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Intrathecal transplantation of autologous
adipose-derived mesenchymal stem cells for
treating spinal cord injury: A human trial
Junseok W. Hur, Tai-Hyoung Cho, Dong-Hyuk Park, Jang-Bo Lee, Jung-Yul Park,
Yong-Gu Chung

Department of Neurosurgery, Korea University College of Medicine, Korea University Anam Hospital, Seoul,
Republic of Korea

Context: Spinal cord injury (SCI) can cause irreversible damage to neural tissues. However, there is currently no
effective treatment for SCI. The therapeutic potential of adipose-derived mesenchymal stem cells (ADMSCs)
has been emerged.
Objective: We evaluated the effects and safety of the intrathecal transplantation of autologous ADMSCs in
patients with SCI.
Participants/Interventions: Fourteen patients with SCI were enrolled (12 for ASIA A, 1 for B, and 1 for D; duration
of impairments 3–28 months). Six patients were injured at cervical, 1 at cervico-thoracic, 6 at thoracic, and 1 at
lumbar level. Autologous ADMSCs were isolated from lipoaspirates of patients’ subcutaneous fat tissue and 9 ×
107 ADMSCs per patient were administered intrathecally through lumbar tapping. MRI, hematological
parameters, electrophysiology studies, and ASIA motor/sensory scores were assessed before and after
transplantation.
Results: ASIA motor scores were improved in 5 patients at 8 months follow-up (1–2 grades at some myotomes).
Voluntary anal contraction improvement was seen in 2 patients. ASIA sensory score recovery was seen in 10,
although degeneration was seen in 1. In somatosensory evoked potential test, one patient showed median
nerve improvement. There was no interval change of MRI between baseline and 8 months post-
transplantation. Four adverse events were observed in three patients: urinary tract infection, headache,
nausea, and vomiting.
Conclusions: Over the 8 months of follow-up, intrathecal transplantation of autologous ADMSCs for SCI was free
of serious adverse events, and several patients showed mild improvements in neurological function. Patient
selection, dosage, and delivery method of ADMSCs should be investigated further.
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Introduction
Spinal cord injury (SCI) generally results from physical
insult, caused by traumatic events. According to the
degree of neural tissue damage, the effects of SCI are
various grades of irreversible disability in motor and
sensory functions. The number of people in the United
States living with SCI in 2013 was estimated to be
∼273,000 and the numbers continue to increase.1

Methylprednisolone is the only agent that has been
shown to be effective for SCI reducing axonal damage

from secondary injury process.2–4 However, several
shortcomings, such as the 8-hour therapeutic window,
the moderate efficacy, and the high risk of complications
bring into question the value of such early high-dose
steroid use, and so this is not a satisfactory treatment
for SCI.5

The continuing need for more effective and safer
treatment has resulted in the search for therapeutic
strategies that target the restorative stage over the
acute narrow therapeutic window, such as cell-based
therapies designed to regenerate damaged cells and
simultaneously provide anti-inflammatory and/or
neurotrophic factors to prevent the secondary neuro-
degeneration inherent in SCI. Stem cell transplantation
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is a promising and attractive cell-based treatment
modality for repairing the damaged central nervous
system, including in SCI. Many studies have successfully
used stem cell-based therapy in animal models of SCI
and have achieved some degree of functional recovery.6,7

Among the various types of stem cell, the availability
of adult stem cells as a source for cell transplantation is
of particular interest. Unlike embryonal or fetal-origin
stem cells, using adult stem cells has fewer ethical
and/or moral problems, as well as lower teratogenic
and oncogenic risks. Bone-marrow-derived mesenchy-
mal stem cells (MSCs) have been investigated in
animal model studies and, furthermore, several clinical
studies in patients have been reported.8–13 In contrast,
because of its recent discovery, adipose-tissue-derived
mesenchymal stem cells (ADMSCs) are still poorly
investigated in many fields though it is anticipated to
have various advantages. Some groups have focused
on the potential of ADMSCs as a graft source for neu-
rodegenerative diseases such as stroke.14–16 However,
SCI has received little attention as a target disease for
stem cell therapy using ADMSCs.

