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Olfactory ensheathing cells (OECs) are unique glia cells restricted to the primary olfactory system including the
olfactory mucosa, olfactory nerve, and the outer nerve layer of the olfactory bulb. OECs guide growing olfactory
axons from the neurons of the nasal cavity olfactory mucosa to the olfactory bulb to connect both the peripheral ner-
vous system (PNS) and central nervous system (CNS). Based on these specialized abilities of OECs, transplantation
of OECs to injury sites has been widely investigated for their potential therapeutic applications in neural repair in
different injuries. In this article, we reviewed the properties of OECs and their roles in olfactory regeneration and in
treatment of different injuries including spinal cord injury, PNS injury, and stroke and neurodegenerative diseases.
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INTRODUCTION

The life span of olfactory neurons in a normal healthy
animal is around 1-3 months in general. Owing to the rapid
turnover rate of neurons in the olfactory system (around
1-3% per day), neurogenesis continuously occurs in the
basal layer of the olfactory epithelium to generate new
sensory neurons to replace the apoptotic neuronal cells
(25). The neuronal cells that died after injury induced by
acute treatment with trimethyltin could also be replaced
by enhanced neurogenesis in the olfactory bulb (58). The
notable capacity of neurogenesis is contributed by a par-
ticular type of glial cells termed olfactory ensheathing
cells (OECs) in the nose (11).

OECs are unique glia cells that are restricted to the
primary olfactory system including the olfactory mucosa,
olfactory nerve, and the outer nerve layer of the olfactory
bulb (38). OECs guide growing olfactory axons from the
neurons of the nasal cavity olfactory mucosa to the olfac-
tory bulb to form synapses in the brain. They share proper-
ties with astrocytes and Schwann cells (16) and distribute
in both the peripheral nervous system (PNS) and central

nervous system (CNS), which distinguishes the proper-
ties of OECs from typical glia (40). Owing to their strong
ability to guide axonal outgrowth, accumulating evidence
has shown the potential of OECs in neuronal regenerative
medicine. In this article, we review the investigations of
OECs on neural regeneration in different kinds of injuries
and neurodegenerative diseases.

THE PROPERTIES OF OECs

The morphologies of OECs are diverse, including bipo-
lar, tripolar, and flat, in which the predominant type is of
a Schwann cell-like shape that is S-100 protein and 217C
(antibody for nerve growth factor receptor; a Schwann-
cell marker) positive and A2B5 (antibody for ganglioside
GT3) negative; the other type is of an astrocyte-like shape
and is negative for the three previously mentioned three
markers (S-100, 217C, and A2B5) (33). In general, OECs
with an elongated morphology extend to ensheath the
olfactory nerves, but those with a rounded shape might
impair the processes (51). The heterogeneity of cultured
OECs may result from many factors, including the age

Received December 2, 2013; final acceptance January 30, 2014.
IThese authors provided equal contribution to this work.

Address correspondence to Yung-Luen Yu, Ph.D., Graduate Institute of Cancer Biology, China Medical University, Taichung, Taiwan, ROC.
Tel: +886-4-22052121, ext. 7933; Fax: +886-4-22333496; E-mail: ylyu@mail.cmu.edu.tw or Woei-Cherng Shyu, Ph.D., Graduate Institute of Immunology,
China Medical University, Taichung, Taiwan. Tel: +886-4-22052121, ext. 7831; Fax: +886-4-22080666; E-mail: shyu9423 @gmail.com



568

and source of the donor tissue, method of isolation, cul-
ture conditions, as well as the extracellular and intracel-
lular molecules such as cyclic adenosine monophosphate
(cAMP), dibutyryl cAMP (dBcAMP), endothelin-1, and
fibulin-3 (49,52,53). Furthermore, the cultured OECs
have been reported to spontaneously transform morpho-
logically from one type to another (35).

