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clusions:  Cord blood mononuclear cell transplantation was 
safe and potentially effective in the treatment of MSA in the 
3 patients.  © 2013 S. Karger AG, Basel 

 Introduction 

 Multiple system atrophy (MSA) is a sporadic, progres-
sive neurodegenerative disease involving extrapyramidal 
or pyramidal systems, the cerebellum and autonomic 
nervous system  [1] . It is characterized clinically by vary-
ing degrees of parkinsonian features, cerebellar, auto-
nomic, and urogenital dysfunction, and corticospinal dis-
orders  [1–3] . The MSA is mainly caused by cell loss in the 
striatonigral and olivopontocerebellar structures of the 
brain and spinal cord. The current management of MSA 
is predominantly supportive, and there is no curative 
treatment for it at this point in time. 

  Umbilical cord blood stem cells are undifferentiated 
cells that have abilities for self-renewal and multilineage 
differentiation. These cells have an intricate control sys-
tem to prevent proteins from being wrongly structured 
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 Abstract 

  Objectives:  This study was designed to evaluate the effects 
of cord blood mononuclear cell transplantation in multiple 
system atrophy (MSA).  Clinical Presentation and Interven-

tion:  Cord blood mononuclear cells (1–2 × 10 8  cells/6 ml) 
were injected into the subarachnoid space using lumbar 
puncture in patients 1 and 2 and cisterna magna puncture 
in patient 3 in the 3 patients with MSA. The cord blood 
mononuclear cell transplantation was repeated 30 days af-
ter the first treatment in patients 1 and 2; it was repeated 
twice in patient 3. The clinical outcomes of treatment were 
used to assess the Unified Multiple System Atrophy Rating 
Scale (UMSARS) before, 90 and 180 days after the cell trans-
plantation. There were no clinically noticeable side effects 
from the cord blood mononuclear cells. The UMSARS scores 
improved after 90 days of the cord blood mononuclear cell 
therapy in all 3 patients, the most significant improvement 
being that in urinary incontinence and ability to walk.  Con-
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and aggregated  [4] , and can make wrongly structured 
proteins to be degraded by ubiquitin proteasome and 
phagolysosome systems, thereby preventing disease pro-
gression  [5] . Also, stem cells can be positioned around the 
lesions to differentiate into neurons and repair the dam-
aged nerve tissues, so that patients are capable of restor-
ing lost nerve function  [6] . Cord blood stem cells can dif-
ferentiate into neurons under suitable conditions  [7] . 
Previous studies have shown that subarachnoid implan-
tation of stem cells through lumbar puncture is safe and 
has few side effects  [8] . However, the safety of subarach-
noid injection of cord mononuclear cells is unclear. In 
this report we describe the clinical outcomes of 3 patients 
who were treated with umbilical cord blood mononucle-
ar cell transplantation.

  Case Reports 

 This study was approved by our Institutional Review Board, 
and written informed consent was obtained from the patients. The 
clinical assessments of the 3 patients were performed by a neu-
rologist (H.-X.Y.) who was blinded to the patient’s treatments.

  Patient 1 
 A 53-year-old woman was admitted on November 2, 2010, for 

progressively unsteady gait over the past 24 months, and slurred 
speech in the last 6 months. She had multiple falls due to the un-
steady gait and leg weakness. She also began to have trouble in 
swallowing fluid including water, and developed urinary inconti-
nence and postural hypotension in the last 6 months. She needed 
to go to the toilet to pass urine every 30–40 min and thereby com-
pletely losing control of the bladder had to wear pads. Her supine 
blood pressure (BP) was 140/90 mm Hg and her standing BP was 
70/35 mm Hg. Physical examination showed that her respiratory 
and cardiovascular functions were normal. Cranial nerves were 
intact. Muscle strength in the 4 limbs was at grade 5 with increased 
lower limb muscle tension, and positive bilateral Hoffmann’s sign. 
There was tendon hyperreflexia in both lower extremities. Sensa-
tion to pain and light touch was normal in the limbs, but she was 
unable to perform the finger-nose test or heel-knee-tibia test. 
Romberg’s sign was positive and she could not walk in a straight 
line. Brain magnetic resonance imaging (MRI) showed cerebellar 
atrophy. The Unified Multiple System Atrophy Rating Scale (UM-
SARS) part I  [2]  score was 21, the UMSARS part II score was 26, 
with a total score of 47.

  Patient 2 
 A 57-year-old man was admitted on February 23, 2010, because 

of unsteady gait accompanied by dizziness of 3 years, which had 
worsened in the last 2 months. He also had urinary urgency, going 
to the toilet every 40 min during the day and every 1–2 h at night, 
and subsequently became incontinent which did not respond to 
medical therapy. A month before admission he had been unable to 
stand up due to leg muscle weakness. On examination he had pos-
tural hypotension, with a supine BP of 130/80 mm Hg and a stand-

ing BP of 80/50 mm Hg. Muscle strength was at grade 5 in the 4 
limbs with an increased muscle tension in the lower limbs. He had 
a positive Romberg’s sign and a positive bilateral heel-knee-tibia 
test. Brain MRI showed lacunar infarction and cerebellar atrophy. 
His UMSARS part I score was 18, the UMSARS part II score 23.

