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ABSTRACT
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Objective: To evaluate the long‐term curative efficacy and safety of
olfactory ensheathing cell (OEC) transplantation by 10 years of
follow‐up investigation.
Methods: A follow‐up observation was done on 13 patients with
allograft olfactory bulb‐derived OEC transplantation from September
2005 to September 2007 at the Second Affiliated Hospital of Xi’an
Jiaotong University. After cell purification, amplification, and
identification, a 2 × 107/mL cell suspension was prepared for transplanta‐
tion. In the posterior horn of the spinal cord 0.5 cm distal and proximal
to the spinal cord injury zone, 4 needle points were selected to avoid the
blood vessels. The needle depth was 3 mm, and the injection volume per
point was 10 μL. Postoperatively and at 1 week, 4 weeks, 12 weeks, 24
weeks, 1 year, 3 years, 5 years, and 10 years after the surgery, the
patient’s American Spinal Injury Association (ASIA) score, adverse
reactions, and other minor observations were assessed.
Results: All the patients did not have serious complications. No gliomas
or other new organisms formed during the 10‐year observation period.
Eight of 13 patients had improvement in sensory function, and 5 patients
showed improvement in motor function. The ASIA acupuncture, light
touch, and exercise scores improved significantly 1 year after the
surgery, and this improvement continued until the 10‐year follow‐up
period. Three of 13 patients had improvement in defecation and
urination, and 1 patient had improved neuralgia after spinal cord injury.
Conclusion: OEC transplantation is safe and effective in treating spinal
cord injury. The observation period of OEC transplantation is 1 to 3
years.

© The authors 2021. This article
is published with open access at
http://jnr.tsinghuajournals.com
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Introduction

Olfactory ensheathing cell (OEC) transplanta‐
tion for spinal cord injury was first proposed by
Professors Li Ying and Geoffrey Rraisman from
the University of London [1]. Since then, more
and more animal studies have supported the
therapeutic effect of OECs on spinal cord injury
[2]. Subsequent clinical studies have further
supported the role of OECs in spinal cord injury
repair [3]. Lima began clinical trials of
autologous OEC transplantation using olfactory
mucosa [4]. OECs are among the most
well‐studied and well‐established seed cells due
to their evolutionary primitiveness and ability to
integrate many nerve repair functions. In animal
studies, the survival time of OECs after
transplantation varies greatly, and the survival
time of OECs in the human body is even more
difficult to observe, which can only be analyzed
from the aspect of the duration of its function. It
has been over 15 years since the first case of
OEC transplantation for spinal cord injury was
started in 2005. Fifty‐five cases of OEC
transplantation have been completed, 13 of
which have been more than 10 years. This study
retrospectively analyzed 13 cases of OEC
transplantation for spinal cord injury in the
authors’ research group from September 2005 to
September 2007 and analyzed the efficacy and
long‐term safety of this therapy in depth.

