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Abstract
Although autologous adipose stem cells have much therapeutic potential for incurable diseases, safety concerns
have been constantly raised for clinical use. An intrathecal injection of the stem cells to improve therapeutic efficiency in
central nervous system diseases is also reluctant due to concerns of adverse reaction. To investigate the safety of multiple
intrathecal administrations of autologous adipose-derived mesenchymal stem cells (hAdMSCs), adverse reactions were
analyzed by questionnaire survey and blood chemistry examination in 70 patients with Parkinson’s disease and other
neurodegenerative diseases who received hAdMSCs multiple times in China and Japan, retrospectively. As results,
multiple IT administrations of cultured autologous hAdMSCs were safe, although mild back pain at the injection site
in 4 patients and headache, dizziness, fever and asleep legs in other 4 patients. Adverse reactions were disappeared
completely without specific treatment within a day. There were no serious adverse reactions during the cell treatment
period. No remarkable atypical clinical change was observed in the blood analysis before and after the cell administrations.
This study demonstrates that multiple IT administrations of hAdMSCs are safe for clinical use.
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Abbreviations:

AD: Alzheimer’s Disease; ALT: Alanine
Aminotransaminase; AST: Aminotransferase; BMSCs: Bone Marrow
Stem Cells; BUN: Blood Urea Nitrogen; CNS: Central Nervous System;
DMEM: Dulbecco’s Modified Eagle’s Medium; FBS: Fatal Bovine
Serum; hAdMSCs: Human Adipose-Derived Mesenchymal Stem Cell;
HbA1c: Glycated Hemoglobin; HBsAg: Antigen of the Hepatitis B
Virus; HCV: Hepatitis C Virus; HIV: Human Immunodeficiency Virus;
IT: Intrathecal; IV: Intravenous; ND: Neurodegenerative Diseases; PBS:
Phosphate-Buffered Saline; PD: Parkinson’s Disease; VDRL: Venereal
Disease Research Laboratory; γ-GTP: γ-Glutamyl Transpeptidase

Introduction
Parkinson’s disease (PD) is a neurodegenerative disease (ND)
showing the progressive abnormal motor symptoms such as rigidity,
tremor, bradykinesia, akinesia and the dopaminergic neuronal
loss accompanied by the formation of Lewy body that is primarily
composed of aggregated α-synuclein in the brain [1]. Long-term loss
of dopaminergic neurons in the nigrostriatal dopaminergic pathway
leading to dopamine depletion is closely related to the major motor
symptoms in the PD patients [2,3].
Several available PD medications to compensate dopamine levels
in the brain improve symptoms at early stage of the diseases but do not
stop or slow down the progression of the disease [4]. Moreover, longterm treatment of dopaminergic drugs causes undesirable side effects
such as dyskinesia and wearing off [4,5]. Although many more studies
are required to clear the cause of dyskinesia, therapeutic drug capable of
disease modification would make possible to retard or stop severe and
irreversible behavioral impairments without these adverse effects at late
stage of the disease [6].
Stem cell-based therapy have been expected as a hopeful diseasemodifying approach for the ND including PD and Alzheimer’s disease
[AD] [7-9]. Because stem cell transplantation can rescue neuronal loss
in the brain by substitution of lost cells, cell combination, release of
neurotrophic factors, proliferation of endogenous stem cells, and transdifferentiation [10,11].
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Preclinical and clinical studies for stem cells have proven to have
therapeutic potential for PD. Neural precursor cells from embryonic
stem cells, neural stem cells and bone marrow stem cells (BMSCs)
provided therapeutic abilities when they were grafted in animal models
of PD [12-14].
In recent animal studies, intravenous (IV) transplantation of human
adipose-derived mesenchymal stem cell (hAdMSCs) isolated from
adipose tissue showed therapeutic effects in 6-hydroxydopa-induced
PD mouse by the recovery of dopaminergic neurons and the restoration
of cytosolic mitochondria [15]. Both intracerebral and IV injection of
hAdMSCs improved motor abilities by returning dopaminergic cell
numbers to normal in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridineinduced PD mouse [16].
Stem cell therapy for the patients is limited because of concerns
about safety, in particular carcinogenicity rather than efficacy of stem
cells [17,18]. However, our previous retrospective research clearly
demonstrated that no seriously concerned adverse effects-such as
tumorigenicity were observed after multiple IV administrations of
cultured hAdMSCs to normal subjects and patients for 3 years [19].
IT injection of therapeutic drugs has tried to improve therapeutic
efficiency in CNS diseases despite the inconvenience of the patient [20].
The problem remains to be solved as an administration route for stem
cell therapy. Multiple IT administrations of hAdMSCs would induce
unexpected side effects due to direct exposure of cultured stem cells into
cerebrospinal fluid. Therefore, it is the most important to confirm safety
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of repeated IT administrations of hAdMSCs before entering main
clinical studies.