The ability of OECs to migrate from the PNS to the CNS
is critical for the development of the olfactory system and
the enhancement of axonal extension after injury for neural
regeneration. In the embryonic development of the olfac-
tory system, L1/neuron—glia cell adhesion molecule (L.1/
Ng-CAM) and neural cell adhesion molecule (NCAM) in
the plasma membranes of OECs enable the olfactory axons
to use the glial cell surfaces as a substratum on which to
grow, and the secreted laminin and nexin from OECs pro-
vide additional adhesive substrates for the olfactory axons
as the neurite-promoting agents (9). During neural regen-
eration, OECs migrate into the injury site and enhance the
axon growth due to the permissive OEC environment (5).
Stimulation of OEC migration by glial cell line-derived neuro-
trophic factor (GDNF) leads to faster axonal extension (56).

THE ROLES OF OECs IN OLFACTORY
REGENERATION

Olfactory regeneration occurs continuously during
adulthood, which is quite different from what happens
in the CNS. OECs play key roles in the regeneration of
the olfactory nervous system. They release diffusible fac-
tors to attract neural progenitors into the rostral migratory
stream and regulate their proliferation and differentiation
(60). For instance, the diffusible factors activate the Notch
signaling pathway, leading to increased proliferation and
suppression of the differentiation of neural progenitor
cells (59). Some of the OEC-released diffusible factors
have been identified, including basic fibroblast growth
factor (bFGF) (6), nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), GDNF (57), and
insulin-like growth factor 1 (IGF-1) (28), suggesting the
involvement of these factors in olfactory neurogenesis.

In addition, the cell adhesion molecules involved
in glia—axon adhesion, such as NCAM, polysialylated
(PSA)-NCAM, and N-cadherin, are expressed on the
surface of OECs (12,22,29,30). OECs also express extra-
cellular matrix proteins, such as laminin and fibronectin
(10,14,21,55), and neurotrophic factors (4,23,24,27,57),
metalloproteinase-2 (32) as well as wingless-type mouse
mammary tumor virus (MMTYV) integration site family,
member 4 (Wnt-4) (42) to enhance axon outgrowth.

THERAPEUTIC APPLICATIONS

OF OECs IN NEURAL REPAIR

Based on the abilities of OECs for continuous regen-
eration and their guidance of olfactory axonal growth
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between the PNS and CNS, increasing numbers of stud-
ies have attempted to transplant OECs into injury sites
for the potential therapeutic applications in neural repair
from different injuries and neurodegenerative diseases, as
detailed below.

Spinal Cord Injury

A variety of cell types have been used in cellular trans-
plantations for the treatment of spinal cord injuries (SCI)
over the past two decades, including Schwann cells (SCs),
OECs, neural stem/progenitor cells (NSPCs), fate-restricted
neural and glial precursors (NRPs and GRPs), and bone
marrow stromal cells (BMSCs). Among these cell types, the
number of studies in OECs rank them as the second most
commonly used cell type after SCs (48). However, OECs
from the olfactory mucosa and olfactory bulb are not iden-
tical. They vary in antigen expressions (2), growing ability
(19), and the outcome of transplantation into the injured
spinal cord (41). In previous studies, OECs derived from
the olfactory bulbs are most commonly used compared to
those from the lamina propria of the olfactory mucosa (48).
However, for clinical use, autologous transplantation is a
more desirable strategy; thus nasal OECs from the olfac-
tory mucosa are also an important issue. Transplantation of
OECs from the olfactory mucosa to dorsal column lesions
in rodents triggered migration of host SCs to the injury site,
leading to a reduction in size of the scar and lesion cavity
and promotion of the regeneration of sensory and motor
axons (39). It has been demonstrated that transplantation of
whole olfactory mucosa containing olfactory epithelium,
lamina propria, and OECs improved functional recovery
after spinal cord injury (18). The autologous transplanta-
tion of human OECs (hOECs) is desirable for further clini-
cal applications. Gorrie and his colleagues transplanted
hOEC:s into the contused spinal cord of rats to determine
their efficiency in SCI recovery. The results showed that
hOECs reduced the lesion size and cavity volume and
improved locomotor function (15).

