, and vascular cells. It
was originally found as the antigen recognized by a
mouse monoclonal antibody known as RAT-401 (Hock-
field and McKay, 1985). It is only present in endothelial



and select subventricular cells in adults, but it is upreg-
ulated in astrocytes and neurons after experimental cere-
bral ischemia (Li and Chopp, 1999), and its presence may
reflect a more multipotent phenotype. Nestin has been re-
ported in reactive astrocytes (Holmin et al., 1997; Kaya
et al., 1999) and neurons (Kuroda et al., 2002) following
brain injury. Nestin expression might be due to progen-
itor cells that have migrated from the subventricular zone
(Holmin et al., 1997; Kaya et al., 1999) under induction
by some factors released from injury site (Kuroda et al.,
2002). These studies suggest that nestin expression may
contribute to remodeling after injury.

Radial glia proliferate actively during neurogenesis, in-
ducing migration of neurons (Misson et al., 1988). After
neuronal migration is finished, the radial glia either dis-
appear or differentiate into astrocytes (Chanas-Sacre et
al., 2000; Misson et al., 1991). However, recent studies
have reported that radial glia not only serve as a guide
for neurons, but also have properties of neural progeni-
tor cells (Campbell and Gotz, 2002; Parnavelas and
Nadarajah, 2001). Radial glia can be detected by im-
munoassay using 3CB2 (Prada et al., 1995). There are
few reports on the presence of radial glia after traumatic
brain injury. The present study investigates the appear-
ance of nestin and 3CB2 immunoreactivity, as potential
precursor cell markers, in a cold-induced brain injury
model.

MATERIALS AND METHODS

Animals and Cold-Induced Cortical Injury

ddN strain mice (25–30 g body weight), inbred in our
laboratory (Nakamura et al., 1999a; Miyamoto et al.,
2000), were used for this study. Animal protocols were
approved by the Kagawa University Animal Committee.
Forty-eight male mice were given free access to food and
water prior to experiment. Animals were anesthetized
with sodium pentobarbital (30 mg/kg i.p.), with supple-
mental doses given as necessary, and then placed in a
stereotactic frame (Narishige Instruments, Japan). Rectal
temperature was maintained at 37°C using a feedback-
controlled heating pad (CMA, Stockholm, Sweden) dur-
ing the operation. The scalp was incised in the midline
and the skull exposed. A cold-induced brain injury was
generated by application of a metal probe (3 mm in di-
ameter) cooled with liquid nitrogen to the exposed right
parietal bone for 20 sec (Fig. 1A). The animals were di-
vided into following six experimental groups: (1) 1 day
after injury, (2) 1 week after injury, (3) 2 weeks after in-
jury, (4) 1 month after injury, (5) sham control, and (6)
normal control.

Western Blot Analysis

Animals were anesthetized with sodium pentobarbital
(50 mg/kg i.p.) before undergoing intracardiac perfusion
with 0.1 M phosphate-buffered saline (PBS, pH 7.4). The
brains were removed, and the ipsilateral and contralateral
hippocampi separated. Western blot analysis was per-
formed as previously described (Bagum et al., 2001).
Briefly, 25 �g of protein from each sample was sepa-
rated by sodium dodecyl sulfate polyacrymide gel elec-
trophoresis and transferred to a Hybond-C pure nitro-
cellulose membrane (Amersham, Piscataway, NJ). The
membranes were blocked in Carnation nonfat milk.
Membranes were probed with a 1:1000 dilution of the
primary antibodies, monoclonal mouse anti-nestin or
anti-3CB2 (Developmental Studies Hybridoma Bank,
University of Iowa) followed by a 1:1500 dilution of the
secondary antibody (peroxidase-conjugated goat anti-
mouse, BioRad Laboratories, Hercules, CA). The anti-
gen-antibody complexes were visualized with a chemi-
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FIG. 1. (A) Location of cold-induced injury on mouse skull.
Circle shows the lesion area for the cold-induced brain injury.
The vertical line shows the position for making coronal slices.
(B) Hemotoxylin-stained coronal brain slice at 1 day after in-
jury. Lesions were observed in right (ipsilateral) cortex at this
time point. *Cortical lesion location. Bar � 2.0 mm.

http://www.liebertonline.com/action/showImage?doi=10.1089/neu.2004.21.1747&iName=master.img-000.jpg&w=197&h=269


luminescence system (Amersham) and exposed to film.
The relative densities of bands were analyzed with NIH
Image.

