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Abstract

Background: Intravenous transplantation of mesenchymal
stem cells derived from bone marrow and adipose tissue
has been reported to be effective, safe and promising in
the recovery of clinical outcomes of the stroke patients at
acute and subacute stages, but clinical studies at chronic
stages are still limited. It is reported that for better recovery
of neurological dysfunction, cell therapy is recommended
as early as possible after stroke onset. To our knowledge,
clinical studies on stem cell therapy of stroke reported pre-

confirm any first functional outcome of cell transplantation.
ADSC were prepared from 2-3 small pieces of subcutane-
ous fat obtained from the abdominal skin. Materials cut into
small pieces were placed on a scaffold and cultured with
medium supplemented with 4% autologous serum for 11 to
13 days. After 21 day-culture, average number of 1.0 x 108
cells suspended in 200 ml physiological saline were admin-
istered intravenously to the patients.

Results: Motor, sensory and cognitive functional recovery,
and skin temperature increase were observed during and

viously, did not describe the details of functional changes
during and immediately after the end of intravenous stem
cell transplantation.

Aim: In the present study, we aimed to clarify the effect of
autologous adipose-derived stem cells (ADSC) on chronic
stroke patients who were treated with ADSC intravenous
drip-infusion later than 4 months after stroke onset. Further,
we aimed to detect the time for functional recovery, and to
find the clinical factors determining ADSC efficacy.

Patients and methods: We evaluated the effect of ADSC
therapy on 21 stroke patients of 7 ischemic and 14 hem-
orrhagic damage, aged at 40-79 years at disease onset,
focusing on 1) At the time lag between the day of stroke on-
set and ADSC therapy, 2) The age of stroke onset, 3) The
number of transplanted cells, and 4) The time required to

at quite early time after intravenous ADSC transplantation.
Further, functional recovery evaluated by NIHSS was con-
firmed quite early time, around two-three hours after initiat-
ing ADSC treatment. Patients who treated with ADSC drip
infusion within 6 months after stroke onset exhibited more
apparent functional recovery compared with patients who
were treated with ADSC later than 12 months after stroke
onset. Age of patients, number of stem cell administered
(from 0.6 x 108 to 1.4 x 108), and ischemic or hemorrhagic
damage did not affect the efficacy of ADSC treatment.

Discussion and Conclusion: These results strongly indi-
cate that functional recovery of stroke patients treated with
ADSC may appear quite shortly after cell infusion, suggest-
ing indirect interaction of ADSC and with intrinsic neuronal
and vascular cells, and a pivotal role of extracellular vesicles
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derived from ADSC during 90 minutes infusion. One of the
most important factors determining the efficacy of ADSC in-
fusion therapy of chronic stroke patients may be the time lag
between the day of stroke onset and the day of ADSC ther-
apy. Further studies remain to be conducted to recommend
ADSC therapy as one of the most promising modalities for
chronic stroke, especially to clarify the relation of brain dam-
ages site and efficacy of ADSC therapy.

Introduction

To overcome the limited application of thrombolyt-
ic or surgical endovascular therapies for patients with
ischemic stroke, a number of preclinical studies of an-
imal models and human clinical trials with intravenous
transplantation of mesenchymal stem cells have been
performed. Those results have been reported to be
effective, safe and promising in the recovery of clini-
cal outcomes of stroke patients at acute and subacute
stages, but clinical studies at chronic stages are still lim-
ited [1-4]. Stem cells derived from autologous or allo-
genic bone marrow and/or subcutaneous adipocytes
have been reported to be effective to recover sensory
and motor functional outcomes mostly at subacute and
rarely in chronic stages of stroke patients. Further, hu-
man adult stem cells have been reported to be highly
resistant to spontaneous transformation, strongly in-
dicating that mesenchymal stem cell transplantation
may be a promising and safe therapeutic modality for
strokes [5]. In 2011, Honmou, et al. [6] reported that
a single intravenous transplantation of autologous hu-
man mesenchymal stem cells derived from bone mar-
row and expanded in human serum was effective and
safe to reduce and improve the functional outcome in
12 stroke patients of ischemic grey matter, white matter
and mixed lesions. They provided evidence supporting
the feasibility and safety of autologous mesenchymal
human stem cells for the treatment of stroke by demon-
strating efficient outcomes by NIHSS (NIH stroke scale)
and mRS (modified Rankin Scale). It has been reported
that for better recovery of neurological dysfunction,
cell therapy is recommended as early as possible after
stroke onset [7].

To our knowledge, clinical studies on stem cell ther-
apy of stroke reported to date have not described the
details of functional changes of motor, sensory and cog-
nitive functions during and immediately after the intra-
venous stem cell transplantation.

