Int J Clin Exp Pathol 2015;8(9):11149-11156
www.ijcep.com /ISSN:1936-2625/1JCEP0011324

Original Article

Transplantation of olfactory ensheathing cells promotes
partial recovery in rats with experimental

autoimmune encephalomyelitis

Jia Lit, Weian Chen?, Yu'an Li?, Ying Chen?, Zhangna Ding?, Dehao Yang?, Xu Zhang*

1Department of Neurology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 32500, Zhejiang,
China; 2Department of Pediatric Orthopedics, The Second Affiliated Hospital of Wenzhou Medical University,
Wenzhou 32500, Zhejiang, China

Received June 12, 2015; Accepted July 23, 2015; Epub September 1, 2015; Published September 15, 2015

Abstract: Objective: This study was to investigate the efficacy of olfactory ensheathing cell (OEC) transplantation on
experimental autoimmune encephalomyelitis (EAE). Methods: EAE models were established by guinea pig spinal
cord homogenate (GPSCH) immunization in Lewis rats. OECs were purified and cultured from the olfactory nerve
layer of SD rats, and then transplanted to the EAE models through the vena caudalis (Group A) or into the lateral
cerebral ventricle (Group B). Neurological function scores and body weights were daily recorded following transplan-
tation, and histological analysis was performed to assess the pathological changes in EAE rats. Results: Cultured
cells mainly exhibited bipolar or tripolar morphology, and the majority of these cells were positive for NGFR p75
staining. Neurological function scoring and the body weight measurement showed that, OEC transplantation could
significantly improve the performance of EAE rats, and similar results were observed for the transplantation through
the vena caudalis and into the lateral cerebral ventricle. Moreover, the transplanted OECs accumulated to the le-
sions in the brains of EAE rats, in spite of the different transplantation approaches. However, no significant differ-
ences in histopathology (HE and LFB staining) were observed between the OEC-transplanted groups and the control
group. Conclusion: OEC transplantation could exert beneficial effects in the treatment of EAE, no matter which the
cells were transplanted through the vena caudalis or into the lateral cerebral ventricle. Our findings might provide
evidence for the clinical treatment of multiple sclerosis with cell transplantation.
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Introduction dysfunction is mainly caused by demyelination,

as well as axonal damages. Therefore, numer-

Multiple sclerosis (MS) is a chronic inflamma-
tory demyelinating disease of the central ner-
vous system (CNS), characterized by neurologi-
cal disturbance with complete or incomplete
remission, eventually resulting in permanent
impairments [1, 2]. The pathogenesis of the
disease is still unknown, which might be relat-
ed to immunity, viral infection, and genetic
and environmental factors [3-5]. Experimental
autoimmune encephalomyelitis (EAE) is an
inflammatory condition of the CNS, with simi-
larities to MS, which has been widely used as a
disease model [6-10].

In the pathogenesis of both MS and EAE, demy-
elination is regarded as one of the most charac-
teristic pathological features. The neurological

ous experimental and clinical studies of MS and
EAE have focused on remyelination and axonal
growth promotion, trying to alleviate the clinical
symptoms and reduce the disease progression
[11, 12]. In recent years, transplantation of
myelin-forming precursor cells or stem cells to
the injury site is attracting a lot of attention
for the treatment of CNS disorders [13, 14].
However, due to the multifocal nature of MS
and EAE and the restricted cell migration within
demyelinated plaques, there are still serious
challenges that the cell transplantation therapy
needs to overcome.

Olfactory ensheathing cells (OECs) are the only
specialized glial cells that exist in both the cen-
tral and peripheral nervous systems [15-17].
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OECs are mainly distributed in the olfactory
bulb and olfactory mucosa, which support neu-
ronal growth, promote axon extension, and
myelinate axons [17-20]. Moreover, OECs can
secrete a variety of neurotrophic factors, pro-
viding an environment for nerve regeneration
and repair [21-24]. Furthermore, OECs possess
strong migration ability, which all together make
the cells a promising candidate for the cell
transplantation treatment of demyelinating dis-
eases like MS. In this study, the therapeutic
effects of OEC transplantation through differ-
ent approaches on EAE rats were investigated
and analyzed.

Materials and methods
Isolation and purification of OECs

OECs were purified and cultured according to a
previously published method with minor modifi-
cations [25]. Briefly, the olfactory nerve layer
(ONL) was removed apart from the glomerular
and the deeper layers of the olfactory bulb. The
ONL tissues were digested with a solution con-
taining 0.25% trypsin (Gibco, Grand Island, NY,
USA) and 0.02% EDTA (Gibco) at 37°C for 15
min. The trypsinization was stopped by adding
the complete medium consisting of 90% DME/
F12 and 10% fetal bovine serum (FBS). After
centrifugation at 1000 rpm for 5 min, the cells
were re-suspended with fresh complete medi-
um, and then cultured in a 37°C, 5% CO, incu-
bator. After purification for 18 h, these cells
were cultured with complete medium in 37°C,
5% CO, atmosphere for 11 d. Culture medium
was changed every 2-3 d [26].