Recently, however, some studies used ADMSCs for
animal models of SCI and reported good results.17–19

Zhou et al.19 investigated whether human ADMSCs
transplanted into a rat model of SCI would lead to
similar or improved neurologic effects compared with
human bone marrow-derived MSCs. They concluded
that human ADMSCs would be more appropriate for
transplant to treat SCI than human bone marrow-
derived MSCs. Menezes et al.20 focused on pro-regenera-
tive effects of ADMSCs. They investigated the regenera-
tive properties of human ADMSCs in a rat model of
spinal cord compression. As laminin (well-known
inducer of axonal growth, as well as a component of the
extracellular matrix associated with neural progenitors)
of human origin at the lesion site and spinal midline
was shown, they propose that it can be the paracrine
factor mediating the pro-regenerative effects of human
ADMSCs in SCI. On the other hand, Zhao et al.1

claimed that a population of neuronal cells can be specifi-
cally generated fromADMSCs and the induced cells may
allow for participation in tissue repair. They succeed in
culturing ADMSCs for neurogenic differentiation and
observed neurogenic cell colonization in injured mouse
spinal cord at the site of transplantation. But, to the
best to our knowledge, there have so far been no human
clinical trials of administrating ADMSCs to patients
with SCI via any mechanism. In this study, we evaluate
the effects and safety of the intrathecal transplantation
of autologous ADMSCs in patients with SCI, which
would be the first attempt in this field.

Methods
This phase I study of autologous ADMSC intrathecal
therapy for SCI was approved by the Korean Food
and Drug Administration (Investigational New Drug
Application no. 201005033) and the Korea University
Anam Hospital (Seoul, Korea) Institutional Review
Board (No. ED 11144). This clinical trial started on
Aug 8, 2011 and was completed on June 24, 2013.
Written informed consent was obtained from each
participant.

Patient selection
Candidates were given information regarding the
expected efficacy and safety of the trial, based on
results from preclinical tests, in which the SCI model
animals showed improved motor function with human
adipose stem cells and few adverse effects.17–19

The inclusion criteria were patients with neurological
impairment due to SCI, aged 19–69 years. The patients
underwent the best treatments available for SCI for at
least 3 months before joining this clinical trial. Two indi-
vidual neurologists, respectively, examined the patients
twice over a 4-week interval to ensure there were no
changes in neurological status during interval.
Exclusion criteria included ventilator-assisted breathing,
history of malignancy within the past 5 years, concomi-
tant infectious diseases, such as HIV or HBV infection,
anemia, myocardial infarction, occlusive vascular
disease, chronic renal failure, fever above 38°C, mental
confusion or dysphasia, use of immunosuppressants,
corticosteroids, or cytotoxic agents, or another serious
pre-existing medical condition.

ADMSC isolation and culture
Autologous ADMSCs were isolated from lipoaspirates
of subcutaneous fat tissue obtained from the enrolled
participants. A liposuction procedure was performed
by T-H Cho, the principal investigator, under sterile
conditions in the operating room at Korea University
Anam Hospital. Lipoaspiration was taken from
abdomen and/or thigh. Under lidocaine local anesthe-
sia, injection cannula was inserted at subcutaneous fat
layer and 50–60 mL of tumescent solution (normal
saline 100 cc+ lidocaine 25 cc+ epinephrine 1 cc) was
injected. After 10–15 minutes, aspiration cannula was
inserted and 10–20 mL of fat tissue was aspirated.
Then, the lipoaspirates were delivered to Anterogen
Co., Ltd. and were washed at least three times with
phosphate-buffered saline (PBS) and digested in an
equal volume of PBS containing 1% bovine serum
albumin and 0.025% collagenase type I (Invitrogen,
Gaithersburg, MD) for 80 min at 37 °C with
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intermittent shaking. Isolated cells were cultured for
three weeks in Dulbecco’s modified Eagle’s medium
(DMEM; Invitrogen), supplemented with 10% fetal
bovine serum (FBS; Hyclone, Logan, UT) and 1 ng/
mL human basic fibroblast growth factor (bFGF), and
used at passage 3 (about 21 days of culture). Cells were
stocked and preserved at −196 °C in the middle of pro-
duction and further cultured in order to meet the sche-
dule of injections. BSA and FBS were washed out for
the final product according to FDA guidelines (‘Points
to consider in the characterization of cell lines used to
produce Biologicals’, 1993). Quality-control tests,
including cell viability, and fungal, bacterial, endotoxin,
and mycoplasma contamination, were carried out by
Anterogen Co. Ltd and confirmed by investigators
before cell delivery. For lot release testing, the cells
were assayed for quality control parameters, such as via-
bility (≥80.0%), cellmorphology identification (obser-
vation of adherent cells with spindle-shaped
morphology), cell surface protein identification using
flow cytometry (≥80.0% in CD90+/CD45- cells),
purity (<1.0% in CD45+ cells), and negative microbial
contamination testing. Cells were stable for 24 hours at
5–20 °C. Autologous ADMSCs were prepared at 3 ×
107 autologous cells per 1-mL DMEM and, in total,
9 × 107 cells were delivered to cold storage (–4 °C)
without a cryopreservation procedure and administrated
within 1 hour.

