
S21

Cell Transplantation, Vol. 22, Supplement 1, pp. S21–S25, 2013	 0963-6897/13 $90.00 + .00
Printed in the USA. All rights reserved.	 DOI: http://dx.doi.org/10.3727/096368913X672127
Copyright  2013 Cognizant Comm. Corp.	 E-ISSN 1555-3892
	 www.cognizantcommunication.com

Received December 26, 2012; final acceptance August 20, 2013. Online prepub date: August 29, 2013.
1These authors provided equal contribution to this work.
Address correspondence to Yaojian Rao, Department of Spine Surgery, Luoyang Orthopedic Hospital of Henan Province, Luoyang, P.R. China. 
E-mail: raotony@163.com 

Long-Term Outcome of Olfactory Ensheathing Cell Transplantation  
in Six Patients With Chronic Complete Spinal Cord Injury

Yaojian Rao,*1 Wenxiao Zhu,*1 Yanxing Guo,* Chunxia Jia,* Ran Qi,* Ruofei Qiao,*  
Danna Cao,* Hongxing Zhang,* Zesheng Cui,* Lei Yang,* and Yongjun Wang†

*Department of Spine Surgery, Luoyang Orthopedic Hospital of Henan Province, Luoyang, P.R. China
†Institute of Spine, Shanghai University of Traditional Chinese Medicine, Shanghai, P.R. China

The aim of the study was to analyze the clinical efficacy and safety of olfactory ensheathing cell (OEC) trans-
plantation for treating patients with chronic, complete spinal cord injury (SCI). Six patients with six chronic 
complete spinal cord injuries were recruited and treated with autologous OEC transplantation and followed for 
24 months. The scores from before and after transplantation were analyzed. This was a self-control experiment. There 
was significant amelioration in the scores of the standard neurological classification of spinal cord injury made 
by the America Spinal Cord Injury Association (ASIA) and the International Association of Neurorestoratology–
Spinal Cord Injury Functional Rating Scale (IANR-SCIFRS) following OEC transplantation with 24 months of 
follow-up. No clinical complications were observed. OEC transplantation would appear to be clinically safe and 
may promote the neurofunctional recovery of SCI based on data from six patients. This manuscript is published 
as part of the International Association of Neurorestoratology (IANR) supplement issue of Cell Transplantation.
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INTRODUCTION

Olfactory ensheathing cells (OECs) are a type of 
ensheathing cell that possesses the characteristics of 
both astrocytes and Schwann cells; they originate from 
the olfactory substrate located at the first and second 
layer of the olfactory epithelium in the olfactory nerve 
and bulb. OECs, as the major component of olfactory 
mucosa, possess the ability of continually renewing 
throughout life. They can guide growing axons from the 
neurons of the nasal cavity olfactory mucosa to the olfac-
tory bulb to form synapses in the brain (2). Accumulating 
evidence has proven that OECs can significantly pro-
mote the axonal growth in chronic complete spinal cord 
injury (SCI). Nonetheless, there is still some doubt about 
OECs’ therapeutic effect and safety (5,6,18). In the pres-
ent study, six chronic complete SCI patients were treated 
with implantation of OECs, and the clinical efficacy and 
safety of OEC transplantation were studied by evaluating 
their functional recovery in follow-up. 

MATERIALS AND METHODS 

Patients

In this study, six chronic complete spinal cord injury 
patients were enrolled and treated with transplantation of 

fetal OECs from January 2008 to December 2009. After 
transplantation, the patients were requested to perform 
regular neurofunctional evaluation tests during the 2-year 
follow-up. There were four males and two females in the 
study, with an average age of 39.67 ± 9.81years. The patients 
were diagnosed with SCI for a mean period of 18.83 ± 5.78 
months. Two cases of damaged cord were located at cervical 
segments, and the other four cases were located at thoracic 
segments. All the patients were chosen by the follow-
ing inclusion criteria: [1] MRI showed no compression of 
injured spinal cord and the pathogenetic condition was stabi-
lized, [2] neurotrophic drugs or nerve growth factor had been 
administered before operation, [3] the spinal injury lasted 
at least half a year, [4] presence of complete case data, and 
[5] neurofunctional evaluation of SCI was America Spinal 
Cord Injury Association category A (ASIA A). All eligible 
patients and/or families were fully informed about the nature 
of the study and provided written informed consents before 
participating in the study. This study was approved by the 
ethics committee of the hospital. 