Histological Examination

For histological examination, animals were sacrificed
under deep anesthesia using sodium pentobarbital (50
mg/kg i.p.). The brains were transcardially perfused with
4% phosphate-buffered paraformaldehyde after flushing
with 0.1 M PBS. The brains were removed and placed in
fixative overnight. Adjacent paraffin sections (coronal
sections; 10 �m thick) were made. Sections of the CA1
area (including the dorsal hippocampal area) around 2.0
mm posterior to bregma were obtained (Fig. 1) (Franklin
and Paxinos, 1997).

For evaluation of neorodegeneration following cold-
induced brain injury, the terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end-labeling technique was
performed on adjacent brain sections to detect DNA dou-
ble-strand breaks according to the method described by
Xu et al. (1998). ApopTag Peroxidase Kits (Serologicals,
Temecula, CA) were used in this study. In this method,
0.05 M PBS was used as solution for dilution and wash-
ing. The sections were permeabilized with 1% Triton X-
100 for 30 min and endogenous peroxidases quenched
with 2% H2O2 for 20 min. After washing with PBS, the
sections were incubated in a moist chamber at 37°C for
60 min with TdT enzyme. After anti-digoxingenin per-
oxidase had been applied to the sections for 30 min at
room temperature, peroxidase was detected with DAB.
The labeling target of this method was the new 3�-OH
DNA ends generated by DNA fragmentation. The omis-
sion of the terminal deoxynucleotidyl transferase was
used as the negative control. Sections were counter-
stained with hemotoxylin.

Immunohistochemistry was performed using the
avidin–biotin complex method (Nakamura et al., 1999b;
Shibuya et al., 2002). The sections were stained by nestin,
3CB2, and glial fibrillary acidic protein (GFAP) im-
munohistochemistry. After blocking of nonspecific reac-
tions with 5% skim milk and washing in 0.01 M PBS, a
monoclonal mouse anti-nestin (1:100), a monoclonal
mouse anti-3CB2 anti-body (1:100), or a polyclonal rab-
bit anti-GFAP antibody (1:200) (DAKO, Glostrup, Den-
mark) were applied to sections overnight at 4°C. The sec-
tions were incubated with second biotinylated antibodies
for 60 min and an avidin–biotin–peroxidase complex for
60 min (ABC Kit; Vector, Burlingame, CA). The final
reaction for peroxidase was carried out with 0.05% di-
aminobenzidine and 0.005% H2O2. Counterstaining was
performed with hemotoxylin. The number of nestin-pos-
itive cells were counted in the ipsilateral hippocampal

CA1 pyramidal band by an observer blind to the treat-
ment conditions (n � 5 in each group).