2
2.1

Materials and methods
Patient selection

The study was endorsed by the Ethics
Committee of the Second Affiliated Hospital of
Xi’an Jiaotong University. In this study, 13
chronic spinal cord injury patients (male/female,
12:1; average age, 39.2 years, ranged 22–60
years), including 7 incomplete paralysis
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[American Spinal Injury Association (ASIA)
grade B] and 6 complete paralysis (ASIA grade
A), were treated with fetal OEC transplantation
from September 2005 to September 2007 at the
Second Affiliated Hospital of Xi’an Jiaotong
University, and followed up and observed for 10
years.
All patients were chosen using the following
inclusion criteria. The inclusion criteria were as
follows: (1) patients were diagnosed with
traumatic spinal cord injury, and the spinal cord
injury level was stable for > 6 months; (2)
magnetic resonance imaging (MRI) showed no
spinal cord compression, and the pathogenetic
condition was stability; (3) patients were 18 to 60
years old, male or female, and had no obvious
surgical contraindications; (4) patients were able
to understand various problems in inspection
and testing and provide reliable information;
and (5) patients should volunteer and sign the
informed consent.
At the same time, patients should not have
any of the following exclusion criteria: (1) severe
kidney, cardiovascular, liver, and mental
diseases; (2) combined brain injury; (3) pregnant
or lactating women, or women of childbearing
age unwilling to take effective contraceptive
measures; (4) participation in other research on
cell transplantation for treating spinal cord
injury in the past year; and (5) when researchers
deemed it was not in line with study
participation.
2.2 Culture of OECs from the embryonic
olfactory bulb
OECs were taken from embryonic olfactory
bulbs induced at 12 to 20 weeks of gestation.
Embryos were obtained after the approval of the
clinical ethics committee and the signing of the
informed consent by the family members. In an
ultraclean workbench environment, after 75%
alcohol disinfection, the skull was cut from the
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fontanelle along the middle line forward to the
upper eyebrow arch and then cut horizontally
along the upper eyebrow arch, and the skull flap
was turned backward to expose the brain. The
frontal lobe was upturned, and the olfactory
bulb was fully exposed, cut from the root, and
quickly transferred to precooled D‐Hank’s
solution. The meninges and blood vessels were
fully removed under an anatomical microscope,
and the olfactory bulb tissue was torn by
microtweezers. After digestion with 0.25%
trypsin at 37 °
C for 15 min, the supernatant was
centrifuged, discarded, and resuspended with
Dulbecco’s modified Eagle’s medium/F‐12
containing 20% clinical fetal bovine serum. Cells
were seeded in uncoated flasks and cultured in
an incubator (37 °C, 5% CO2). OECs were
purified by the modified differential wall
method. After cells proliferated to a sufficient
number used for transplantation, trypsin was
digested and washed, and 2 × 107/mL cell
suspension was prepared. After quality
inspection, embryonic olfactory bulb‐derived
OECs were used for transplantation.
2.3

Cell transplantation

There should be communication with the cell
operator to digest the cells before the surgery.
The towel was subjected to routine disinfection,

and the skin was cut along the original incision
for full exposure. The dura was exposed and
carefully cut to dissect the adhesion between the
dura and the spinal cord. Dural thickening,
spinal cord thinning, dark color, hard texture,
and vascular reactive hyperplasia on the spinal
cord surface were often observed in the injured
area. Under an operating microscope, four
needle entry points were selected in the
posterior corner of the gray matter of normal
spinal cord tissue, 0.5 cm in the upper and lower
parts of the injured spinal cord and 0.5 cm in the
upper and lower parts of normal spinal cord
tissue, avoiding blood vessels. The injection was
performed with No. 5 scalp needles, closed with
liquid paraffin at the front end, and connected
with a 10 μL microinjector, and the cell sus‐
pension was inhaled after fully mixing the cells.
During the process, air inhalation should be
avoided. The injection depth was about 3 mm,
and the injection time was 10 min at each point.
After injection, the needle was kept for 2 min,
and the needle was slowly withdrawn. The total
injection volume of cells was 40 μL, and the
number of cells was 8 × 105. The dura was
continuously sutured with a 2‐0 absorbable
suture. After checking for no cerebrospinal fluid
leakage, the wound was washed and the drainage
tube was placed and sutured layer by layer.

Fig. 1 Characterization of OECs in vitro. (A) Phase of OECs. (B) Immunofluorescent staining of the OEC marker p75 (red). Nuclei
in (B) were stained with 4′,6‐diamidino‐2‐phenylindole (blue). Scale bar = 200 μm.
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Fig. 2 Schematic diagram of OEC transplantation.

2.4

Preoperative management

Before transplantation, patients were fully
informed of the surgical procedure and possible
risks, and informed consents were signed.
Meanwhile, patients were well prepared
psychologically. Bedsores, anemia, malnutrition,
and other conditions were treated first until the
overall condition of the patient improved, and
cell transplantation was carried out.
After OEC transplantation, an air cushion bed
was given to prevent bedsores, and a double
lower‐extremity venous pump extrusion was
used to prevent deep venous thrombosis of the
lower extremity. Nutritional nerve [sodium
ganglioside, 60 mg once daily (QD), 2 weeks],
anticoagulant [low molecular weight heparin,
0.2 mL twice daily (BID), 2 weeks], dehydration,
and antiserum (mannitol 125 mL BID, 3 days;
dexamethasone, 10 mg QD, 3 days) were given
after the operation. If the patient’s physical
condition permits, rehabilitation exercise should
be performed as soon as possible until discharge,
and the patient should be instructed to continue
rehabilitation exercise after discharge.
2.5