Cell Culture 

The olfactory bulb of fetuses aborted over 4 months old 
was digested with collagenase IA (Gibco, Gaithersburg, 



S22	rao  ET AL.

MD, USA) for 10 min at 37°C to produce a single cell sus-
pension in phosphate-buffered saline (PBS). Cells were 
then cultured in Dulbecco’s modified Eagle’s medium + 
F12 supplement (DMEM/F12; Gibco) with  10% fetal 
bovine serum (FBS; Gibco) for 3–4 days, and the medium 
was then changed every 2–3 days. When confluency was 
reached about 2 weeks later, cells were subcultured for 
subsequent propagation to attain the required number of 
cells for the patient. Appropriate tests including phenotype 
and sterility test had been performed before transplanta-
tion. To carry out transplantation, cells were dissociated 
with 0.25% trypsin/0.53 mM ethylenediaminetetraacetic 
acid (EDTA; Invitrogen, Carlsbad, CA, USA), and the 
enzymatic activity was stopped by culture medium. The 
cell suspension was centrifuged, and the cell pellet was 
washed thrice with saline. The entire cell pellet was sus-
pended in 1 ml saline and then was delivered to the oper-
ating room. Cells were then resuspended in 1 ml saline 
before being loaded into a syringe for transplantation. 
The cell viability was assessed using trypan blue (Gibco) 
exclusion. Cell viability was 95% or greater for them to 
be used for transplantation. The cell density was about 
107/ml for transplantation.

Operation and Implantation of  
Olfactory Ensheathing Cells

Under general anesthesia, the postcenter longitudinal 
incision of the corresponding part of the spinal injury was 
chosen, the meninx fibrosa was sliced, and the spinal cord 
was exposed. Two million OECs at the final volume of 
200 μl were injected into multiple corresponding points 
(~4–5) located at the borderline between the normal and 
abnormal spinal cord using a 0.45-mm infusion needle 
(Cook Critical Care, Bloomington, IN, USA) as deter-
mined by combining the result of the MRI with the hyper-
plastic capillary and tissue damage observed through a 
microscope. Total number of OECs for each patient was 
about 2 × 106. After injection, the meninx fibrosa was 
tightly sutured with absorbable sutures (Vicryl, Ethicon 
Johnson and Johnson, San Angelo, TX, USA). Routine 
hemostasis and anti-infection were given after operation, 
and drainage tubes (Hemovac, Davol, Cranston, RI, USA) 
were kept in for 2–3 days. 

Evaluation of Spinal Function

All six patients were evaluated at 1 week preopera-
tively and reevaluated at 3, 6, 12, and 24 months post-
operatively. The curative effect was determined by 
comparing pre- and postoperative scores, based on the 
ASIA Impairment Scale (3) and International Association 
of Neurorestoratology Spinal Cord Injury Functional 
Rating Scale (IANR-SCIFRS) (10). An ASIA score was 
acquired based on the following factors: 1) Sensory func-
tion: Pinprick and touch sensations were tested at each 

dermatomal key point (28 points on each side of the 
body), and a 0–3 grade was then assigned (0, no sen-
sation, in which blunt and sharp stimulations could not 
be differentiated; 1, sensory disorders; and 2, normal 
sensations); the pinprick and touch grades on each side 
were summed up to get a total sensory grade, which was 
used to indicate a possible change in sensory function. 
2) Motor function: Ten key muscles on each side of the 
body were tested from top to bottom, and a 0–5 grade 
was then assigned according to strength; the grades on 
each side were summed up to get a total motor grade, 
which was used to indicate a possible change in motor 
function. 3) Anal sphincter was tested using finger test-
ing. Sensory function was classified into presence and 
absence, and any sensation in the saddle area indicated an 
incomplete spinal cord injury. IANR-SCIFRS established 
a functional rating score, which includes nine categories 
with 16 items in total (plus one optional category). The 
maximum possible score is 48; the lowest possible score 
is 0; a functional rating scale score of 48 indicated normal 
functioning across all categories, 35–47 indicated a slight 
degree of functional handicap (mostly independent), 
18–34 indicated a medium degree of functional handi-
cap (some dependency indicated), and 0–17 indicated a 
severe degree of functional handicap (significant impact 
on daily life). 