Materials and Methods

ml rEGF and 5% FBS. The cells retained around 5 days for confluency.
They were subculture-expanded in Keratinocyte-SFM-based media
containing 0.2 mM ascorbic acid, 0.09 mM calcium, 5 ng/ml rEGF and
5% FBS when the confluency arrived 90%. The cells were washed with
PBS and thereby FBS was completely removed and demonstrated the
albumin measurement limit using a bovine albumin ELISA quantitation
kit (Bethyl Laboratories). The procedure for the cell preparation was
performed under Good manufacturing practices in the Biostar Stem
Cell Research Center.

The subjects participated in the study

History of hAdMSCs treatment

Seventy patients who have Parkinson’s disease, dementia or other
neurological disorders were recruited in Japan and China. All subjects
were Asian, and their age was widely distributed from 52 to 89 years
and the average was 71.53 ± 7.73 (Table 1). The study consisted of 38
men and 32 women patients. The subjects were selected according to
inclusion and exclusion criteria as below. The case inclusion criteria
were as follows:

The IT injection was conducted in Japan and China according to
the guidelines of the Declaration of Helsinki and Tokyo for humans
and approved by the institutional review board. 5 × 107 adipose-derived
mesenchymal stem cells in 0.3 cc of injectable saline were given in once
a month to the patients into the spinal cord over 5 minutes through
lumbar spinal tapping. They received the stem cells from minimum
once to maximum 25 times in China and Japan from 2009 to 2017.

To identify safety of IT administration further, we analyzed side
effects observed in 70 patients who suffered from PD or other ND
during repeated stem cell treatments. They received hAdMSCs via IT
treatment route from minimum once to maximum 25 times in China
and Japan from 2009 to 2017.

(1) Age 50 years or older.
(2) Patients who received hAdMSCs minimum one time.
(3) Able to provide informed consent.
(4) Clinical diagnosis of Parkinson disease, dementia or other
neurological disorders.
(5) Patients are healthy enough to undergo the research protocol.
(6) Patients living at home or in the community.
(7) Able to read and speak Korean.
The case exclusion criteria were as follows:
(1) Uncontrolled medical condition requiring immediate treatment
that would make a walking trial unsafe for the subject.
(2) Current or recent orthopedic disorder that severely limits gait.
(3) Any current acute psychosis, alcohol abuse or drug abuse.
(4) Clinical trial intervention wishing the last 6 months.
(5) Patients living in a continuous care nursing facility.
This study was approved by the institutional review boards at the
BIOSTAR Stem Cell Research Institute. Ltd., Seoul, Korea.