Stem cell therapy of strokes has been reported to
promote the repair of the endogenous central nervous
system and to stimulate neurorestorative mechanisms
such as angiogenesis, neurogenesis, vascular remod-
eling, white matter remodeling and inflammatory and
immune responses [8]. Recently, exosomes were sug-
gested to mediate cell therapeutic effects on stroke by
facilitating intercellular communications in a paracrine
fashion, and to regulate intrinsic cell functions, so exo-
somes have been suggested to be a major mediator of
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stem cell therapy in stroke patients [9,10].

In this clinical study, the efficacy of intravenous
transplantation of autologous adipose-derived stem
cells (ADSCs) for treating stroke patients at the chronic
stage from 4 months to 8 years after the onset of stroke,
on motor, sensory and cognitive functions during and
immediately after cell infusion was evaluated by com-
paring NIHSS scores [11] just before the treatment,
during 90 minutes treatment, and immediately after,
one month, 6 month and 1 year after the treatment. The
number of cells per treatment was approximately 1.0 x
102 cells. We evaluated the effects of ADSC therapy; 1)
The time lag between the day of stroke onset and ADSC
therapy, 2) The age of stroke onset, 3) The number of
transplanted cells, and 4) The time required to confirm
any first functional outcomes during and after the end
of cell transplantation.

Informed consent was obtained from all stroke pa-
tients, and/or from next of kin in cases who were not
able to write and/or understand the details of the stem
cell treatment, after explaining the potential thera-
peutic effects including possible side effects. Our clini-
cal study protocol was approved by our Clinic’s Ethical
Committee.

Patients and Methods

Patients and evaluation of functional recovery

Autologous adipocyte-derived mesenchymal stem
cell (ADSC) therapy was performed to treat chronic isch-
emic and hemorrhagic patients who had a stroke onset
more than 4 months and less than 6 years before the
ADSC therapy. In the present clinical study, 21 cases of
7 ischemic and 14 hemorrhagic patients were included.
The patient clinical characteristics are shown in Table 1.
We analyzed the efficacy of ADSC therapy for 21 stroke
patients who had severe to moderate neurological ab-
normalities of hemi-paralysis that remained after com-
mon therapy for the acute, sub-acute and chronic stag-
es including rehabilitation. Most of the patients were
treated with intravenous (V) ADSCs after more than
6 months from the stroke onset, except four patients
who were treated 43, 52, 82 and 124 days after stroke
onset (1 ischemic and 3 hemorrhagic stroke) (Figure 1).
We report an un-blinded clinical study on 21 stroke pa-
tients who wanted to be treated with ADSCs after com-
mon therapy of stroke. The mean age of those subjects
was 53.8 (range: 40~79 years) at stroke onset and 55.7
(40~80 years) at the day of treatment.

The severity of neuronal functions of the patients
was evaluated by NIHSS, and the patients were catego-
rized into two groups, one: > 10, and the other: < 10.
Further, to evaluate the efficacy of ADSC treatment in
severity, NIHSS score changes after treatment were di-
vided into three groups, < 1,21 -< 3, and 2 3. In ad-
dition, we observed the time needed for the first sign
of improved motor neuronal and/or sensory function
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Figure 1: Number of patients with different time lags between th

treated with autologous ADSCs before 6 months, between 6 and 12 months, and more than 12 months after the onset of

stroke is shown. Blue and red bars indicate the number of patie

e onset of stroke and ADSC therapy. The number of patients

nts suffering from infarction and hemorrhage, respectively.

in paralyzed extremities (erythema in numbed skin in-
dicating a temperature increase), since we experienced
a case who had a quite rapid recovery of more than 3
NIHSS score within two hours after the start of the drip
infusion. After ADSC therapy, patients were advised to
continue the rehabilitation, expecting further enhanced
functional recovery. By examining patients the next day,
one month, 6 months and one year after ADSC therapy,
the functional recovery of each patient was evaluated,
except some patients who could not visit our clinic and
gave information of their functional recovery by tele-
phone. A second course of ADSC therapy was performed
for a few patients, at least more than 2 months after the
first therapy. We excluded patients at the terminal stage
of any kind of cancer.