  Patient 3 
 A 58-year-old woman was admitted on July 13, 2010, for pro-

gressive unsteady gait of 3 years. She also developed speech diffi-
culties with deterioration of verbal fluency. In recent months she 
had begun to experience swallowing difficulties, urinary frequency 
(going to the toilet every 30 min during the day and hourly during 
the night), urgency and incontinence. Three days before admis-
sion, she had not been able to walk unaided. On physical examina-
tion she had slurred speech, and reduced lower extremity muscle 
strength (grade 4). The muscle tension was high in the lower limbs. 
Bilateral heel-knee-tibia test and Romberg’s sign were positive. 
Brain MRI showed multiple cerebral infarction and malacia for-
mation, cerebellum and brain stem atrophy. The UMSARS part I 
score was 26, and the UMSARS part II score 36.

  Stem Cell Transplantation  
 The umbilical cord blood was donated by volunteers following 

natural childbirth at our Obstetrics Wards. The blood was 
screened for hepatitis and HIV. Under sterile conditions, mono-
nuclear cells were isolated and purified from cord blood by using 
bone marrow and cord blood nuclear cell isolation reagent kits 
(Wealthlin Science and Technology Inc., Vancouver, Canada), as 
per the manufacturer’s instructions. The isolated cells (1–2 × 10 8  
cells) were subsequently resuspended in 6 ml physiological saline. 
The resuspended mononuclear cells were slowly injected into the 
subarachnoid space using lumbar puncture in patients 1 and 2, 
and/or cisterna magna puncture in patients 2 and 3. This treat-
ment was repeated 3 times in patient 1, and once in patients 2 and 
3, with a 4-week interval between the two treatments. The patients 
were followed up in our Outpatient Clinics at 3 and 6 months af-
ter completion of the last cord blood mononuclear cell transplan-
tation. 

  Results 

 None of the patients had clinically noticeable side ef-
fects, such as fever or rash. Patient 3 had several days of 
hiccups which resolved spontaneously without any spe-
cific treatment. There were no significant changes in full 
blood count, blood biochemistry profile, renal or liver 
function after the treatment. The most noticeable clinical 
changes in all 3 patients were improvement in the ability 
to walk, and the alleviation of urinary urgency or incon-
tinence, which resolved in all patients. Improvement in 
the UMSARS scores were noticed 3 months after the ther-
apy in patient 1 and further improvement in the scores 
was found 6 months after treatment ( table 1 ). The UM-
SARS scores in patients 2 and 3 also improved 3 and 6 
months after the therapy ( table 1 ). 
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  Discussion 

 In this study, the 3 patients with MSA treated with 
cord blood mononuclear cell transplantation improved 
the UMSARS scores and the neurological deficiencies 3 
months after the treatment. The lumbar puncture and 
cisterna magna puncture techniques used to deliver the 
blood mononuclear cells did not show any procedure-
related side effects or complications.

  Gilman et al.  [1]  proposed 4 sets of clinical features and 
diagnostic criteria for MSA. These are autonomic nerve 
dysfunction or urine voiding dysfunction, Parkinson-like 
symptoms, cerebellar ataxia and cone system dysfunc-
tion. The diagnosis of our 3 patients was largely clinical 
and based on the classical symptoms of MSA  [1] . It was 
supported by brain MRI showing cerebellar or brain stem 
atrophy. The MSA symptoms in our patients began in-
sidiously, slowly progressed and eventually became mul-
tiple sets of clinical features resulting in a loss of full or 
partial abilities for independent living  [3] . Autologous 
mesenchymal stem cells have also been used to treat MSA. 
In a recent randomized trial where mesenchymal stem 
cells were administered either intra-arterially or intrave-
nously, a small increase in the total and part II UMSARS 
scores was recorded as compared with the placebo group 
 [9] . To date, the optimal forms of stem cells (mesenchy-

mal stem cells or cord blood mononuclear cells) and the 
best routes of stem cell delivery (intravascular or direct 
central nervous system injection) are unclear. In the pres-
ent study, cord blood mononuclear cells were injected 
into the subarachnoid space using lumbar puncture or 
cisterna magna puncture. These direct delivery tech-
niques appear to be safe and effective in the 3 patients, as 
no major complications were observed and the UMSARS 
scores were improved 6 months after the treatment.

  A major limitation of the present report was the small 
number of patients and there was no control for com-
parison and brain MRI was not done after treatment. 
Randomized and placebo-controlled trials are required in 
a large patient population to ascertain the clinical effect 
of cord blood mononuclear cell therapy on MSA.

  Conclusion 

 The direct injection of cord blood mononuclear cells 
into the subarachnoid space seemed safe in these patients. 
This mononuclear cell therapy appeared effective in al-
leviating the neurological symptoms in our patients with 
MSA.
 

Table 1.  The UMSARS scores

Scale Patient 1 Patient 2 Patient 3

baseline at
3 months

at
6 months

baseline at
3 months

at
6 months

base line at
3 months

at
6 months

Speech 2 1 1 0 0 0 2 1 1
Swallowing 2 2 1 1 0 0 2 1 0
Hand writing 1 1 1 1 1 1 1 1 1
Cutting food 1 0 0 1 0 0 2 1 1
Dressing 1 0 0 2 1 1 2 2 1
Hygiene 1 0 0 1 0 0 2 2 1
Walking 2 2 1 2 1 1 3 2 2
Falling 2 1 1 2 1 1 3 2 2
Orthostatic symptoms 3 2 1 3 1 1 3 2 2
Urinary function 2 1 0 2 1 0 2 1 1
Sexual function 2 2 2 2 1 1 2 2 2
Bowel function 2 1 1 1 1 1 2 1 1
UMSARS part I 21 13 9 18 8 7 26 18 15
UMSARS part II 26 18 12 23 9 9 36 27 24
UMSARS 47 31 21 41 17 16 62 45 39
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