Cell preparation from the patients
Human adipose tissues of the patients were gained from abdominal
subcutaneous fats. The tissues were gradually stirred with 1 mg/ml
of collagenase I for 60 min at 37°C for digesting. After 60 min, the
tissues were filtered out through a 100 mM nylon sieve to eliminate
cellular debris and centrifuged at 470 g for 5min to gain a pallet.
The pallet was suspended in Dulbecco’s modified Eagle’s medium
(DMEM; Invitrogen)-based media containing 0.2 mM ascorbic acid
and 10% fatal bovine serum (FBS) which was gained from bovine
spongiform encephalopathy free herb and centrifuged again. The Cell
pellet was assembled and the supernatant was removed. The part of
cell was cultured at 37°C/5% CO in DMEM overnight. After 24h, the
cell adhesive strength was inspected by an inverted microscope and
removed non-adherent cell by washing with phosphate-buffered saline
(PBS). The cell medium was altered as Keratinocyte-SFM (Invitrogen)based media containing 0.2 mM ascorbic acid, 0.09 mM calcium, 5 ng/
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Measurement
The normal daily dietary intake was recommended during the
study. The patients maintained their daily life without any specific
activity. The clinical pathology examination was conducted at the
first visit to evaluate the physical health status of the subjects before
the first IT injection of the cells and after the last IT injection of the
cells and the last visits. Examination items included blood chemistry
screen; glucose, total protein, albumin, aspartate aminotransferase
(AST), alanine aminotransaminase (ALT), γ-glutamyl transpeptidase
(γ-GTP), triglyceride (TG), blood urea nitrogen (BUN), creatinine
(CRTN), and total cholesterol. HbA1c, HBsAg, HCV, HIV, and VDRL
were tested, too. Clinically significant abnormal changes between the
first visit and last visit were recorded as the adverse reactions of the
subjects.

Safety assessment
The investigator determined the severity of each adverse reaction
observed during repeated treatments of hAdMSCs and until last visits
after final IT administration of the cells. The information about the
adverse reactions was identified by non-directive questions to the
subjects when the patients visited the hospitals. Furthermore, voluntary
reports from the subject were recorded in detail during the test period.
They included the date of symptom onset and disappearance, and
adverse reaction level.
The safety assessment in the patients was conducted in frequency
and severity of adverse reaction and clinical laboratory examination
(blood chemistry test).

Results
The subject enrollment and treatment
For safety assessment, we analyzed adverse reactions observed in
70 patients who have the central nervous system diseases including
Parkinson’s disease and other neurological diseases (Table 1). They were
38 men and 32 women. Ages are widely distributed from 50 to 80 years
(6 patients in 50s, 18 patients in 60s, 38 patients in 70s and 8 patients
in 80s). All patients were classified according to the time elapsed since
the last IT administration of hAdMSC (Figure 1). Twenty-two patients
were less than 1 years after the last IT administration of hAdMSC.
Seven patients were less than 2 years. Seven patients were less than 3
years and five patients were less than 4 years. Six patients were less than
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Age (years)

Sex

50~60

60~70

70~80

80~90

Total

Male

4

10

21

3

38

Female

2

8

17

5

32

Total

6

18

38

8

70

Table 1: The number, sex, and age of patients enrolled for the safety assessment.

Figure 1: Classification of patients according to the time elapsed since the
last IT administration of hAdMSC. Y axis means the number of patients.
X axis means years since the last IT administration of hAdMSC. Thirty-six
patients were within 3 years after the last IT administration of hAdMSC. Thirtyfour patients were between 4 years and 9 years. Two patients were over eight
years.

Number of IT
treatments

1~5

6~10

11~15

16~20

21~25

Total
Patient Number

None

37

15

6

3

1

62

Back pain

3

1

0

0

0

4

Headache

0

1

0

0

0

1

Dizziness

0

1

0

0

0

1

Fever

0

0

1

0

0

1

asleep legs

1

0

0

0

0

1

Total

41

18

7

3

1

70

Five types of adverse reactions observed were counted according to number of IT
treatments. None means any adverse reaction was not appeared.
Table 2: Adverse reactions observed in the patients during multiple IT
administrations of hAdMSCs.

Fifty-four patients had Parkinson’s disease, nine patients had
dementia and seven patients had other diseases such as AD, meningitis,
depression, cognitive impairment, and brain damage (Figure 2).

Figure 2: Disease types of the patients who received multiple IT
administrations of hAdMSCs. Each patient had an underlying medical
condition which is relevant to neurological disorders. Arabic numbers over
the black bar mean patient number. Y axis represents patient number. X axis
represents disease types of patients.

Each patient received hAdMSCs multiple times from once to 25
times (once a month) for 9 years (Figure 3). 41 patients received 1~5
times, 18 patients received 6~10 times, 7 patients received 11~15 times,
3 patients received 16~20 times and 1 patient received 20~25 times.
The minimum injection number was once, and the maximum injection
number was 25 times. Mean injection numbers for all patients were 6
times.