Immunofluorescent staining

Cultured cells were identified with immunofluo-
rescent staining. These cells were fixed with 4%
paraformaldehyde, and then incubated with
rabbit anti-mouse anti-nerve growth factor
receptor (NGFR) p75 antibody (1:100 dilution;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) at 4°C overnight. Subsequently, the cells
were incubated with FITC-labeled second anti-
body in dark at room temperature for 15 min.
The cells were counterstained with propidium
iodide (PI), and then observed under a micro-
scope.

EAE induction
Female Lewis rats (6-8-w old) and guinea

pigs (6-8-w old) were purchased from Beijing
Weitong Lihua Experimental Animal Technology
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Co., Ltd (Beijing, China). To induce EAE, guinea
pigs were first sacrificed to obtain spinal cord
homogenate (GPSCH). Female Lewis rats were
immunized with 0.4 mL antigen emulsion
(GPSCH emulsified with incomplete Freund’s
adjuvant, containing 4 mg/mL Mycobacterium
tuberculosis strain H37Rv) [7, 9]. At O h and 48
h after immunization with antigen emulsion,
these rats were subjected to intravenous
administration of 400 ng pertussis toxoid
(Sigma-Aldrich, St. Louis, MO, USA). All animal
experimental procedures were approved by the
Animal Ethical Committee of the First Affiliated
Hospital of Wenzhou Medical University.

Cell transplantation

OECs used for transplantation were pre-labeled
with Hoechst 33342 (Sigma-Aldrich). Briefly,
OECs were harvested and incubated with 10
pg/mL Hoechst 33342 at 37°C for 40 min.
After washed with PBS, these cells were cul-
tured with fresh complete medium until
transplantation.

EAE rats were transplanted with on days 12-14
after immunization. For the vena caudalis injec-
tion (Group A), rats received 1 x 10° Hoechst
33342-labeled OECs in 1 mL PBS through the
vena caudalis. For the intracerebroventricular
injection (Group B), Hoechst 33342-labeled
OECs were transplanted into the lateral cere-
bral ventricle of the rats. Group C was used as
the control, where rats were subjected to intra-
venous injection of an equal volume of PBS
through the vena caudalis. Neurological func-
tion scores and body weights were recorded
daily according to a standard and validated
scale (0 to 5) [27]. The onset and incidence of
the disease, and the maximum scores, were
recorded for each rat. Cumulative disease
scores were calculated by summing up the dai-
ly-recorded neurologic function scores of each
rat over the whole period of observation.

Histological analysis

At 2 w after cell transplantation, all rats were
deeply anesthetized and killed. Brains and spi-
nal cords were removed, and the tissues were
divided into two parts. One part was used to
investigate the distribution of OECs with immu-
nofluorescence. The other part was used for
the hematoxylin and eosin (HE) staining and
the Luxol fast blue (LFB) staining to evaluate
perivascular inflammatory infiltrates and demy-
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elination, respectively. The tissues used for
immunofluorescence was frozen in liquid nitro-
gen, and then cut into 10-uym sections. For HE
and LFB staining, tissues were fixed in 4% para-
formaldehyde overnight, and then embedded in
paraffin. The tissues were then cut into 6-um
sections, and stained with HE and LFB, respec-
tively. Inflammation and demyelination in EAE
rats were scored according to the system
described by Storch et al. [9]. For inflammation:
0, no inflammatory cells; 1, leptomeningeal
and adjacent subpial cell infiltration; 2, mild
perivascular cuffing; 3, extensive perivascular
cuffing; 4, extensive perivascular cuffing and
severe parenchymal cell infiltration. For demy-
elination: 0, no demyelination; 1, trace of
perivascular or subpial demyelination; 2, focal
demyelination; 3, demyelination involving a
quarter of tissues examined, i.e., the spinal
tract, brain stem, cerebellar white matter, or
optic tract; 4, massive confluent demyelination
involving half of the tissue; 5, extensive demy-
elination involving the entire tissues.

Statistical analysis

Data were expressed as mean + SD. SPSS 19.0
software was used for statistical analysis. One-
way ANOVA was performed to compare the dif-
ferences between groups. P < 0.05 was consid-
ered statistically significant.