Peripheral Nervous System (PNS) Injury

PNS injuries are commonly caused by traumatic events
in the workplace or through motor vehicle accidents.
They may result in different statuses of peripheral nerve
lesions, such as nerve crush and nerve disruption defects.
Cell transplantations with different cell types, including
SCs and OECs derived from the olfactory mucosa, olfac-
tory bulb, or stromal cells from bone marrow- or adipose
tissue-derived cells, have been applied to treat PNS injury
(36,37). The migratory potential and capability to penetrate
glial scars is higher for OECs than SCs, thus OECs have
been used to also promote peripheral nerve regeneration in
recent years (34). Transplantation of OECs improves the
functional outcomes from PNS injury by promoting axon
regeneration, myelination, and nodal formation (8,34).
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In addition, several chemokines including neurotrophic
factors, such as NGF, BDNF, ciliary neurotrophic factor,
platelet-derived growth factor (PDGF) (26,43,54), and
neuropeptide Y (50) are synthesized by OECs, suggesting
that secretion of trophic factors by OECs may contribute
to the promotion of regeneration of damaged axons.

Stroke

Stroke most commonly results from a disturbance
in the blood supply and typically leads to the death of
cells within the affected tissue, due to ischemia caused by
blockage or hemorrhage (46). A variety of human-derived
cell types have been tested in experimental stroke mod-
els, including neural stem cells, bone marrow stem cells,
umbilical cord blood cells, peripheral blood stem cells,
and adipose tissue stem cells (3). However, the effects
of OECs in neuronal regeneration in stroke models are
not understood. We have demonstrated that intracere-
bral transplantation of OECs/olfactory nerve fibroblasts
(ONFs), which secrete trophic factors including stromal
cell-derived factor-1o. (SDF-1a), effectively leads to the
recovery of the damaged cerebral tissue in murine models
of stroke, thereby promoting the reversal of neurological
deficit (45). Recently, transplantation of OECs has been
shown to protect the white matter from ischemic injury,
leading to improving neurological function in rats (44).
These results reveal that transplantation of OECs is a
potential strategy to recover from ischemic insults.

OECs IN NEURODEGENERATIVE DISEASES
Parkinson’s Disease (PD)

PD is a common neurodegenerative disease caused
by degeneration of dopaminergic cells in the substantia
nigra, a region of the midbrain. Implantation of pure cul-
tured OECs alone was not sufficient to promote tissue
repair and functional recovery in a PD rodent model (7).
Cotransplantation of OECs with fetal ventral mesence-
phalic cells in a 6-hydroxydopamine (6-OHDA )-lesioned
rat model of PD enhanced the survival of dopamine
(DA) neurons, and promoted striatal reinnervation and
functional recovery (1,20). Furthermore, intracerebral
transplantation of OECs/ONFs eliminated the inhibitory
fibrotic scar, thereby facilitating the regeneration of the
severed nigrostriatal dopaminergic axons (47).

Amyotrophic Lateral Sclerosis (ALS)

ALS is a lethal neurodegenerative disease caused by
the death of motor neurons in the spinal cord. Transplanta-
tion of OECs into the frontal lobes of ALS patients
appeared to be able to slow the rate of clinical progression
in the first 4 months posttransplantation (17). However,
the results from another clinical trial from two ALS
patients did not support a beneficial effect of fetal OEC
implantation into the frontal lobes of ALS patients (13).
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Figure 1. The roles of olfactory ensheathing cells (OECs) in
neuronal regeneration and their potential therapeutic applica-
tions in regenerative medicine. OECs express adhesion mol-
ecules on their plasma membranes to help neural cells attach,
and they also secrete a variety of trophic factors to facilitate
neural regeneration and axon outgrowth. In this way, OECs
have therapeutic potential in aiding recovery from neuron injury
and degenerative diseases. CNS, central nervous system; PNS,
peripheral nervous system.

In addition, OEC transplantation revealed no significant
functional improvement in an ALS mice model (31).
Taken together, the efficacy of transplantation of OECs
into ALS patients is still controversial, and further experi-
ments will be required to resolve it.

CONCLUSION

In summary, OECs express adhesion molecules, such
as L1/Ng-CAM and N-CAM, on their plasma membranes,
which help neural cells to attach. They also secrete extra-
cellular matrix proteins, such as laminin and fibronec-
tin, and neurotrophic factors, such as NGF, BDNF, and
PDGEF, to facilitate neural regeneration and axon out-
growth. Based on the properties of OECs, transplantation
of OECs has therapeutic potential to recover from neuron
injury including CNS injury, PNS injury, stroke, and neu-
rodegenerative diseases, such as PD (Fig. 1).
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