Clinical assessment

The therapeutic effects were assessed by a
long‐term follow‐up investigation. The primary
outcome measures in this study were ASIA
scores and complications of OEC transplanta‐
tion. The secondary outcomes were the modified

Ashworth muscular tone score, Visual Analog
Scale (VAS) pain assessment, Patient Health
Questionnaire‐9 depression screening score, and
patient’s self‐evaluation.
In this study, outpatient and door‐to‐door
follow‐up were used to complete the above
physical examination and scale questionnaires,
and regular communication with patients was
conducted by telephone follow‐up. The
evaluation indexes were performed 1 week
before transplantation and 1 week, 4 weeks, 12
weeks, 24 weeks, 1 year, 3 years, 5 years, and 10
years after transplantation.
2.6

MRI evaluation

MRI for the spinal cord was performed
preoperatively and 10 years after the surgery in
all patients.
2.7

Statistical analysis

Data were processed as the mean ± standard
deviation. Using SPSS version 22.0 for Windows
(Chicago, IL, USA), analysis of variance was
performed to compare ASIA scores before and
after transplantation. P < 0.05 was considered
statistically significant.

3
3.1

Results
Patient data

The mean (range) age of 13 patients was 39.2 ±
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12 (22–60) years, including 1 female and 12
males. Six patients had an ASIA grade A, and 7
patients had an ASIA grade B. The average
(range) time of manual operation was 2.2 (1.5–3)
h, blood loss was 372 ± 42 mL, and the average
(range) hospital stay was 13.4 (10–21) days. All
patients were monitored for > 10 years.
3.2

Safety evaluation

ASIA acupuncture sensation score was signi‐
ficantly improved than before the operation (P <
0.01), and the ASIA light touch score was also
significantly improved than before the operation
(P < 0.05). There was no significant difference in
the ASIA acupuncture sensation and light touch
scores between 1 and 5 years (P > 0.05).
Long‐term observation showed improvement
in motor scores in 5 patients, all of whom were

No serious adverse reactions were observed in
all cases, including infection, fever, headache,
and allergic reactions. No cases of glioma and
other neoplasms and no cases of impaired
neurological function were observed. All
patients had no complications or deterioration
of neurological conditions.

quadriceps function, and one patient with

3.3

cubicle. An overall analysis of the ASIA sports

ASIA scores

in ASIA grade B, with improvement in both
upper and lower limbs. One patient with cervical
spine injury showed significant improvement in
thoracolumbar injury showed significant improve‐
ment in walking function, from being unable to
walk to being able to walk with the aid of a
score

AISA scores of 13 patients were presented in
Table 1. Sensory function was improved in 8 of
13 patients, with a general decrease of one to
two levels in the sensory level and a greater
decrease in patients with incomplete injury than
patients with complete injury. There was no
significant difference between acupuncture and
tactile sensations before and after the surgery
(P > 0.05). The ASIA acupuncture sensation score
significantly increased 1 week after the surgery
than before the surgery (P < 0.05), and the ASIA
tactile sensation score significantly increased 4
weeks after the surgery than before the surgery
(P < 0.05). Subsequently, the ASIA acupuncture
and tactile sensation scores showed a slow
upward trend. One year after the operation, the
Table 1

showed

a

significant

decrease

in

postoperative trauma, and the preoperative
status was restored about 1 week after the
surgery. From 1 week to 1 year after the surgery,
there was an obvious gradual increase in the
ASIA motor score. One year after the surgery,
the

ASIA

motor

score

was

significantly

improved than before the surgery (P < 0.05).
There was no statistical difference in the ASIA
motor score between 1 and 10 years after the
surgery (P > 0.05).
3.4

Secondary indicators

One patient reported improved defecation
function, and 2 patients reported improved
urination function. One patient developed frequent

ASIA scores of patients receiving OEC transplantation at different observation time points.
Postoperative
Preoperative
1 day

