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Transplantation of olfactory ensheathing cells promotes the recovery of
neurological functions in rats with traumatic brain injury associated
with downregulation of Bad
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Abstract

Background aims. The neuroprotective effects of olfactory ensheathing cells (OECs) after transplantation have largely been
known in the injured nervous system. However, the underlying mechanisms still must be further elucidated. We explored the
effects of OEC transplantation on the recovery of neurophysiologic function and the related anti-apoptosis mechanism in
acute traumatic brain injury. Methods. The OECs from neonatal Sprague-Dawley rats were isolated, identified and labeled
and then were immediately transplanted into the regions surrounding the injured brain site that is resulted from free-weight
drop injury. Results. Nerve growth factor and it’s recepor, p75 was expressed in cultured OECs. Transplanted OECs sur-
vived, migrated around the injury site and significantly improved the neurological severe scores compared with the control
group (P < 0.05). OEC transplantation significantly increased the number of GAP-43—immunopositive fibers and syn-
aptophysin-positive vesicles (P < 0.05) but significantly decreased the number of apoptotic cells (P < 0.05). On the mo-
lecular level, the expression of Bad in the OEC transplantation group was significantly downregulated (P < 0.05).
Conclusions. OEC transplantation could effectively improve neurological deficits in TBI rats; the underlying mechanism may
be related with their effects on neuroprotection and regeneration induction, which is associated with the downregulation of
the apoptotic molecule Bad.
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Introduction

Traumatic brain injury (TBI) is caused by a blow
impact or penetrating injury to the head that disrupts
normal brain structure and function; it is also called
mechanical cerebral injury. It is commonly encoun-
tered in the clinic of neurosurgery. With the devel-
opment of society, the incidence of TBI has increased
to become a leading cause of morbidity and mortality
among all traumas (1,2). About 1.7 million people
sustain a TBI annually in the United States (2). The
pathophysiological process of TBI includes a primary
response and a secondary response (3). The primary
brain damage that occurs at the time of injury is

characterized by diffuse degeneration and necrosis of
the affected neurons and the interruption of the
normal neurophysiological processes. The secondary
brain damage occurs subsequently, leading to addi-
tional pathological features such as cellular apoptosis
and necrosis. In the meantime, the activated astro-
cytes form glial scars, which last for several months or
even several years. These damages result in serious
and irreversible neurological dysfunctions, such as
sensory-motor disorder and cognition-memory dis-
order (4). The pathological cascade is associated with
changes in a certain number of gene expressions
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such as neurotrophic factor—encoding genes (5).
Currently, therapeutic strategies for TBI mainly
include controlling the secondary damage with the
administration of neurotrophic drugs and promoting
rehabilitation training of neurological function (5).
However, these therapeutic effects were less than
optimal, and novel strategies must be found.

Cellular or tissue transplantation has been
considered as one of the most promising strategies for
the therapy of TBI (6—8). Transplantation of olfac-
tory ensheathing cells (OECs) has attracted the widest
attention among medical researchers. This could
be attributed to the distinct biological features of
OECs and their apparent effects on promoting axonal
regeneration (8,9). OECs, as a special kind of neuro-
glial cells, are not only present in the olfactory epithe-
lium of the nose and olfactory nerve but also in the
olfactory bulb in the central nervous system. OECs
share the features of both Schwann cells and astrocytes
(8—13) and could secrete many kinds of neurotrophic
factors to support the survival and development of
neurons. These neurotrophic factors include nerve
growth factor (NGF), brain-derived neurotrophic
factor and glial cell line—derived neurotrophic factor
(14,15). In addition, certain molecules are also
expressed on the cell membrane of OECs. These
molecules, such as N-CAM, are involved in cellular
adherence and axonal growth and may mediate the
elongation of olfactory axons (16). After nerve injury,
OECs could inhibit the secretion of inflammatory
factors and induce neural stem cells to differentiate
into neurons to replace dead ones. They could also
promote the growth and remyelination of injured or
degenerative neurons (17,18). An in vivo experiment
has shown that the transplanted OECs had stronger
migratory features and were better integrated with host
tissues (19). OECs transplantation significantly
decreased the local reactive hyperplasia of astrocytes,
contributed to neural remyelination and accelerated
the conductive velocity of neural tissue. However, the
molecular mechanisms of OEC transplantation in
central nervous system repair remains unclear.

In this study, we propose that OECs could be
a good source of cells for transplantation in TBI.
We investigated the effects of OEC transplantation
in the acute stage of TBI rats and sought to explore
the underlying molecular mechanisms to provide
critical evidence for the therapy of TBI by OEC
transplantation.

Methods

Culturing, purification and identification of OECs

As described previously (20), the olfactory nerves
were obtained from 2- to 3-d-old Sprague-Dawley

rats (provided by the Center of Experimental Ani-
mal, Sichuan University, Chengdu, China) and were
digested with 0.1% trypsin. The tissues were added
to Dulbecco’s Modified Eagle Medium Nutrient
Mixture F-12 (DMEM/F-12; Gibco, Grand Island,
NY, USA) containing 10% fetal bovine serum
(Gibco) and were mechanically dissociated into a
single-cell suspension. The cells were then inocu-
lated into glass flasks not covered with polylysine.
After the addition of DMEM/F-12 containing fetal
bovine serum, the flasks were cultured for 12 h in air
containing 5% CO, at 37°C. The culture superna-
tants along with non-adhered cells were then trans-
ferred into another glass flask not covered with
polylysine, followed by another 12 h of culturing.
After that, the cell density was adjusted to 1 x 10%/mL
and the cells were implanted into six-well plates
pretreated with polylysine. After 5 d of culturing,
the cells were treated with Arabinofuranosylcytosine
(Ara-C; final concentration, 107> mol/L,; Invitrogen,
Carlsbad, CA, USA) for 36 h (21). When the
adherent cells grew to 80% confluence, they were
passaged (1:3) into different culture flasks. OECs of
passages 2 were used for the study. After approxi-
mately 10 d of culturing, the cells were transplanted
and identified by immunohistochemistry staining
with anti—nerve growth factor receptor INGFRp75)
antibody (diluted 1:100; Chemicon, Billerica, MA,
USA) to determine cell purity.

Immunofluorescent staining

For immunofluorescent staining, the cultured OECs
were washed with phosphate-buffered saline (PBS)
three times. This was followed an incubation with
0.3% Triton X-100 for 30 min at room temperature
(RT), then blocking with 5% normal goat serum for
30 min. Afterward, OECs were incubated with rabbit
anti-NGF (1:500, Santa Cruz Biotechnology, Dallas,
Texas, USA) overnight at 4°C. After washing three
times, OECs were incubated with fluorescent sec-
ondary antibody immunoglobulin G (1:200, goat
anti-rabbit CY3: red) for 2 h at 37°C; red fluores-
cence was observed under fluorescence microscope.
The images were collected by use of the Leica ima-
gine analysis system.

Amnmimals and experimental groups

Forty-eight healthy adult female Sprague-Dawley
rats (the Center of Experimental Animals, Sichuan
University, Chengdu, China) weighing 220—250 g
were randomly divided into three groups: group A
was sham-operated (n = 16); group B, rats that un-
derwent injury at the cortical motor area (n = 16), is
also called the TBI group or control group; group C,
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