Results
OEC identification and labeling

Cultured cells were identified by immunofluo-
rescent staining. Our results showed that the
cultured cells mainly exhibited bipolar or tripo-
lar morphology. Importantly, majority of these
cells were positive staining for NGFR p75, a
marker for OECs (Figure 1A). Before transplan-
tation, OECs were pre-labeled with Hoechst
33342. Our results showed that 80-90% of the
OECs could be successfully labeled. Moreover,
the density of OECs could achieve 1 x 108 cells/
mL. These results suggest that our cultured
cells were mainly OECs with high purity, which
were suitable for the following transplantation
treatment.

Effects of OEC transplantation on EAE rats

The effects of OEC transplantation on EAE rats
were next investigated and compared between
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different transplantation methods (i.e., the
vena caudalis injection, Group A, and the intra-
cerebroventricular injection, Group B). Our
observation showed that, starting from day 5
after cell transplantation, compared with the
control group (Group C), the neurological func-
tion scores were dramatically lower for the EAE
rats in both Groups A and B, indicating clinical
improvement in these rats (Figure 1B-D). The
symptoms of EAE rats in Group C did not show
any alleviation over the whole observation
period. However, in Group A, the EAE rats’ per-
formance began to markedly improve on days
2-3 after OEC transplantation (Figure 1B-D).
Particularly, one EAE rat model in Group A was
completely paralyzed in the hind legs and tail,
which could not crawl or walk before treatment.
After cell transplantation, the rat was able to
lurch around and swing the body just on day 2
after cell transplantation, and could climb up
the cage walls on day 4 after cell transplanta-
tion. For this rat in Group A, the neurological
function score began to decline, and the body
weight began to rise, on day 3 after cell trans-
plantation (Figure 1B). On the other hand, in
Group B, the tail and hind limb weakness began
to improve following the cell transplantation.
The neurological function score declined and
the body weight rebound on days 4-5 after cell
transplantation (Figure 1C, 1D).

In addition, the peak differences (PD) in the
neurological function scores of each rat
between pre-transplantation and post-trans-
plantation in Groups A and B were significantly
higher than that in Group C (P < 0.01). However,
no significant difference was observed between
Group A and Group B (P > 0.05; Figure 1E).
These results suggest that OEC transplantation
could significantly improve the performance of
EAE rats, and similar results were observed for
the transplantation through the vena caudalis
and into the lateral cerebral ventricle.

Distribution of OECs in brains of transplanted
rats

To investigate the distribution of transplanted
OECs in the brains of EAE rats, the cells were
pre-labeled with Hoechst 33342, and the fro-
zen sections of the brain tissues were detect-
ed with fluorescence microscopy. Our results
showed that, in Group A, there were plenty of
Hoechst-labeled cells around the inflammatory
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Figure 1. Effects of OEC transplantation on EAE rats. (A) Cultured OECs were identified by immunofluorescence
staining with NGFR p75 (green) and PI (red). Scale bar, 50 um. (B-E) Analysis of the neurological function scores and
body weights of EAE rats. (B) A representative record of the neurological function scores and body weights of an EAE
rat in Group A. (C, D) Comparison of the neurological function scores (C) and body weights (D) between Groups A-C.
Arrows indicated the OEC transplantation time point. (E) The peak difference (PD) in the neurological function scores
between pre-transplantation and post-transplantation in each group. Compared with the control group, "P < 0.05.

lesions (perivascular cuffing) and near the sub-
pial region (Figure 2A, 2B). On the other hand,
in Group B, implanted OECs migrated from the
injection site to the lesions, gathering around
the lesions (Figure 2C-E). These results sug-
gest that transplanted OECs could accumulate
to the lesions in the brains of EAE rats, in spite
of different transplantation approaches.

Histopathological analysis of EAE rats trans-
planted with OECs

To investigate the histopathological changes in
the EAE rats, the brain sections were subjected
to HE and LFB staining, before and after OEC
transplantation. HE staining showed significant
inflammatory infiltration in all Groups A-C, with
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no significant differences between these
groups. The inflammatory cells gathered around
the lesions, and typical perivascular cuffing
was observed in these EAE rats (typical results
from Group A were shown in Figure 3A). On the
other hand, LFB staining indicated substantial
demyelination around the inflammatory lesions
in all the three groups (typical results from
Group B were shown in Figure 3B), without sig-
nificant difference in the pathological scores (P
> 0.05) (data not shown).