Double labeling was performed as previously de-
scribed (Shibuya et al., 2003). Briefly, sections were 
incubated overnight at 4°C with monoclonal mouse 
anti-nestin antibody and polyclonal rabbit anti-GFAP an-
tibody diluted, respectively, to 1:100 and 1:200 in 1%
skim milk solution in 0.01 M PBS. After washing with
0.01 M PBS, the reactions for nestin and GFAP were vi-
sualized after incubation for 2 h at room temperature with
anti-mouse immunoglobulin (IgG) conjugated with fluo-
rescein isothiocyanate (FITC) (Vector) and anti-rabbit
IgG conjugated with Texas red avidin D (Vector). The
secondary antibodies were both diluted 1:40 in 1% skim
milk solution in 0.01 M PBS. Finally, the sections were
rinsed in 0.01 M PBS and visualized using a confocal
laser-scanning microscope (LSM-GB200; OLYMPUS,
Tokyo, Japan). Other sections were used for double la-
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FIG. 2. Photomicrographs of the hippocampus with a method
allowing in situ labeling of DNA fragmentation in tissue sec-
tions (TUNEL staining). (A) Low magnification in the ipsilat-
eral hippocampus at 1 day after injury, no staining is yet visi-
ble in CA1. (B) High magnification showing some positive cells
in the ipsilateral cortex. (C,D) Low and high magnification of
the ipsilateral hippocampus at 1 week after injury, showing a
stretch of TUNEL-positive neurons in the CA1 pyramidal cell
band. (E,F) Low and high magnification of the ipsilateral hip-
pocampus at 1 month after injury showing no staining in the
remaining cells. B, D, and F show enlargement of the boxed
areas from A, C, and E. Bar � 500 �m (A,C,E), 50 �m (B,D,F).
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beling of nestin and 3CB2. Monoclonal mouse anti-3CB2
antibody was diluted to 1:100, and anti-mouse IgG con-
jugated with Texas red avidin D (1:40) (Vector) was used
as the second antibody. Additionally, some sections were
used for double labeling of nestin and immature neuronal
marker TUC-4 (Cameron and McKay, 2001). Poly-
oclonal rabbit anti–TUC-4 antibody was diluted to 1:100,
and anti-rabbit IgG conjugated with Texas red avidin D
(1:40) (Vector) was used as the second antibody.

Statistical Analysis

All data in this study are presented as mean � SD.
Data from Western blot analysis was analyzed with Stu-
dent’s t-test. Cell counting data were used by analysis of
variance (ANOVA), followed by Scheffe’s post hoc test.

RESULTS

Cold-Induced Cortical Injury

The present study employed a cold-induced brain in-
jury model. In this model, the visible lesion is limited to

the ipsilateral cortex in the acute phase. Figure 1B shows
a hemotoxylin-stained coronal brain section 1 day after
injury demonstrating the right (ipsilateral) cortical lesion
at this time point.

TUNEL Staining

We observed staining of some clustered cells in the
core area of the cold-induced lesion at 1 day after injury
(Fig. 2A,B). There was expansion of lesion stained by
TUNEL positive cells to include positive CA1 pyrami-
dal cell in the ipsilateral hippocampus at 1 week after in-
jury (Fig. 2C,D). The TUNEL-positive cells were already
resolved at 1 month after injury. Migration changes were
seen in the ipsilateral hippocampal stratum radiatum area
at 1 month after injury by counter-staining (Fig. 2E,F).

Western Blot Analysis

By Western blot analysis, there was no increase in
nestin protein levels in the ipsilateral hippocampus from
1 day to 2 weeks after injury (Fig. 3). However, there
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FIG. 3. (A) Western blot analysis showing the effect of brain
injury on nestin concentration in the hippocampus. Bands are
from normal control (NC) and the contralateral and ipsilateral
hippocampus either 1 day (1d-cont and 1d-ipsi), 1 week (1w-
cont and 1w-ipsi), 2 weeks (2w-cont and 2w-ipsi), or 1 month
(1m-cont and 1m-ipsi) after injury. Equal amounts of protein
(25 �g) were used. (B) The graph shows Western blot analy-
sis of time course of nestin expression in the contralateral and
ipsilateral hippocampus 1 day, 1 week, 2 weeks, and 1 month
after injury (n � 3 in each group). Values are means � SD.
*p � 0.01 compared with the contralateral hippocampus.

FIG. 4. (A) Western blot analysis showing the effect of brain
injury on the 3CB2 concentration in the hippocampus. Bands
are from normal control (NC) and the contralateral and ipsilat-
eral hippocampus either 1 day (1d-cont and 1d-ipsi), 1 week
(1w-cont and 1w-ipsi), 2 weeks (2w-cont and 2w-ipsi), or 
1 month (1m-cont and 1m-ipsi) after injury. Equal amounts of
protein (25 �g) were used. (B) The graph shows Western blot
analysis of time course of 3CB2 expression in the contralateral
and ipsilateral hippocampus 1 day, 1 week, 2 weeks, and 1
month after injury (n � 3 in each group). Values are means �
SD. *p � 0.05 compared with the contralateral hippocampus.