Preparation of autologous ADSC

Patients were treated with a local anesthetic patch
and injection on the skin approximately 10 cm to the side
of the umbilicus, and 2~3 rice-sized pieces of sub-cuta-
neous fat tissues were surgically obtained from 0.7 cm
incision. The fat tissues were cut into 15-20 small pieces
and were placed on a scaffold, nonwoven fabric painted
with hydroxy apatite (Bio Future Technologies, Tokyo)
in culture dishes and were cultured at 5% CO,, and 37 °C
in medium supplemented with 4% autologous serum for
11 to 13 days. Then, they were trypsinized (2.5/I-tryp-
sin/1mmol/I-EDTA solution, Bio Future Technolgies, To-
kyo) and reseeded in T75 flasks and further cultured for
approximately 3 days in medium containing 2% serum,

Ichihashi et al. Int J Stem Cell Res Ther 2020, 7:070

after which they were re-trypsinize and cultured in T300
flask (BM Equipment, Tokyo), and then trypsinized again
and cultured for 3 days in Hyper Flasks (Corning Japan),
before the final cell preparation for the treatment. At
the day of transplantation, cells were trypsinized and
washed 4 times with saline, then passed through two
filters (40 um and 100 um) and an average number of
1.0 x 108 (0.6~1.4 x 10%) cells were prepared and sus-
pended in 200 ml saline and administered intravenously
to the patients. The cells were further filtered with 180
um pore size-mesh during drip infusion to remove clus-
tered cells.

Evaluation of skin temperature

Change of the skin in patients who claimed coldness
of their paralyzed extremities was evaluated by observ-
ing flushing and an improved warm feeling of the skin
during and immediately after the ADSC therapy.

Results

Effect of time lag between onset of the stroke and stem
cell therapy on functional recovery

Four patients who were treated with ADSC therapy
within 6 months after the onset of stroke, and three pa-
tients who received ADSC therapy between 6 months
and 12 months after the onset of stroke, showed appar-
ent functional recoveries of greater than NIHSS 1, but
among 14 patients who were treated with ADSCs more
than 12 months after their stroke, 9 patients showed a
recovery of greater than NIHSS 1, and 5 patients showed
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Figure 2: Effect of time lag between stroke onset and the time of ADSC therapy on functional recovery. The number of
patients treated with ADSCs within 6 months (M light blue), between 6 and 12 months (light gray) and after 12 months (Il
dark blue) of stroke onset indicates that a shorter time lag after disease onset to ADSC treatment is more effective (NIHSS >
1), and one-third of patients treated with ADSCs later than 12 months showed little functional recovery.

Number of ADSC

0

infarction hemorrhage infarction hemorrhage infarction hemorrhage

<0.9 x 108 >0.9 x 102 <1.1 x 108 >1.1x108

Figure 3: Effect of ADSC cell numbers of on the functional recovery of stroke patients. The effect of numbers of ADSCs
was evaluated using NIHSS in 21 patients who suffered with infarction (7 cases) or hemorrhage (14 cases). Even patients
receiving less than 0.9 x 108 ADSCs showed a similar efficacy compared to patients who were treated with more than 1.1 x
108 ADSCs. M blue, M orange and [ gray indicate numbers of patients who showed a functional recovery of HIHSS > 3, <

3 and no effect, respectively.

no recovery by NIHSS (Figure 2). These results suggest Effect of ADSC cell numbers administered on the
that a shorter time lag between stroke and ADSC thera-  fynctional recovery of stroke patients
py may be an important factor to gain functional recov-

ery by the ADSC treatment. Among the three patients treated with less than 0.9

x 108 cells (0.6~0.8 x 108), two showed a recovery great-
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er than or equal to 3 NIHSS, and one showed a recovery
less than 3 NIHSS. Among the 7 patients treated with
ADSC cell numbers between 0.9 and 1.1 x 108, 3 showed
recoveries more than NIHSS 3, while another 3 showed
recoveries less than NIHSS 3 (Figure 3). Among the 11
patients who were infused with 1.4 x 108 ADSCs, two
showed recoveries greater than NIHSS 3, five showed
recoveries less than NIHSS 3, and four showed no func-
tional recovery. These results indicate that ADSC cell
numbers between 0.6 x 10% and 1.4 x 108 had similar
recovery effects on patients with chronic stroke.

Effect of age on cell therapy

Among the 7 patients with greater than NIHSS 10, 3
patients younger than 50, and one patient between 50
and 70, and one patient older than 70 showed functional
recovery of NISHH greater than 3 (Figure 4). One patient
aged between 50 and 70, and one patient older than 70
showed NIHSS less than 3. Among the 14 patients with
NIHS Slower than 10, one patient younger than 50 and
one patient older than 70 showed NIHSS recovery great-
er than 3. Three patients younger than 50 and 4 patients

between 50 and 70 showed NIHSS recoveries less than
3, while one patient younger than 50 and 4 patients at
the age between 50 and 70 had no functional recovery.
These results indicate that ADSC efficacy may not be af-
fected by age at treatment.