Discussion
Multiple sclerosis (MS) is a chronic inflam-

matory demyelinating disease of the CNS,
characterized by the morphological hallmarks
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@
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Figure 2. Distribution of OECs in the brains of transplanted rats. The OECs cells were pre-labeled with Hoechst
33342, and then transplanted into the EAE rats, into the lateral cerebral ventricle (Group A; A, B) or through the
vena caudalis (Group B; C-E). The distribution of OECs in the frozen brain sections were detected with fluorescence
microscopy. (A, B) In Group A, Hoechst-labeled cells accumulated around the inflammatory lesions (A: x 100; peri-

vascular cuffing, indicated by the white circle) and near the subpial region (B: x 40; indicated by arrows). (C-E) In
Group B, implanted OECs migrated from the injection site to the lesions (C, D: x 40), and some gathered around the

lesions (E: x 40; indicated by the white circle).

of inflammation, gliosis, demyelination, and
loss of neuronal axons and oligodendrocytes
[4, 5]. In MS and EAE, inflammation can be
completely prevented, while demyelination is
still one of the major challenges for the disease
treatment. Studies have shown that the com-
plex mechanisms of demyelination and remye-
lination in the pathogenesis of MS and EAE are
responsible for the pathological heterogeneity
of the diseases [28, 29]. Remyelination could
help to preserve axons, restore conduction
velocity, and ameliorate the symptoms of MS.
Even though naturally occurring remyelination
is impaired in MS lesions, remyelination could
be achieved by either promoting endogenous
repair mechanisms or providing exogenous
myelinating cells via transplantation. Current
therapies for MS are essentially promoting the
CNS repair, including the application of growth
factors, the intravenous administration of auto-
antibodies [3, 30-32], and the transplantation
of myelinating cells [3, 31]. Many myelinating
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cells, such as Schwann cells, astrocytes,
microglia, macrophages, and fibroblasts, have
been used to repair injured spinal cords [33].
However, these cells were not as effective as
olfactory ensheathing cells (OECs). It has been
shown that OEC grafts could promote neural
protection, axonal regeneration, and remyelin-
ation in the injured spinal cord [24, 34]. The
environment of the injury site in MS and EAS is
really complex, containing reactive astrocytes,
fibroblasts, immune cells, and various inhibi-
tory factors and cytokines. OECs have been
shown to express and secret cell surface mol-
ecules such as N-CAM, N-cadherin, and lam-
inin, and produce growth factors like neuregu-
lins and neurotrophins [21, 35]. All these fea-
tures of OECs make the cells an ideal candidate
for the transplantation treatment of MS and
EAE.

Our results showed that the clinical symptoms
were dramatically alleviated in the EAE rats in

Int J Clin Exp Pathol 2015;8(9):11149-11156
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Figure 3. Histopathological analysis of EAE rats transplanted with OECs. The brain sections of EAE rats in Group A
and B were subjected to HE (A) and LFB (B) staining, respectively, before and after OEC transplantation.

Groups A and B, as indicated by the decreased
neurological function scores and the changes
in body weight. However, no significant differ-
ences were observed in the changes of body
weight between the transplantation group and
the control group. This phenomenon might be
due to the experimental settings, where para-
lytic rats could also obtain the food and water
even with paralyzed hind legs. The conclusion
that implanted OECs could, at least partly, pro-
mote the recovery of EAE was mainly based on
the clinical observation, rather than the histo-
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pathological findings, which may provide evi-
dence for the clinical treatment of MS.

On the other hand, the EAE rats from Groups A
and B showed persistent recovery, even though
without significant differences in the peak dif-
ference between these groups. Moreover, fluo-
rescence detection revealed Hoechst-labeled
OECs around the lesions or near the subpial
regions in the brains of EAE rats. Based on
these results, considering the multifocal fea-
ture of the disease and the migration capability

Int J Clin Exp Pathol 2015;8(9):11149-11156
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of OECs, vein transplantation of OECs might be
a promising treatment method for MS and EAE.
No significant differences in histopathology (HE
and LFB staining) were observed between the
OEC-transplanted groups and the control group,
which might be due to the fact that OECs could
not affect the inflammatory infiltration. More-
over, the limited post-transplantation observa-
tion period might be another reason for the
phenomenon. In our study, the peak incidence
of EAE was chose for the cell transplantation,
and the efficacies of the treatment have been
confirmed by our results.

In conclusion, our results showed that OEC
transplantation could significantly improve the
performance of EAE rats. Moreover, the trans-
planted OECs could accumulate to the lesions
in the rat brains. Similar results were observed
for transplantation through the vena caudalis
and into the lateral cerebral ventricle. OEC
transplantation could exert beneficial effects in
the treatment of EAE, whether the cells were
transplanted through the vena caudalis or into
the lateral cerebral ventricle. Our findings might
provide evidence for the clinical treatment of
MS with cell transplantation.
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