1 week

4 weeks

12 weeks

24 weeks

40.1 ± 9.4

41.1 ± 8.9

41.1 ± 8.9

41.3 ± 9.1

41.2 ± 9.0

1 year

3 years

5 years

10 years

Motor

40.8 ± 9.2

41.7 ± 8.8 41.7 ± 8.6 41.7 ± 8.8 41.5 ± 8.9

Pinprick

42.4 ± 14.0 42.6 ± 13.7

44.5 ± 13.9 44.3 ± 13.8 44.8 ± 13.5 45.3 ± 13.0 45.5 ± 12.8 45.5 ± 13.0 45.6 ± 12.9 45.5 ± 13.0

Light touch 41.5 ± 15.4 41.7 ± 15.4

42.5 ± 15.2 42.8 ± 15.1 42.9 ± 15.3 43.2 ± 15.2 43.4 ± 15.3 43.5 ± 15.2 43.6 ± 15.3 43.5 ± 15.2

Journal of Neurorestoratology

Journal of Neurorestoratology

111

limb spasms after the surgery, which was
significantly improved after treatment with
baclofen, and the spasm disappeared at 1 year of
follow‐up. The VAS score of three patients was >
3, which was diagnosed as neuralgia after spinal
cord injury. Postoperative pain was significantly
relieved in one patient, and no significant
change was observed in the remaining two
patients.
There were 7 patient’s self‐scores categorized as
dramatically improved, improved, slightly
improved, unchanged, slightly worse, worse,
and significantly worse. Among them, 2 cases
were significantly improved, 3 cases were
improved, 3 cases were slightly improved, and 5
cases were unchanged. The self‐rating improve‐
ment rate was 61.5%.

4

Discussion

OEC transplantation is effective in treating
sensory, motor, and autonomic dysfunction after
spinal cord injury, which was proven by the authors’
Table 2 Comparison of patients’ improvement preoperatively
and postoperatively.
No. Sensory

Motor

Bladder and
bowel function

Self‐evaluation

1

Yes

Yes

Yes

Yes

2

Yes

No

No

Yes

3

No

No

No

No

4

Yes

No

Yes

Yes

5

Yes

Yes

Yes

Yes

6

No

No

No

No

7

Yes

Yes

No

Yes

8

Yes

Yes

No

Yes

9

No

No

No

No

10

No

No

No

No

11

Yes

No

No

Yes

12

Yes

Yes

No

Yes

13

No

No

No

No

clinical experiment and other clinical trials of
OECs in treating spinal cord injury [5]. OEC
transplantation generally improves the ASIA
score of patients. Pinprick and light touch scores
are improved by 4 to 5 points, whereas the ASIA
motion score is generally improved by about 2
points.
The ASIA scores also showed that the
improvement of sensory function was more than
motor function, and the improvement of motor
function was more significant. For example, a
motor function improvement of a finger can
greatly improve the patient’s quality of life with
cervical spinal cord injury. How to improve
motor function is a central issue at present.
Moviglia was the first to mention and highlight
the importance of associated neural rehabilita‐
tion to improve cell therapy in spinal cord injury
[6]. This concept was publicly announced in the
first Annual Meeting of the International
Association of Neurorestoratology (IANR 2008)
[7]. In future cell transplantation clinical studies,
adding postoperative intensive rehabilitation
exercises to clinical trials may be necessary.
However, the ASIA score only focuses on the
movement of the upper and lower limbs. For
patients with thoracic spinal cord injury, even if
there is a partial improvement in the motor
nerve, it may not be reflected in the ASIA score,
which may also be why the improvement of the
sensory score is better than motor score. For
patients with thoracic injury, monitoring the
body balance ability can be added in later
clinical research, which can reflect the
improvement of motor function after thoracic
injury from one side. At the same time, it also
puts forward the requirements on improving the
ASIA method to better reflect the improvement
of patient function.
In this study, 3 patients also improved their
urination function. Unfortunately, this study did
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not monitor the patients’ residual urine volume
and urodynamic changes, so it cannot be
compared. In future studies, this can be used as
one observation indicator. This result was
consistent with other animal experiments [8]. It
reflected the therapeutic effect of OEC
transplantation on multiple functions of spinal
cord injury. In the study, 1 patient had an
improvement in spinal cord injury neuralgia.
This has always been considered the most
intractable complication after spinal cord injury.
On the relationship between OECs and neuro‐
pathic pain, most current studies focused on
animal experiments, and different researchers
have different views. In animal experiments,
some believe that OECs can cause neuropathic
pain by increasing the level of brain‐derived
neurotrophic factor [9]. Others believe that
OECs can reduce nerve growth factor to relieve
neuropathic pain after spinal cord injury.
Current clinical studies have not reported the
adverse reactions of spinal cord injury after OEC
transplantation [10]. The current study and
previous clinical studies have shown that OEC
transplantation is more likely to have a
therapeutic effect on neuropathic pain after
spinal cord injury, and the specific effect needs
the support of more stringent control experi‐
mental results.
According to current data, OECs can improve
the motor, sensory, and autonomic functions of
patients with spinal cord injury, but the effect is
still relatively limited. How to improve its
function is a problem that needs to be solved at
present. In animal experiments, OECs were
combined with a high molecular biological
matrix, and better therapeutic effects were
achieved. There were also animal experiments
utilizing OECs combined with other cells to
improve OEC repair. However, these studies
mostly focused on animal experiments, and
further clinical research results are needed.