Safety assessment
Five types of adverse reactions were observed in the patients after
multiple IT administrations of hAdMSCs. Fifty-three patients of 70
patients did not show any side effects related to IT administration. Mild
back pain at the injection site were appeared in 4 patients. Headache,
dizziness, fever and asleep legs in other 4 patients, respectively were
observed during the treatment period. All adverse reactions were
resolved completely and spontaneously without specific treatment and
were not related to the IT treatment (Table 2).
Blood chemistry analysis results were not compared in all patients.
The patients who did not agree on the post-treatment test were
excluded in the blood chemistry test after IT treatment. The blood
chemistry data for 19 patients who agreed on the post-treatment test
were analyzed to identify whether IT treatment of the cells could
induce adverse reactions.

Figure 3: Number of IT administrations of hAdMSCs to the patients. Arabic
numbers over the black bar mean patient number. X axis represents IT
injection number. Y axis represents age of patients.

5 years and twelve patients were less than 6 years. Six patients were less
than 7 years and one patient was less than 8 years. Four patients were
more than 8 years.
Thirty-six patients were within 3 years after the last IT
administration of hAdMSC. Thirty-four patients were between 4 years
and 9 years. Two patients were over eight years. Mean time passed
since the last injection of hAdMSC was 37.56 ± 31.52 months.
J Clin Case Rep, an open access journal
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In blood chemistry analysis before IT administration of hAdMSC
(Table 3), there was no abnormal value in total protein level and
albumin level. 2 patients were abnormal values in AST levels, 1 patient
was in ALT level, 3 patients were in r-GTP levels, 4 patients were in total
cholesterol, 4 patients were in TG levels, 2 patients were in BUN levels,
3 patients were in CRTN levels, 2 patients were in HbA1c levels. Every
patient was negative in HBsAg, HCV, HIV and VDRL. Average values
for all analysis items were in normal range. Blood chemistry analysis
after last IT administration of hAdMSC was carried out to check safety
profile in the patients who received hAdMSC. 1 patient was abnormal
in total protein level, 1 patient was in albumin level, 2 patients were
in AST levels, 2 patients were in ALT levels, 4 patients were in r-GTP
levels, 5 patients were in total cholesterol, 6 patients were in TG levels, 5
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Before IT administration of hAdMSC

After IT administration of hAdMSC

Parameter

Normal
range
value

Total protein

6.7~8.3

19

0

7.53 ± 0.36

19

18

Albumin

3.8~5.3

19

0

4.31 ± 0.22

19

18

Aspartate aminotransferase
(AST),

8~38

17

2

26.89 ± 9.31

19

Alanine aminotransaminase
(ALT)

4~44

18

1

23.37 ± 11.21

gamma-glutamyl
transpeptidase (γ -GTP)

16~73

16

3

Total cholesterol

125~223

15

4

TG

45~150

Patient
Patient number
number in
in abnormal
normal range
range

15

4

Average
± SD

Total
patient
number

1

7.40 ± 0.51

19

1

4.26 ± 0.25

19

17

2

28.16 ±
10.88

19

19

17

2

27.32 ±
21.43

19

33.42 ± 20.88

19

15

4

33.79 ±
24.33

19

183.53 ± 37.94

19

14

5

196.74 ±
43.03

19

6

142.21 ±
134.25

19
19

Average ± SD

110.16 ± 52.91

Patient
Patient number
Total patient
number in
in abnormal
number
normal range
range

19

13

BUN

8~20

17

2

16.22 ± 5.10

19

14

5

18.69 ±
4.88

CRTN

0.7~1.3

16

3

1.01 ± 0.24

19

16

3

1.04 ± 0.26

19

HbA1c

4.0~6.0

16

3

5.90 ± 0.92

19

13

6

5.93 ± 1.18

19

HBs Ag

Negative

19

0

-

19

19

0

-

19

HCV

Negative

19

0

-

19

19

0

-

19

HIV

Negative

19

0

-

19

19

0

-

19

VDRL

Negative

19

0

-

19

19

0

-

19

Data show patient number in normal or abnormal ranges of parameter values. Average shows mean value for all patients.
Table 3: Blood chemistry parameter values in the patients before and after IT administration of hAdMSCs.

patients were in BUN levels, 3 patients were in CRTN levels, 6 patients
were in HbA1c levels. Every patient was negative in HBsAg, HCV, HIV
and VDRL. Average values for all analysis items were in normal range.