Intrathecal transplantation of autologous
ADMSCs
Refering to previous studies,21–23 three 1-mL DMEM
aliquots containing 3 × 107 autologous cells/each were
prepared and in total 9 × 107 autologous ADMSCs per
patient were administered on day 1, at 1 month, and
at 2 months respectively into the intrathecal space over
5 minutes through lumbar spinal tapping.

Rehabilitation program
We did not provided any specific rehabilitation program
to ensure the effect of stem cell transplantation. The
patients only maintained their regular activity routines.

Neurological scales
Before transplantation at baseline and then at 1, 2, 4, 6
and 8 months after final transplantation (2 months after
first transplantation), neurological examinations were
performed by J-B Lee, a senior spine expert, using the
American Spinal Injury Association (ASIA) motor
and sensory scores.

Physical examinations and vital sign assessments
Throughout the entire study period, we performed phys-
ical examinations and vital sign assessments for every
single visit. We also checked any drug use in combi-
nation with the transplants, and any adverse effects
that patients complained about.

Laboratory, radiological studies
Before the lipoaspiration operation, patients were
assessed in terms of hematology, blood chemistry, and
urine analysis, and were screened for HIV, HBV/
HCV, and VDRL. A chest X-ray, pulmonary function
test, and spinal magnetic resonance imaging (MRI)
were performed. T1/T2 weighted axial and sagittal
MRI (Achieva 3.0 T; Philips, Best, The Netherlands)
were obtained. Two neuroradiologists, who were not
included in the study, described the MRI as a formal
reading. All these studies were performed again at 8
months after final transplantation.

Electrophysiological studies
Electrophysiological examinations of motor and sensory
function, such as electromyography (EMG), motor
evoked potential (MEP), and somatosensory evoked
potentials (SSEP) were performed before and after
transplantation (same schedule as radiologic studies).
Sierra Wave (Cadwell, Kennewick, WA, USA) was
used for neurophysiologic examination. Nerve conduc-
tion and needle EMG were performed. For nerve con-
duction, median and ulnar nerve were studied for
upper limbs’ motor/sensory. Tibial and peroneal
nerves were studied for motor conduction, and sural
and superficial peroneal nerves were studied for
sensory conduction. The SSEP was elicited by median
nerve stimulation and tibial stimulation. Three to four
series were obtained during every test. MEP were eli-
cited by transcranial magnetic stimulation using
MagPro (Medtronic, Shoreview, MN, USA) of
primary motor cortex and recorded in contralateral
abductor pollicis brevis (APB) muscle.

Results
Within a given period of time, 21 patients applied to
participate for the study and only 14 patients (12
males, 2 females) qualified for the inclusion criteria.
Their ages were 20–66 years (mean± SD= 41.9± 15.5
years). The minimum time between the impairment
and study inclusion was 3 months (mean± SD=
13.7± 7.6 months). Thirteen patients were injured as a
result of traffic accident-related trauma or falls. One
patient was impaired due to myelitis. There were six cer-
vical injuries, one cervico-thoracic, six thoracic, and one
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lumbar injury. No patient showed an interval change in
neurological impairment after inclusion in the study.
According to ASIA motor grade, 12 patients were
grade A, 1 was grade B, and 1 patient was grade
D. Patients’ characteristics are shown in Table 1.

ASIA motor score
Among the 14 patients, 5 patients (patient 1, 3, 9, 11,
and 12) showed motor improvement in terms of the
ASIA motor score.