Table 1.  Standard Neurological Classification of Spinal Cord 
Injury (SCI) (ASIA)

Cases Preoperative

Postoperative

3 
Months

6 
Months

12 
Months

24 
Months

1 211 245 244 246 246

2 133 175 177 177 178

3 75 120 121 125 129

4 173 200 203 211 211

5 174 204 209 213 214

6 191 200 202 201 202

ASIA, America Spinal Cord Injury Association.

Table 2.  International Association of Neurorestoratology–
Spinal Cord Injury Functional Rating Scale (IANR-SCIFRS)

Cases Preoperative

Postoperative

3 
Months

6 
Months

12 
Months

24 
Months

1 33 36 38 41 42
2 11 20 20 22 23
3 8 18 21 23 24
4 31 32 31 34 34
5 29 33 35 34 37
6 30 33 34 36 36
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Statistical Analysis

The data were expressed as means ± SEM. Using 
SPSS16.0 for Windows (Chicago, IL, USA), paired sam-
ple t tests were performed for the comparisons of ASIA 
scores and IANR-SCIFRS before and after transplanta-
tion (24 months). A value of p < 0.05 was considered sta-
tistically significant.

RESULTS 

Spinal cord function showed significant improvement 
in all the six patients. Scores of ASIA and IANR-SCIFRS 
were significantly increased after operation and OEC 
transplantation (Tables 1 and 2). Sensory function, motor 
function, and autonomic nerve function, such as diapho-
resis, had increased. Two patients experienced a urinary 
tract infection caused by the long-term indwelling cath-
eter and had no influence on OEC transplantation effect. 
There were no long-term fever or other complications 
related with transplantation.

In all six cases, the mean increase in score was 12.7 
for light touch, 9.1 for pin prick, and 15.4 for motor. The 
mean increased IANR-SCIFRS score was 9.0 (Table 3), 
while significant differences between pretreatment and 
posttreatment were observed (Table 4).

DISCUSSION

Review of Spinal Cord Injury Research 

Traditionally, the outcome of spinal cord injury by surgi-
cal methods is quite poor due to the absence of spontaneous 

regeneration functions in the neurons (16). Dimitrijevic 

proposed first in 1983 that there were healthy white matter 
fibers with electrophysiological transfer function in injured 
spinal cord tissue (4). Scholars in China confirmed that the 
independent limb motor function would remain 2/5 to 3/5 
if the numbers of surviving axons in the injured corticospi-
nal tract are over 10% (20). Other studies have proven 
that the regeneration capability of damaged axons could 
be restored, and partial neurological function recovery 
would be attained with the improvement of neurological 
function in an injured central nervous system. The dys-
function of neurons in injured segments can be compen-
sated for by adjacent segments; however, attempts to date 
to restore function after spinal cord injury have remained 
essentially ineffective. In recent years, OEC transplanta-
tion has demonstrated promising therapeutic effects for 
SCI, which could promote neurofunctional restoration by 
remyelinating axons (1,15,17). In a preclinical study in a 
SCI rat model, treatment with OEC transplantation led to 
improved motor scores as well as sensory function. The 
OECs were found to bridge the affected area, manage axon 
myelinization, form functional connection, and accelerate 
electrophysiological velocity of conduction (7). It was also 
shown that OECs can secrete all kinds of neuronal growth 
factors necessary for neural development, differentiation, 
and maturation (19). Moreover, OECs can suppress the pro-
duction of harmful factors such as gliotic tissues, thereby 
improving the microenvironment and promoting spinal  
cord regeneration (14). 