Discussion
Recently, many researchers have investigated the efficacy of MSCs
to find new therapeutic way for the incurable, irreversible and fatal
diseases including ND [21].
However, clinical use of MSCs has been limited because there
have been suggested variable risk factors of stem cell-base therapy.
Multiple risk factors resulting from cell characteristics (origin of
cells, tumorigenic potential, proliferation capacity), manufacturing
and handling (culture procedure, disease transmission, cell line
contamination, neoplasm formation, storage and delivery condition),
clinical characteristics (administration route, exposure duration,
unwanted immune response, unwanted engraftment, toxicity) could
contribute to the risks of stem cell therapy in patients [18].
Considering the low viability and retention time of the stem cell,
many cells should be administered to obtain better clinical results.
However, the concentrated cells may aggregate while passing through
the syringe needle into the vein, resulting in side effects such as
obstruction of the blood vessels [17]. Vidula et al. [22] demonstrated
that a higher dose of stem cell was associated with more side effects in
the patients with cancer undergoing stem cell treatments.
Administration route change have been suggested to overcome
the risks of stem cell therapy in the clinic. The administration of stem
cells at specific locations, such as the administration to the spinal cord,
gives the benefit of increasing the exposure concentration even with
a smaller number of cells [23], although there is a need for special
surgical procedures to make the patients uncomfortable or other risks.
Multiple studies have been tried to discover the best administration
route for improving therapeutic efficiency with a minimized dose
amount in animal and human [24]. They have focused to expose
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the cells more to the target sites by changing carrier vehicles or
administration route. Because the higher exposure of hAdMSCs to
lesioned area with less cells in the brain compared to other treatment
routes would compensate for inconvenience of IT administration.
Many evidences suggested that IT injection does not induce noticeable
adverse reaction in the animal disease models and human patients.
The safety and feasibility of an IT injection of BMSCs were identified
in multiple sclerosis patients [23]. The study also showed the efficacy
can be seen at lower dose of hAdMSCs than with IV administration
by changing of administration route into IT. An IT transplantation
of bone-marrow-derived mononuclear cell was feasible and safe in
a cerebral palsy patient for 2 years posttherapy assessment period,
despite being a very young child [25]. Additional clinical case showed
that multiple IT and IV administrations (total 7 times) did not induce
any significant uncomfortableness except for a negligible fever during
the treatment in 5-year-old girl suffering from cerebral palsy [26]. A
retrospective study on cerebral palsy patients who received umbilical
cord blood stem cells or BMMNCs treatment intrathecally in China
and Lebanon [27,28] supported that spinal cord injection might be safe
and promising administration route. A large size of clinical study in
105 patients with cerebral palsy did not reveal any noticeable adverse
effects by BMSCs transplantation into cerebrospinal cord during
follow-up [29]. In case of spinal cord injury patients, several adverse
events such as urinary tract infection, headache, nausea, and vomiting
were observed during multiple IT treatments of autologous AdMSCs
(1 × 107 cells × 3) but resolved without special treatment [30]. Bonab et
al. demonstrated that IT transplantation of BMSCs could give a favor
in terms of dose level compared to IV injection in Multiple Sclerosis
patients [23]. Combined IV and IT injections of BMSCs were well
tolerated and safe in epilepsy patients [31]. IT treatment of the stem
cells was safe in clinical trial for traumatic brain injured patients [32].
In healthy rabbits [33], there was no adverse response in general
health, function and behavior including carcinogenetic evidence until
12 weeks after multiple IT administrations of autologous hAdMSCs (1
× 107 cells × 3). The transplanted amyotrophic lateral sclerosis mice did
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not show any abnormal symptoms or pathologic changes related to the
IT treatments of human embryonic stem cells in the blood, brain, and
spinal cord [34].
We previously disclosed that the IV injection of hAdMSCs is
permeable to blood brain barrier in mice models of AD and PD [15,35].
With expectation that IT administration can improve therapeutic