Patient 1, a 66-year-old male, was injured at the T12
level in a fall. After the operation and rehabilitation
treatment for 8 months, there was no neurological recov-
ery. He was paraplegic below L2 motor at baseline with
an ASIA motor score of 50. After ADMSCs injection,
the ASIA motor score improved to 56 at the 6-month
follow-up.

Patient 3 showed improvement ofmotorwhowasASIA
grade D at the beginning. She was a 58-year-old female,
injured at the C5–6 level in a fall. She was operated on
and underwent rehabilitation for 26 months before this
study. There was no neurological recovery over more
than 3 months. She had quadriparesis at baseline, with
an ASIA motor score of 73. After the stem cell therapy,
her ASIA motor score was 77 at the 2-month follow-up.

Patient 9, a 33-year-old male, was injured at the C3–4
level in a bicycle accident. He was operated on and
underwent rehabilitation. He was completely quadriple-
gic (ASIA motor score of 0) and 11 months had passed
with no neurological improvement. After stem cell
therapy, ASIA motor score improved to 1 at 6 months
after the final intrathecal administration of ADMSCs.

Patient 11, a 24-year-old male, was injured at C5–6 in
a car accident. He was operated on and underwent reha-
bilitation treatment. At 11 months after the injury, there

had been no further recovery for more than 3 months.
His baseline ASIA motor score was 40. However, his
ASIA score improved to 44 at 2 months post-
transplantation.

Patient 12, a 25-year-old male, was injured in a car
accident. He was injured at the C6 level and showed
plegic status below C8 (ASIA motor score= 26). An
operation and rehabilitation were performed but no
neurological recovery was obtained. In a subjective
assessment, this patient stated that at 4 months post-
transplantation his back muscles seemed to be stronger
so that a sitting position was more comfortable than pre-
viously. At the 2-month follow-up, his ASIA motor
score was 30. Details are shown in Table 2 and 3.

Voluntary anal contraction improvement
Patient 2, a 42-year-old male, was injured at T12 in a
fall. He was paraplegic and voluntary anal contraction
was impossible before the study. At 1 month after
stem cell transplantation, control of anal sphincters
improved. Patient 7 also showed no anal voluntary con-
traction but 4 months after stem cell transplantation, his
anal function recovered partially.

ASIA sensory score
According to the ASIA sensory scores, 10 patients
showed sensory improvement (both pin prick and light
touch) and 1 showed sensory deterioration. Sensory
improvements were seen at L2 and caudal, including
anal sensation, in patient 1, the T7–11 dermatome in
patient 4, the T3–6 dermatome in patient 5, T10 and
caudal, including the anus, in patient 7, the L1 and
caudal in patient 8, C6–7 and T2–4 in patient 9,
T10–11 in patient 10, C7-T3 in patient 12, and C2–3
in patient 14. Patient 6 was the only one who showed

Table 1 Patients’ characteristics

Sex
Age

(years)
Injury
level

Cause of
impairment

Injury
degree

ASIA
grade

Duration of
impairment
(months)

Follow up
duration
(months)

Patient 1 M 66 T12 Trauma Complete A 8 8
Patient 2 M 42 T12 Trauma Complete A 16 8
Patient 3 F 58 C5–6 Trauma Incomplete D 26 8
Patient 4 M 49 T6–8 Trauma Complete A 5 8
Patient 5 M 29 C6–7 Trauma Complete A 28 8
Patient 6 M 20 C6-T1 Trauma Incomplete B 3 8
Patient 7 M 54 T8–9 Trauma Complete A 17 8
Patient 8 F 63 L2 Myelitis Complete A 20 8
Patient 9 M 33 C3–4 Trauma Complete A 11 8
Patient 10 M 48 T10 Trauma Complete A 18 8
Patient 11 M 23 C5–6 Trauma Complete A 11 8
Patient 12 M 23 C6 Trauma Complete A 12 8
Patient 13 M 31 T6 Trauma Complete A 12 8
Patient 14 M 47 C4–6 Trauma Complete A 5 8
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sensory regression. Patients 2, 3, and 13 showed no
interval change. Details are shown in Table 4.