Table 3.  Characteristics of Six Patients

No. Gender
Age

(Years)

History 
of SCI 

(Months)

Length of 
Follow-up 
(Months)

Light Touch Pin Prick Motor IANR-SCIFRS

Pre Post Pre Post Pre Post Pre Post

1 F 42 26 24 69 87 55 67 87 94 33 42
2 M 35 21 24 75 86 24 32 34 58 11 23
3 M 30 13 24 42 67 15 23 18 39 8 24
4 M 56 17 24 75 83 47 57 51 71 31 34
5 F 31 24 24 63 73 61 74 50 67 29 37
6 M 44 12 24 72 76 69 73 50 53 30 36
Means 39.7 18.8 24 66.0 78.7 45.2 54.3 48.3 63.7 23.7 32.7

Table 4.  Comparison of Patients Scores Between Preoperative and Postoperative (Paired Samples 
t Test)

Item Preoperational Score Follow-up Score Score of Improvement p Value

Light touch 66.00 ± 12.59 78.67 ± 7.97 1.27 ± 7.58 <0.01

Pin prick 45.17 ± 21.34 54.33 ± 21.83 9.17 ± 3.25 <0.01

Motor 48.33 ± 22.95 63.67 ± 18.65 1.53 ± 8.41 <0.01

IANR-SCIFRS 23.67 ± 11.09 32.67 ± 7.58 9.00 ± 4.56 <0.01
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Clinical Study on Olfactory Ensheathing Cell 
Transplantation for the Treatment of Spinal Cord Injury

Olfactory mucosa transplants were first used in human 
trials by Lima et al., who demonstrated the efficacy of 
whole olfactory lamina propria for promoting functional 
recovery in chronic, severe SCI patients (12). Raisman’s 
group further isolated and purified OECs and found that 
injection of such cells into the lesion site of adult rats 
with complete transections resulted in improved motor 
scores and sensory function (11). Huang et al. (9) infused 
an OEC suspension into the damaged segment of the spi-
nal cord of patients with SCI and showed the regeneration 
of spinal cord and improved neurological function. Other 
researchers injected OECs into 15 patients at Frankel 
grade A at different time intervals, which resulted in pro-
moting neurological status at Frankel grade from A to C 
in six patients, as well as from A to B in five patients. No 
serious adverse reactions were observed (13). 

In the present study, six cases of chronic complete SCI 
were treated with decompression surgery and/or conven-
tional therapies such as neurotrophic drugs, acupuncture, 
and rehabilitation for longer than 6 months posttrauma. 
There were no other oppressive factors in addition to pri-
mary spinal cord injury and stable neurological function 
for more than 6 months. Thus, the possibility of spinal cord 
self-cure can be ruled out in clinical observation after OEC 
transplantation. We found that some patients’ sensory and 
motor function showed improvement in 2 weeks after oper-
ation, which is difficult to explain by nerve axon growth or 
OEC reparation. It may be related with signal modulation or 
neural plasticity (8). OECs may change the local microen-
vironment of the injured spinal cord lesions and stimulate 
the short-term potentiation of neural plasticity, such as acti-
vating undifferentiated neurons and reducing denervation 
hypersensitivity, which could result in functional recovery 
with nonstructural or anatomical restoration.

The continuous functional improvement after OEC 
transplantation in this study can be attributed to the short- 
and long-term potentiation of neural plasticity, the neu-
ral pathways repairing, and reconstruction. Through 24 
months of clinical follow-up, continued improvement 
tendency was also presented in the observation. Six cases 
of postoperative patients in 2 years experienced improve-
ments of sensory and motor functions compared with 
preoperative symptoms, as well as the obvious improve-
ment in skin nutrition. Therefore, OEC transplantation is 
feasible and safe, as well as helpful in repairing the spinal 
cord function of chronic SCI.

CONCLUSIONS 

The postoperative effect indicated that OEC transplan-
tation is a safe method to promote the neurofunctional 
recovery of SCI patients. Moreover, there were no severe 
complications with OEC transplantation.
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