http://www.liebertonline.com/action/showImage?doi=10.1089/neu.2004.21.1747&iName=master.img-002.jpg&w=241&h=236
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FIG. 5. Photomicrographs of the ipsilateral hippocampus
with immunohistochemistry for nestin (A–C), 3CB2 (D), and
GFAP (E) in the 1-month-after-injury group. Low magnifica-
tion in the ipsilateral hippocampus (A). Micrographs at high
magnification are from the CA1 area (B) or the striatum radia-
tum area (C–E). Nestin staining is apparent in glia in the hip-
pocampus and also surviving CA1 pyramidal neurons. 3CB2
and GFAP positive glia cells are seen in the hippocampal stria-
tum radiatum area. Bar � 500 �m (A), 20 �m (B–E).

FIG. 7. Immunofluorescent double labeling for
nestin and GFAP (A–I), nestin and 3CB2 (J–L)
or nestin and TUC-4 (M–O) in the ipsilateral hip-
pocampus (A–F, J–O) or subventricular zone
(G–I) 1 month after cold-induced cortical injury.
A–C and M–O are from the hippocampal stria-
tum pyramidale (CA1) region, D–F are from the
hippocampal striatum radiatum, and G–I are from
the subventricular zone. A,D,G,J,M) show FITC-
labeled nestin, B,E,H show Texas red-labeled
GFAP, K shows Texas red-labeled 3CB2, N
shows Texas red-labeled TUC-4, C,F,I shows
double labeling of nestin and GFAP, L shows
double labeling of nestin and 3CB2, and O shows
double labeling of nestin and TUC-4. Photomi-
crographs show that nestin-immunoreactive cells
are present in the hippocampal stratum pyrami-
dale area (A), along with GFAP-positive cells
(B). Whereas some cells are immunopositive for
both markers (orange in C), some cells with a
neuron-like morphology are only positive for
nestin (arrow, A,C). In the stiatum radiatum,
nestin (D) and GFAP (E) were co-expressed (F).
There were also co-expression of nestin (G) and
GFAP (H) in subventricular zone (I). In the stria-
tum radiatum, nestin (J) and 3CB2 (K) were also
co-expressed (L). In the striatum pyramidale
area, nestin (M) and TUC-4 (N) were co-
expressed (O). Bar � 20 �m.

http://www.liebertonline.com/action/showImage?doi=10.1089/neu.2004.21.1747&iName=master.img-005.jpg&w=231&h=286
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was strong expression 1 month after injury (791 � 144%
of contralateral, p � 0.01).

Protein levels of 3CB2 showed a similar temporal pro-
file. There was no increase at 1 day, 1 and 2 weeks, but a
robust increase in the ipsilateral hippocampus at 1 month
after injury (524 � 215% of contralateral, p � 0.05; Fig. 4).

Immunohistochemistry

Nestin and 3CB2 were absent from astrocytes and neu-
rons in sham and normal control groups. After induction
of brain injury, nestin and 3CB2 immunoreactivity was
also absent at 1 day, and 1 and 2 weeks after injury (data
not shown), similar to the Western blot findings. Nestin
expression was observed in the ipsilateral hippocampal
stratum pyramidale and radiatum area at 1 month after
injury (Fig. 5A–C). 3CB2 was also expressed in astro-
cytes in the ipsilateral hippocampus at 1 month (Fig. 5D).
Representative photomicrographs of GFAP immunohis-
tochemical staining in the hippocampus at 1 month after
injury are shown in Figure. 5E.

Interestingly, nestin-positive neuron-like cells were
observed in the ipsilateral hippocampal CA1 cell layer at
1 month after injury (Fig. 5B). However, there was no
immunoreactivity for 3CB2 in the ipsilateral CA1 cell
band. The number of nestin positive cells in CA1 band
was significantly increased at 1 month after injury
(18.7 � 12.7 cells/mm, p � 0.05) compared with normal
controls, and 1 day and 1 week injury groups (Fig. 6A).
Nestin positive neuron-like cells could be observed in
each animal of 1 month after injury (range, 5.3–32.8
cells/mm).