MRI and electrophysiological changes
The areas of spinal damage estimated by MRI did not
differ significantly before the intervention and
8 months after transplantation. The sizes of lesions
showed no interval change, so there was no sign of
tumorous conditions or calcification. A representative
case is shown in Figure 1. There was no significant
EMG or MEP change between the baseline and post-
transplantation results in any patient. However, in
patient 5 (C6–7 injured with ASIA grade A), we saw
definite SSEP improvements. At baseline, his right
median nerve short-latency (N20P22) showed low
amplitude, but at the 8-month follow-up, the amplitude
increased. Furthermore, his left median nerve short-
latency (N20P22) was absent at baseline, but after treat-
ment it was restored (Figure 2).

Adverse events
No patient developed any serious adverse event related
to intrathecal ADMSC administration during the 8-
month follow-up (10 months after initial transplan-
tation). Four adverse events were observed in three
patients: urinary tract infection, headache, nausea, and
vomiting. Patient 11 suffered a urinary tract infection
at 6 months post-transplantation. Antibiotics were
administered and the infection resolved. He had a
history of urinary tract infections before this study, so
this event seemed unlikely to be related to the stem
cell transplantation. Patient 12 complained of headache,
nausea, and vomiting at 2 months post-transplantation,
but after conservative treatment, the symptoms resolved.
Patient 14 complained of headache at 1 month post-
transplantation but this resolved over time.

Discussion
ADMSCs as an emerging source for stem cell
therapy in SCI
Compared with embryonic stem cells, use of which is
restricted for ethical reasons, adult stem cells have
become a new source of cells for therapy. Adult stem
cells can be obtained from bone marrow, umbilical
cord blood, and adipose tissue.24 ADMSCs, which are
obtained from adipose tissue, have the ability to differ-
entiate into various mesenchymal cells.25 It is easier
and less invasive to harvest ADMSCs than bone
marrow stem cells.19,26 The material for extraction is
also abundant. Furthermore, ADMSCs can be grown
readily using standard tissue culture conditions and
the extraction process, based on enzymes, is not
complex. ADMSCs have differentiation potency to
various cell lineages, so can give rise to many specialized
cell types, such as smooth muscle chondrocytes, muscle
cells, osteoblasts, adipose tissue, and neural cells.1,19,25

In this way, ADMSCs have functional similarities with
other MSCs, good separation efficiency, and seem to
be an attractive alternative source that can replace umbi-
lical-cord-blood-derived MSCs and bone marrow
MSCs.19

Recent studies using ADMSCs for regeneration of
tissue and damaged cells have reported good results.
Zhou et al.19 investigated whether human ADMSCs
transplanted into a rat model of SCI would lead to
similar or improved neurologic effects compared with
human bone marrow-derived MSCs. Administration of
human ADMSCs was associated with marked changes
in the SCI environment, with significant increases in
BDNF levels. They concluded that human ADMSCs
would be more appropriate for transplant to treat SCI
than human bone marrow-derived MSCs. Jeong
et al.27 designed a rat model that involved causing

Table 2 AISA motor scores

baseline 1M 2M 4M 6M 8M

Patient 1* 50 52 54 54 56 56
Patient 2 50 50 50 50 50 50
Patient 3* 73 76 77 77 77 77
Patient 4 50 50 50 50 50 50
Patient 5 38 38 38 38 38 38
Patient 6 50 50 50 50 50 50
Patient 7 50 50 50 50 50 50
Patient 8 72 73 72 72 72 72
Patient 9* 0 0 0 0 1 1
Patient 10 50 50 50 50 50 50
Patient 11* 40 40 44 44 44 44
Patient 12* 26 27 30 30 30 30
Patient 13 50 50 50 50 50 50
Patient 14 10 10 10 10 10 10

*Patients who showed motor improvement at final follow-up assesment compare to baseline
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damage to a disc and transplanting human ADMSCs.
At 6 weeks after transplantation therapy, they found
that the reduction in regressed disc height was improved
in the experimental group versus the control group and
showed increased signal intensity on T2-weighted MRI.
Ryu et al.28 observed improvement in neurological func-
tion using a dog model of spinal cord injury, in which
autologous ADMSCs were implanted directly into the
spinal cord injury site at 1 week after spinal cord
injury. They conducted a tissue examination at the 8-
week follow-up and detected a neuronal cell marker
from the transplanted autologous ADMSCs. Kang
et al.17 induced oligodendrocyte progenitor cells from
autologous ADMSCs and injected them via an intrave-
nous route in a spinal cord injury model in rats. At 4–5
weeks post-transplantation, implants were found in the
kidney, lung, liver, and the injured spinal cord. They
explained that chemotactic material derived from the
injured spinal cord attracted the stem cells to the
lesion site. Park et al.10 and Mothe et al.29 reported
the safe use of stem cells after intrathecal administration
in the spinal cord. The safety of ADMSC administration
via an intravenous route in humans was also reported by
Ra et al.30