efficiency by increasing exposure level in the brain, we have followed
up on the patients who received IT treatment of the stem cells. To
evaluate the safety and feasibility of multiple IT injections of hAdMSCs
in the patients of neurologic disorder, we observed adverse reactions
during and after repeated treatments of the cells in China and Japan
from 2009 to 2017.
We already confirmed that the IV injection of hAdMSCs (4×108
cells) to the patients suffering from a spinal cord injury did not induce
any serious adverse reaction related to the stem cells in our previous
clinical study [36]. The retrospective study also supported the safety
of repeated IV injections of hAdMSCs (1×108 cells/dose, total 2.743
~2.525 billion cells) in the clinic [19].
The IT administration dose (5 × 107/dose) in the present study is
lower compared with the IV administration doses (4 × 108 cells or 1 ×
108 cells/dose) used in our previous other clinical studies. Since the stem
cells are expected to highly and directly be delivered to lesion site in the
CNS by IT treatment [20,37], the effective dose will be determined at
lower dose without any adverse reactions than the IV dose in the clinic.
Number of IT administrations of hAdMSCs to the patients was
varied from 1 to 25 in this study. It is difficult to prove which amount
and times of doses are the best option now. However, we identified
that multiple IT treatments might be safe and feasible, based on
the results that nobody appealed serious adverse symptoms and
uncomfortableness during IT treatment.
Some mild adverse reactions such as back pain, headache,
dizziness, and fever were observed during treatment period. The
symptoms appeared immediately or within 1 day after IT treatment
but disappeared spontaneously without specific treatment. Back pain
may most likely result from penetration of the needle into the spine.
Short-term adverse symptoms such as headache, dizziness, and fever
were observed in other clinical trials for the stem cells commonly,
but they were not serious enough to stop the studies [28,38] as in
this study. Our study additionally supports safety of IT treatment of
the stem cells by showing a suitable blood evaluation profile in the
patients who received hAdMSCs. There was no statistical difference
in blood chemistry analysis between before and after IT treatment.
Three patients in the abnormal range were added than before the IT
treatments of the cells. Because the patients are older, and the change is
insignificant, it cannot be judged as an adverse reaction. These results
indicate that multiple IT treatments of hAdMSCs might be safe in the
clinic. There is a defect that the blood analysis results are not compared
for all the patients who received IT treatment of the cells. Additional
blood chemistry evaluation is required for the more robust evidence in
the follow-up study.
Sixty-four patients were over 60-years-old. Fifty-four patients
at early and late stage suffered from PD were involved in this study.
Healthy condition should be maintained during the treatment period
because long-term treatment is required to show therapeutic effects in
the neurodegenerative diseases (ND). Considering most of ND patients
are elderly people, the evidence that there are no adverse events in
the PD patients would give a better opportunity for IT route for the
administration.
J Clin Case Rep, an open access journal
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We have continuously monitored adverse reactions from one year
to over eight years after the last dose of the cells. However, none of
the patients reported any unusual side effects or abnormal symptoms
related to the cell treatment. IT treatment is expected in the CNS diseases
that the less cells may be effective as blood brain barrier penetration is
increased compared to IV and oral treatments. Moreover, IT route will
save the cost and time required for treating the diseases because the
therapeutic effect may be seen earlier than other treatment routes.

Conclusion
The IT treatment-induced inconvenience in our clinical study as
well as in other studies was not serious or severe as predicted. Our
study has a little limitation that ages and number of treatments in
patients who received the cells were in wide range. However, it should
be good and helpful evidence that there were no adverse reactions and
inconveniences directly related to multiple IT injections of the cells to
spine for long-term period.
In conclusion, this study strongly suggests that multiple IT
administrations of the autologous adipose stem cells are safe for clinical
use.
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