Time required for the first appearance of function-
al recovery after intravenous ADSC

Among the 21 patients, 9 showed functional recov-
ery within 3 hours, and 5 patients had a functional re-
covery between 3 hours and 30 days (Figure 5). Two
patients showed a functional recovery after more than
one month. The remaining 5 cases did not show any re-
covery during the one year after ADSC therapy. These
results strongly indicate that the functional recovery of
stroke patients treated with intravenous infusion of AD-
SCs may appear quite shortly after cell infusion, suggest-
ing indirect interactions of ADSCs with intrinsic neuronal
and vascular cells.

Effect of ADSC transplantation on skin tempera-
ture of limbs with hemiplegia

16
14
Before ADSC Therapy Before ADSC therapy
> NIHSSZ10 NIHSS<10
»w 10
)
c
QL
& 8
[a
[
(@)
S 6
0
£
> 4
2
0 0 1
Total >3 3< 0 Total >3 3< 0
Recovery (NIHSS) Recovery (NIHSS)
M All Ages M Age <50 50 = Age <70 Age7l=
Figure 4: Effect of the age of patients on the functional recovery of ADSC therapy.
ADSC-treated patients were divided into two groups, one showing NIHSS recovery > 10, and the other < 10. MBIlue bars
indicate total number of patients, and Morange, " gray and [ light orange bars indicate the ages younger than 50, between
50 and 70, and older than 70 years of age, respectively.
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Figure 5: Time needed for the first appearance of functional recovery evaluated by NIHSS after ADSC therapy. Nine of the
21 cases showed a functional recovery before 3 hours after the ADSC therapy, 5 cases showed a functional recovery after
3 hours but earlier than one month, and 2 cases showed a functional recovery later than one month. Five cases had no

BNIHSS before ADSC=10, recovery of NIHSS after ADSC =3,
BINIHSS before ADSC<10, recovery of NIHSS after ADSC=3, BINIHSS before ADSC<10, recovery of NIHSS after ADSC=3,

NIHSS=10 recovery of NIHSS after ADSC<3

Case 3, who had cold skin of limbs with hemiplegia
recovered the skin temperature to a level similar to
healthy limb’s skin, during the ADSC transplantation.
We experienced a few cases who exhibited reddish
skin during or at the end of the ADSC infusion. That re-
sult suggests that ADSC therapy may exert an effect on
blood circulation recovery via small molecules excreted
as extracellular vesicles from cultured cells, since recov-
ery within a few hours after the infusion is too soon for
the infused cells to have reached to the damaged brain
area. To confirm and elucidate the effects of intrave-
nous ADSC therapy on the skin temperature of stroke
patients, we need to measure the skin temperature of
many more stroke patients in the future.

Discussion

During the last two decades, one effective ischemic
stroke therapy has been shown to be the intravenous
administration of tissue plasminogen activator which
has been approved by the FDA in the USA and in other
developed countries, although its efficacy has been
limited due to its narrow time window. Endovascular
therapies utilizing intra-arterial mechanical or chemical
thrombolysis also improve outcomes, but therapeutic
applications are again limited due to a narrow time
window. After the acute time period, focused physical

Ichihashi et al. Int J Stem Cell Res Ther 2020, 7:070

rehabilitation of the injured area is the primary current
therapy that is proven to be effective for strokes [12,13].

Re-organization of the cortex has been observed
with rehabilitation in pre-clinical models as well as in hu-
mans [14]. While rehabilitation can be effective and en-
couraging results have been reported [15], the extent of
neurologic recovery is still limited and novel approaches
to enhance the endogenous regenerative abilities are
required. In laboratory studies, stem cell therapy has
proven to be a safe and potential method to regener-
ate an injured brain beyond the acute phase of stroke,
even at the chronic stage, although limited clinical trials
have shown that stem cell transplantation is effective
for treating stroke patients at the chronic stage. Bhasin,
et al. reported that autologous mononuclear stem cell
transplantation had safe and slightly therapeutic effects
for chronic stroke patients [16]. However, that study did
not mention any functional recovery at an earlier time,
around one or two hours after the treatment.