Autologous ADMSC transplantation via
intrathecal injection
As explained previously, the safety and potential effi-
cacy of autologous ADMSCs have been demonstrated.
The intrathecal route also seemed to be safe for bone-
marrow-derived MSC injection. However, to our knowl-
edge, this is the first report of autologous ADMSCs
transplanted intrathecally into human subjects with
SCI. Among various stem cell therapy routes in spinal
cord injury model, the strength of intrathecal injection
is its ease of repeatability. Several previous studies
used the injection method, but the optimal conditions
for dosage, number, and interval of stem cell injection
have not been fully established. Frolov et al.31 injected
hematopoietic autologous stem cell by intrathecal
route for spinal cord injured patients. The dosage for
each injection was 4–8.5 × 106 CD34+ cells and
1.3–1.5 × 109 leukocytes. They delivered the stem cells
intrathecally with lumbar puncture twice over 8-day
period, with an interval of several months (usually 3–5
months) before the next doses. In a study by Danuta
et al.32 patients with SCI were treated with autologous
bone marrow nucleated cells (BMNCs) injected intrave-
nously (3.2 × 109) and intrathecally (0.5 × 109) 10 weeks
after the SCI and 5 rounds of MSCs every 3–4 months
(1.3–3.65 × 107) administered via lumbar puncture. In
a case report of Ichim et al.,33 they administratedTa
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intrathecally the allogenic umbilical cord blood ex-vivo
expanded CD34 and umbilical cord matrix MSC at 5
months, 8 months, and 14 months after injury. Kishk

et al.9 reported BMDSCs intrathecal injection with 5 ×
106 to 10 × 106 cells every month for 6 months. In
summary, the dosage for each injection varied from

Table 4 ASIA sensory scores

baseline 1M 2M 4M 6M 8M

Patient 1* pin prick 78 78 80 94 96 96
light touch 78 78 80 94 96 96

Patient 2 pin prick 78 78 78 78 78 78
light touch 78 78 78 78 78 78

Patient 3 pin prick 112 112 112 112 112 112
light touch 112 112 112 112 112 112

Patient 4* pin prick 86 94 94 94 94 94
light touch 86 94 94 94 94 94

Patient 5* pin prick 28 28 28 32 32 32
light touch 28 28 28 32 32 32

Patient 6¶ pin prick 88 78 78 78 78 78
light touch 88 78 78 78 78 78

Patient 7* pin prick 70 70 70 70 70 72
light touch 70 70 70 70 70 72

Patient 8* pin prick 86 90 90 90 90 90
light touch 86 90 90 90 90 90

Patient 9* pin prick 8 8 18 18 20 20
light touch 8 8 18 18 20 20

Patient 10* pin prick 64 70 70 70 70 70
light touch 64 70 70 70 70 70

Patient 11* pin prick 40 46 76 76 76 76
light touch 70 70 76 76 76 76

Patient 12* pin prick 22 26 32 32 32 32
light touch 22 26 32 32 32 32

Patient 13 pin prick 44 44 44 44 44 44
light touch 44 44 44 44 44 44

Patient 14* pin prick 51 53 53 53 53 53
51 53 53 53 53 53

*Patients who showed sensory improvement at final follow-up assessment compare to baseline
¶Patient who showed sensory decline at final follow-up assessment compare to baseline

Figure 1 T2 sagittalMR image of patient 14. Therewasno interval change between baseline (A) and 8months after transplantation (B).
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106 to 109 cells and the interval ranged from few days to
several months. Furthermore, as we mentioned above,
this is the first clinical trial of ADMSCs for SCI patients
so there is no standard method for intrathecal adminis-
tration. Therefore we referred to the previous literatures
to decide suitable dosage, number, and interval of injec-
tion, considering safety and efficacy.