Journal of Neurorestoratology

Moreover, OECs from different locations have
different biological behaviors and could
improve neurological function after transplanta‐
tion, which needs further confirmation by
clinical studies.
At present, the observation period of OEC
transplantation is more concentrated in < 1 year
at home and abroad. The authors have
expanded the follow‐up period to 10 years of
patients receiving transplantation to observe the
therapeutic effect of OEC transplantation on
spinal cord injury. There are different views on
whether OECs can play a role for a long time.
This study reviewed 13 spinal cord injury cases
treated with OEC transplantation in our hospital
from 2005 to 2007, and compared the changes in
motor and sensory functions of patients in the
past 10 years. From the results, the functional
recovery of patients is mainly concentrated in
the first 3 years of treatment. The functional
recovery did not have a significant change after
3 years. This showed that the clinical research
period should be designed to be 1 to 3 years.
This also raised a question. For patients who
have received cell transplantation and have
improved after 3 years of treatment, is it feasible
and effective to receive cell transplantation
again? This is a question that requires further
basic and clinical research.
From the 10‐year observation period, OEC
transplantation is a very safe treatment for
spinal cord injury. There were no other serious
adverse reactions during the study, except for
one case with recoverable increased muscle
tension. The risk of tumor formation in cell
transplantation treatment is an issue of
particular concern. As OECs are terminal
differentiation cells and do not have the
multidirectional differentiation potential of
neural stem cells or mesenchymal stem cells,
there is little risk of tumor formation in theory.
The results of this study also demonstrated the
Journal of Neurorestoratology
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safety of OEC transplantation.
This study was designed as an open
experiment without a control group, and it is
hard to prove that the therapeutic effect was
derived from cell transplantation, which was
one of the regrets. However, setting a control
group is difficult to operate in clinical practice.
Simple dural incision decompression has a
certain therapeutic effect. This is because,
although there is no bone compression, the
increase of intraspinal pressure caused by
intradural necrotic tissue may cause secondary
injury, but research reports concentrate on the
subacute stage. Severe adhesion between the
dura mater and the spinal cord can be seen
during operation, and cleaning up the adhesion
may also be one reason for the therapeutic effect.
Therefore, setting up a simple surgical cleaning
group is of great significance for judging the
curative effect of OEC transplantation, but it is
difficult to operate in the clinic. Another method
is to set different level groups to study the
relationship between different cell transplanta‐
tion volumes and the therapeutic effect. This
grouping method is more acceptable to patients,
which may improve the possibility of clinical
operation but also reduce the test efficiency.
With the establishment of OEC transplanta‐
tion standards in China, this therapy has
gradually become the standard treatment for
spinal cord injury. More clinical studies of OEC
transplantation have proven the reliability of the
method. To enhance the evidence level of OEC
transplantation for spinal cord injury, more
rigorous clinical experimental designs and more
standardized clinical data collection are needed.

5

Conclusions

OEC transplantation is safe and effective in the
treatment of spinal cord injury in our
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observation period. It can be further
popularized and applied as a treatment method
to improve the clinical rehabilitation level after
spinal cord injury.
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