Moreover, nestin-positive glia cells were seen in the
ipsilateral subventricular zone. There was significant in-
crease at 1 month after injury (50.8 � 18.9 cells/mm, p �
0.01, Fig. 6B). Nestin-positive glia cells could be ob-
served in each animal 1 month after injury (range, 21.2-
72.1 cells/mm).

Immunofluorescent Double Labeling

Nestin appeared to be localized to both glia cells and
neurons in the ipsilateral hippocampus at 1 month after
injury, as assessed using double labeling for nestin and
GFAP (Fig. 7A–I), nestin and 3CB2 (Fig. 7J–L), or nestin
and TUC-4 (Fig. 7M–O). Immunoreactivity for both
nestin and GFAP was present in the ipsilateral hip-
pocampus CA1 pyramidal cell layer (Fig. 7A–C) and in
the hippocampal striatum radiatum (Fig. 7D–F). Inter-
estingly, nestin-positive neuron-like cells that were not
GFAP immunoreactive were observed in the ipsilateral
hippocampus CA1 cell layer (Fig. 7A–C, arrows). The
nestin-positive neuron-like cells were co-expressed with
TUC-4 (Fig. 7M–O).

Co-expression of nestin and GFAP were seen in glia
cells in the ipsilateral subventricular zone (Fig. 7G–I). In
the striatum radiatum, nestin and 3CB2 were also co-ex-
pressed (Fig. 7J–L).

DISCUSSION

Degeneration and Remodeling after 
Brain Injury

Neuronal cell death after traumatic brain injury can be
divided into two categories: acute cell death due to pri-
mary injury and delayed cell death as a result of sec-
ondary injury. In the present study, there was expansion
of lesion stained by TUNEL-positive cells to include pos-
itive CA1 pyramidal cell in the hippocampus at 1 week
after injury; that is, delayed cell death appeared to con-
tinue for at least 1 week after cold-induced brain injury.
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FIG. 6. Counting of nestin-positive neuron-like cells in the
hippocampal CA1 pyramidal cell layer (A) and for nestin-pos-
itive glia cells in the subventricular zone (B). n � 5 in each
group. *p � 0.05 and **p � 0.01 compared with the other
groups by ANOVA.

A

B
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It is important to note that TUNEL staining is not spe-
cific for apoptosis (Perry et al., 2001), as TUNEL-posi-
tive cells can be present during apoptosis, necrosis, and
autolysis (Grasl et al., 1995).

The possibility of neurogenesis exists following acute
and delayed cell death in traumatic brain injury. Several
studies have indicated some remodeling changes fol-
lowing brain injury (Dash et al., 2001; Suzuki and 
Choi, 1991; Yang et al., 1997). Suzuki and Choi (1999)
demonstrated repair and reconstruction of the cortical
plate following brain injury to the neonatal rat. Dash et
al. (2001) showed that brain injury increased the pro-
duction of new granule neurons in dentate gyrus. Yang
et al. (1997) demonstrated that an increase in reactive as-
trocytes at the immediate site of cerebral cortical injury
in rat was related to tissue remodeling. However, the pre-
cise mechanisms involved in remodeling following brain
injury is not fully understood. In the present study, dy-
namic histological changes were seen by immunohisto-
chemical examination.

Precursor Cell Markers Expression in
Hippocampus after Cortical Injury

The adult brain tissue consists of neurons and glia that
are generated by precursor cells from the embryonic ven-
tricular zone. During postnatal development of the cen-
tral nervous system, intermediate filament proteins are
subjected to a remodeling process (Wei et al., 2002).
Nestin is a distinct neurofilament protein expressed tran-
siently in immediate precursors to neurons and glia
(Clarke et al., 1994), and nestin expression is regarded
as correlating with progenitor cells in the central nervous
system (Dahlstrand et al., 1995). The presence of nestin
has been reported in the hippocampus and selected sub-
ventricular zones in normal adult rat (Dahlstrand et al.,
1995; Doetsch et al., 1999; Monma et al., 2000). Nestin
mRNA expression is also detected in limited regions such
as the hippocampus and selected subventricular zones in
normal adult mammalian brain (Dahlstrand et al., 1995).