Surprisingly, we observed a significant motor func-
tion improvement in paralyzed upper and lower limbs in
three patients at the chronic stage immediately after the
90 minute-drip-infusion of autologous ADSCs. In Case 1,
NIHSS decreased dramatically after the treatment from
score 15 before treatment, to score 12 immediately af-
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ter, and score 8 one day after the ADSC transplantation,
indicating that intravenous ADSC therapy of stroke pa-
tients at the chronic stage may recover functional out-
comes during and shortly after the therapy. Further, in
this case, the speech defect attributable to the disor-
der of phonation was improved immediately after cell
infusion. In Case 3, in addition to an immediate signifi-
cant recovery of the movement of paralyzed limbs, the
paralyzed tactile sensation in both the upper and lower
extremities was significantly recovered to almost a nor-
mal level nearly one hour after starting of the stem cell
infusion and the effect continued until one month after
the stem cell therapy when the patient visited our clinic
for confirmation of the therapeutic effect. Further, the
skin of paralyzed limbs became reddish at elbow, knee
and foot joints, in accordance with the patient’s claim
of a hot feeling of the limbs. In Case 9, a 65-year-old
female who took ADSC therapy 43 days after the onset
of stroke, exhibited an apparent movement recovery
of her lower extremity and a recovery of her skin touch
sensation immediately after ADSC infusion, suggesting
the importance of cell therapy timing after the onset
of stroke, but not of the onset age of the disease. Fur-
ther, 11 cases, including these three cases, exhibited a
functional recovery by NIHSS within three hours after
initiating cell therapy, indicating that ADSC therapy may
efficiently recover neurological functions during the first
3 hours, possibly through the functional stimulation of
endogenous neuronal cells via the extracellular vesicles
excreted during infusion. This suggests a low possibility
of the replacing damaged neuronal cells with the intra-
venously transplanted stem cells, at least during the first
three hours after the end of cell therapy. Four cases in
whom functional recovery was not observed during the
3 hours after cell infusion showed a functional recovery
of NIHSS, 2, 2, 3 and 1 respectively, at their visit to the
Clinic one month after cell therapy. That suggests possi-
ble neuronal function recovery due to continued reha-
bilitation after a single stem cell therapy.

One among the 6 cases who had no early recovery
exhibited a functional recovery of NIHSS but the remain-
ing 5 cases did not show any functional recovery at one
year after cell therapy.

The dramatic early recovery of motor and/or sensory
functions observed within two to three hours after ADSC
treatment in 11 patients suggests that extracellular fac-
tors secreted from stem cells may play a pivotal role in
the activation of motor and sensory functions of the ex-
trapyramidal system.

To clarify which factors affect the therapeutic effica-
cy of ADSCs, such as the stem cell characteristics in each
patient, the volume and/or location of the damaged
brain of the stroke patient, and general health condi-
tions including co-morbidities, diabetes and hyperten-
sion and medication, further clinical studies based on
detailed information of each patent are required.

Ichihashi et al. Int J Stem Cell Res Ther 2020, 7:070

In order to perform successful clinical trials with op-
timal efficacy for stem cell therapy of chronic stroke pa-
tients, it is important to report the efficacy and safety
of clinical stroke cases treated with stem cells at a later
chronic stage whose functional recovery is considered
to have reached almost a plateau after conventional
treatments including rehabilitation. Even if a study is
not conducted using a placebo control, the results are
expected to contribute to better establish stem cell
therapy of stroke patients through detailed therapeutic
information based on numerous cases with diverse clin-
ical characteristics.

Finally, our study strongly suggests that the early ef-
fect of intravenous transplantation of ADSCs in chronic
stroke patients may be caused by extracellular vesicles
released from cultured ADSC suspended in 200 ml saline
during 60 minute-cell preparation and the 90 minute-in-
travenous infusion times, which may contribute to re-
covering neuronal functions, and other effect, such as
skin temperature increase. The functional recovery ob-
served more than one month after cell therapy may be
induced by interactions of recruited infused stem cells
with intrinsic regenerative cells located in the injured
brain tissues, and the rehabilitation performed after the
cell therapy. Since we have experienced ADSC therapy
of only a small number and a short follow-up term of
chronic stroke patients, and we have not yet studied
the fate of infused ADSCs, it is not clear whether the in-
fused ADSCs directly communicate with neuronal cells
in and around damaged brain tissues and/or have differ-
entiated into neuronal and vascular cells at functional
recovery observed more than one month after treat-
ment. Further pre-clinical and careful clinical studies are
required to clarify the efficacy of extracellular vesicles
without stem cells, since exosomes and other small bi-
ological molecules that are free from pulmonary occlu-
sions commonly induced by cell therapy are expected
to be safer therapy for stroke and other diseases with
vascular and neuronal disturbances in brain [17-21].

The number of stroke patients in our study is too
small to conclude that intravenous ADSC therapy induc-
es a functional recovery shortly after the treatment in
most patients and is influenced by the time lag between
the stroke onset and ADSC therapy, but not by the age
of patients and the number of ADSCs. Further studies
remain to be conducted to recommend ADSC therapy as
one of the most promising modalities for treating chron-
ic stroke patients.
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