Our treatment showed good results in terms of both
safety and efficacy. Objective upper or lower extremity
motor improvement was seen in 5 of 14 patients. With
the exception of one patient, motor recovery was seen
at the 1–2-month follow-up. Intrathecal transplantation
may represent a relatively direct and fast-acting route.
However, most of the motor improvements were by
only 1 or 2 grades in limited myotomes. Besides, even
though the repeated examination of baseline neurology
were stable, there are some reports of late neurologic
recoveries between 1 and 5 years.34–36 Therefore, some
of the improvements may have occurred with time
instead of the treatment.

Some degree of voluntary anal contraction recovery
was seen in two patients (patients 2 and 7). This was
an inspiring result because it is obviously important in

terms of quality of life. Interestingly, these two patients
showed no other motor recovery and only minimal
sensory recovery (none for patient 2, 4 points at the 8-
month follow-up for patient 7). Thus, anal function
seemed to be a discrete component of recovery.
Sensory recovery was seen in 71% (10/14) of patients.
It was difficult to identify any trend in sensory recovery.
However, sensory recovery was more likely than motor
recovery after ADMSCs intrathecal injection. Also,
patient 1 has shown continued recovery since the 2-
month follow-up period. This suggests that sensory
recovery could be prolonged and slow.

In electrophysiological tests, surprisingly one patient
(patient 5) showed definite improvement in both
median nerve SSEPs. He was injured at C6–7 and had
upper extremity weakness and lower paraplegia. There
was only sensory recovery, with no motor recovery.
However, other than this patient, we saw no electro-
physiological change even for the patients who had
motor recovery or had sustained injuries at a similar
level (C5–6). Thus, it is hard to conclude that this type
of treatment could induce the change, but the possibility
of some recovery due to the transplantation cannot be
ruled out.

There was no interval change between baseline and
MRI at 8 months post-transplantation. There was no
evidence of tumors or calcification conditions to
suggest that ADMSCs caused adverse effects at the
lesion site. However, this interpretation was limited to
there being no gross anatomical change that could be
detected by MRI, given the type, amount, and route
of administration of stem cells, and the follow-up
period described. Also, because this was a clinical trial
of actual patients, demonstrating the absence of histo-
logical changes was impossible. All of these factors
should be considered when interpreting the findings.

There was no serious adverse event. A urinary tract
infection in one patient seemed to be more likely due
to poor personal hygiene associated with motor impair-
ment, rather than with the stem cell injection. Headache,
nausea, and vomiting could be signs of irritation due to
the intrathecal injection, but these symptoms were mild
and controllable.

Limitations and disadvantages
This is a pilot study to design a future optimal clinical
trial for ADMSCs treatment in patients with SCI. The
number of subjects and follow-up periods were limited
and an objective method for the evaluation of quality
of life was missing. There was no control group in this
study. Practically, it is hard to build a control group
because most of the patients who volunteer in such

Figure 2 The dynamics of SSEP elicited by stimulation of the
median nerve of patient 5. Before treatment, short-latency
(N20P22) SSEP of left median nerve was absent (A), but at post-
treatment 8-month follow-up, short latency (N20P22)
components were restored (C). Even for the right median nerve,
the amplitude of short-latency SSEP (N20P22) was abnormally
low before the treatment (B) but increased after (D). Tests were
performed 3 to 4 times respectively.
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studies express a strong preference toward being
included in a treatment group. To compensate for this
weak point, we conducted the study for patients with
chronic SCI, who were less hopeful of neurological
recovery in foreseeable future. Nevertheless, due to an
insufficient number of volunteers, one patient (patient
6) had a shorter interval after impairment than the
others. However this patient showed no improvements
in motor but decline in sensory. Strict inclusion criteria
and a blind assessment with control group are needed
for further studies. In addition, non-human products
such as FBS or PBS should be avoided in any part of
manufacture for stem cells (because there could be
potential, inherent problem) in the future.37

Conclusions
This pilot study of intrathecal autologous ADMSCs
transplantation in patients with chronic SCI showed
that intrathecal ADMSCs transplantation has mild
clinical effectiveness in some patients, regardless of the
uncertain radiological and electrophysiological results.
In particular, no serious adverse event occurred during
intrathecal transplantation of ADMSCs. Patient selec-
tion, and the ADMSCs dosage and delivery method
should be investigated further.
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