Previous studies on focal cerebral ischemia (Duggal
et al., 1997) and traumatic brain injury (Kaya et al.,
1999) in rat have also revealed expression of nestin.
These findings suggested an embryonic reversion of the
mature cytoskeleton in response to and recovery after
cerebral injury (Duggal et al., 1997; Kaya et al., 1999).
Brook et al. (1999) demonstrated that traumatic injury
to the dentate gyrus is followed by the rapid but tran-
sient expression of nestin in astrocytes located in the
stratum lucidum of field CA3. In the present study, nestin
expression in GFAP was observed in the stratum radia-
tum, perivascular area and subventricular zone one
month after injury. Astrocytes play a role in maintain-

ing physiological and metabolic homeostasis in the brain
(Barres et al., 1992; Duggal et al., 1997), functions that
may play a vital in the response to brain injury. Trans-
formation of normal resting astrocytes to reactive astro-
cytes occurs in areas with ischemic damage (Duggal et
al., 1997; Takamiya et al., 1988). Laying down of a glial
scar is a repair mechanism performed by reactive astro-
cytes. Some modifications that occur in astrocytic inter-
mediate filament composition may be associated with
the reactive changes (Duggal et al., 1997). Nestin-con-
taining glial cells may play an important role in remod-
eling and development (Wei et al., 2002). Nestin is de-
tectable in neuroepitherial cells and glial fibers during
the stage of migration (Doyle et al., 2001; Alves et al.,
2002). The activation of astrocytes following insult
might underlie the ectopic migration of subventricular
zone neuroblasts toward damaged brain regions (Parent
et al., 2002). Moreover, glial-derived factors can in-
crease the migration rate of neuroblasts in explant cul-
tures of the neonatal rat subventricular zone and olfac-
tory bulb pathway (Manson et al., 2001). In the present
study, nestin and 3CB2 positive astrocytes were also
seen in the perivascular area and subventricular zone.
Especially, there were significant increases in nestin ex-
pression in GFAP-positive cells in the ipsilateral sub-
ventricular zone one month after injury. These results
suggests that the activation of nestin-positive astrocytes
following injury might underlie the ectopic migration of
subventricular zone neuroblasts toward damaged hip-
pocampal area one month after injury.

Nestin may play an important role in migration and re-
structuring of the glial cytoskeleton and may also facili-
tate the formation of new synaptic connections in neu-
rons (Duggal et al., 1997). In general, glia are generated
after neurons during development. Radial glia are, how-
ever, an exception to this rule being generated before neu-
rogenesis and neuronal migration (Rakic, 1972). Radial
glia are mitotically active throughout neurogenesis (Mis-
son et al., 1988), and disappear or become astrocytes
when neuronal migration is complete (Chanas-Scare 
et al., 2000; Misson et al., 1991). Noctor et al. (2001)
showed that neurons migrate along clonally related ra-
dial glia, and that proliferative radial glia generate neu-
rons. In the present study, the appearance of 3CB2 pos-
itive radial glial cells had a similar time course to that
found for nestin-positive cells. This is the first report of
3CB2 expression following brain injury in an in vivo
model. Moreover, nestin immunoreactive cells in the hip-
pocampal CA1 cell layer were GFAP-negative at one
month after injury and they were neuron-like in appear-
ance. These cells were co-expressed with immature neu-
ron marker TUC-4. Whether these cells will be mature
neurons requires further study. The present and others
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studies suggest that nestin might play an important role
in neuronal remodeling.

Progress in the regenerative treatment using neu-
rotrophic factors (Galvin and Oorschot, 2003) and neural
stem cells (Riess et al., 2002) has been remarkable. Treat-
ment strategies for traumatic brain injury have been di-
rected at attenuating secondary or delayed injury. In the
present study, the authors present data showing that al-
though experimental brain injury causes neuronal death
there is the possibility of remodeling. As damaged brain
tissue has the potential for neurogenesis, it is important
to further explore this treatment for traumatic brain in-
jury.
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